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Sheasley     *''06 

Chart      of      recording      power-factor      meter, ^ 

Graphic     252 

Chart,  Organization.  Union  Gas  and  Elec- 
tric   Co.,    Cincinnati,    Ohio *859 

Chart    recording    hand    firing .' '256 

Chart  showing  humidity  increase  and  com- 
fort   decrease    '743 

Charts,  Alignment,  for  finding  the  dimen- 
sions    and     volumes     of      bumped      heads. 

Berry     '926 

Charts,    Blowoff  temperature   and   tank-filling     '8 
Charts   for   determination   of   plant   efficiency 

and     fuel     costs.       Foster     *317 

Charts     for     finding    areas    of     segments     of 

boiler     heads.        Berry *644 

Charts    over    again,    Using *501 

Charts    showing    condenser    performance.  ...  *287 
Charts     showing     water-power     development, 
coal     and     petroleum     production     in     the 

U.   S *279 

Chimney    flues.    Form    of 131 

Chimney    gases.     Instrument    for    recording 

losses     in.       Kershaw     *524 

Chimney   sparks.   Fires  caused  by.     Sberlock  147 

Chimneys    in    the    world.    Tallest 374 

Circuit-breaker,    New    type    of    reclosing. .  . . '969 
Civil     Service     Commission,     U.     S. — Boiler- 
makers needed    421 

Clamp,    Quickly    detachable *98 

Clinker    grinder    in    modern    boiler    practice. 

The.      Bromley    *592,    620,    Correction...   940 
CO,.      See    "(Tarbon    dioxide."    "Gas,    flue." 
Coal   accounting  in   the   boiler    room.      Hough   586 
Coal    and    semi-anthracite,    Semi-bituminous.  .t221 

Coal    as    fuel.    Comparison    of   oil   and 126 

Coal.    I?ituminous,    produrtion    by    months    in 

1918    and     1917 146,    227 

Coal,  Burning  fine  anthrac'te  and  bituminous   116 
Coal,     Burning     steam     s/es     of     anthracite 

with    or     without    admixture    of    soft t35 

Coal    chargeable    to    use    nf   closed    heater. .  .t543 

Coal,    Constant     pressure     \\ith     mixed *256 

Coal  consumption  in  electric  generating  sta- 
tions.     Rate     of 146 

Coal     nepartment     of     Denver    extends     free 

delivery    zone    132 

Coal — Economies    in     a     mine    power    plant. 

Carruthers     '720 

Coal — Fuel  .Administration's  report  on  Lib- 
erty fuel  111,  Permits  required  for  cer- 
tain smokeless  coal  ••hipments  148.  .Sus- 
pension of  zone  regulntions  on  coke.  etc. 
149,  Bureau  of  Labor  \^7.  Fuel  Facts  t263. 
Why  should  the  work  of  the  Fuel  -Ad- 
ministration cease?  Sheasley  312,  Fuel 
.Administration      and      the      utility      plant. 

Brossmann '416 

Coal — Fuel     conservation     in     Massachusetts. 

Hawley     349,     372 

Coal-handling    plant    at    Sewalls    Point,    Va..      54 


Coal   in  the   Blackstone   power  plant.   Saving. 

Eberman      *632 

Coal,   Indiana,   on   the  chain   grate.   Burning. 

Marsh      "ij 

Coal    industry.    Marking    time    in    the........   497 

t'oal— Instructions  for  the  fireman.  Hyde..  80 
Coal— Italy     the     worst     sufferer     from     fuel 

shortage     J47 

Coal     mine.     Fire    in     Pennsylvania .....    336 

Coal  mines.  Destruction  of  the  French...  14 
Coal  mines  of  Lens,  The  ruined.  Baldwin. '166 
Coal — -New   England   fuel  crisis  ended:      Mr. 

Storrow    resigns    post    '72 

Coal,    oil    and    water-power    statistics ^279 

Coal,  Oil  fuel  vs 470 

Coal  Oil  Johnny  goes  to  sea,  When.'..'..'.  380 
Coal    on    fire    from    spontaneous   combustion 

in     Ohio     759 

Coal  out  of  the  waste  nile  and  waste   oiit  of 

the  coal   pile.   Keep    '336 

Coal,  Powdered — -iaurning  it  successfully.  .  "90 
Coal — Power    situation    at    the    end    of    the 

war.      Alwyn-Schmidt    51 

Coal    production    decreasing,    (Germany's....   998 

Coal    production    in    France     361 

Coal,    Pulverized,   for   the  railways '.    997 

Coal,   Pulverized,    used    annually    in    various 

manufactures  in  the  U.  S 146 

Coal    required    for   heating    air ..^329 

Coal    samnles    for    analysis.    Preparing .*928 

Coal-saving-    'stunt,"    Practical 85 

Coal   scale.    Relianct-   automatic '  '  •521 

Coal   scales.    Safety   platform   at 573 

Coal.    Sofi.   output   iiureased   6   per  cent,  in 

1918    110 

Coal — Sources   of   fuel   losses '  '  '  '  622 

Coal-thawing-   outfil,    Aeroil .'278 

Coal— The     infinite     and     the     infinitesimal. 

Hays     .S9J 

Coal,  The   utilization   of  war-time 70 

Coal — The  value  of  yard  screenings.  Wake- 
man  49  J 

Coal   utilized  by  engines.   Energy  of.  ....'.'!  !t221 

Coal    waste    vs.    food    conser\ation *288 

Coal   with    a    fan.    Storing.      Finch '712 

Coal  yard.    Government    has   its    own '.   599 

Coal— Year's  review  of  the  power  field....  2 
Coals,   Fusibility    of    ash    from    Great    Lakes 

and    Mississippi    Valley.       Selvig,     Ratliff, 

Fieldner    *479 

Coals,    Fusibility   of  ash    from    Pennsylvariia. 

Selvig.   Fieldner   897 

Coals    of   the    Southwest,    Burning.      Park....*574 

Colloidal    fuel.    Tests   of    ♦662 

Colorado     State     College,      Central     heating 

plant  of  the   •346 

Combustion    and    boiler   settings.      Williams. 

^1-57,     II.     .205 

Lombustion — Burning    Indiana    coal    on    the 

chain    grate.       Marsh     *17 

Combustion — Control     of    forced    draft 139 

Combustion    control.    Oil-seal    '862 

Combustion,    Green    Book,    Progressive t666 

Combustion    in    the    Steam    Boiler    Furnace, 

Principles    of.      Pratt    f664 

Combustion — Making   the   CO,   recorder   pay 

dividends.      Sailer   95 

Combustion     of    lignites    and    high-moisture 

fuels.      Marsh    •525 

Commendation — Increasing    efficiency   at    no 

expense.       Strohm     II3 

Commutator-mica    cutting    tool ..*741 

Commutator    under    difficulties.     Rebuilding 

a.      Wilson    •576 

Commutators  and  collector  rings.   Flat  spots 

on.       Kalb     •779 

Compensation,  New  York  Workmen's   ......    348 

Compression,     Ammonia.       See     "ReiVigera- 

Compressor.    Air.      See    ".Air." 

Concrete,  gunite.  Reinforcing  steel  smoke- 
stacks    with.     Sherman     *808 

Concrete  setting  of  boilers  at  the  Robert 
Gair    plant,    Brooklyn,     Suspension    and.. 

^      J         ,     .  *934,  942 

Condensed-clipping     index     of     equipment.. 

•260,  •SSS,  *870 

CONDENSER,  AMMONIA 

See    also    "Refrigeration" 

— Ammonia    condenser    data.    Torrance *106 

—Ammonia    condensers    do    its    share.    Mak- 
ing each   coil   of.      Solomon '815 

— Tubes,   Novel   method   of  cleaning 628 

—Ventilation    of   ammonia   condensers.      Sie- 

ben    •396 

CONDENSER,    STEAM 

—Connecting  live-steam  heating  to  a  conden- 
ser       t69 

— Crane  to  handle  condenser  manhole  plates*409 

— Elliott-Ehrhart    jet    condenser *160 

— Tubes,    Evidences  of  leakv  condensert467,  945 

—Tubes.    Novel   method   of  cleaning 628 

— U.    S.    Nitrate    J^iant,     No.    2    at    Muscle 
Shoals,        Ala. — Condenser       equipment. 

Bromley    *558 

— Vacuum     trouble    in     turbine    condensers. 

Brakes     ♦287 

— Vacuum   troubles.    Hunting    ^658 

Condensing  head.  Dividing  box  with.  Thay- 
er     '132.    328,    946 

Conduit.  How  to  do  a  good  job  cutting....  657 
Conduits,  Pulling  conductors  into.  Croft.  .*8*< 
Connecticut,    Fuel    conservation    in 419 
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rriiarnirnl  •'''      Econonnicr*.    (arc    of.       D.iuucll     ......    Hi,   J~3 

"    cc.iintinK''i'..wcr    in    (iiclnry 2V      Kcom.mi.cri.,   I'rnportioninK  fuel.     Cork 613 
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I    imnKMiK    n  r ^^^      K,|i,on    Mr.lnl    pre»cn«<  .1    lo    II.    (j.    Lnmmc 

•831,    I".<1 °'^ 

Kclucnt'i.Mi -Satvnuinij   llic   flionhlril    371,   741, 
Knuinrrrinn    co«r»CB    i".piilnr    "44,    Impur- 

tant    10    (livil.loil    m.n 956 

I'Mw.ird    Kaskclliss    douMclinlil     union     ....284 
F.fTiciency      at       no      .vpcnic.       Increasing. 

Stmlim   • ,•,•■•.••    ''•' 

F.l     nor.i<io.    Kan.,    PiimpinK    oil    wells     "V 
electricity    at.      Noniic  nlirucli 982 
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loupliiiRS,    Matn    for    aliKumK.  ,     . 

rourscs.     Short,     for    enttinerrmu    Rraduates, 

Knmmerni.iu    •  •  • 

Court   decisions,     Sherlock   and   Street 


l)ahlstrand.*885 
731 


.147, 


nirt   decisions,     MierlocK   ""'>•?""•■;;'•  ^o, 
243.  258,  315,  321,  348,  607,  615,  653,  674.  682 

Courtesy,    tolerance    and    sympathetic    under- 
stnndi'nB  • ; gjg 

Coverinir   d.ita   markioK    ;' •,•■•■,;■;  "•ino 

Crane  to  handle  condenser  manhole  plates.. ^4n9 

("rank.    Eccentric    form    of 

Cup.     InsiilatinRoil    testinR 
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of  an  industrial  power  pl.int.     Be.-ird . . . . . .   vo/ 

Curves      Distillation,    of    different    (trades    ot     ^ 

lilu-rtv    fuel     '^^7 

Cutt.MK  ■  class     under     w.-iter     ;■ ' 

Cylinder   head    repair.    Brokcii f,/    •  i        " 

Cylinder    he«ds,    Cracked-Talks    on    r»«<-'. 

cncines.       Morrison     i-i-"  ■•"".'  " 

Cylinder    oil    from    exhaust    steam.    Kliminat 

iuB       Wakeman    '365,    Discussion. 
Cylinder    oils.    Testing. .......;..  .2.^6, 

Cylinder,    Kepairing   a   "niKRer    .  . .  . .  . 

Cylinders     and     heanuRS,     Uibricatine; uv 

Cylinders,    Composition    lined.     .Stdcs.  -  -  •  •  •  "6" 
Cylinders.    Thermos-bottle    Prmciplc^^applied 

to  steam    
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•327,  740 
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Damper     and     blower     ciiiitr 
Damper     regulation.     Hand. 


'905 

182,     328,  ^793 

Daslipot,    Miller    v.-icuum *561 

Data     marking,     (■overing . . .^• 

Daum,  A.  F.     Refillablc  plug-  fuse 

Davidson,    M.    T.,     Death    of. 

Dayl 
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Detroit 

Detroit 
revamped 

Detroit  Engineering  Society  approves  pro- 
posed registration  bill  379,  Engineer  dis- 
cusses    Niagara    power • .. :"■ 

Detroit.     Wadsworth     boiler     explosion     m—     ^^ 

Comment      ,••",■■  '-'i "I^S 

Diagram    showed    lack    of    oil -. ."^ 

Diagram    taken     from     pounding    engine. ..  .^8^/ 

l)iafer.-ims.  Odd  in<i^<:^loT.  ......■■■■■■■■■■■  ■ 

Diagrams,   Unsymmetncal   indicator  29,     I^^-.^jq 

Diagr-ims   with   different   points   of   ignition.  .'865 
Diesel     engine.     Curious     explosions     in     a 

750-hp ,-  -  • ,'  ■  ■, 

Diesel     engine,     Heating    caused    by    cracked^^^^ 

crankpin     of.       lagnan -■■'•r-io 

Diesel  engine,    Mcintosh  &   Seymour  marine     52b 
Diesel    engine.    Oil    aiul    fuel    troubles    in    a. 

Fagnan  
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See  .ilso  "Rates,"  "I'owcr  plont"  and  cross 
references  from  it,  etc. 
-.Mternalor.   lU-ating  of  banding  wires  on  a^ 

self-excited     • ;  •   ^-" 

\merican   Engineering  Standards  Commit- 
tee 337,  Ed ;;••■.•■   ^-■* 

—American     Inst.     Elec.     Engrs. Meeting 

109  Miilwinter  convention  224.  338,  P.v 
pers  '322,  (Ed.  324).  3.17.  '504,  The 
engineer  as  a  citiren  506.  hulustrial  per- 
sonnel relations  507,  Engineers'  Dinner 
S'\0  Meeting  628.  Annual  convention 
744'  lUisiness  meeting  744,  830,  Edison 
Medal   presented   to    B.   C.    I^mme   823,   831 

--American    Welding   Society .550 

— Arniaturo  burnt  out.   Was  thin.' »«> 

— .\rmaturc-coil   leads  were   broken    94J 

,\utomatic   substation    development    ......    ^i' 

—Balboa  Shops.   Canal  Zone,   I'umping  plant  ^ 
and  electrical  equipment  at.     Gatcwood^   114 

— nattcries.    Charging    storage     12=^ 

— B.-itterics,    Connections    for    cnargmg  .stor- 
age   •  •  ■  ■ : +5°; 

— llrusb-holdcr    spring    tension,     resting 0/ 

—Cables,    Safe    loading    of    two-phase /9J 

-Canada,    Statistical,    analysis    of    the    «"■ 

fral    electric    stations    of..  159,    289,    296,    309 
-Carbon     and     commutator    wear     ■■■■^°^^  *^^^ 
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.nnd  thjckness  of  brushes  affect  com-^ 
mutation      - V  '  "'' 

—Cat's   six    thousand-volt   ground  creates   no^ 

disturbance    on    the    system.      Gillooly..   /i'i 

-Checking     clcctricil     instruments,     Import- 

—Cireuft-breaker  "heating,      Unusual     cause 

-Circuit-breaker,'   New    type    of    reclosing.  .•969 

Circuit,    Toint  resistance   of   a    •  •  - 

—Coal    consumption    in    electric    generating 

stations.    Rate   of V'u"; 

—Commutation,  How  sr.acing  and  thickness 

of   brushes    affect.      Kalb »'" 

-Commutator-mica    cutting    tool     •••••.-•.•••   '^' 
—Commutator  under  difficulties.   Rebuilding^ 

a.      Wilson    ■ 

—Commutators     and     collector     rings, 
Kalb 
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I'lllfl' 
lohlliiiinl 
cmrntivrly   102,  220,  '255. 

32H.    791 

—Generator,    (Iprraiion    nf    nn    imiiuiioii. .  .JSH.l 
-C.cntralor,     KcbuiMing     2S,00()kw.       Wil-  ^ 

•on     ,■.•■••.••  ■,■«*'(' 

— (lencrnlor  running  in  n  variiiini,  Klei-lrital.|661 
--Generator    ill)    to     full     vollnge.     Hiirieully 

expeiieiiced     in     netting     a 621 

Ceneralor     «rerk     at     St.     i'a.il '40,     IKI 

—  GencTati.rn,    KoiiMlijiiig    the    load    on    d.-c.tHd'/ 

—  (Jcneralors    failing    10   build    ii))    their    volt- 

age,  (amen   of   d.-c.      Ilcacli '519 

Generators    varien    when    being    paralleled, 
\'iilt:ige     on      ; 326 

—  'Generators     would     not     oi>cratc     in     par- 

allel      '292,     ^657 

-Ground    detector    voltmeter ^1377 

-Holyoke     power     ailuation     993 

Index,    The    iiyslem    log-sheet.      Gillooly. .  .^674 

--Iniluction    motor    failed    lo   start ^794 

— Induction    motors   from  siiigle-|ihasc  opera- 
tion.    Protecting     polyphase.       Jones. ..  .^604 
Induction     motors,      Krcoiinccting. ■....._.  .t625 
Iniluction        motors,         Uecimnecting— For 
change     in     the     number     of     poles     III. 
Iludley    *I0,    General    summary ^393 

—  Induction    motors,     Unbalanced    load    on. '1413 
— Industrial     Electrical     Measuring     Instru- 
ments.      Edgcumbc    t838 

—Industrial-lighting  codes  safety-first  meas- 
ures      

— -Installation  cost  vs.  maintenance  cost  of 
electric     etiuipment      

—  Iiilcrpolcs     on     commutation     of    d.-c.     ma- 

chines,   Effect    of.      Witham    •303,    323, 
How    interjioles    affect    the    operation    of 

d.-c.    machines     

— Kilovolt-ampercs    and    power    factor t295 

— I.amp    kept    the    meter    warm 580 

— Lamps,  "The  passing  of  the  use  of  car- 
bon-filament        408 

— Light   and    power   industry.   Growth   in   the 
electric     '627,     Statistics    for    six    states 
797,    Electric    light    and    power.    Koon..   890 
—Light    curtailment    and    accidents.       Simp- 
son  144.   Ed 1.3K 

— -Lighting  circuit  from  three  stations.  Con- 
trol    of     '$105 

— Lighting    in    Mass.,    Results    of    Municipal 

Electric.       Lincoln     t298 

— Lights    with    shell.    Removing   signal    '19 

— Magnet  coils  wound  with   iron   wire J543 

■ — Martinsburg.     W.     Va.,    power    system....    227 
— -Meter        caused       shutdown.       Inoperative 

power-factor    985,   Ed.  983 

— Meter,  How  to  correctly  read  a  watt-hour, 
Todd    *446,    461,    What    does    the    meter 

read?     '792,     Discussion     letters *944 

— Meters  to   record    power   factor.   Graphic.  .*252 
—Meters    using    a    rotating    standard.    Test- 
ing single-phase  watt-hour.  Findley  *1I8,  *168 

^ijilotor.    Changing   the  speed   of  a  fan t583 

— Motor,    Current    taken    by   induction t909 

— Motor    field    coils.    Checking.    I'arhara     ..'845 

—Motor,    2200-yolt,    on    440    volts t701 

_  tor   required   for  fan   blower,    Determin- 
ing   size   of    t625 

—Motor,  Reversing  a  two-phase  four-wire.  .'jlOS 
^^lotor    suddenly    reversed 102,    257 
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Diesel  engines,  Talks  «"•  ,  M°7'?°"  ,  '^' 
Ed  26,  *45,  '82,  *123,  *161,  199, 
i^ia  '^SO  *313  '355  '398.  *492,  *366 
'm\      '640,    '4-5,  ''724.     ;818.     *857,     -».» 

Diesel-oil     engine.     Outlook     for     ">e-^Syrn-  _^^ 
posium      -. /      . 

Diesel    operator,    Qualihcations   of    a .. ..    /^-t 

Diesel  operators  from  steam   engineers,   MiJc-  ^^^ 

D^sIbledV  Salvaging  thi'  'iVl, '  741,   Engineer- 
ing courses  popular  744,  Important  to  dis- 

abled     men •  -  -  •  • ,;|5 

Ditto    marks    and    distinction.       Strohm. /4/ 

Dividing  box  with  condensing  ^''^^i^^^^^!^^  945 
Doctors   disagree.    When.      Carpenter.  .*274,   *366 

Dope    book,    Osgood's     ; .■■^^y 

Draft    by    cleaning    chimney    connection,    l""' 

provenient    of    ■ -f 

Draft,     Control     of     forced .-•• ,j^^ 

Drake     nonclinkering     furnace     blocks 1/1 

Dravo     superheater J'^ 

Drill    from    slipping.     Preventing    a ^S40 

Drill.    Using    a    small    twist ■  -  •  -  -    1"^ 

Drilling  a  well  by  hydraulic   pressure.   Heck-  ^ 

endorn     -  • »„  , 

Drilling    device,     A     special At 

Drilling    with    the    vise     0° 

Drinks,    A     couple     of.... ■  ■  -  • ,  °' 

Drives,  Belted  motors  and  group,  Wakeman.   034 
Dunning,    Illinois    chief    engineers    meet    at 


energy    in    the    plant.       Frederick . . 
Ellison   Medal    presented    to    15.    G.    l-i 


Durabla   gage-glass    shield    .. 

Dynamite    uncoupled     pipe    bne. 


339,   867 

'320 

'622 


831.     Ed f^^ 

—Electrical     Blue     P.ook..... .....--.      /J 

—Electrical    pages.    Increased    number    of...    100 
—Electromagnet    construction         .........  ■  •*^-»-' 

—Electromagnets  and  Jolenoids,  How  to 
build  low-voltage  d-:''- ,  J  °""s^".?,„  ^O?; 
The    construction    of     120-     and    240-volt 

electromagnets    and     solenoids »»» 

/-jLlevator.     The     operation     of     a     gearless 
(/^traction.      Whitehead    '474,    Geared    and 

gearless     traction    elevator     machines...    680 

Z-El^-itCT's  Volt'agTslowtobuiid  up.'v^at 

makes    the?     • 501-  866 

—Field   connections    of   compound    generator,^ 

Reversing.       Brig^     •    '^^ 

—Field     discbarge     resistance     too' 

—Flash-over      troubles      on      d.c.      generator. 

Overcoming      . . VW,"; ci? 

-Flue-gas  treaters.  Care  of,  \Vauchope...  536 
—France's  electrical  bill  air-imst  Germany...  838 
—Frequency   changer   sets,    I  oad   division   he- 

tyveen     induction-type.        Graham IV^ 

—Fundamental    Electricity.      Wieman t838 

—Fuse    blown    on    three-ph^ise    motor XiiJ 

—Fuse,    Retiliable    plug 2W 

—Fuse,     Volk     refillable -   607 

—Fuses,    Testing    outfit     for    cartridge    ami 

plug  *375,   A  convenient   arrangement  of^_ 

plug-fuse     test     board. *-iOO 

Fuses,   Tool    for   removing 03 


291,  409 
—Motor    to    burn    out.    Improper    fusing    of 

circuit    caused.      Parham    684 

— Motor   troubles.   Loose  connection  causes  *791 

—Motor,  Varying  speed  01'  a  compound.  ..  .tl43 

— Motor,   Varying  the   speed   of  yvound-rotort259 

— -Motor    would    not    start.    Synchronous.  ..  .'987 

^^lotors    and    lights    on    the    same    circuit.  .1183 

— *fotors,    Overhead"  wooden    platform    for.  .*886 

— National     Electric     Light     Ass'n — Atlantic 

City    convention    702,    834,    N.    E    L.    A. 

and  some  power  problems  790,  Status  of 

large    turbines    832,     Ed.    824,    Planning 

for  power.      Smith   874,   Fusing  potential 

transformers    876.    High    steam   pressures 

910,    F.d.    903,    Fires   in   turbo-alternators 

*950,    Ed.    941,    Vice-presidents    to    take 

active  part  in  work  of  .Association 958 

— "New  Mexico,"   Electric  drive  on  U.  S.  S.  587 

— Pasadena's   light   plant   pays 148 

— Pennsylvania    Hotel,    Electric   and   elevator 


equipment    f>f    the.      Kni 
— Polarity    of    an    electric    circuit.    Determin- 


ing 


•708 

104 

-Power    factor.    Calculating    t625 

— Power-factor  correction.   A   simple   method 

of    determining.       Kelly    *923.    942 

— Power     factor    of     current     supply *t989 

— Power    for    February    1919,    Production    of 

electric     958 

— Power,  Planning  for.     Smith 874 

— Power    situation    at    the    end    of    the    war. 

Alwyn-Schmidt     51,     Conditions     in     the 

power  industry    1 63.  777 

— Power    supply.    Special    investigations    on 

211.     215 
—Pumping    oil     wells    by    electricity.       Xon- 

nenbruch      *982 

— Reconnecting    a    500-volt    motor    for    220 

volts    t221 

— Recording  of  boiler-heat  losses.   Electrical. 

Kershaw      *524 

— Relays,     Alternatine-current     plunger-type. 

Todd *636 

—Resistance,    Discussion    on    motor    starting  294 
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E1.ECTR1CITY — Continupii 
— Rheostat,    Trouble    caused    by    faulty    con-^ 
struction    of.      Parham    *52/ 

—  Rotor,     Short-circuited    wound     +701 

—Scries  motor  connected  as  shunt  mach!ne*t221 
— Shunt   and   scries  windin">:   opposed.      Par-^ 

ham  I'^T 

—Signal    system,    A    reliable    ■  . .  ■  907 

■ — Slip      ring's      caused      reversed      rotation, 

\Vrong    connections    to    906 

— Solder   for   electrical    machinery.      Pittman  787 
— Soldering     armature-coil     leads     to     com- 
mutator      t467 

— "Static,"    An    adventure    with.       Randall..   251 

—  Study   course,   Elec. — Parallel   operation   of 

generators  I.  *20,  II,  *92,  III.  *130, 
(Ed.  l.'!7).  Two-wire  and  three-wire 
systems  *I74,  Three-wire  systems  from 
two  generators  *208.  Two-wire  vs. 
three-wire  system  *247,  Shunt  bal- 
ancer sets  for  three-wire  systems  *282, 
.Adjustment  of  voltage  or  balancer  sets 
*3I8,  Current  distribution  in  three-wire 
systems  *368.  Putting  balancer  sets  into 
service  on  three-wire  system  *404.  Test- 
ing balancer  sets  on  three-wire  systems 
•455,  Fundamental  nrinciple  of  three- 
wire  generators  *489,  Inductances  used 
on  a  three-wire  generator  *532,  Induct- 
ance and  resistance  on  three-wire  gen- 
erator *570,  Current  in  the  inductances 
of  a  tliree-wire  generator  *616.  Current 
division  in  a  three-wire  generator  *651, 
Tvpes  of  three-wire  generators  *688, 
Tivrec-wire  generators  in  narallel  *728, 
Testing  motor  efficiencies  *820,  Appara- 
t>is  required  for  brake  tests  on  motors 
*S6n,  Fundamentals  of  brake  tests  on 
motors  *900,  Factors  entering  into  brake 
tests  *938,  Prony  brake  test  on  elec- 
tric   motor    *980.       Ed 984 

— Switeh.   Quick-make  siartinir    '^IT-S 

—Switchboard    blower.    Safe    *988 

— Switchboard  units.  Removable-truck  safe- 
ty-first       *96 

—  Switches,  Installing  disconnecting  *293,  *740 
—Switching    ligliting    loail    from    two-wire    to 

three-wire   supply    *103 

— Synchronoseope,     -\rc     lam|i     used     as     a. 

Moore    *940 

^Synchronoseope,  Don't  take  chances  with 
the.  Gillooly  650,  655,  Inoperative  pow- 
er-factor   meter    caused    shutdown.      De 

ikiuth    985,    Ed : 983 

-pHynchronous-motor      drive  .  for      ice      ma- 

chines 626 

—Transformer,    Cutting    out    defective t467 

—Transformer    for    small     storage    batteries. 

Lead-burning .-  ■*979 

— Transformer,     Large,    has    been    made    in 

Germany    814 

— Transformer  used   as   a   series   transformer, 

Constant-potential     *255 

—Transformers,  Delta  to  star  connected.  .*t503 
— Transformers    for    induction    motors,    Size 

of.     Gibbs    *756.  789 

— Transformers,    Fusing    potential    876 

■ — Transformers.  Instrument  voltage.  Wood- 
ward     *-^'>2 

^Transformers,  Primary  and  secondary  of..t909 
■ — Transformers,  Shell  and  core  type  ....*J795 
—Turbo-alternators,    Fires    in    *950,    Ed.    ..   941 

—  Unbalanced    load    on    three-phase    circuit.  .t221 

— Unsymnietrical    connections     .....*374 

— Voltage    increase    on    power    transmitted. 

Effects     of     tl83 

—Voltage    of    d.-c.    circuit.    Changing t989 

— Voltage   on    rotary   converter,    A.-C t295 

— Watts    in    a   three-phase   circuit    tl83 

— Welded  steam  lines.  Electrically.  Wood- 
row     *322,     324 

—Welding,     Fusion     in     arc.       Eschholz *5n4 

— Welding    in    shipbuilding.    Electric _.  .      71 

— Welding,      Some      examples      of      electric. 

Smith *35I 

— Welding,    The    personal    element    in    arc...    737 

— Year's   review   of   the   power   field 2 

Elevator — Data    for    ordering    pinion ..t795 

Elevator     eipiipment     of     the      Pennsylvania 

Hotel,     Electric    and,     Knox *708 

Elevator  pressure  tank,  Pressure  of  hy- 
draulic      tl05 

Elevator,  The  operation  of  a  gearless  trac- 
tion. Whitehead  *474,  Geared  and  gear- 
less    traction    elevator    machines '680 

EIliott-Ehrhart    jet    condenser *160 

Kmery  wheel.  Power  required  to  drive  an.t583 
Employment   Service,  U.   S.   263,  420,    Bill   to 

establish    national    employment    system....   998 
Encouragement — The    keynote    of    successful 
management     148 

ENGINE,     INTERN.\L     COMl'.USTION. 

See  also   "Valve." 

— Airplane    engine,     New 226 

— lUiyer's   acceptance   of   engine 615 

— Comparison     of     steam     engines     and     gas 

engines     262 

— Crankshaft,  Repeated  breakage  of  gas- 
engine     t543 

— Diesel  engine,   Heatin"  caused  by   cracked 

crankpin   of.     Fasnan '(iTO 

—  Diesel   engine.    Oil    and    fuel    troubles   in    a. 

Fagnan      782 
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ENGINE,     INTERNAL    COMBUSTION — 

Continued 
— Diesel-engine    pistons,    Seizures    of.      Ing- 
ham        836 

— Diesel   engrines   prove   economical    '734 

— Diesel  engines.  Scavenging  in  two-stroke- 
cycle.       Trapnell     *977 

— Diesel  engines.  Talks  on.  Morrison  *15, 
Ed.  26,  *45,  ♦82,  M23,  *161,  *199, 
*23S,  "2S0,  "313,  *355,  "398,  *492,  *566, 
*608,     '640,     'GSS,     *724,     *818,     *857,     '898 

— Diesel    operator.    Qualifications    of    a 794 

— Diesel    operator.    Requirements    of    a    140, 

180,  292 
— Explosions     in     a    750-hp.     Diesel     engine. 

Curious     *865 

— Fuel,    Declining    supply    of    motor 262 

— Fuel-valve      seat.      Trouble      with      scored. 

Fagnan     564,     987 

— Gas     engine,     liattery    for     sparking *t829 

—Gas   Engine,    Practical    Hints   on    Running 

a     t299 

— -Head,    Curing   a   chronic   case   of   cracked. 

Fagnan    459 

— Liberty    engine,    Test    of 491 

— Mcintosh  I.V-  Seymour  marine  Diesel  engine*528 

— National     Gas     Engine    .\ssociation 916 

— Oil    engine,    Engineers    discuss    the    587 

— ^Oil  engine.  Outlook  for  the  heavy — Sym- 
posium     *76<),   790 

— Oil    wells    by    electricity.    Pumping.       Non- 

nenbruch     *982 

— Piston  ring,  Blauvelt,  for  internal  combus- 
tion   engine    *759,    845 

— Repairing   oil    rings  oi'  gos   engme *623 

— Tri-plane    flying    machine,    New    giant    198 

— U-boat,     lielow    deck    on    a.       Rogers *784 

— Water    injection    in    semi-Diesel    engines. 

Shepherd    935 

— -Water  jacket.  Repairing  a  cracked *67 

ENGINE.   STEAM 

See   also   "Valve,"    "Coal,"   "Indicator," 
"Flywheel,"  "Piston,"  etc. 
—Air,    Compressed,    Running   steam   engines 

with  828 

— Andy's    engine.      Beard    *191 

— .Angularity    of   connecting-rod    t829 

— Bolt,  New  design  of  crank-rod  wedge  ad- 
justing.     Hoffman    *S00 

— Comparison    of    steam     engines    and     gas 

engines    ;•.■••    ^^2 

— Compression   on   Corliss  engine.  Obtaining 

additional    t31 

— Crosshead    pounds.    Engine    *827 

— Cutoflf  for  different  initial  pressure.  Re- 
quired   t259 

— Cutoff   requires    unequal    valve    laps.    Why 

equal     t583 

— Dashpot,   Miller  vacuum *561 

— Diagram  showed  lack  of  oil *325 

— Emergency    stunts'.    Engine . .  .*540 

— Engine   repair    kept    mine   plant    running.. *40I 
— Erecting    and    testing    an    engine    in    1870. 

Foster    ■ 822 

— E.xhaust     shown     by     indicator    diagrams. 

Heating    value    of *t989 

— Flvwheel.    Spike   McNally's   nonexploding:. 

Clock     717 

— Four-valve   engines.   Greater  economy   of.  .t869 
— Governor  balls.   Effect  of  increasing-  weight 

of    t583 

—Indicator    contest.    Awards    made    in *390 

— Indicator   diagrams,   Unsymmetrical. .  .  .29, 

•140.  *410 
— Knock   in   low-pressure  cvlinder  with   light 

load     t295 

— Marine    engine   bearing    leads    827 

^Piston    clearance    and    clearance    volume.. t909 
— Piston  clearance.   Determining  and  adjust- 
ing  t947 

—Piston    rod,    Packin-    a    *794 

— Piston    rou.    Reduction    in    tensile    strength 

of    *t661 

— Pressure,    Selection    of    initial     t295 

— Reducing   motion.    Altering   a *539.  •988 

—  Renair,    An    emergency    engine    *866 

— Smoother  running  by  cushioning  on  ex- 
haust      tl05 

—Speed  of  engine  required  to  develop  given 

power  t259 

— Steam  engine  built  a  generation  ago.  Lon- 
gevity of   788 

— S'-nm    Engines.       Shcaly     ._.  .*263 

—Steam    in    a    compound    engine.    Behavior 

of     *42 

— Taneye-frame    and    einler-frame    engines.  .*t377 
— Thermos-bottle    principle    applied    to    steam 

cylinders 293,     539,    658 

— Throttle    had    too    mucli    play *502 

-Troubles,    Steam   E^ngine.      Hamkens t551 

—Vacuum ,  troubles,    Sprcial    gland    used    t,-.^ 

overcome      *65R 

—Wedge    bolt    did,    Wl'  i!    a   broken *480 

— Welding     a     wrecked     rolliiig-miH     engine 

cylinder.       Malchir     '896 

Engineer    and    conservation.    The 63 

Engineer   as    a    social    economist,    The 789 

Kngineer    in    a    new    role — Year's    review    of 

the    power    field    2 

Engineer,    Wages    and    the 63 

Engineer,     What     is     an  ? 65 

Engineering     .\dvertiscrs'     Association 509 

Engineering,     .Mphahet    of    steam.       Hays...*383 
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Kngineering  Council  notes — Experience  of 
some  engineers  in  Reserve  Corps  915, 
Committee     report 994 

Engineering  Experiment  Station,  University 
of    Illinois— Research    assistantships 299 

Engineering  graduates,  Short  courses  for. 
Kammerman      731 

Engineering  Index  now  conducted  by  the 
A.     S.     M.     E 110 

Engineering    Material,     Export     Packing     of.t798 

Engineering    society.    One    combined 110,    695 

Engineering  Standards  Committee,  .\iner- 
ican  337,  Ed.  324,  American  Engineering 
Standards    Association 930,    941 

Engineer's    assumption     of    risk 674 

Engineers.  See  also  "American,"  "West- 
ern," "Association,"  "Detroit,"  "Massa- 
chusetts," "National,"  "Universal,"  "In- 
stitution." 

Engineers,  Amer.  Soc.  Mech.— Paper  *32, 
(criticism  142),  Acquires  Engineering  In- 
dex 110,  Chicago  section  welcomes  Secre- 
tary Rice  145.  Revision  of  Boiler  Code 
*I96,  216,  *236,  Paper  *330,  (Ed.  323), 
Extending  Code  to  other  pressure  ves- 
sels 372,  States  and  cities  that  have 
adopted  Code  1377,  Southern  section 
meeting  470,  The  engineer  as  a  citizen 
506,  Industrial  personnel  relations  507, 
Paper  *547,  Engineers'  Dinner  550,  En- 
gineers discuss  the  oil  engine  587,  Code 
and  Mass.  Boiler  Rules  compared  611, 
619,  The  making  and  the  destruction  of 
steel  663,  Aims  and  Organization  Com- 
mittee 702,  John  Fritz  Medal  awarded  to 
General  Goethals  836,  Interpretations  of 
Boiler  Code  *9I3,  .Spring  meeting  at  De- 
troit 916,  Chicago  section  916,  Worcester 
section  916,  Paper  *952,  Progress  in 
adoption    of    Code     996 

Engineers,  Making  Diesel  operators  from 
steam 27,     140,     180,     292 

Engineers*  license  law  for  W.  Va.,  Pro- 
posed      226,    417 

Equipment,      Condensed-clipping      index      of 

•260,   *585,    *870 

Equipment,  Conditional  acceptances  of. 
Street    258 

Equipment  effect  savings  in  a  municipal 
plant,    Changes    in.       Sharp     *249 

Equipment  of  industrial  buildings.  Mechan- 
ical I.  Hubbard  *244,  II.  362,  Criti- 
cism    542 

Equipment,   Pointers  on  the  care  of 26 

Equipment,     Representing    capacity    of 653 

Esterline  Co. — Graphic  meters  to  record 
power     factor     *252 

Evaporation,  Chart  for  finding  the  factor  of. 
Sheasley     *406 

Evolution    of    intensive    power.    The 254 

Exhaust.  See  "Steam,"  "Heating  and  Ven- 
_  tilation." 

Expanded  Metal  Engineering  Co. — "Steel- 
crete"    machine    guards     *449 

Expense,  Increasing   efficiency  at  no.   Strohm   113 

Explosion.  See  also  "Boiler,"  "Generator," 
"Valve,"  "Flywheel,"  "Engine,  Internal- 
combustion." 

Explosion — The    bursting    point     i  .*618 


Factor  of  evaporation.  Chart  for  finding  the. 
Sheasley     

Factor    of    safety.      Belknap     

Factory    cost    accounting.    Power    in 

Fan,    Storing    coal    with    a.      Finch 

Fans  and  blowers  in  the  power  plant. 
Strohm  *152,  Use  of  turbine  blowers  376, 
Kight-hand     and     left-hand     fans 

Federal  Board  for  Vocational  Education 
371,    741, 

Feed.      See    "Water,"    "Boiler." 

Ferrule,     Easily     made *741, 

Filter,     Easily     made    oil     

Filter  for  fuel  oil.  Home-made — Talks  on 
Diesel    engines.      Morrison    • 

Find  and   fix  the  cause    

F'ire    in    Pennsylvania    coal    mine    

Firebrick.     Making  cement  from  broken.... 

Fireman,    Instructions    I'or   the.      Hyde 

Firemen    saved    U.    S.    transport    

Fires  caused  by  chimney  sparks.      Sherlock.. 

Fires,    Cost    of    banking 63,    180,    218, 

Fires    in    turbo-alternators    *950,    Ed 

Firing-door    arch    construction     

Flange    attachment.    Ideal     

Float    from    freezing,    Preventing    telltale    .  . 

Floats.     Floatless     

Floor  paint    

Flow    indicator.    I^oyer     

Flow  meters.   Some   tests   with.      Maguire 

Flywheel    explosion    in    St.    Louis    186. 

Flywheel  explosions.  Number  of,  during  1918 

Flywheel,    Factor    of    safety    of    repaired.... 

Flywheel.  Spike  McNally's  nonexploding. 
Clock     

Flywheel  weigh.  How  much  should  a? 
Strohm    

Food   conservation.   Coal   waste   vs 

Fool-proof.     Moxon    ' 

Forewords    ....*1.   *39.   "75,   113,   •151,  ^191, 

•229,    *265,    •301.    345,    •383,    •423,    ^473, 

•51.3,    553,    *591.    •eil.    •669,    *707,    •747, 

•801,    ^841,     ^881.    ^919 
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I'ramci,  A  ami  liox— Talk*  on  Dieirl  cnginra. 

Morrixtii     'IM 

l'"rancr._  Aiiirriiuii  luiill  liu-niiintivrs  nhippril 
to  2i7,  Wutrr  power  ilrvrlopmcnt  in  I'ranrc 
J98.  «.<S,  foal  proiliutJ..n  in  Kranic  .161, 
Krancc  i«  poor  in  coal  bill  no!  in  water 
nowcr  SIS.  Ilydruclrrlric  drvclojiincnl  at 
Vrrnrs       •554,       l-'rancc's       circl-ncnl       bill 

aKamil   C'irrnuiiiy    838 

l-"rcncli  contract  lo  American  firm,  Two  hun- 

ilrcd    million    iloliar    998 

Krcqiiency  cliaiiKrr  set»,  l.oad  division  be- 
tween   iiidiictioii    type,      (iraliam    *195 

l'"uel    Adnlini^tr:llion   in>pector.    Obncrvatiomt 

o(  a    10.1.    Keltitation 373 

Kiiel  .\dmiiiislralion's  report  on  Liberty  fuel 
111,  IVrmiu  retjuired  (or  certain  smoke- 
less coal  shipments  14S,  Suspension  of  lonc 
regulations  on  coke,  etc.  149  Durcau  of 
I-nbor  187,  Kiicl  I-,!,  ts  U(>i.  Why  should 
the  work  of  the  Fuel  Administration 
cease?    Sheasley    312.    Kuel    Administration 

and    the    utility    plant.       Urossmann     '416 

Fuel    Colloidal,    Tesis    of    V.62 

Fuel.   Comparison   of  oil   and   coal   as    126 

l"uel    conservation    in    Connecticut    419 

I'uel  conservation   in   Massachusetts.   Hawley 

349.    372 
Fuel  conservation — Year's  review  of  the  pow- 
er  field    2 

Fuel    costs,    Calculation    of   plant   efficiencies 

and.     Foster '316 

Fuel   crisis  ended,    New    England:   Mr.   Stor- 

row    resigns    jiost    72 

Fuel,    Declining    supply   of  motor    262 

Fuel — Economies    in    the    utilization    of   elec- 
trical  energy   in   the   plant.      Frederick....    *48 
Fuel    economizers.    Proportioning.    Clark. ..  .'613 

Fuel    Facts— Revised   edition    t263 

Fuel     for     1919     •! 

Fuel,  Liberty,  and  results  of  economy  tests. 
Properties    of    '9,    25,    Statement    by    Fuel 

Administration      lU 

Fuel   losses.   Sources  of   , 622 

Fuel  shortage,   Italy  the  worst  sufferer  from   147 
Fuels,     Combustion     of    lignites    and     high- 
moisture.      Marsh    *525 

"Fulflo"   motor-driven   pump    *458 

Furnace.      Sec    also    "lloilcr." 

Furnace    blocks,     Drake    nonclinkering *171 

Furnace,    Burning   fuel   oil   in   a   coal-burning 

•411,    540 

Furnace    cement,    Hytempite     *268 

Furnace — Control    of    forced    draft     139 

Furnace — Cost  of  banking  fires  63.  180,  218,  660 
Furnocc — Firing-door  arch  construction  ..'792 
Furnace  fractures  while  bulge  is  being  forced 

back     341 

Furnace-^General     characteristics     of     chain 

grate  stoker.      Marsh    ^172 

Furnace — Grate    bar    used    19    years *868 

Furnace — Hand    damper    regulation    *182, 

328,    793 
Furnace — Harrington     forced-blast     traveling 

grate     *360 

Furnace    heat-resisting    material 623 

Furnace — Kosel    smoke    preventer *89 

Furnace — Latches  on   fire   doors    837 

Furnace,    Metering    the    air    supply    to    the 

99,  253 

Furnace — Oil-seal    combustion    control *862 

Fuse,    Rcfillablc    plug    *204 

Fuse,    Volk    refillable    *607 

Fuses,  Testing  outfit  for  cartridge  and  plug 
*375,  A  convenient  arrangement  of  plug- 
fuse   test    board    *500 

Fuses,  Tool  for  removing    *65 

Fusibility  of  ash  from  Great  Lakes  and  Mis- 
sissippi     Valley      coals.        Selvig,      Ratliff, 

Fieldncr    '479 

Fusibility    of   ash    from    Pennsylvania    coals. 

Selvig.    Fieldner     897 
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•292.    '657 
Georgia  Carolina    Power     Co.,     Power    house 

and     dam     ^937 

Germany's    coal    prodiutioii    decreasing 998 

<'ieyser    boiler    cleaner •321 
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Harrington     forced-blast     traveling     grate... "360 
Heads,     .Alignment     charts     for     finding     the 
dimensions      and       volinnes      of       bumped. 
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-Condenser  equipment  *558,  Station  heat 
balance.  Welles.  Lockwood  *802.  823, 
U.    S.    Nitrate    Plant    No.    1    at    Sheffield, 

Ala.      Welles.   Mitchell '9Cy2 

Northern     California     Power     Co. — Allowed 

surcharge   on   its  electric   rates 876 

Nozzles  and  Orifice  Buckets,  Hydraulic  Ex- 
periments with  \"alves.  Orifices,  Hose. 
Talbot,  Seeley,   Fleming  and  Enger fl-l'' 

O 

Observations  of  a  Fuel  .Administration  in- 
spector   103,    Refutation..... 373 

Oil  and   coal   as   fuel.   Comparison   of 126 

Oil    can,    Bateman    illuminating *56 

Oil  contract.   Shipping   Board  lets  large 588 

Oil,     Crude,    and     petroleum     products    from 

■Tampico    district    575 

Oil,   Diagram    showed    lack   of *325 

Oil  engine.  See  "Engine,  Internal-com- 
bustion." 

Oil  filter.  Easily  made   ...*141 

Oil  from  exhaust  steam.  Eliminating  cylin- 
der.    Wakeman   *365,   Discussion 502.  700 

Oil  fuel   in  a  coal-burning  furnace.    Burning. 

*411,   540 
Oil,    Fuel.     Talks   on   Diesel   engines.      Mor-^ 

rison     *685 

Oil   fuel   vs.    coal ^470 

Oil  handled  by  air  pressure *907 

Oil  line  to  a  fuel-oil  tank.  Connecting  an..*S41 
Oil    received    in    open    heater.    Testing    feed 

water  for   t377 

Oil,    Removing   burnt    698 

Oil  rings  wear  grooves   in  shaft.   Why  do?..*500 

Oil-seal  combustion  control *862 

Oil   testing  cup.    Insulating *370 

Oil    wells    by    electricity.    Pumping.       Non- 

nenbruch    *982 

Oils.    Testing    cylinder 256,  •327,  740 

Oklahoma,   Heating  plant  of  new  state  capi- 

tol    of.      Pullen    *305 

Old    Hickory    powder    plant    near    Nashville, 

Tenn.,    Power    installation   at    the *748 

Omaha    contemplates    city    ownership    of    its 

gas    plant    284 

Omaha,  New  boiler  plant  of  the  A.  S.   &   R.^_ 

Co.   at.      Robertson *514 

Orifices,  Hose.  Nozzles  and  Orifice  Buckets, 
Hydraulic  Experiments  with  Valves.  Tal- 
bot,   Seeley,    Fleming    and    Enger tl49 

Osgood's  dope  book   ^229 

Overhaul    now.    Why   not? 738 

Overheating  hot  water  wasteful. 

256,  410,   499,  624 
Oxyacetylene    welding    and    cutting 665 

P 

Packing,  Export,  of  Engineering  Material..  .t79S 
Packings  produced  savings,  Proper.    Weaver  478 

Paint,    Floor    US 

Paint   to   reduce    jiower-house   accidents 392 

Panama     Canal     Zone,     Pumping    plant    and 

electrical      equipment     at     E'alboa     shops. 

Gatewood TM^ 

Parker   double-service    boiler *634 

Paso     Robles,     Calif.,     Boiler    explosion     at.^ 

Hansen    *co^ 

Peat   areas   in   Jutland 586 

Peninsular    Power    Co. — Brule    River    hydro-^ 

electric    development.      Seastone *842 

Pennsylvania  coal   mine.   Fire  in 336 

Pennsylvania    coals.    Fusibility    of    ash    from. 

Selvig.    Fieldner     897 

Pennsylvania  Crusher  Co.— Fuel-conservation^ 

wall    hanger    *336 

Pennsylvania    Hotel,    Mechanical    equipment 

of     *230.     Refrigerating     equipment     *522, 

Electric    and    elevator    equipment *7i>8 

Pennsylvania   State  College — Summer   school 

course   '58 

Pennsylvania  Water  and  Power  Co. — Opera- 
tion   at    Holtwood    *450.    463,    '600.    *646, 

•683,    V13.    738,    '770 790 

Periscope   in  war  and  peace.      Purcell *716 

Petroleum     and     crude     oil     products     from 

■Pampico   district 575 

Petroleum    and    water-power    statistics,    Coal.*279 

Petroleum    oil    distillation 224 

Petroleum    output.    Crude,    in    the    U.    S.    in 

1918    284,  365,  *663 

Petroleum— When    Co.-l   Oil    Johnny   goes   to 

sea    380 

Phillips,    Geo.    IL,    Death    of 666 
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Pniro 

riiotuurapliiiiu    injiirien    57ti 

I'iii,    KrniuviiiK   a    IikIiI .'945 

I'lI'lNd 

See   alio   "Piini|i." 
— Air   in    •uclloii    pipe.   Trouble    iVmn    liliira- 

tion    or    t*67 

— lllowolT  cunncrliun,    A   danKrroiit 'iV,   181 

— CMintlKr*  inipnivri!  mnttcrs    .'19,  'M7,  SA2.  'M7 

— ('orro»i<iii   of   pipiiiK,    I'rcvenlinif 628 

— Drill,    Ciiiile    ji>r    pipe '540 

— Dynamite   uncouplcil    pine   line *62J 

— Kdward   Rii>ketli'!.<    ilmililetiKlit    nniiin '284 

—  lIoMinR   pine   in   a   vi»r "908 

— I.e.ik,    Meier    reniliiiu-,    slioweil    up •7.1'> 

— Pipe     lirackel.     Simple •1.19 

— Piping     liiKli-pres-inre     tmp     dixcharRc     to 

hcatini;     system     '82/ 

-  Slandartlweinlil    pipe.    Preference    for t.129 

— Steam    lines.    ICIcclrically    welded.      Wood- 
row    •322,  .124 

— Sleam-pifie  line.    Drop   of   pressure   in.....t947 

— Threading  a  short   pipe 182 

— Two-pipe  system  of  hcafinR.      Alt *156 

— Unions,    .Atlvocates    sinndnrdizini;    pipe....   579 
— Water,  Flow  of.  ihrouRli  one  and  one-half-  ' 

inch    pipe    and    valves 34 

— WrouR  piping  layout 220 

Piston    clearance   and    clearance    volume t909 

Piston  ring,  Itlauvelt,  (or  internal  combus- 
tion   cnijinc    ;  .  .  '759,  845 

Piston    rin«s    rcipiired    annually    in     U.    S., 

Number    of 138 

Piston  rod.   Packing  a "794 

Pistons — Talks  on  Diesel  engines.  Morri- 
son     'V2.i.   •!!)!).   -Z-M 

Pittsburgh   smoke   regulation   in    1918 469 

Platform    at    coal    scales.    Safety 573 

Plug    fuse,     Rcfillal)Ii- '204 

Poetry '}9.    '265,    '383,    '513.    *707.    •961 

Police  manned  boats  during  harbor  strike  in 

New    York    '146 

Polish,    Paste    metal   979.    Liquid   polish 988 

Pond    suggestion,    A    rooling 219 

Ponds,  Neglected  cooling  towers  and  cool- 
ing        906 

Postal    Zone    Law— Where  do   you   live? •SSI 

Powdered    coal    successfully.    Burning *90 

Power   and    lighting    plant.    "AIco" '98 

Power    equipment.    Testing 315 

Power-factor    correction     498 

Power-factor     correction.     A     simple    method 

of    determining.       Kelly *923,   942 

Power  factor.   Or.iphic  meters  to  record *252 

Power   field.    Review   of  the  year  in   the 2 

Power  in  Central  Texas,  Demand  for  elec- 
trical        171 

Power  in   factory  cost   accounting 904 

Power  monopoly  economically  difficult. 
Large     619 

POWKR    Pf^ANT 

See  also  "Electricity,"  "Fans."  "RIowers," 
"Central     station."     and     "Water    power." 

— Balboa  Shops,  Canal  Zone,  Pumping 
plant  and  electrical  equipment  at.  Gate- 
wood    *I14 

— E'lackstone    power    plant.    Saving    coal    in 

the.      Eberman    '632 

— Boiler      room.      Improving      operation      in 

typical   industrial   plant.      Beard .'967 

— Coal-handling  plant  at   Sewalls    Point,   Va.     54 

— Data     marking.     Covering ^ 656 

— Delray    station    to    be    revamped 776 

— -liconomical    operation    must   be   made   cer- 
tain.      Rich     606 

— Efficiencies   and   fuel   costs,   Calculation   of 

plant.      Foster ♦316 

— Equipment  found  in  typical  steam  turbine 
generating    station.    Principal    (insert) *463 

— Equipment.     Purchasing — What     are    they 

waiting  for?    580 

— Equipment,       Shipment      of      power-plant. 

Sailer     762 

— Find   and   fix   the  cause    577 

— Fuel  Administration  and  the  utility  plant. 

Brossmann     '416 

— Fuel     Administration     inspector.     Observa- 
tions of  a   103,    Refutation 373 

— Georgia-Carolina   Power  Co.,    Power  house 

and   dam *937 

— Glen   Lyn,  Va.,   steam  station.      Slocum. 

*438,    463 

— Greenbrier      power      plant      of      Virginian- 
Western   Power   Co 958 

— High   steam  pressures,  910,    Ed 903 

— Interconnection         benefit.         Conservative 

claims    of    577 

— Johns      Hopkins      University.      Mechanical 

equipment    at.      Smallwood *811 

— La    Grange,    Ga.,    Cotton    mills    at *444 

— Labor  and  mechanical  refinements  in  power 

stations     40S 

— Meters.  Lack  of  power-plant  699.   Ed 696 

— Mine   power  plant.  Economies   in   a.      Car- 

rutliers    * *720 

• — Mirror,    Plant-inspection    '373 

— I^Iorale   in    the    power   plant 25 

— Municipal    plant.     Changes     in     eouipment 

effect   savings   in    a.      Sharp *249 

— No    Government    bargains    in    power    plant 

apparatus   and    supplies 64 

— Old   Hickor>-  powder  plant  near  Nashville, 

Tenn.,    Power    installation    at    the '748 

^Organization   chart.  Union   Gas   S;    Electric 

Co '859 


Pi>lli< 
I'OWKK    PLANT— (•.■Ihiup.l 
-Penu'.vKania   lloti  I.   Mcrlinniinl  rqiiipmrnl 
of    '.'.111.     Kidigri.ilin^    rquipminl    '522, 

FIriiiir    ami    clc^  ilor    rqnipmcnt '708 

—  t^crords.     Value    of     ilalion 908 

' — Rlvc«ville,   W.   V«.,    new   power  plant   471, 

Weir   ' R17 

— Safctyfirst    in    the   imwrr   plant.      Wenvcr.   9|9 

—South,    A    few   new   power   plant!  in   the '437 

— .Statistic",    Mi-I.adinv    plant 824 

— Troymorc,    Hotel.    P.mt    of    the '760 

— U.  S.  Nitrate  Plain  No.  2  at  Mu»ele 
Shoals,  Ala.  Ilninil.  v.  HoiUT-room  "424, 
462,  Main  and  lu.n  c  turbines  '482,  497. 
Condenser  equipiiH  iil  "558,  Stiilion  heat 
balance.  Wellcn.  I,..ckwood  •802.  823, 
U.  S.  Nitrite  I'linl  No.  1  .it  .Shef- 
field.   Ala.    Welles.    Mitchell '962 

— Waste   in   the   power   plant.    Utilizing 184 

— Year's   review   of  thi     power   field 2 

Power   plus.      Moxon *265 

Power,     Pooling    of — Year's    review     of    the 

power  field    2 

Power    situation    at    tbc    end     of    the    war. 

AlwynSchmidt      SI,      Conditions      in      tlic 

power  industry    163,  777 

Power    supply.    Special    investigations    on. 

211.  215 

Power,    The    evolution    of   intensive 254 

Pressure,     Drilling     a     well     by     hydraulic. 

Hcckendorn     *97 

Pressure-gage   spring.   Action    of    Bourdon.. •t503 
Pressure   vessels.    Reversed   heads   in.      Lane.  '61 

Pressure   with    mixed   coal.      Constant ^256 

Pressures.    High    steam   910.    Ed 903 

Puget  Sound  Traction.   Light   Sr  Power  Co. — 

Burning    powdered    coal    successfully *90 

Pulverized    coal     used    annually    in    various 

manufactures    in    the    U.    S 146 

Pulverized    fuel    for  the   railways 997 

PUMP 

Sec  also   "Power  plant." 

— Air  chambers  with  pumps,  X'se  of t295 

— Air  compressor.   Conversion  of  pump  into.t4l3 

— .Mr  lift.  The  compound.      Allen •fi?2 

— .\ir  pump.   Cylinder  clearance  of J701 

— Centrifugal    pump    failed    to    feed    boilers. 

Why    a    985 

— Centrifugal    pumps.   Air  booster  for. ......   727 

— Centrifugal  pumps  for  irrigation.   High-lift. 

Fleming     *133,  293 

— Centrifugal  pumps,  Horsepower  require- 
ments   of.      Hcermans *763 

— Centrifugal  pumps  made  with  wooden  cas- 
ings   .; 220 

— Centrifugals.    Paralleling  discharge    of.....tl83 
— Curves    of    duplex    compound     condensing 
and   noncondensing   pumps.    Characteris- 
tic.     Maguire    , ^127 

— Cylinders.    Composition   lined.      Stiles '46(1 

— Economy  in  using  few  pumps 292 

—Feed   pump.   Trouble   from    stcambound 1829 

— Formula      for      ajiproximate     capacity      of 

pump    tls<3.    Simpler   formula 660 

— -Fuel     pumps — Talks     on     Diesel     engines. 

Morrison    '492 

— "Fulflo"     motor-driven    pump *458 

— Holland.    Large   pumping   stations   in 24 

— Loose    air-i>ump    plunijer   made    fast '62.^ 

— Pipe.    Excessive   size    of   pump    suction 1583 

— Piston  speed  of  pumps i259 

— Power    for    pumping     additional    delivery, 

Increase    of .....t625 

— -Pressure     of     compressed     air     for     air-lift 

pump     169 

— Pumping,    Avoid    unnecessary 220,   700 

— Pumping    oil    wells    by    electricity.       Non- 

nenbruch     "982 

— Regulator  for  motor-driven  pumps.  Con- 
stant   excess-pressure.      Sonntag '602 

— Rejuvenating'    a     worn-out     pump.       Hun- 

ner    S3 

— Repair.  Emergency  pump '16 

— Short-stroking  pump  uses  more  steam t869 

—Stop  valve,  Home-made  automatic   pump..   '44 

—Valves   do   not   wear  well 30,    101,   180,  258 

— Velocity   in    pump   discharge   line t221 

—Water.    Pointers   on  pumping   hot.      Sailer. 

212,  828 

— Water-sealed     stuffinBvbox *t4»^7 

— Weber  subterranean  pump    '925 

— What   about    the    pumps? 177 

Pyrometer,   Brown    boiler-room    signaling *643 

Q 

Ouigley    Furnace    Specialty    Co.— TTytcmpite 
furnace  cement    '2^8 

R 

Radiators     located     below      vacuum      return 
main     *325,     Radiator    heated     from     main 

drip     4 '^"^ 

Radiators,    Using    steam   in    hot-water *825 

Radium     Great   demand  for 1 76 

Railways,    Pulverized    fuel    for   the 997 

Ratchet   wrench    for   close   quarters *47 

Rateau,    Professor,    honored 72 

Rates  for  electric   service.   Increased 178 

Rates    for    electricity    general,  d    outside    and 

sold    in    Missouri    regulated 524 

Rates,   New  power,  at   Ix)ckpori,    N.    V 744 


Puicti 

Kairs,     V.,rit,,rn     rnlifornia     Power    Co.    al- 

■  k-c    on    il>    rlcclrii- 87'. 

I'  ti     \'ir-inin     Power     Co.     re- 

I  "■II    to    iiicrcaHc 958 

K'  „     iiiltu'lion   motom — For  change 

in     nuii.bci     uf     polo     III.        Dudley     "lO. 

(Icnrrnl    ounimnry     '39.1 

Kccord  keeping   fornm   and   (ollow-up»— Oper- 
ation   at     MoltwiK.d.       Uromlry •770.  7911 

Kecordrr    pay    <livi<lrii<N,    .Making    the    (U-^. 

.Sailer    9'i 

Recordv    Fallacy   of  haphazard.      RaitI 781 

Krcords     Mi«leadini(    plant    utaliiilicii 824 

Records.     Value    of    xtation 908 

K.dming    million.       Altering    n •539,  •9KK 

Helillahle    jilug   fuse '204 

KKFRIGKKATION 
-American      Soc.      Refrig.      Engrs. — Papers 
•106,     62f>,     Approve*     tentative     iiafciv 
code    871.    Code    f<ir    the    regulation    of 

refrigeration    plants     948 

— Ammonia  <  onilnnwr   data.      Torraufc  .  .  .  .  •100 
-.Ammonia    condensers    do    its    share.    Mak- 
ing  each    coil    of.      Solomon '815 

.\mmonia       condensers,       Ventilotion       of. 

Sieben     '396 

—Ammonia    required    for    new    refrigerating 

plant.      Kilian    849 

— Articles    on     refrigeration 984 

—Carelessness  in  refrigerating  plants.  Mil- 
ler         193 

— Compressors  in  carbon  dioxide  refrigerat- 
ing machinery.  Single-  rather  than  dou- 
ble-acting      912 

— Cooling     tower     for     refrigerating      plant. 

Gigcr    ^891 

— -Data,     Refrigerating    plant 457 

-Data.    Reliable   refrigeration    502,    Ed 498 

— Icc-machincs.   Synchronous-motor  drive  for  626 
— Ice  plant — Armour's  special   testing  equip- 
ment     '670 

— Increased    refrigerating    demands 655 

— Meeting       emergencies      in       refrigerating 

plants.       Miller     234 

—  Pennsylvania     Hotel,     Refrigerating    equip- 

ment of  '522 

— Refrigerating    installations    in     1918 357 

— Refrigerating    plant    efliciency.      Azbe ^547 

—  Refrigerating     plant     No.      1.      A.      E.      F. 

Fisher ^920 

— Refrigeration-plant   log    sheets ^389 

— Salt    instead    of    water    used    in    ammonia 

absorber    838 

— "Sanitary"   small    refrigerating   machine *788 

Relays,       Alternating-current       plungcr-tyne. 

Todd    '636 

Reliance  automatic   coal    scale    *521 

Removable-truck    safety-first    switchboard 

units *96 

Repairing   a   cracked   water   jacket *67 

Repairing   a  "nigger"  cylinder "464 

Report    of    the    Secretary    of    the     Interior, 

Annual     70 

Reputations.   Rubber  balloons  and.     Strohm.*423 

Research     Council,     National 998 

Reservoir,     Siphon     emptied '466 

Resistance    on    three-wire    generator.    Induct- 
ance   and — Elec,    study    course "570 

Reversed   heads   in   pressure   vessels.      Lane. .   *61 

Review   of   the   year    in    the   power   field 2 

Rheostat,   Construction  details  of  trrid.      Par- 
ham    '527 

Richards.   Prof.   Chas.   B..   Death  of     *664 

Rings,    Flat    spots   on    commutators    and   col- 
lector.     Kalb *779 

Rings   wear  grooves  in   shaft,   W'hy  do  oil?..*500 
Rivesville,    W.    Va..    new    power    plant    471, 

Weir    817 

Rope,   Investigation   of  wire.      Griffith 873 

Royer    flow   indicator     *9;24 

Rubber  balloons   and   reputations.      Strohm.*.423 
Rules    for    marine   machinery.    The    Shipping 

Boards     137 

Rules    of    the    game.    The.       IIo|)ley •841 


.Safety.    Factor    of.      Belknap 136 

Safety-first  in   the  power   plant.      Weaver 919 

Safety-first        measures.        Industrial-lighting 

codes   695 

Safety-first  switchboard  units.  Removable- 
truck    *96 

Safety   platform   at  coal   scales 573 

St.    I.^:)uis,    Flywheel    explosion    in 186,  '699 

St.    Paul.    Generator   wreck    at *40,   181 

Salvaging  the  disabled  371,  741,  Engineer- 
ing courses  popular  744,  Important  to  dis- 
abled   men    956 

San    Francisco    railroad     365 

"Sanitary"    small    refrigerating    machine '788 

Scale    from    injector.     Removing    lime t105 

Scale,    Reliance   automatic   coal *52l 

Scales,    Safety    platform    at    coal 573 

Schools,     Government-owned     machine     tools 

for     industrial     training 289 

Screenings,  The  value  of  yard.     Wakeman..    491 

.Screw-holder.  Simple  machine '698 

Senii-Diesel     engines.     Water     injection     in. 

Shepherd     935 

"Service  is  the  greatest  thing  in  the  world"  940 
Sctscrews,   T'-acking  out  broken   '292,    Device 
similar     to     Cleveland     Twist     Drill     Co.'s 
"Ezy-Out   screw   extractor" 466 
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Taffc 

Setting    tlie    boss    straight.       liatzcr '669 

Scwalls   Point,   Va.,    Coal-handling  plant   at..      54 
Shaft   alignment    and    its    importance.      Dahl- 

strand    '882 

Shalt  repair.    Emerj^ency    *'!4.    Another ....  ♦401* 

Sh.ift.'  Size  for  <  old-rolled  steel  head t329 

Shaft,   Why   do  oil   rings   wear  grooves  in?..*500 

.Shawinigan    Water  and   Tower  Co 420 

Shealy.      Steam    Enfnnes    t^iO.l 

Sheffield.    Ala.,    U.    S.    Nitrate    Plant    No.    1 

at.      Welles.    Mitchell *962 

Shield,     Durabla    gage-glass *320 

Sliii)   propulsion.   Progress  in  turbine.    Ilodg- 

kinson  225 

.Shipbuilding.    Electric    welding    in 71 

Shipping  Board's  rules  for  marine  ma- 
chinery 137,  Wants  seamen  187,  Improv- 
ing the  qualities  of  American  marine  en- 
gineers 407,  Lets  large  oil  contract  588, 
Fuel-oil    prices   to    Board    627,    Wants    first 

assistant    engineers     

Ships,    Fabricated — Meaning    oi'   term 

Ships  sunk  by  submarines,  IJritish  Ad- 
miralty   raising     

Signal    system,    A    reliable *907 

Sinclair,    .Angus,    Death    of 71 

Siphon    emptied    reservoir *4titi 

Sleicher     &     Drake.       Drake     non-clinkering 

furnace    blocks     'ITl 

Sloan-Striker  Co. Royer  flow  indicator.  ♦!)34 

Smoke   preventer,    Kosel *89 

Smoke    re.eulation    in    1918,    Pittsburgh 469 

Smoke-stack    was    removed     and    reinstalled. 

How    a    steel.       Elliott *573 

Smoke-stacks  with  gunite  concrete.  Rein- 
forcing    steel.       Sherman *808 

Smoke— Waste     *81 

Smokeless  powder  plant  near  Nashville, 
Tenn.,     Power     installation     at     the     Old 

Hickory    *748 

Social    economist.    The    engineer    as    a '789 

Society,    One    combined    engineering 110 

"Soffioni" — Italy    utilizes    volcanic    power *311 

Solder   for  electrical    machinery.      Pittman...   787 

Solid    comfort — but     *151 

Southwest,    Burning    coals    of   the.      Park *574 

Speed    loss    in    transmission 256 

Spike      McNally's      nonexploding      flywheel. 

Clock     -717 

Spring    tension    of    brush-holder,    Testing *67 

Stack.      See   "Smoke." 

Standards  Committee,  American  Engineer- 
ing   337,    Ed.    324,    American    Engineering 

Standards     Association 930,  941 

Statistics,   Misleading   plant 824 

Steam.       See    also     "Engine."    "Condenser," 
"Boiler,"   "Pump,"    "Heating   and    ventila- 
tion,"      "Valve,"       "Piping,"       "Turbine," 
"Power  plant." 
Steam^ — An     improved     form     of     throttling 

calorimeter.       VV'oolrich     *495 

Steam,  Eliminating  cylinder  oil  from  ex- 
haust.     Wakemaii  *3()5,    Discussion. ..  .502,   700 

.Steam    engineering.    Alphabet    of.      Hays *383 

Steam    engineers.    Making    Diesel    operators 

from    27,   140,   180,   292 

Steam,     Factor     of     evaporation     generating 

superheated    (909 

Steam   in   a  compound   engine.   Behavior  of.   *42 
Steam  lines,   Electrically  welded.     Woodrow. 

*322.   324 
Steam,       Natural — Italy       utilizes       volcanic 

power   . . .'. *311 

"Steam,    Pound    of."    Meaning    of t295 

Steam   pressure  too   low  for  load.   Initial t467 

Steam   pressures.   High  910,   Ed 903 

Steam,    Saturated    and    superheafed tl05 

Steam,    Utilizing    waste    exhaust *28 

Steam,    Wiredrawing    of }259 

Steam  with  earlier  cutoff.  More  wiredraw- 
ing of   tl83 

Steam   with   increased   price   of  coal.   Charge 

for     tl43 

Steel    industry    in    Chile.    Chas.    M.    Schwab 

on     development     of 958 

Steel,   Removing  temper  from  hardened 420 

Steel  smoke-stack  was  removed  an4  re- 
installed.   How    a.       Elliott *573 

".Steelcrete"    machine    guards *449 

Stoker — Broken    cylinder    head    repair *30 

Stoker,      General     characteristics     of     chain 

grate.       Marsh     *172 

Stoker,      Harrington      forced-blast      traveling 

grate     *360 

.Stoker,    Improved    Green   chain-grate *718 

Stoker,    Sectionalizing    the    underfeed 904 

Stokers,     Boiler    settings    for    multiple-retort 

unflerfeed     *102 

Stokers,    Hornsby    boilers    reset    for *584 

Stokers   placed    under    mud    drum *936 

Storing.       Twyford    t298 

Study  course,  Elec. — Parallel  operation  of 
generators  I.  '20,  II  *92,  III  *130  (Ed. 
137),  Two-wire  and  three-wire  sys- 
tems *174,  Three-wire  systems  from  two 
generators  *208  Two-wire  vs.  three-wire 
system  *247.  Shunt  balancer  sets  for  three- 
wire  systems  *282,  Adjustment  of  voltage 
or  balancer  sets  *318,  Current  distribu- 
tion in  three-wire  systems  *3(',8,  Putting 
balancer  sets  into  service  on  three-wire 
system  *404.  Testing  balancer  sets  on 
three-wire  systems  *455,  Fundamental 
principle  of  three-wire  generators  *489, 
Inductances  used  on  a  three-wire  genera- 
tor   *53'     Inductance    and    resistance    on 


Pas-'e 
three-wire  generator  *570,  Current  in  the 
inductaiuesof  a  three-wire  j;eneralor  •(ilti. 
Current  division  in  a  three-wire  generator 
"651,  Tyjies  of  three-wire  generators  *688, 
Three-wire  generators  in  parallel  *728, 
Testing  motor  efficiencies  '820,  Apparatus 
required  for  brake  tests  on  motors  *860, 
Fundamentals  oi'  brake  tests  on  motors 
*900,  Factors  entering  into  brake  tests 
*938,    Prony    brake   test    on    electric    motor 

*98fl,    Ed 984 

Subscription  price  necessary,  Increased  costs 
make  raise  in.  290,  "Opportunity  Cou- 
pon"        415 

.Substation    development.    Automatic 237 

Successful    management,    The    keynote    of...    148 
Sullivan   straight-line   air  compressors,    Plate 

valves    for    *481 

Superheater,    Dravo    *733 

Superheater,  Stationary  boiler  '809,  Correc- 
tion        957 

Superheater      surface.       Determination       of. 

Baker     , *86 

Switch,    Blackburn-Smith    inclosed    tank *388 

Switch,    Quick-make    starting *173 

-Switchbpard  blower.  Safe *988 

Switchboard  units,.  Removable-truck  safety- 
first  *96 

Switches,    Installing    disconnecting.  ..  .*293,   *740 
Syncbronoscope,      Arc      lamp      used      as      a. 
Moore    '940 


Table,    Revolving   bench *986 

Tables — Areas   of  segments   of    boiler    heads. *402 
Tables — Properties    of    saturated    and    super- 
heated    ammonia,     freezing     temperatures 
and    specific    heat    of    brine,    and    ammonia 

condenser  data   457 

Tachometer,    A    home-made "326 

Tallahassee    Light    and    Power    Co.'s    plant 

destroyed    by    fire 667 

Tank,  Connecting  an  oil  line  to  a  fuel-oil. .  .*541 
Tank     counter.     Thermometer     as     a     boiler 

blowoff    indicator    and.       Cay  wood *8 

Tank,    Pressure    of    hydraulic    elevator    pres- 
sure  tl05 

Tank,   Safe  working  pressure  for   air *$143 

Tank    switch,    Blackburn-Smith  inclosed *3S8 

Tanks,   Abstracting   heat  from   blowoff 411 

Tanks — Reversed    heads    in    pressure    vessels. 

Lane   *61 

Taylor  Society,  The 421 

Technical  courses  need  revision,  Do?.. 289,  660 
Temperature  negligible.  Allowance  for  room. $947 
Temperature,  Saving  by  lower  trap  discharge. 101 
Temperatures    of    melting    points.    Standard.  t661 

Tempering   method.    Simjile 502 

Tennessee    Power    Co.   on    the   Ocoee    River, 

Eastern     Tennessee.     Flume     of *922 

Test   column.   Vacuum-gage *376 

Testing    cup,     Insulating-oil *370 

Testing  cylinder  oils 256,  »327,  740 

Testing  equipment.  Armour's   special *670 

Testing       motor       efficiencies — Elec.       study 

course    *820 

Testing  single-phase   watt-hour   meters   using 

a    rotating    standard.      Findley *118,  *168 

Testing    spring    tension    of    brush-holder *67 

Tests   with   ammonia  condensers.     Torrance. *106 

Tests   with   flow  meters.   Some.      Maguire *127 

Texas — Largest  lignite  deposit   in   the   U.   S. 

160,    Demand   for   electrical    power 171 

Thawing  outfit.   Aeroil    coal '278 

Thermal      conductometer — .Armour's     special 

testing    equipment    *670 

Thermometer   as    a    boiler    blowoff    indicator 

and   tank   counter.      Caywood *8 

Thermos-bottle    principle    applied    to    steam 

cylinders    ....29.1,   539,  658 

Thermostat   set   wrong.   Tempering   coil *218 

Three    Rivers    Machine    Tool    and    Uie    Corp. 
— "Karge"   cushion   and   flexible   coupling.  .*599 

Throttle   had   too   much    play *502 

Throttling    calorimeter.    An     improved    form 

of.      Woolrich    *495 

Tighteners,  A  discussion  of  belt.  Crane...  176 
Tighteners,    Trouble   witl;    belt   66,    Difficulty 

overcome     101,  327 

Tocknell     compressed-air     vibrator *354 

Tool   for   removing   broken    adjusting   wedge 

bolts    *59 

Tool  for  removing  fuses *65 

Tool-om-eter,    New    Jersey    air *694 

Tools   for   the   water-power   plant.    Handy *258 

Tools,    Government    a    large    owner    of    ma- 
chine    91,     Tools     for     industrial     training 

schools      289 

Tower,    Cooling,    Section    of    "home-made." 

Giger     *891 

Towers    and    cooling   ponds.   Neglected   cool- 
ing       906 

Tracings        for        blueprinting,        Improving 

soiled t947 

Trade    literature    972 

Trade   promotion,    Forcigr" 186 

Transformer     for      small     storage     batteries. 

Lead  burning      *979 

Transformer    used    as    a    series    transformer. 

Constant-potential    '255 

TransiVirmers   for   induction    motors,    Size   of. 

Gibbs   *756,  789 

Transformers,     Instrument    voltage.       \\'ood- 
ward  *S62 


PaNre 

Transmission-line    si)an,     Longest 420 

Transmission,    Speetl    loss    in 256 

Transport,    Firemen    saved    U.    S *213 

Transportation — Year's   review   of  the   power 

field     2 

Trap  discharge  temperature.  Saving  by  lower  101 
Trap    discharge    to    heating    system.    Piping 

high-pressure    *827 

Traymore.   Hotel.   Plant  of   the '700 

Trill   indicator  contest.   Awards  made  in *390 

Trouble    with    belt    tighteners    66,    Difficulty 

overcome    101,    327 

True    vision.       Moxon *961 

Tube,    E'oiler.      See    "Boiler." 

TURBINE,   STEAM 

— Design,     Notes     on     large     steam-turbine. 

Johnson   *330,    Ed 323 

— Equipment   found   in   typical   steam   turbine 

generating   station.    Principal    (insert) *463 

—Large    turbines.    Status    of    832,    Ed 824 

— Limits    in    turbine    capacity 177 

— Marine    propulsion.    Geared    turbines    for. 

Camp     534 

— Operator    saves    turbine    298 

— Turbine   ship   propulsion,    Progress   in 225 

— U.  S.  Nitrate  Plant  Not  2,  Muscle 
Shoals,  Ala. — Main  and  house  turbines. 
Bromley  *482,  497,  Station  heat  balance. 
Welles,  Loekwood  *802,  82.3.  U.  S.  Ni- 
trate   Plant     No.     1     at    Sheffield,     Ala. 

Welles.    Mitchell    ♦i)02 

— Vacuum     trouble     in     turbine     condensers. 

Brakes     *287 

— Year's   review  of  the  power  field 2 

Turbine.  Water.     See  "Water  power." 

Turbo-alternators,    Fires    in    *950,    Ed 941 

Turbo-blower   valve   control    *62l 

Turntable,    Workbench    '986 

Twist   drill.    Using    a    small *104 

U 

U-boat,   Below   deck   on   a.      Rogers *784 

Union,    Edward    gasketless    double-tight *284 

Union    Gas    &    Electric   Co. — Paint   to    reduce 
power-house    accidents     392,     Organizatioit 

chart    *859 

U.      S.      Employment       Service      263,      420, 
Bill  to  establish  national  employment  sys- 
tem       998 

U.  S.  Nitrate  Plant  No.  2  at  Muscle  Shoals, 
Ala.       Bromley.       Boiler    roorrf    *424,    462, 
Main   and   house   turbines   *482,    497,    Con- 
denser   equipment    *558.    Station    heat    bal- 
ance.    Welles,     Loekwood.     •802.     82;J, 
U.  S.   Nitrate  Plant  No.    1   at   Sheffield. 

Ala.      Welles.    Mitchell .  •<)(i2 

Universal  Craftsmen   Council   of  Engineers — 

Springfield    Council    No.    23 876 

Unrest,   Industrial    296 

V 

Vacuum    dashpot.    Miller *561 

Vacuum-gajge    reading    to    30-in.     barometer. 

Referring     J543 

Vacuum-gage   test   column ..*376 

Vacuum    heating  in   mild   weather 375 

N^acuum-heating    systems.      Alt *306 

\'acuum      trouble     in     turbine     condensers. 

Brakes    *287 

VALVE 

See     also      "Pump,"      "Air     Compressor," 
"Boiler." 

— Bent  rocker  on  valve  motion.   Use  of t69 

— Blowoff   valve    discussion.    Boiler. 

29,   179,  657,  *698 
— Blowoff    valve    leaks.    Column.  ......  140,   *499 

— Blowoff       valve       troubles,       Overcoming. 

Eckenroth    *56$ 

— Blowoff  valves.   Standardization   of  boiler.   297 
—Check-valve  failure.  Feed-water  698,  Criti- 
cism       986 

— Cylinders,   Composition   lined.     Stiles *460 

— D-slide   valve.    Determining    lap    and    leaci 

of   t79S 

—Exhaust   valve.    Misadjustment    of *179 

—Explosion   of   gate   valve *S3,  325 

— Fuel-valve     scat.      Trouble     with      scored. 

Fagnan    564,   987 

— -Fuel     valves — Talks     on     Diesel     engines. 

Morrison    *398 

— Gears,     Lubricating    rack-and-pinion *326 

— Hydraulic  Experiments  with  Valves,  Ori- 
fices, Hose,  Nozzles  and  Orifice  Buckets. 
Talbot,  Seelcy,  Fleming  and  Enger......tI49 

— Hydraulic    operating    valve *397 

— Inlet  and  exhaust  valves — Talks  on  Diesel 

engines.       Morrison •3I3 

— Lead    opening.    Measuring tl05 

—Piston-valve    rings.    Used    two *943 

— Piston  valves.  Repairs  to  leaky }377 

— Placing-  valves  in  unsafe  positions. 
Hughes  *266,  Turbo-blower  valve  con- 
trol  'gai 

• -Plate    valves    for    Sullivan    straight-line 

air    compressors    *481 

— Pop  valve.  Objections  to  excessive  blow- 
down   of   J143 

— Reducing    valve    sxstcm — Care    of    heatin;; 

and    ventilating    equipment.      Alt *722 
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VALVK — C'oiitliilinl 
Krgriiulinii     valvr<    -Talk^    on     Dirnrl     rii 

ginrv      NIoMiHim    '.ISS 

Kr^cttinR   valves   In   change  Iriim   conilrn*- 

inK   ><>   nonci>nilrn»inK    i7l)| 

—  Safely    valve    lilowa.    \Vny    di>r»    the    wairr 

in  a  builcr   lift  when   the? 983 

— Safety    valve    for    iloiihle-Krair    ilownilraft 

boiler |3I 

— Safely    valve,    Kull  eapacilv "814 

— Safety     valve.     Lower     allowable     preaaure 

requires    Inritcr    ) J2U 

— Safely    valve,    i'rcctiilionn    ngainnl    ittickinK 

of    t8<.9 

— Snfoty   vnlvo.   Too   much    blowdown   of..t7ll,'> 
— Safely    valves    against    tampering,    Protect- 
ing         181 

— Stephenson    link.    Point    of   suspension    of.   tbi 
--Stop   valve.    Home  made  automatic  pump..     44 

— Trap   valve   troublesome '943 

— Valve  cutting   iVoni   lack    of  lubrication 1909 

— Water,  Flow  of,  through  one  and  one-half- 

inch  pipe  and  valves 34 

Vance-Vettcr         Co. — Hydraulic        operaline 

valve     '397 

Vapor  systems- — Care   of   heating   and    venii-  , 

lating   equipment.      .Mt *675 

Vapor    Vacupm    Healing    Co. — Oil-seal    com- 
bustion   control     '962 

Ventilation     of    ammonia     condensers.       Sic- 

ben "396 

Vernes,    ITvdro-clectric    development    at "5.^4 

Vibrator,    Tocknell    compressed-air *354 

Vise,    Drilling    with    ihc *68 

Vision,    True.       Moxon *961 

Volcanic    power.    Italy    utiliies *311 

Volk   refillabic   fuse '607 

Volterra,    Italy    utilizes   volcanic    power    at.. .'311 

W 

Wachusclt      hydro-electric      plant.      Turbine 

break    in     *468 

W'adsworth     boiler    explosion     in     Petroit — 

Comment     28 

Wage  problem.  The 99 

Wages  and  the  cost  of  living 655 

Wages   and    the   engineer 63 

WAR   TOPICS 

— Belgian    industries.    The    present    condition 

of   837 

— Boilers,    Standard,    for   Emergency    Kleet. . .      56 

— French  coal   mines,    Destruction   of  the 14 

— Fuel  Administration's  report  on  Liberty 
fuel  HI,  Permits  required  for  certain 
smokeless  coal  shipments  148,  Suspen- 
sion of  zone  regulations  on  coke.  etc. 
149.  Bureau  of  Labor  1S7.  Fuel  Facts 
t263.  Why  should  the  work  of  the  Fuel 
Administration  cease?  Sheasley  312, 
Fuel      Administration      and      the      utility 

plant.       lirossmann *4 1 6 

— Government    a    large    owner    of    machine 

tools     91 

— Homecoming,    Brighten    up    the    boys' 177 

— Merchant  Marine  needs  two  thousand 
men     34,     Efficiency     in     our     Merchant 

Marine     253 

— Power  situation   at    the  end  of  the   war. 

AJwyn-Schmidt      5L    163.   777 

— Refrigeratiiig     plant     No.     1,     A.     E.     F. 

Fisher    *920 

—Salvaging  the  disabled  371,  741,  Engineer- 
ing   courses    popular    744,    Important    to 

disabled    men    ■ 956 

— Shipping  Board's  rules  for  marine  ma- 
chinery 137,  Wants  seamen  187,  Im- 
proving the  qualities  oi'  American  ma- 
rine engineers  407,  Lets  large  oil  con- 
tract   588.    Fuel-oil    prices    to    Board    627,    • 

Wants    first    assistant   engineers 628 

—U-boat,    Below   deck   on   a.      Rogers  *784 

—Victory  Loan — Lend  to  the  end  204,  The 
underpinning  of  faith  537.  Stinginess 
shackles  prosperity  578.  How  can  we 
keep  the  faith?  619.  Keeping  faith  with 
the  fallen  (insert)  620.  Put  the  Victory 
Loan  over!  656,  A  double  barreled  in- 
vestment         696 


—  Wh.n    l.lli.r. 
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Wa»te 'HI 

Watte   in   the  power   plant,    lIiiliiinK 184 

Waate   nvay   be   cleanc<l,    liow   dirty *S39 

Watte   out    of   Ihe   coal    pile.    Keep    coal    out 

of  the  waale  pile  an<l *336 

Waalei  due   lo   leaky   huiU-r   ncttinga.      IIay». 

121.  •946 
Waste*,     Leaki     and,     in     state    inalitutiont. 

McCullough    '742 

Water — A  cooling  pun<l   suggestion 219 

Water,     Auxiliary     soukc     of     glandscalinir. 

Sonntag    '854 

Water — Avoid    unneccss;iry    pumping. ..  .220,   700 

Water,   Calculating  heal    loss   in 219,  542 

Water  circulation  in  b^'ilers.     Williamn 285 

Water   columns.    IMowing   down 508 

Water,    Cooling    of    condensing 531 

Water,   Cutting  glass  under "257 

Water      discharged      over      V-nolched      weir. 

Weight    of     J  329 

Wafer — Dividing  box  with  condensing  head. 

Thayer    '132,   328,  946 

Water  for  oil  received  in  open  heater.   Test- 
ing feed    (377 

Water  gage,   LInbreakabIc 796 

Water  heater.   Heating  surface  for  feed 1989 

Water    heater.    Inspecting    leakage   of    closed 

feed    t829 

Water — Ice  i\)rmation  in  ponds 182 

Water      injection      in      semi-Diesel      engines. 

Shepherd    935 

Water   jacket,    Reoairing    a    cracked *67 

Water    level.    Difference    in — Discussion. 

•(.5.    201,    220,   Mil,  624 

Water   level    in   glass  pace.    Irregular J69 

Water,      Light-transmitting       properties      of 

fresh 627 

Water  of  oil.   New   method  of  freeing  boiler 

feed 674 

Water,  Pointers  on  pumping  hot.     Sailer....   212 

WATER   POWER 

—Administration  water-power  bill — Congress 
should  unlock  water  powers  129,  While 
Congress  talksl  *301,  Compromise  341, 
Again    water-power   legislation    fails 381 

— Appalachian  power  system,  The.      Slocum. 

•438,    463 

— British    water-power   development    260 

— -Brule     River     hydro-electric     development. 

Seastone     *842 

— Canada,   Statistical    analysis   of  the   central 

electric  stations  of 159.   289,  296,   309 

— Coal,    oil    and   water-power    statistics *279 

—Cost  of  power  on  American  and   Canadian 

sides  of  Falls 41 

— France,    Water-power  development    in. 298.  838 

— Georgia-Alabama    Power    Co.    to    construct 

dam     527 

— Georgia-Carolina    Power   Co.,   Power    house 

and    dam    •9.'J7 

— Holtwood,  Operation  at.  Bromley.  In- 
structing crew  *450.  463,  Governors. 
Rogers  '600.  Xormal  and  abnormal 
operation  of  governors  *646,  Main- 
tenance of  the  governor  control  system 
*683,  Lubrication  of  submerged  pins  in 
governor  operating  mechanism  *713,  738, 
Record  keeping  forms  and  follow-ups 
•770,  790,  Handling  ice  situations  *850, 
864,  Features  oi'  station  operation  and 
maintenance  *892,  Starting  and  stopping 

the    main    units    *973 

— -Hydro-Electric  Power  Commission  of  On- 
tario  orders   two    waterwhecl    generators, 

largest  ever  constructed    470 

—Lake  Coleridge,  New  Zealand,  hydro-elec- 
tric   works    73 

— Maine,  Construction  and  operating  costs 
of    water    power    in.       Barrows,    Miller, 

544,    Ed 538 

— Niagara   power.   Engineer   discusses 798 

—Power    situation    at    the    end    of    the    war. 

Alwyn-Schmidt     51,   163,  777 

— Power  survey.  Prospects  for  a 864 

—Russian  water-power  possibilities  at  Dnie- 
per  River    Rapids 998 
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WATKK    I'UWRK— l'oiilliiiii'<l 

Tenncinre    l'>>wrr   I  ■■.   on   the   Oi  oee   Kivrr, 

Eaotrrn     Trnnrssrr,    I'liiinr    of '922 

—Tools   for   the    wiitrr  power    plant.    Handy. .'258 

— Vernes,    Hydro  rlrctiic    ilcvrlopmeni    at '554 

— Wachuicll     liydntelcclric     plant.     Turbine 

break  in   '468 

— Water -power  bilU  introduced  in   (ongreM.  872 
— West    Virginia    hydroelectric    power  Lilt. 

420,  471 
— When  doctors  disaurer.  Carpmlcr.  .*274,  '366 
— Vcar'a   review   of  the   oower   field 2 

Water     syslems,     Cooling     Talks    on     Diesel 

engines.       Morrison     "724 

Water    temperatures,    ICquivalent    evaporation 

at   different   feed 1795 

Water    through    one    and    onehalfinch    pipe 

and  valves,  I'low  of 34 

Water    treatment     and     metal     preservatives. 

Boiler  feed.     DufTey  240 

Water    wasteful,    Overheating    hoi. 

256.  410.  499.  624 
Watt-hour    meler.    How    lo   correctly    read    a. 
Todd     '446,    461,     What    docs     the     meter 

read?    "792,     Discussion    letters '944 

Weber    subterranean    pump •925 

Wedge  adjusting  bolt.  New  design  of  crank- 
rod.       Hoffni.in    '500 

Wedge    bolt    did.    What    a    broken '480 

Wedge  bolt.    Uses  a  single s '622 

Wedge   bolls   break.    Why   do? '139 

Welded  steam  lines.  Electrically.  Wood- 
row     '322,  324 

Welding  a  wrecked  rolling-mill  engine  cyl- 
inder.      XTalcher    '896 

Welding    and    cutting,    Oxyacetylcne 665 

Welding,    Fusion   in    arc.      Eschholz '504 

Welding  in  shipbuilding.   Electric 71 

Welding    process.    Repairing    boilers    by    the 

electric   or   oxyacetylcne    628 

Welding,  Some  examples  of  electric.     Smith. *35l 

Welding.    The   personal    element    in    arc 737 

Well     by     hydraulic     pressure,     Drilling     a. 

Heckendorn     *97 

West    Virginia,    Proposed    engineers'    license 

law    for    226,417 

Western  Soc.  Engrs. — Biggest  annual  ban- 
quet 185,  Industrial  personnel  relations 
507,    The    making    and    the    destruction    of 

steel     663 

Westinghouse  Elec.  &  Mfg.  Co. — Quick- 
make  starling  switch  '173,  "Essington 
Club"  opened  227.  Insulating-oil  testing 
cup  *370,  Establishes  memorial  scholar- 
ships        797 
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For  the  power  plant  this  era  of  reconstruction  is  a  period  for  reform.  War  times 
have  revealed  the  economies  that  can  be  realized  by  stopping  leaks  and  by  better 
practice  in  the  boiler  room. 
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Review  of  llie  Year  in  the  Power  Field 


WITTT  war  work  absorhinpr  00  per  cent,  of  the 
(•m-r^'v  of  tlu"  nu'ihanical  iiulustry  and  with  the 
K'niaininp  10  per  cent,  devoted  to  necessities, 
there  has  been  no  opportunity  for  pioneer  work  in  the 
power-phmt  field,  even  if  scarcity  of  materials,  shortage 
of  labor,  excessive  costs  and  overloaded  transportation 
facilities  had  not  prohibited  effort  in  this  direction.  As 
a  matter  of  fact  experimental,  inventive  and  development 
work  has  been  practically  suspended  for  the  last  two 
years,  so  that  except  for  isolated  cases  where  necessity 
has  been  there  is  little  progress  to  report. 

Fuel  Conservation  Efforts 

There  have  been  developments,  however,  originating 
as  necessities  imposed  by  the  war,  that  are  noteworthy 
and  will  leave  their  impression  on  the  field. 

Of  primaiy  importance  are  the  fuel-conservation  ef- 
forts made  by  the  Government  and  the  means  employed 
to  effect  savings  in  the  consumption  of  coal  and  oil.  The 
power-plant  questionnaire  has  brought  results.  An  es- 
timated saving  of  3,500,000  tons  is  reported  for  the  first 
six  months.  This  is  at  the  rate  of  7,000,000  tons  per 
year,  and  is  only  a  beginning.  In  the  plants  that  adopted 
the  standard  recommendations  and  kept  systematic  rec- 
ords there  have  been  savings  as  high  as  25  per  cent,  and 
the  average  is  placed  between  10  and  15  per  cent.  From 
statistics  gathered  from  widely  separated  districts  the 
"daylight"  saving  is  estimated  at  1,250,000  tons,  the 
.skip-stop  plan  is  reported  to  have  saved  about  the  same 
amount,  and  the  direct  result  of  the  entire  industrial  con- 
servation program  has  been  given  an  annual  saving 
throughout  the  country  of  25,000,000  tons  of  coal, 
without  reducing  the  output  of  the  factories.  In  some 
of  the  states  work  was  slow  in  starting  and  there  was 
some  lapse  of  time  before  activities  began  in  the  in- 
dividual plants.  It  is  safe  to  say  that  the  actual  saving 
was  only  a  small  part  of  what  it  might  have  been  if  the 
work  under  the  present  organization  had  been  continued 
for  another  year. 

Owners  Awakened  to  Possibilities  of 
Efficient  Operation 

While  under  the  strenuous  war  conditions  existing  for 
the  gre-^.ter  part  of  the  year  even  the  relatively  small 
saving  made  was  gratifying,  it  is  only  an  incident  to  the 
benefits  that  may  be  expected  for  the  future.  The  mere 
fact  that  the  power-plant  owner  has  been  awakened  to 
the  possibilities  of  efficient  operation,  that  the  engineer 
generally  has  been  aroused  from  former  routine  per- 
formance and  may  expect  cooperation  from  above,  means 
much  more  than  a  temporarj'  saving.  The  work  done 
by  the  Government  will  continue  to  bear  fruit  in  the 
years  to  come.  Without  considering  the  question  of  con- 
servation, the  owner,  from  the  standpoint  of  personal 
gain,  will  not  permit  resumption  of  wasteful  methods  in 
the  power  plant.  As  for  the  engineer,  his  reputation  is 
at  stake.  Normally  conscientious,  he  will  appreciate  the 
cooperation  that  he  has  always  solicited,  and  with  the 
equipment  and  instruments  necessary  for  economy,  the 
progressive  engineer  will  maintain  and  perhaps  better 
the  record  set  in  the  present  emergency.    The  war  has 


made  evident  the  real  meaning  of  efficiency,  and  not 
only  in  power-plant  work  but  in  all  prores.se.s  of  produc- 
tion, manufacturing  and  di.stribution,  it  i.s  to  be  the 
keynote  in  the  reconstruction  period  now  upon  us. 

Since  the  signing  of  the  armistice  there  has  been  a 
decided  slowing  up  in  the  activities  of  the  United  States 
P'uel  Administration.  Report  has  it  that  the  work  of 
the  con.servation  department  ends  with  the  year,  al- 
though regulation  of  distribution,  particularly  of  do- 
mestic coal,  will  continue  throughout  the  winter.  The 
.stati.stical  division  of  the  organization  will  hereafter  be 
under  the  direction  of  the  United  States  Geological  Sur- 
vey, and  it  is  hoped  that  the  work  of  conservation  will 
be  continued  by  the  Bureau  of  Mines.  As  this  proce- 
dure is  in  accord  with  the  general  trend  of  opinion  in 
the  field,  it  will  meet  with  approval,  particularly  as  it 
was  feared  momentarily  that  the  information  accumu- 
lated at  so  much  expense  in  time  and  money  would  be 
lost.  Although  a  new  organization  will  have  to  be  per- 
fected, the  work  is  in  good  hands  and  with  proper  Gov- 
ernment support  should  be  given  the  efficient  attention 
for  which  the  Bureau  is  noted. 

Pooling  of  Power 

As  a  part  of  the  plan  of  conservation  considferable  at- 
tention was  given  to  the  consolidation  of  the  services  of 
adjacent  plants  where  an  economy  might  be  effected  by 
the  more  efficient  plant  supplying  its  less  economical 
neighbor.  Owing  to  the  limited  time  available  and  to 
the  fact  that  compulsion  was  not  resorted  to  little  was 
accomplished  along  this  line.  In  the  East  and  the  far 
West  because  of  the  excessive  demands  for  power  and 
the  need  for  reserve  capacity,  interconnection  between 
large  electrical  systems  was  common.  In  the  Southeast 
and  the  Central  West  it  already  existed. 

Cooperation  between  Private  Plant  and 
Central  Station 

With  the  ostensible  purpose  of  saving  coal  an  active 
campaign  to  take  over  noncondensing  isolated  plants  for 
the  duration  of  the  war  was  conducted  generally  by  the 
central  station.  The  movement  was  facilitated  by  the 
high  price  of  fuel  and  the  scarcity  of  competent  firemen. 
A  comparison  was  made  between  the  three  pounds  of 
coal  required  by  the  central  station  to  produce  a  kilo- 
watt-hour at  the  switchboard  and  the  six  to  ten  pounds 
utilized  in  the  noncondensing  private  plant.  Evidently 
a  large  saving  in  coal  was  possible,  but  only  on  the  basis 
of  the  electrical  load.  When  combined  with  heating  and 
other  steam-using  services,  the  question  became  more 
complicated  and  investigation  developed  that  in  the  ma- 
jority of  cases  there  would  be  a  loss  instead  of  a  gain 
by  separating  the  services.  In  most  plants,  however, 
this  argum.ent  does  not  apply  to  the  nonheating  period 
of  the  year.  When  no  exhaust  steam  is  required  for 
heating  or  other  purposes  and  there  is  no  steam-using 
equipment  other  than  the  generating  units,  there  is  a 
decided  advantage  in  purchasing  summer  current  when 
it  can  be  obtained  at  a  reasonable  rate.  Summer  load 
is  also  advantageous  to  the  central  station  in  utilizing 
equipment  installed  to  carry  the  heavier  winter  load. 
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Continuous  effort  has  been  made  to  fill  the  summer  val- 
ley, and  some  of  the  more  progressive  public  utilities 
have  begun  to  realize  that  this  desirable  condition  might 
be  attained  by  cooperation  with  the  isolated  plant.  Dis- 
carding the  old-time  policy  of  "all  or  none"  and  concen- 
trating their  efforts  on  a  plan  that  would  be  of  mutual 
advantage  has  resulted  in  progress.  In  Chicago  certain 
plants  have  adopted  the  foregoing  plan  with  profit, 
although  in  others  investigation  revealed  that  no  saving 
could  be  made.  It  is  of  course  a  question  for  individual 
analysis. 

More  Coal  Stored  Than  Ever  Before 

Relative  to  the  coal  situation  one  of  the  difficulties  was 
a  shortage  of  labor  in  the  mines.  When  war  was  de- 
clared two  years  ago,  there  were  700,000  miners.  About 
60,000  were  lost  in  the  draft  and  many  more  to  other 
industries  paying  higher  wages.  Notwithstanding  this 
loss  in  labor,  there  was  a  10  per  cent,  increase  in  pro- 
duction the  first  year,  and  from  statistics  available  at 
the  time  of  writing  a  similar  gain  was  made  last  year. 
A  production  of  700,000,000  tons  of  coal  was  anticipated 
and  the  actual  output  closely  approximated  this  figure. 
To  spread  out  the  work  of  the  miner  and  make  it  con- 
tinuous the  year  around,  there  was  a  great  call  for 
storage.  Coal  users  responded  and  it  is  safe  to  say 
that  more  coal  was  stored  last  year  than  ever  before. 
With  the  so-called  Western  coals  from  Illinois,  Indiana 
and  other  states,  considerable  trouble  was  experienced 
from  fires,  due  largely  to  lack  of  knowledge  of  what  to 
avoid,  although  literature  giving  explicit  instructions 
had  been  widely  distributed.  It  is  gratifying  to  note 
that  an-angements  were  made  by  the  Fuel  Administra- 
tion to  visit  as  many  of  these  fires  as  possible  to  ascer- 
tain the  cause  and  put  them  on  record  on  photographic 
plates.  These  illustrations  and  the  accompanying  data 
are  to  be  published  at  an  early  date,  giving  a  wealth  of 
valuable  information  for  future  guidance. 

Relieving  Railway  Congestion 

Another  angle  of  the  coal  problem  was  the  lack  of 
transportation  facilities.  One  suggestion  to  relieve  the 
situation  was  the  installation  of  pipe  lines  from  the 
mines  to  the  centers  of  distribution.  The  coal  was  to 
be  pulverized  and  washed  at  the  mines,  mixed  with  water 
and  pumped  to  its  destination  at  an  estimated  cost  rang- 
ing from  twenty-five  cents  to  one  dollar  per  ton  in  ex- 
treme cases. 

Generating  current  at  the  mines  and  distributing  it 
by  high-tension  fines  to  points  where  electrical  energy 
is  required  was  a  plan  given  impetus  by  the  exigencies 
brought  about  by  the  war.  Although  in  favorable  lo- 
calities a  number  of  such  plants  already  exist,  it  was 
proposed  to  divide  the  country  into  districts,  each  sec- 
tion to  be  served  by  large  central  stations  at  the  sources 
of  fuel  supply. 

In  either  plan  there  are  certain  advantages,  but  the 
initial  investments  would  have  been  enormous  and  the 
time  element  involved  would  not  have  permitted  the 
immediate  relief  required.  The  zone  system  for  the  dis- 
tribution of  bituminous  coal  was  the  final  solution.  It 
succeeded  in  relieving  congestion  by  reducing  the  car 
mileage  per  ton  of  coal  delivered.  The  facilities  avail- 
able were  thus  utilized  to  better  advantage,  and  the  rail- 
ways were  able  to  handle  more  coal.     Temporarily,  the 


plan  did  embarra.ss  coal  u.sers  where  a  change  in  fuel  was 
enforced  and  the  equipment  at  hand  had  not  been  de- 
signed properly  to  meet  the  new  conditions.  Modifica- 
tions in  the  furnace  and  in  the  methods  of  operation 
were  nece.ssary,  but  when  the  proper  adjustments  had 
been  made,  the  consumer  hud  learned  to  burn  an  inferior 
coal  and  quite  frequently  at  a  reduction  in  the  cost  of 
operation. 

Physical  Progress  Halted  by  the  War 

As  to  developments  much  that  was  said  in  the  review 
of  a  year  ago  still  applies.  There  has  been  a  brief  halt 
in  the  remarkable  progress  made  in  the  last  few  years. 
During  the  short  period  of  readjustment  the  engineer 
will  transfer  his  work  from  war  to  peace.  Taking  ad- 
vantage of  the  lessons  of  the  past  and  the  many  new 
things  learned  under  the  stress  of  the  world  conflagra- 
tion, coupled  with  the  new  spirit  bom  of  the  war,  de- 
manding efficiency  and  cooperation,  the  opportunity  for 
progress  is  boundless.  If  precedent  is  an  indication,  the 
advance  in  the  next  few  years  should  eclipse  all  records 
of  the  past. 

Notable  Steam  Power  Plants 

Although  in  the  year  just  past  the  tendency  has  been 
toward  makeshifts  to  get  along  with  the  equipment  in- 
stalled, due  to  Government  priorities,  long  deliveries  and 
excessive  cost,  and  at  the  same  time  carry  an  increased 
load,  a  number  of  noteworthy  plants  have  been  placed  in 
service.  Some  stations  of  enormous  proportions  have 
been  built  to  serve  munition  works,  but  of  these  details 
are  not  available.  At  Windsor,  W.  Va.,  work  has  been 
continuing  on  a  huge  mouth-of-mine  plant  designed  to 
deliver  bulk  energy  to  the  surrounding  industrial  dis- 
trict. A  capacity  of  200,000  kw.  in  six  units  is  planned. 
Of  this  two  30,000-kw.  machines  are  in  service,  two 
more  were  expected  to  be  ready  before  the  close  of  the 
year  and  the  final  installation  to  be  completed  shortly 
after.  A  turbine  is  served  by  four  cross-drum  boilers, 
each  having  12,625  sq.ft.  of  heating  surface  and  equipped 
with  a  superheater,  an  individual  economizer,  induced 
draft  and  forced  draft  applied  to  an  underfeed  stoker. 
The  operating  pressure  is  250  lb.  and  the  superheat  250 
deg.,  giving  a  steam  temperature  approximating  650  deg. 
Coal  direct  from  the  mine  is  received  in  a  pit  under 
a  central  firing  aisle  and  is  delivered  to  individual  stoker 
hoppers  of  large  capacity.  Between  each  pair  of  tur- 
bines is  a  condenser  pit  74  ft.  deep,  containing  two  hor- 
izontal condensers  of  the  Leblanc  straight  downflow  sur- 
face type.  Each  contains  50,000  sq.ft.  of  surface,  or 
Is  sq.ft.  per  kilowatt  of  generator  rating.  Wide  fluc- 
tuations in  the  river  level  made  this  construction  de- 
sirable. The  generating  units  were  placed  above  the 
highest  point  which  the  river  reaches  and  the  condensers 
low  enough  to  avoid  lifting  the  cooling  water  at  low 
stages.  One  of  the  unique  features  of  the  installation 
is  a  mercury  expansion  joint  to  take  care  of  the  vertical 
expansion  in  the  condenser  and  the  exhaust  pipe  from 
the  turbine,  which  is  13  ft.  diameter  and  40  ft.  long. 

Following  general  practice  in  the  steam  end  of  large 
stations,  the  electrical  connections  have  been  arranged  on 
the  unit  plan.  A  ring  bus  is  employed.  Each  generator 
supplies  its  particular  section  of  the  bus  and  the  cor- 
responding feeders.  Between  each  unit  section  is  a  bus 
reactance  with  a  short-circuiting  switch  so  interlocked 


with  the  >r»'Morati)r  switch  that  it  will  closr  when  th<«  lal 
t«'r  opens  aiul  cut  out  the  reiictniue.  Owinjr  to  thi.s  pro- 
vision only  one  reactaine  ean  intervene  t)etween  run- 
ning jreiierators  and  the  voltaRe  troubles  that  niiuht  en- 
sue if  the  current  from  one  section  of  the  bus  should 
pass  through  several  reactances  in  series,  are  eliminated. 
This  desijrn  and  layout  is  orijrinal  and  it  is  believed  to  be 
the  first  of  its  kind. 

Another  bulk  station  distributin^r  in  quantity  to  sub- 
stations has  been  made  ready  for  service  in  Cincinnati. 
Two  25.000-kw.  units  are  now  in  place,  and  there  are 
plans  for  an  eventual  capacity  of  200,000  kw.  The  de- 
sitrn  follows  closely  that  at  Windsor.  The  boiler-room 
arranpement  is  much  the  same,  with  the  addition  that 
natural-nas  burners  are  installed  in  the  rear  wall  of 
each  boiler,  so  that  pas  or  coal  may  alternate  as  fuel  or 
the  two  may  be  used  in  conjunction.  For  the  same  rea- 
son as  at  Windsor  the  conden.sers  and  auxiliary  equip- 
ment are  located  in  pits,  the  condensers,  however, 
being  of  the  vertical  rather  than  of  the  horizontal  type. 
In  the  electrical  end  the  same  ring  system  of  bus  con- 
nection is  employed. 

A  third  plant  that  will  have  a  probable  total  capacity 
of  200,000  kw.  is  under  way  in  Kansas  City.  Here  again 
the  general  design  is  similar  to  the  two  plants  previously 
cited.  There  will  be  an  innovation  in  the  economizer, 
which  is  to  be  divided  into  a  high-pressure  element  above 
and  integral  with  the  boiler  and  a  low-pressure  section  of 
the  usual  design.  Progress  on  this  station  has  been  de- 
layed by  the  war. 

At  Wyandotte,  Mich.,  the  Pennsylvania  Salt  Manu- 
facturing Co.  has  completed  a  modern  alternating-cur- 
rent plant  with  rotary-converter  transformation  to  di- 
rect current  for  electrolytic  work.  It  is  notable  for 
the  prominence  given  the  boiler  room,  the  profuse  use 
of  instruments  and  in  the  boiler  room  their  convenient 
location  on  a  central  operating  board  also  carrying  the 
control  for  boiler  auxiliaries  and  dampers.  An  unusual 
feature  is  the  use  of  a  series  of  eductor-tvije  jet  con- 
densers in  order  that  the  steam  auxiliaries  may  be  op- 
erated under  partial  vacuum  varied  to  maintain  the  heat 
balance.  For  the  latter  purpose  electric  drive  of  certain 
auxiliaries  improves  the  flexibility. 

A  new  station  having  all  the  modern  requirements 
and  intended  for  an  ultimate  capacity  of  100,000  kw. 
is  the  plant  erected  recently  at  Miller's  Ford  to  serve 
Dayton,  Ohio.  Two  units  aggregating  one-quarter  of 
the  final  capacity  are  now  in  operation. 

Muscle  Shoals  Nitrate  Plant 

Perhaps  from  many  angles  the  most  interesting  plant 
to  be  erected  during  the  year  is  No.  2  plant  of  the  Air 
Nitrates  Corporation  at  Muscle  Shoals,  Ala.  The  instal- 
lation is  one  of  the  largest  made  as  an  initial  installation, 
and  its  output  per  year  will  likely  be  larger  than  that  of 
any  other  plant,  if  not  of  any  other  system.  The  plant 
load  factor  will  be  90  to  93  per  cent.!  This  plant,  or 
rather  the  conditions  for  which  it  was  designed,  are 
certainly  the  closest  approach  to  the  ideal  that  engineers 
have  yet  encountered.  A  description  of  the  many  inter- 
esting engineering  features  of  this  steam  station  is  now 
in  preparation  by  one  of  the  Poioer  staff  and  will  cover 
several  articles  soon  to  be  published. 

In  Milwaukee  some  interesting  experiments  relative 
to  the  use  of  powdered  coal  in  a  central  station  have  been 


curulucted  on  an  initial  ('(luipineMl  .serviinf  a  468'-hp. 
water-tube  l)oiier.  A  net  elViciency  of  81  per  cent,  is 
reported,  and  the  general  oi)erati()n  proved  so  satisfac- 
tory that  four  more  boilers  of  the  same  size  are  beiiiK 
similarly  ecjuipped.  Apparently  the  installation  has  made 
a  record  as  far  as  the  use  of  powdered  coal  in  the  power 
plant  is  concerned.  Hurning  inferior  coal  at  high  ef- 
ficiency is  a  (juestion  of  vital  importance  in  the  co.st  of 
operation.  The  system  installed  has  this  advantage 
coupled  with  ease  of  control,  flexibility,  uniformity  and 
low  draft  requirements.  In  the  past  troubles  from  slag 
and  fine  ash  and  the  high  initial  cost  of  the  e(iuipment 
have  been  the  bugbears  in  the  way  of  progress.  At  Mil- 
waukee the  slag  difficulties  have  been  eliminated.  When 
results  are  available  from  the  completed  plant,  data  on 
the  other  two  factors  will  be  received  with  interest. 

Things  of  interest  have  been  developing  relative  to 
the  utilization  of  anthracite  culm  by  the  powdered 
process.  There  are  many  reasons  why  this  fuel  may 
be  efliciently  burned  in  pulverized  form  in  furnaces  de- 
signed for  burning  it  in  this  form.  Engineers  should 
soon  solve  the  culm  problem,  for  there  are  millions  of 
tons  of  it  above  ground.  It  is  too  soon  at  this  writing 
to  go  into  particulars  as  to  what  has  been  done  in  the 
way  of  studies  and  development;  but  soon  we  will  be  in 
a  position  to  pubhsh  some  interesting  information. 

The  Steam  Turbine  and  Auxiliaries 

Before  this  country  entered  the  war  there  had  been  a 
decided  movement  toward  higher  pressures  and  super- 
heats to  increase  the  temperature  range  of  the  steam 
and  thereby  improve  the  economy  of  the  plant.  With 
the  steam  turbine  a  considerable  gain  is  possible.  The 
physical  limit  of  standard  equipment,  particularly  in  the 
boiler  room,  is  700  deg.  and  more  likely  below  that  figure. 
What  proportion  of  this  final  temperature  shall  be  due 
to  pressure  and  what  to  superheat  is  the  immediate 
question  at  issue.  At  first  glance  higher  pressures  offer 
greater  opportunity  for  gain,  but  with  the  present  de- 
signs of  boiler,  the  increase  is  limited  and  there  is  need 
of  superheat  to  keep  down  the  moisture  and  the  result- 
ing windage  and  friction  losses  in  the  turbine.  The 
tendency  then  is  toward  higher  pressures  with  sufficient 
superheat  to  minimize  condensation  and  the  problem  is 
to  perfect  boilers  and  turbines  for  pressures  of  500  lb. 
A  number  of  the  larger  plants  now  operate  with  initial 
temperatures  of  650  to  700  deg.  However,  the  success 
of  such  high  temperatures  is  questioned  by  many  com- 
petent engineers. 

Bearing  close  relation  to  the  foregoing  question  is 
the  design  of  a  turbine  that  will  give  safelj"^  the  best 
results  with  the  lowest  initial  investment.  Limit  in  size 
in  a  single  cylinder  and  peripheral  velocities  in  the  lower 
stages  are  also  phases  of  the  problem  demandng  atten- 
tion. 

During  last  year  an  unusual  number  of  large  turbines 
were  placed  in  service,  and  the  experience  in  operation 
obtained  will  help  point  the  way.  The  most  noteworthy 
in  size  at  least,  are  the  two  triple-cylinder  compound 
units,  one  now  operating  in  the  Seventy-Fourth  Street 
Station  of  the  Interborough  Rapid  Transit  Co.,  New 
York  City,  the  other  nearly  ready  to  operate  in  the 
plant  of  the  Air  Nitrates  Corporation  at  Muscle  Shoals, 
Ala.  Both  are  of  60,000  kw.  normal  rating,  70,000  kw. 
maximum.     The  water   rates   and   flexibility   of   these 
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units  are  interesting,  and  we  hope  to  treat  fully  of 
these  in  the  articles  dealing  with  the  Muscle  Shoals 
plant.  The  60,000-kw.  unit  in  the  plant  of  the  Du- 
quesne  Light  Co.  is  also  a  noteworthy  installation. 
Others  are  the  45,000-kw.  cross-compound  reaction  tur- 
bine for  the  Narragansett  Electric  Lighting  Co.,  of 
Providence,  the  Detroit  Edison  and  the  Public  Service 
Electric  Company's  single-cylinder  impulse  machines 
each  of  equal  capacity.  With  the  enormous  increase  of 
capacity  in  impulse  turbines  of  the  single-cylinder,  sin- 
gle-flow type,  difficulties  have  developed  in  operation  and 
as  a  result  there  has  been  an  unfortunate  chain  of  ac- 
cidents on  large  machines  of  this  type.  But  it  should  be 
borne  in  mind  that  war  conditions  have  made  it  difficult 
to  get  uniform  materials  with  which  to  build  these  ma- 
chines, and  that,  as  everywhere,  labor  conditions  have 
not  been  conducive  to  the  best  workmanship.  These  are 
troubles  of  the  moment,  and,  as  we  have  frequently 
stated,  the  profession  should  be  tolerant  of  these  occur- 
rences in  the  development  of  a  truly  remarkable  type  of 
prime  mover.  Comparing  favorably  in  economy  with 
other  types,  the  machine  has  the  advantage  of  simplicity, 
small  weight  and  a  price  that  could  be  correspondingly 
low.     These  features  lie  back  of  the  design. 

The  Trend  of  Turbine  Capacities  Is 
Still  Upward 

As  to  limits  of  capacity  in  turbine  units,  the  evidence 
shows  that  the  trend  may  continue  upward  rather  than 
downward,  and  with  success.  To  say  that  20,000  kw.  is 
the  safe  and  economical  limit,  without  qualification,  is 
to  ignore  what  has  already  been  achieved. 

As  with  other  equipment,  advance  in  condenser  de- 
sign has  been  nominal.  Practically,  the  full  output  of 
surface-condenser  manufacturers  has  been  needed  by 
the  Government  for  marine  installations.  The  necessity 
for  conserving  copper  brought  forth  the  suggestion  that 
beginning  with  the  present  year  steel  tubes  be  placed  in 
condensers  for  land  uses.  Expansion  would  be  reduced 
by  the  use  of  steel,  but  it  was  recognized  that  the  heat 
transfer  through  steel  tubes  would  be  considerably  less 
than  with  muntz  metal  and  that  corrosion  would  present 
a  serious  difficulty.  The  signing  of  the  armistice  re- 
lieved the  situation  to  some  extent,  and  it  is  doubtful 
whether  steel  tubes  will  be  given  further  consideration. 
Where  feasible,  jet  condensers  were  installed,  but  there 
were  few  land  plants  fortunate  enough  to  obtain  con- 
densers of  any  type. 

In  the  removal  of  air  from  condensing  equipment 
there  has  been  a  marked  tendency  toward  the  use  of 
ejector-type  apparatus,  steam  or  water  being  used  as 
the  propelling  medium.  Light  weight,  lack  of  moving 
parts,  small  space  occupied  and  simplicity  of  operation 
are  the  advantages  enumerated  in  favor  of  this  equip- 
ment. Development  work  has  been  going  on  for  several 
years  and  a  perfected  product  is  now  available.  As  a 
reference  to  apparatus  of  this  type,  mention  should  be 
made  of  the  Worthington  hydraulic  air  pump,  the  Le- 
blanc  "Multijector,"  the  Wheeler  "Radojet"  and  the  air 
occluder  of  the  Alberger  Company. 

Supplying  boilers  for  ships,  for  war  plants  and  for 
more  ships,  sums  up  the  activities  of  the  year.  Quantity 
production  and  limitations  on  steel  eliminated  all  pioneer 
work.  Two  years  ago  forced  draft  for  chain  grates  was 
an  early  possibility.     Experimental  work,  however,  had 


to  be  discontinued,  and  the  matter  stands  in  abeyance, 
although  developments  may  be  expected  in  the  year  now 
under  way. 

In  engineering  relating  to  shipping  a  noteworthy 
work  has  been  done  by  the  United  States  Shipping 
Board  Emergency  Fleet  Corporation.  The  importance 
of  having  uniform,  reliable  machinery  aboard  the 
enormous  tonnage  called  for  by  the  Board's  program  is 
obvious.  A  measure  that  will  accomplish  this  is  the 
standardization  of  all  this  machinery  by  committees 
including  about  seventy  of  the  leading  engineers  of  the 
country.  The  work  was  under  the  direction  of  John  A. 
Stevens,  as  Standardization  Engineer,  who  is  well- 
known  as  chairman  of  the  Boiler  Code  Committee  of  the 
American  Society  of  Mechanical  Engineers.  The  Boiler 
Code  was  about  eleven  years  in  the  making;  considering 
that  the  ship  machinery  standardization  was  completed 
in  a  matter  of  weeks,  the  dispatch  of  this  really  note- 
worthy work  is  apparent. 

The  zone  system  of  distribution  has  focused  more  at- 
tention on  the  furnace.  In  those  plants  where  a  transfer 
had  to  be  made  from  Eastern  to  Middle  West  coal,  it 
was  almost  invariably  the  rule  that  the  furnace  volume 
was  too  small  to  care  for  the  excessive  volatile  content 
and  there  were  difficulties  in  removing  the  greater  quan- 
tity of  ash.  Even  in  furnaces  designed  for  the  poorer 
coals  of  the  Middle  West,  it  was  found  that  results  could 
be  improved  by  enlarging  the  furnace  and  increasing 
ignition  by  the  use  of  more  refractory  material  in  arch 
and  bridge-wall.  For  Iowa  and  Colorado  coals  volumes 
as  high  as  12  cu.ft.  per  square  foot  of  grate  area  are  no 
longer  considered  excessive.  This  may  be  compared  to 
6  cu.ft.  as  a  previous  standard  and  to  volumes  consid- 
erably less  for  coals  from  Indiana  and  Illinois. 

Progress  in  Burning  Lignites 

Necessity  has  also  enforced  considerable  progress  in 
the  burning  of  lignites.  Experience  has  shown  that 
lignite  can  be  burned  under  boiler  furnaces  without  in- 
surmountable difficulties,  and  the  Bureau  of  Mines  is 
sponsor  for  some  excellent  work  showing  how  it  may  be 
done.  A  summary  of  the  suggestions  advanced  may  be 
obtained  in  an  article  by  Henry  Kreisinger,  appearing  in 
the  Apr.  30  issue  of  Power.  Even  in  peace  times  it  is  in 
the  interest  of  national  economics  to  eliminate  the  long 
hauls  and  the  attending  e.xpense  common  in  the  coal 
trade.  Industries  adjacent  to  the  lignite  fields  should 
investigate  the  possibilities.  When  stokers,  furnaces 
and  methods  have  been  adapted  to  this  fuel,  a  reduc- 
tion in  operating  expense  is  more  than  probable  and 
transportation  will  be  relieved  of  an  unnecessary  bur- 
den. To  provide  furnaces  and  stokers  of  proper  design 
is  up  to  the  manufacturer.  Some  already  have  informa- 
tion to  supplement  the  work  of  the  Bureau,  so  that  rapid 
progress  may  be  expected. 

While  no  specific  information  is  available  for  publica- 
tion at  this  time,  the  year  has  witnessed  much  thought 
devoted  to  the  problem  of  extracting  the  many  chem- 
icals from  the  volatile  matter  in  coal  before  its  use  in 
boiler  furnaces.  Here  is  an  interesting  field  and  one 
pregnant  with  great  possibilities  because  the  heat  value 
of  coal  will  be  decreased  but  little  by  the  extraction  of 
the  volatile  content.  We  are  of  the  opinion  that  it  will 
be  inadvisable  to  entirely  remove  the  volatile,  for  then 
combustion  difficulties  would  likely  arise. 
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Intorpstin>r  PxporimtMits  are  to  he  carried  out  to  aH- 
cprtaiii  ihv  value  of  methane,  or  the  Ras  eomnionly 
known  as  Cin-tlanip,  as  a  fuel.  There  are  millions  of 
cuhic  feet  of  methane  drawn  from  loal  mines  by  the 
ventilatinjr  fans  and  this  jt»*<  has  heen  disiliartfed  to 
the  atmosphere  for  years  without  any  attempt  beinjf 
made  to  a.scertain  if  it  is  adaptable  for  use  in  boiler 
furnaces  as  an  aid  to  combustion.  At  the  Loomis  col- 
liery of  the  Delaware,  Lackawanna  &  Western  Co.,  an  ex- 
perimental station  has  been  erected  for  the  purpose  of 
determinintr  the  value  of  methane  in  mine  air  by  intro- 
ducing it  into  a  boiler  furnace,  instead  of  taking  air 
from  the  atmosphere.  A  comparison  of  results  obtained 
by  usinp  methane  air  in  the  boiler  furnace  and  that  from 
the  atmosphere  will  give  the  value  of  using  mine  air. 
Another  problem  to  be  solved  is  whether  the  return  air 
from  the  mine  containing  1  per  cent,  of  methane  and 
less  oxygen  than  pure  air  can  produce  greater  heat  from 
the  coal  consumed  than  can  be  obtained  with  pure  air. 
The  results  of  the  Loomis  experiments  to  be  obtained 
are  problematic,  but  they  will  be  highly  interesting  to 
mine-plant  engineers. 

Water-Power  Developments 

Owing  to  the  shortage  of  coal  and  the  excessive  de- 
mand for  power,  special  efforts  were  made  to  speed  up 
action  in  the  House  of  Representatives  on  the  passage  of 
water-power  legislation.  Very  early  in  the  year  Presi- 
dent Wilson  turned  over  to  this  body  a  new  water-power 
bill,  known  as  the  Administration  Bill,  in  which  at- 
tempts had  been  made  to  coordinate  water-power  legis- 
lation proposed  for  several  years  past  in  both  Houses 
of  Congress,  not  only  on  the  public  domain,  but  in  nav- 
igable streams  as  well.  The  bill  provided  for  a  water- 
power  commission  to  be  composed  of  three  Cabinet  of- 
ficers and  for  an  executive  officer  of  the  commission  to 
be  appointed  by  the  President  for  five  years.  A  House 
committee  of  eighteen  was  appointed  to  compose  dif- 
ferences as  to  the  various  bills  that  had  been  under  con- 
sideration and  facilitate  if  possible  the  passage  of  the 
new  bill.  Altogether  this  bill  appeared  to  be  a  great 
improvement  over  former  attempts,  although  it  was  not 
without  objection.  Repeated  hearings  of  the  special 
joint  committee  resulted  in  many  changes  in  the  original 
draft  of  the  bill,  three  entirely  new  sections  and  several 
practically  rewritten.  It  was  eventually  licked  into  shape 
for  action  by  Congress,  but  the  bill  got  no  further  and 
is  still  up  for  passage. 

During  the  year  hydraulic  power  already  installed 
was  utilized  to  the  fullest  extent,  and  the  plans 
for  interconnection  were  carried  out  where  feasible. 
At  Niagara  it  was  proposed  to  consolidate  the  three 
large  power  companies  and  by  an  expenditure  of  $15,- 
000,000  erect  an  additional  plant  that  would  increase  the 
output  by  170,000  hp.  The  request  came  from  the  War 
Department  as  a  necessary  war  measure  to  provide  suf- 
ficient power  for  war  industries  in  and  about  Buffalo. 
There  were  many  other  plans  for  interconnection,  in- 
cluding the  erection  of  enormous  stations  as  links  in  the 
chain,  but  the  early  ending  of  the  war  made  the  carry- 
ing out  unnecessarj'  at  least  for  the  time  being.  In 
California  all  systems  are  now  tied  together  for  ex- 
change of  power.  In  the  Southeast  they  were  already 
connected  in  this  way.     Systems  under  different  man- 


agement in  Washington  and  I(l;iho  have  also  been  linked 
together.  In  Montana  eight  hydro-electric  plants  arc- 
successively  using  the  .same  stream  flow.  Not  only  the 
natural  flow  but  the  st«)ragc  water  as  well  is  effect ively 
utilized  by  each  plant.  In  this  system  the  annual  load 
factor  is  IT*  per  cent,  and  the  mean  monthly  load  factor, 
80  per  cent.  It  is  evident  that  interconnection  of  hydro- 
electric plants  makes  for  greater  effective  use  of  varia- 
tion in  rainfall,  as  different  watersheds  are  thereby 
brought  to  .serve  a  common  .system.  The  statement  ha.s 
been  advanced  by  K.  W.  Rice,  Jr.,  that  the  useful  output 
of  groups  of  large  systems  may  through  interconnection 
be  increa.sed  25  per  cent.  This  was  made  possible  by  the 
saving  in  reserve  ecjuipment,  improvement  in  load  factor 
and  the  diversity  of  the  different  loads. 

An  incident  of  the  year  was  the  turning  over  for  the 
first  time  of  the  25,000-hp.  Francis  turbine  in  the  White 
River  generating  station  of  the  Puget  Sound  Traction, 
Light  and  Power  Company.  It  is  the  most  powerful 
high-head  (440-ft.)  turbine  of  its  type  in  the  world  and 
is  practically  a  duplicate  of  the  two  18,000-hp.  machines 
placed  in  commercial  operation  in  the  same  plant  in 
1911.  Fifty  per  cent,  of  the  additional  power  will  be 
supplied  to  the  Coast  Division  of  the  Chicago,  Milwaukee 
&  St.  Paul  Railway.  It  will  be  delivered  at  100,000  volts 
and  be  converted  into  direct  current  of  3000  volts  for 
use  in  the  motors  of  the  electric  locomotives. 

The  enormous  water  power  available  from  the  Ten- 
nessee River  is  now,  perhaps,  nearer  actual  develop- 
ment than  it  has  ever  been*.  Its  development  will  cer- 
tainly open  up  a  region  in  the  South  where  industrial 
possibilities  will  be  exceptionally  favorable  because  of 
the  cheap  power,  and  the  resources  in  raw  materials. 
The  country  is  justified  in  expecting  the  development  of 
this  water  power  without  delay. 

The  Electrical  Field 

Last  year  and  in  fact  for  several  years  there  has  been 
no  material  improvement  in  the  efficiency  of  electrical 
units  such  as  generators,  motors  and  transformers.  Ef- 
forts to  increase  the  economy  have  been  transferred 
from  the  unit  to  the  system,  where  maximum  use  of 
generating  and  distributing  equipment  is  the  all-im- 
portant problem,  calling  for  intensive  study  of  load 
factors  of  generators,  stations  and  the  systems  as  a 
whole  and  careful  consideration  of  the  diversity  factor. 
Reduction  of  constant  and  no-load  losses  and  the  use  of 
synchronous  equipment  to  reduce  the  idle  currents  also 
enter  into  the  problem.  As  a  result  of  study  along  these 
lines  automatic  substations  are  being  installed,  stations 
of  a  system  are  being  tied  together  and  transmission 
lines  of  different  systems  are  being  interconnected  as 
previously  indicated  in  the  section  under  water  power. 
There  has  been  marked  improvement  in  over-all  ef- 
ficiency, but  there  are  still  plenty  of  opportunities  for 
further  gain. 

There  has  been  decided  progress  in  electrical  furnaces. 
In  the  last  year  the  number  employed  has  practically 
doubled,  and  there  are  over  five  times  the  number  that 
existed  five  years  ago.  War  demands  have,  of  course, 
been  partly  responsible,  although  with  the  electric  fur- 
nace it  is  now  possible  to  produce  steel  at  a  cost  compar- 
ing favorably  with  openhearth  production,  and  obtain  a 
better  product,  due  to  the  exact  and  easy  regulation 
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that  is  possible.  Single-phase  furnaces  are  losing  pres- 
tige to  the  three-phase  type,  by  reason  of  the  more  de- 
sirable load  characteristics  of  the  latter. 

A  More  Sturdy  Tungsten  Lamp 

A  product  of  the  year  is  a  new  tungsten  lamp  more 
sturdy  than  the  present  design.  From  a  steel  support- 
ing rod  the  filament  is  braced  at  four  different  points. 
As  a  consequence  it  is  not  nearly  so  fragile  as  the 
present  tungsten  and  full  advantage  can  be  taken  of  the 
high  efficiency  offered  by  this  type  of  lamp  without  un- 
due breakage.  It  is  a  product  of  the  committee  on  war 
service  of  the  Illuminating  Engineering  Society  and  is 
considered  one  of  the  best  things  that  it  has  ac- 
complished. 

Scarcity  of  copper  and  steel  set  engineers  to  thinking 
of  substitutes:  for  example,  steel  tubes  for  condensers 
and  reinforced  concrete  for  steel  beams  and  columns  in 
the  power  plant.  A  case  in  point  is  the  new  15,000-kw. 
Buffington,  Ind.,  power  plant  of  the  Universal  Portland 
Cement  Company. 

On  the  electric  light  and  power  industry  war  effects 
were  heavy  increases  in  operating  costs  and  excessive 
prices  for  plant  equipment  to  take  care  of  the  rapidly 
increasing  demand.  For  1918  the  output  of  central 
stations  was  nearly  75  per  cent,  greater  than  in  1914. 
The  price  of  coal  has  practically  doubled,  and  the  average 
advance  in  labor  is  at  least  25  per  cent.,  this  to  be 
coupled  with  scarcity  of  men  competent  to  maintain 
high  standards  of  efficiency.  Over  the  pre-war  level, 
prices  of  hydraulic  machinery  are  reported  to  have  ad- 
vanced from  100  to  150  per  cent.;  electrical  apparatus, 
from  125  to  150  per  cent.;  steam-turbine  generators,  150 
per  cent.,  and  water-tube  boilers,  170  per  cent.,  with 
uncertain  and  in  most  cases  long  delayed  deliveries. 

To  help  cany  the  increased  load,  interconnection  and 
poohng  to  a  limited  extent  have  helped.  During  the  year 
for  the  most  part  it  has  been  necessary  to  get  along 
with  the  equipment  on  hand,  using  it  to  the  maximum, 
and  as  might  be  expected  in  times  of  stress,  suffering 
an  unusual  number  of  accidents.  There  have  been  many 
boiler  explosions,  economizers  have  let  go,  turbines  and 
flywheels  have  been  wrecked  and  even  generators  have 
exploded.  A  recent  case  of  the  type  of  accident  last 
named  was  the  generator  wreck  in  the  St.  Paul  plant  of 
the  Northern  States  Power  Company ;  the  generator  was, 
however,  of  a  type  long  ago  abandoned  by  the  builder. 

The  Engineer  in  a  New  Role 

The  engineering  profession  is  coming  into  its  own. 
The  war  has  done  much  to  change  the  attitude  of  the 
engineer  toward  affairs  of  state  and  the  public  welfare 
generally,  and  of  equal  importance,  the  public  is  begin- 
ning to  realize  the  true  importance  of  the  engineer  and 
his  relation  to  public  work.  It  has  been  an  engineer's 
war  from  start  to  finish.  The  Government  early  real- 
ized thic  and  has  called  continuously  for  assistance  and 
advice.  Even  in  matters  of  legislation  the  Government 
has  asked  for  guidance.  In  the  old  days  such  procedure 
was  unheard  of,  and  the  engineer,  with  an  aversion  to 
publicity,  even  of  the  most  reserved  character,  was  ap- 
parently content  to  allow  the  lawyer  and  the  politician 
to  take  his  place  in  the  sun.  As  previously  intimated, 
the  war  has  changed  all  this.  As  a  duty  to  the  public 
and  to  his  own  profession  the  engineer  has  at  last  come 


to  realize  that  in  addition  to  the  actual  doing  of  en 
gineering  work,  he  must  guide  legislation,  relating  to 
his  field,  along  proper  channels,  and  that  publicity,  giv- 
ing credit  for  engineering  accomplishment  where  credit 
is  due,  is  the  thing  needed  to  raise  the  profession  in  the 
eyes  of  the  public.  Through  the  coordination  of  the 
great  engineering  societies  of  the  country  to  more  ef- 
fectively serve  the  Government,  the  engineer  has  also 
learned  the  value  of  cooperative  effort.  It  is  an  ex- 
cellent introduction  to  the  new  role  the  engineer  is  des- 
tined and  so  well  qualified  to  assume  in  the  future. 
In  this  development  engineering  education  will  have  an 
important  bearing,  and  in  this  connection  the  studies 
along  this  line  of  Dr.  Charles  R.  Mann  under  the  joint 
auspices  of  the  Carnegie  Foundation  for  the  Advance- 
ment of  Teaching  and  the  Joint  Committee  on  En- 
gineering Education  of  the  national  engineering  so- 
cieties, is  worthy  of  the  most  serious  consideration. 

It  is  gratifying  to  record  the  additional  $100,000  do- 
nated the  Engineering  Foundation  for  endowment  of 
engineering  research  by  Ambrose  Swasey,  of  Cleveland. 
In  1915  he  gave  $200,000  for  this  purpose,  so  that  his 
gifts  now  total  $300,000. 

To  meet  the  new  need  for  an  agency  to  aid  engineers 
who  have  been  in  military  service  to  find  suitable  posi- 
tions, the  Engineering  Council  has  established  an  En- 
gineering Societies  Employment  Bureau,  with  head- 
quarters in  the  Engineering  Societies  Building,  New 
York.  It  is  to  continue  the  excellent  work  that  the 
American  Engineering  Service  rendered  the  Govern- 
ment during  the  war.  The  movement  is  an  indication 
of  the  trend  toward  helping  the  young  engineer  by  tak- 
ing a  paternal  interest  in  his  welfare  in  addition  to 
offering  him  the  advantages  of  education  and  associa- 
tion that  membership  previously  held. 

Power-Plant  Legislation 

In  legislation  pertinent  to  the  field,  some  modifications 
in  boiler  rules  relative  to  safety  of  construction  and  op- 
eration have  been  made  to  meet  temporary  war  condi- 
tions. No  additional  state  license  laws  have  been  passed. 
The  emergency  power  act  was  a  notable  bill  recently 
passed.  The  provisions  conferred  vast  power  upon  the 
President,  authorizing  him  to  provide  sufficient  power 
for  war  work  by  taking  control  of  existing  plants  or 
adding  to  their  capacity,  by  building  new  plants,  by 
consolidating  power  systems  or  by  diverting  power  from 
one  industry  to  another.  It  was  a  war  measure  war- 
ranted by  the  conditions  at  the  time  of  its  passage.  The 
early  signing  of  the  armistice  made  enforcement  un- 
necessary. 

The  Honor  Roll  for  1918 

First  place  goes  to  the  engineers  who  made  the  su- 
preme sacrifice  for  their  country.  Those  who  came  back 
will  receive  the  honor  due  them  as  will  the  men  whc- 
stayed  at  home  and  gave  their  best  efforts  in  backing 
up  the  troops  at  the  front.  Mention  should  be 
made  of  the  award  of  the  eighth  Edison  Medal  to  Dr. 
John  J.  Carty,  colonel  in  the  United  States  Army  Signal 
Corps  and  chief  engineer  of  the  American  Telephone 
and  Telegraph  Co.  The  recognition  was  due  to  meri- 
torious achievements  in  the  science  and  art  of  telephone 
engineering.  Other  scientists  previously  honored  in  the 
same   way   were    Elihu    Thomson,    Frank   J.    Sprague, 
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GeorRC  Wostinjjhouso,  William  Stanley,  CharlcH  K. 
Brush,  Ak-xaiuiiT  (Jraluini  Bell  and  Nikola  Tcsla.  Eii- 
K'ineerinK  soi-ii'tit's  closely  related  to  the  field  honored 
the  foUowinjr  men  with  the  presidencies  of  their  respec- 
tive societies:  Mortimer  Kiwyn  Cooley,  American  So- 
ciety of  Mechanical  Kn^ineers;  Comfort  A.  Adams, 
American  Institute  of  Electrical  Engineers;  W.  V.  Wells, 
National  Electric  Lijrht  Association;  Roderick  Mackay, 
National  Association  of  Stationary  Engineers;  George 
E.  Wells,  American  Society  of  Refriperating  Engineers; 
Fred  R.  Still,  American  Society  of  Heating  and  Ventilat- 
ing Engineers;  Charles  V.  Rand,  United  Engineering 
Society;  J.  Parke  Channing,  Engineering  Council 

Necrology 

A  number  of  men  of  prominence  in  the  field  passed 
away  during  the  year.  The  columns  of  Power  record 
the  following:  Christopher  W.  Levalley,  founder  and 
chairman  of  the  board  of  directors  of  the  Chain  Belt 
Co.;  F.  G.  Rollins,  late  president  of  the  Holmes  Metallic 
Packing  Co. ;  Adam  Cook,  senior  member  of  the  firm  of 
Adam  Cook's  Sons;  John  P.  Sparrow,  chief  engineer 
of  the  New  York  Edi.son  Co.;  Charles  Jenkins,  at  one 
time  member  of  the  firm  of  Jenkins  Bros.;  E.  C.  Meier, 
president  of  the  Heine  Safety  Boiler  Co.;  Frederic  Rem- 
sen  Hutton,  well-known  engineer  educator  and  dis- 
tinguished member  of  the  American  Society  of  Me- 
chanical Engineers;  Frank  J.  Corbett,  vice-president 
and  secretary  of  the  Bergen  &  Linderman  Co.;  Charles 
Allis,  second  son  of  the  late  Edward  P.  Allis;  George 
William  Dickie,  naval  architect  and  marine  engineer; 
William  Kent,  eminent  engineer  and  author  of  many 
technical  books;  William  Allis,  at  one  time  chairman  of 
the  board  of  directors  of  the  Allis-Chalmers  Manufac- 
turing Co. ;  Lieut.  Charles  R.  Seed,  superintendent  of 
power  of  the  Worcester  Electric  Light  Co.;  Charles  F. 
Simms,  for  many  years  manager  of  the  Omaha  office  of 
H.  W.  Johns-Manville  Co.;  Martin  W.  Kern,  mechanical 
engineer  of  the  Narragansett  Electric  Lighting  Co.; 
Edward  Allan  Wickes,  president  of  the  Niagara  Falls 
Power  Company. 


Thrniioiiirlrr    aH    u    Boiirr   HlowofT  Indi- 
t'Utor  aii«l  'I'aiik  (loiiiiter 

Mv  (Jkokci;  W.  Caywoou 

Some  time  ago  there  was  published  in  Power  a  de- 
scription of  an  apparatus  consisting  of  a  check  valve 
located  in  the  blowofT  pipe  and  connected  to  a  clock- 
operated  chart  to  indicate  when  the  boilers  were  blown 
down.  (See  page  I'M,  Nov.  28,  1916.)  Since  then  other 
devices,  more  or  less  complicated,  have  been  described. 

At  the  steam  plant  of  the  Minneapolis  Street  Railway 
Co.  we  have  found  that  a  recording  thermometer  is 
valuable  for  this  purpose.  All  blowoff  pipes  are  con- 
nected to  one  6-in.  main.  The  thermometer  bulb  is 
placed  in  this  pipe,  inside  a  short  nipple,  to  protect  it 
from  di'.mage  by  the  rapid  passage  of  .scale  or  other 
matter  when  blowing  down.  We  have  also  found  it  valua- 
ble as  an  indicator  of  the  condition  of  the  blowoff  valves. 

The  chart.  Fig.  1,  shows  the  temperature  of  the  blow- 
off  pipe  at  normal  condition;  it  also  shows  at  what  time 
the  boilers  were  blown  down  and  that  the  recording 
pen  returned  to  its  normal  position,  indicating  that  all 
valves  were  closed  tight.  Should  a  bad  leak  develop, 
the  chart  would  show  an  increased  temperature.  In 
fact  this  did  occur  and  it  was  found  that  the  blowoft 
valve  on  No.  15  boiler  was  leaking. 

For  boiler-test  work  a  horizontal  cylindrical  tank  is 
utilized  to  measure  the  water  used.  About  midway  in 
the  vertical  height  is  placed  a  standard  mercury  ther- 
mometer, also  the  bulb  of  a  recording  thermometer. 
On  this  we  use  a  chart  making  one  revolution  in  twelve 
hours,  as  a  fast-moving  chart  results  in  a  plainer 
diagram.  This  is  especially  desirable  when  high-ca- 
pacity tests  are  run.  This  chart  indicates  each  time 
the  tank  is  filled  and  emptied  and  also  shows  the  tem- 
perature of  the  water.  The  chart.  Fig.  2,  shows  that  the 
test  began  at  8:50  a.m.  and  ended  at  4:51  p.m.,  and  that 
68  tanks  of  water  was  used.  We  do  not  depend  on  this 
alone  for  our  records,  but  it  is  an  excellent  check  on  the 
men  whose  duty  it  is  to  keep  a  record  of  the  temperature 
and  the  amount  of  water  used. 


FIG.    1.      BLOW-OFF  TEMPERATURE  CHART 


FIG.    2.      TAXK-FILLIXG   CHART 
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Properties  of  Liberty  Fuel  and  Results  of 

Economy  Tests 


FURTHER  particulars  as  to  the  nature  and  char- 
acteristics of  the  new  Liberty  fuel  invented  by 
Captain  Weisgerber  are  now  available.  As  stated 
in  tne  Dec.  17,  1918,  issue  of  Power,  kerosene  is  the 
base  of  the  new  fuel.  It  is  treated  with  a  chemical, 
with  the  result  that  its  oxygen  content  is  increased,  so 
that  when  the  fuel  is  vaporized  and  admitted  to  the 
engine  cylinder  there  is  present  some  of  the  oxygen 
needed  for  the  process  of  combustion. 

The  quality  of  Liberty  fuel  is  under  close  control 
during  the  manufacturing  process  and  may  be  regulated 
at  will.  The  curves  given  in  Fig.  1  show  the  relation 
between  the  temperature  and  the  percentage  of  the 
sample  driven  over,  during  distillation  tests  of  three 
different  qualities  of  fuel,  designated  as  A,  B,  and  C. 

Liberty  fuel  has  a  variable  specific  gravity  according 
to  its  varying  quality.  The  gravity  may  run  from  as 
low  as  35  deg  Baume  to  as  high  as  72  deg.  Baume. 
The  heat  value  per  gallon  is  127,900  B.t.u.  as  compared 
with  119,200  B.t.u.  for  commercial  gasoline  and  112,300 
B.t.u.   for  export  gasoline. 

Tests  were  m.ade  on  a  150-hp.  Hispano-Suiza  engine 
to  determine  the  relative  performances  of  Liberty  fuel 
and  export  gasoline.  The  results  of  these  tests  are 
indicated  graphically  by  the  curves  in  Fig.  2.  It  will 
be  observed  that  Liberty  fuel  gives  a  higher  thermal 
efficiency  and  a  greater  brake  mean  effective  pressure 
than  export  gasoline.  A  greater  weight  but  a  smaller 
volume  of  the  new  fuel  is  required  than  of  export 
gasoline  to  produce  one  horsepower-hour,  the  explana- 
tion being  that  the  Liberty  fuel  weighs  more  per  gallon 
than  gasoline,  in  the  ratio  of  about  7  to  5.9. 

The  chemical  treatment  to  which  the  basic  kerosene 
is  subjected  apparently  transforms  the  heavier  hydro- 
carbons into  lighter  ones,  thus  rendering  the  fuel  easier 
to  vaporize  in  the  carbureter.  As  it  carries  with  it 
some  of  the  oxygen  required  for  combustion  the  flame 
propagation  is  more  rapid,  resulting  in  a  greater  ex- 
plosive effect. 

According  to  the  inventor,  the  temperature  of  the 
exhaust  gases  is  about  140  deg.  C.  lower  for  Liberty 
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fuel  than  for  ordinary  gasoline.  This  may  be  explained 
on  the  ground  that  the  initial  pressure  is  higher,  the 
combustion  period  shorter  and  the  exhaust  temperature 
therefore  lower;  or,  the  pre.sence  of  oxygen  in  the  fuel 
enables  a  leaner  mixture  to  be  used,  which  would  tend 
toward   cooler  running  conditions. 

The  first  Liberty  fuel  was  made  in  small  glass  retorts 
in  a  laboratory. 
Later,  when  larger 
quantities  were  de- 
sired, it  was  neces- 
sary to  procure  a 
large  still;  but  the 
largest  that  could 
be  obtained  was  a 
8-gal.  gin  still.  Lib- 
erty fuel  has  been 
compounded  for 
tests  in  a  large 
number  of  different 
makes  of  motor  cars 
and,  according  to 
the  inventor,  has 
shown  from  10  to 
62  per  cent,  in- 
crease of  mileage 
over  gasoline.  It 
has  also  been  tried 
out  in  airplane  and 
tractor  motors  with 
entire  success.  This 
fuel  was  developed 
in  order  to  take 
care  of  the  antic- 
ipated shortage  of 
1919,   with   the   idea 
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FIG.  2.   RELATIVE  ECONOMY  OF 

LIBERTY  FUEL  AND  EXPORT 

GASOLINE 


gasoline  during  the  spring  of 
of  rendering  kerosene  available 
for  internal-combustion  engines  of  all  types.  The  claim 
is  made  that  the  cost  of  the  kerosene  plus  the  cost  of 
the  chemicals  and  the  expense  of  treating  will  amount 
to  a  little  less  than  the  cost  of  gasoline,  though  not 
materially  less. 
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liecc-iimctiiKj  for  clnutins  ni  ^Jt>l^s.  The  effect 
on  the  shape  of  the  nwi/netir  field  of  chamjing 
the  throw  of  the  coil  and  how  reconnectiny  a 
given  winding  for  different  numbers  of  poles  ha^< 
the  same  effect  as  chan(iiuti  the  throw  of  the  c)il. 


IN  THE  article  published  in  the  issue  of  Power  for 
Apr.  9,  1918,  it  was  shown  that  it  is  possible  to 
reconnect  a  given  stator  winding  for  different  num- 
bers of  poles  or  speeds,  and  the  method  of  determining 
the  proper  operating  voltage  for  each  such  speed  was 
explained.  In  the  issue  of  Aug.  20  there  was  shown 
a  method  of  plotting  a  physical  representation  of  the 
rotating  magnetic  field  as  it  varies  from  point  to  point 
around  the  air  gap  of  an  actual  machine.  It  is  the 
purpose  of  this  article  to  show  how  reconnections  of 
the  stator  windings  affect  the  shape  of  the  magnetic 
field  and  at  the  same  time  to  show  what  effect  is 
produced  on  its  shape  by  changing  the  throw  of  the 
coil,  or  chording  the  winding  as  it  is  called.  The  latter 
effect  will  be  investigated  for  a  change  of  one  slot  at 
a  time  from  full  pitch  to  less  than  half  pitch.  By  full 
pitch  is  meant  that  the  span  of  the  coil  is  exactly  the 

same  distance  as  that 
from  the  center  of  a 
north  pole  to  the  cen- 
ter of  an  adjoining 
south  pole,  and  by 
half  pitch  that  the  coil 
spans  or  throws  only 
half  that  distance. 
Referring  to  Figs.  9 
and  10  of  the  article 
of  Aug.  20  the  small 
"stair  step"  figures 
represent  cross-sec- 
tions of  the  magnetic 
field  existing  in  the 
motor  as  the  alternat- 
ing currents  in  the 
windings  vary  in 
value  from  instant 
to  instant,  and  a  comparison  of  the  small  figures 
shows  that  the  magnetic  field  actually  travels  around 
the  stator  bore  or  "air  gap"  at  a  uniform  rate.  The 
number  of  revolutions  that  it  makes  in  one  minute  is 
equal  to  120  times  the  number  of  cycles  per  second  of 
the  supply  circuit  divided  by  the  number  of  poles  in 
the  stator.     Expressed  in  symbols  this  would  be  S  = 

/ 
120   -;  where  S  is  the  speed  of  rotation  in  r.p.m.,  / 

is  the  frequency  in  cycles  per  second,  and  p  is  the  num- 
ber of  poles. 

In    order    to   make    clear    the    field    photographs    or 
diagrams  of  the  present  article  and  to  obviate  the  possi- 


FIG.      1.        VECTOR     REPRESENTA- 
TION OF  THE  CURRENTS   IN  A 
BALANCED  THREE-PHASE 
SYSTEM 


TAHI.E  I.  [iNSTA.VTA.VKOl'S  VAU- 
lE.S  OF  THF,  CIKKENTS  IN  A  liAI.- 
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bility  of  coiilusioii  regarding  them,  attention  is  called 
to  the  fact  that  they  represent  the  conditions  exi.sting 
in  the  winding.s  at  an  instant  of  time  when  thi-  current 
in  one  of  them  i.s  at  its  maximum  value.  Since  we  are 
dealing  with  three-phase  motors,  the  currents  in  the 
windings  connected  to  the  other  two  phases  will  at  that 
instant  both  be  equal  to  one-half  their  maximum  values. 
This  may  be  explained  by  reference  to  Figs.  9  and  10 
of  the  article  of  Aug. 
20,  which  represent 
the  values  of  the  cur- 
rents in  the  three 
phases  for  every  30 
deg.  of  a  complete 
cycle  of  360  degrees. 
Suppose  these  three 
currents  are  repre- 
sented by  the  three 
branches,  A,  B  and 
C  of  the  "Y"  illus- 
trated in  Fig.  1, 
each  of  which  is  120 
deg.  from  the  other, 
and  that  a  vertical 
reference  line  hk  is 
drawn  through  the 
center  o.  Now  as- 
sume that  the  "Y" 
rotates  in  a  coun- 
terclockwise direc- 
tion about  this  cen- 
ter while  the  line  hk 
remains  stationary, 
and  that  the  three 
branches  assume  the 
successive  positions  represented  in  the  second  col- 
umn of  Table  I.  The  values  of  the  currents  at 
any  instant  of  time  will  be  represented  by  the  length 
of  their  horizontal  projections  upon  the  line  hk.  If 
the  maximum  value  of  each  current  is  assumed  to  be 
one  ampere,  the  instantaneous  values  of  the  three  for 
each  30  deg.  of  a  complete  cycle  would  be  those  given 
in  the  last  three  columns  of  Table  I.  Projections 
that  lie  above  the  center  o  are  taken  to  be  positive 
and  those  that  lie  below  as  being  negative. 

In  the  previous  article  there  was  given  a  picture 
of  the  field  corresponding  to  each  instantaneous  value 
of  the  currents,  but  in  the  present  article  the  figures 
are  given  for  only  one  of  these  values  and  they  have 
been  chosen  to  be  the  ones  existing  when  the  condition 
is  that  shown  for  0  deg.  in  Table  I;  that  is,  for  the 
instant  when  the  current  in  the  B  phase  is  at  its  plus 
maximum  value  and  the  currents  in  the  A  and  C  phases 
are  at  minus  one-half  their  maximum  values.  Of  course, 
any  other  position  could  have  been  chosen  for  conducting 
the  investigation,  but  the  values  for  the  0  deg.  position 
are  convenient  ones  to  use  when  plotting  the  results. 
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Since  one  of  the  eflfects  of  reconnecting  for  a  different 
number  of  poles  is  to  affect  the  "chord"  or  throw  of  the 
coil,  let  us  consider  first  the  effect  of  "chording."  A 
reference  to  the  article  on  "Fractional  Pitch  Windings" 
in  the  issue  of  July  31,  1917,  will  be  helpful  in  un- 
derstanding the  figures  which  immediately  follow.  Figs. 
4  to  9  inclusive  show  the  magnetic  field  constructed,  as 
explained  in  August  article,  for  a  54-slot  three-phase 
6-pole  winding  when  the  throw  of  the  coil  is  changed 
one  slot  at  a  time  from  slots  1  and  10,  as  in  Fig.  2, 
which  is  full  pitch  or  180  deg.,  down  to  slots  1  and  5, 
as  in  Fig.  3,  which  is  less  than  half  pitch ;  or  to  be 
precise,  80  deg.  The  same  magnetizing  current  is 
assumed  to  flow  in  the  coils  in  all  six  cases,  although  in 
an  actual  machine  this  would  not  be  the  case;  the  mag- 
netizing current  would  increase  with  decreased  throw 
of  coil  due  to  the  attempt  of  the  motor  to  keep  the 


angle  spanned  by  the  coil.     This  relation   is  shown   in 
the  following  table: 

TABLE    II.      CHORD    FACTORS    FOR    V.VRIOl'S    ANCLES 


Kigurc 


The  slight  difference  between  the  last  two  columns 
in  the  table  is  due  to  the  area  under  the  "stair  step" 
curve  not  being  quite  the  same  as  the  area  under  the 
corresponding  smooth  sine  curve.  The  chord  factor  as 
shown  in  the  third  column  at  once  indicates  two  facts: 
First,  that  if  the  winding  is  chorded  more  current  will 
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WINDINGS  OF  A  54-SLOT  THREE-PHASE  6-l*OLB   INDUCTION   MOTOR   CONNECTED  FOR   FULL   OR   180 
DEG.   PITCH  AND  FOR  80   DEG.  PITCH 


id  C~  indicite  the  stai  t 


ly,  Bfni)t\  r,-tlic  finish  of  the  winding.s  for  the  three  phases 


field  at  the  constant  value  necessary  for  the  generation 
of  the  required  back  or  counter-electromotive  force. 
To  facilitate  comparison,  however,  this  change  in  cur- 
rent has  been  disregarded  in  the  figures.  The  ".stair 
steps"  show  the  magnetic  fields  as  they  would  look  if 
there  were  no  winding  on  the  rotor,  and  the  smooth 
curves,  having  the  sine  shape,  show  the  fields  as  they 
look  after  being  smoothed  out  by  the  currents  in  the 
rotor  winding.  It  will  be  noticed  that  the  area  of 
the  field  for  one  pole  is  given  in  each  case  and  that 
it  varies  from  32  for  full  pitch  in  Fig.  4,  down  to 
20  in  Fig.  9.  These  areas  correspond  to  what  is  known 
as  the  "chord  factor"  of  the  winding.  In  the  article  on 
fractional  pitch  it  was  stated  that  the  chord  factor  for 
a  chorded  winding  could  be  expressed  in  its  effect  on 
the  magnetizing  or  no-load  current  and  in  its  effect 
on  the  generated  or  counter-electromotive  force  by  the 
mathematical  value  of  the  sine  of  one-half  the  electrical 


have  to  flow  in  the  windings  to  produce  the  same  mag- 
netic field  strength ;  and  second,  that  since  the  generated 
or  counter-electromotive  force  in  the  windings  set  up 
by  the  rotating  magnetic  field  is  reduced  through  chord- 
ing by  the  amount  indicated  by  the  chord  factor,  it  is 
necessary  to  have  a  stronger  magnetic  field  in  the  motor 
if  it  is  to  operate  at  the  same  voltage  when  the  coil 
is  chorded  up.  The  way  this  shows  up  in  reconnecting 
for  different  numbers  of  poles,  when  the  reconnection 
causes  chording  of  the  coil,  is  that  the  same  effect  is 
produced  as  would  be  if  the  motor  were  connected  to  a 
higher  voltage.  This  will  be  explained  fully  in  a  later 
article  dealing  with  the  practical  application  of  the 
principles  presented  in  this  series  to  the  actual  work  of 
reconnecting. 

An  examination  of  the  shape  of  the  magnetic  field 
indicates  that  the  effect  of  chording  is  to  flatten  the 
top  of  the  field  and  make  it  lower  for  the  same  pole 


span.     In  FIk'.   10  is  shown  tlic  (•(Tocl  of  conncrlinK  tlu'  with    the   same   muKnetic    fiold   dcnHily    in    the  air   Rap 

winiliiiK  of  FiRs.  2  and   J  for  four  poles  iiiHtead  of  six.  and  the  same  currentH  in  the  windinuH,  the  horsepower 

The   nuH-haniral   throw   of   the   coils    is   still    1    and    10,  when  loiinecled  as  a  l-jiole  machine  should  he  1.5  times 

but  the  pole  arc   is   lonRor   for   four  pole.s.   hence,   the  that  of  the  (J-pole  rutinR.     However,  since  the  coil  throw 

coil   is  actually   chorded   to   120   electrical   decrees    for  on  four  poles  is  only   120  (Icr.  the  cliord  factor  is  sine 


<a)  •  =  +  1.0  Ampere,  Phase  B  (d)  ©  -  -  1.0  Ampere,  Phase  B 

(b)©-+0.5       «  »      A  (e)e--0.5        r  "A 

«y©  =  +0.5       n  »      C  W©--0.5       «  n      C 

FIGS.  4  TO  9.  SH.A.PES  OF  MAGNETIC  FIELDS  OF  A  .54-SLOT  THREE-PHASE  6-POLE  IXDUCTION  MOTOR  WHEN  THE 
THROW  OF  ITS  COILS  IS  CH.\XGED  FROM  SLOTS  1  AND  10  TO  SLOTS  1  .\XD  .5  BY  O.VE-SLOT  INTERVALS 
Explanation  of  symbols  used :  e,  a  and  /  are  the  instantaneous  values  of  the  currents  in  phase.';  .4 ,  B  and  C  respectively,  for 
angle  0  deg.  as  given  in  T.-'ble  I.  It  is  assumed  that  positive  currents  flow  toward  tlie  reader  and  tliit  negative  ones  flow  away 
from  him  :  the  former  are  represented  by  the  solid  black  symbols,  and  the  latter  by  the  hatched  ones.  When  the  currents  Sj  a  and 
/  make  their  return  through  the  other  side  of  the  coils  their  direction  in  reference  to  the  observer  is  reversed  and  they  are  then 
represented  by  the  symbols  b.  d  and  c  respectively. 


four  poles,  although  it  was  full  pitch,  or  180  deg.,  when 
connected  for  six  poles.  It  will  be  noted  that  with  the 
6-pole  winding.  Fig.  4,  the  entire  area  of  the  poles 
is  6  X  32  =  192,  but  that  for  the  4-pole  winding. 
Fig.  10,  the  area  is  4  X  61  ^  244.  In  the  4-pole  winding, 
the  speed  f^^.  the  rotating  field  is  1.5  times  that  of  the 
6-pole  one,  and  it  would  therefore  seem  reasonable  that 


of  60  deg.  =  0.866  and  the  rating  will  be  reduced  by 
this  fact  so  that  only  1.5  X  0.866,  or  about  1.3  the 
6-pole  horsepower  can  be  expected.  The  total  areas  of 
the  two  fields  as  previously  noted — namely,  244  and 
192 — have  the  relation  Hi  =  1.27,  which  is  very  close 
to  1.3,  so  it  follows  that  a  close  aproximation  of  the 
output  to  be  expected  from  a  reconnected  motor  can  be 
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obtained  by  this  simple  method  of  plotting  the  magnetic 
fields  and  comparing  the  areas.  The  difference  in  the 
saturation  of  the  stator  iron  would  affect  this  result  to 
some  extent,  but  usually  not  enough  to  introduce  a 
serious  error. 

In  Figs.  11,  12  and  13  is  shown  the  effect  upcn 
the  magnetic  field  of  reconnecting  the  winding  shown 
in  Figs.  2  and  4  for  8,  10  and  12  poles,  respectively. 
The  effect  of  chording  becomes  more  pronounced  with 
each  step,  and  the  decreased  area  of  the  magnetic  field 
shows  that  with  the  decreasing  speed  th3  horsepower 


voltage  generated  in  the  opposite  side  and  there  is  no 
counter-electromotive  force  left  to  oppose  the  applied 
electromotive  force  at  the  stator  terminals,  consequently, 
the  current  in  the  stator  winding  is  limited  only  by 
the  ohmic  resistance  of  this  winding,  and  would  cause 
the  circuit-breaker  to  open,  or,  if  the  motor  was  not 
properly  protected,  cause  the  windings  to  be  destroyed 
in  a  very  short  period.  Attention  was  called  to  thi.s 
point  in  an  earlier  article  when  speaking  of  the  possi- 
bility of  connecting  some  windings  as  they  stand  for 
double  or  half  speed;  that  is,  for  half  as  many  poles 
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FIGS.  10  TO  13.     SHAPES  OF  MAGNETIC  FIELDS  OF  A  54-SL.OT  THREE-PHASE   G-POLE   INDUCTION   MOTOR   OF   A   COIL. 
THROW    OF    SLOTS    1     AXI)    10,    WHEN    RECONNECTED    FOR    4.   8.   10   AND   12    POLES 


decreases  also  until  finally  in  Fig.  13  an  impossible  con- 
dition is  reached  under  which  the  motor  could  not  run 
at  all,  since  the  throw  of  the  coil  is  exactly  pitch  for 
6  poles  and  therefore  substantially  becomes  dead  when 
connected  for  12  poles;  or  putting  it  another  way,  the 
throw  of  the  coil  is  such  that  when  there  are  12  poles 
both  sides  of  any  given  coil  lie  in  exactly  the  same 
polarity;  one  side  is  under  a  north  pole  and  the  other, 
instead  of  being  under  a  south  pole,  reaches  clear  across 
and  lies  under  the  next  north  pole,  so  that  the  counter- 
electromotive  force,  which  is  generated  in  one  side  of 
the   coil,    is    exactly    balanced    and    neutralized    by    the 


or  twice  as  many  poles.  The  statement  was  then  made 
that  this  should  not  be  attempted  if  the  throw  of  the 
coils  was  exactly  pitch  on  the  original  winding.  Fig. 
13  explains  why  this  is  true  and  why  such  a  recon- 
nection  is  not  feasible. 

In  Figs.  14  and  15  is  shown  a  very  interesting  com- 
parison. Fig.  14  shows  the  result  of  reconnecting  the 
6-pole  winding  of  Figs.  2  and  4  for  two  poles.  Ordi- 
narily, this  would  not  be  possible  because  a  2-pole  motor 
would  require  about  three  times  the  radial  depth  of 
iron  behind  the  slots  as  is  required  by  a  6-pole  one; 
but  assuming  for  illustration  that  such  a  reconnection 
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had  been  attiMnptfd,  tlv  lu-ld  w.uild  hnvo  the  appi'mjimc 
shown,  and  it  will  In*  sct'ii  thjit  thi"  aroa  of  one  maKiu'tic 
pole  would  1)0  IJ'J.  Supposo.  on  the  othor  hand,  that 
instead  of  reconnect injf.  the  motor  had  been  rewound 
with  coils  havintf  a  throw  of  180  dcK-  for  two  poles  or 
full  pitch,  as  shown  in  Vi^.  15;  then  the  area  of  the 
field  would  1)0  liSI  for  one  pole  or  just  twice  the  value 
for  the  reconnected  motor.  Since,  as  has  been  shown, 
the  conipaiative  areas  of  the  two  polos  are  some  measure 
of  the  output  to  be  e.xpected,  it  can  be  at  once  con- 
cluded from  FiKs.  11  ami  If)  that  the  use  of  a  new  set 
of  coils  would  double  the  output  of  the  motor  and  that 


FIGS.  14  AXD  l.j.  JIAGXETIC  FIELD  OF  A  5  4-SL.OT  THREE-PHASE  6-POLE  INDUCTION 
MOTOR  OF  COIL  THROW  1  AND  10,  WHEN  RECONNECTED  FOR  TWO  POLES.  COM- 
PARED WITH  EFFECT  OF  RE^^^NDING  IT    FOR  TWO  I'OLES  WITH  A  THROW  1  AND  28 

it  would  be  poor  economy  in  .such  a  case  to  reconnect 
instead  of  rewinding. 

This  paper  completes  the  .subject  of  reconnecting  for 
changes  in  poles,  and  from  the  figures  given  it  may  be 
seen  that  the  first  consideration  in  such  changes  is  the 
question  of  chord  factor,  and  the  comparisons  made  give 
a  good  idea  of  the  effect  upon  any  motor  of  changing 
the  throw  of  the  coil.  The  main  value  of  the  latter 
idea  is  that  it  is  often  possible  when  reconnecting  a 
winding  to  assist  in  getting  normal  conditions  in  the 
winding  by  changing  the  throw  of  the  coils  by  a  slot 
or  two  in  a  certain  direction. 


Extreme  temperatures  are  destructive  of  furnace  lin- 
ing. Perhaps  this  is  why  so  many  firemen  are  so  careless 
regarding  the  admission  of  excess  air  to  their  furnaces. 


Dc.HlriK'lion    of    tlir   rrcnrh   <!oal    iVliiies'* 

'I'ho  French  Dopartinents  du  Nord  and  l'as-<ie-(;alaiM 
have  sufTored  severely  throutfh  the  depredations  of  the 
invader.  The  Cormans,  in  their  customary  manner,  de- 
stroyed the  greater  part  of  the  machinery  used  at  the 
coal  mines.  As  a  result  of  their  ruthlessne.ss,  France  is 
deprived  of  one-third  of  her  normal  output  of  coal  for  a 
period  of  three  or  four  years  to  come.  Whether  the 
German  debt  shall  be  paid  by  occupying  the  district 
of  La  Sarre  or  by  a  coal  la.\  upon  the  Rhine  and  West- 
phalian  districts  is  unimportant,  but  fuel  must  be  one 
of  the  most  important  con- 
siderations in  the  peace 
treaty.  The  destruction  of 
e(iuipment  was  thorough  at 
Lens,  Courrieres,  Dourges, 
I'Escarpelle,  and  Douai.  At 
Aniche  and  Anzin  it  was 
hoped,  for  a  moment,  that 
less  destruction  would  be 
apparent,  but  it  is  just  the 
same.  Steam  cylinders  and 
air  compressors  were  dyna- 
mited. A  few  cartridges 
carefully  exploded  in  screen 
and  washing  plants  have 
made  them  useless.  Switch- 
boards were  carried  away, 
and  no  trace  of  copper  is  to 
be  found.  Here  and  there 
are  a  few  cars  still  loaded 
with  coal,  but  most  of  them 
he  around  partly  destroyed 
by  near-by  explosions. 

In  the  district  of  Lens 
the  mines  were  flooded  by 
turning  surface  water  into 
them.  In  other  districts 
only  the  lower  levels  of  the 
mines  are  now  flooded,  ow- 
ing to  the  cessation  of 
pumping.  By  the  middle  of 
October  scarcely  a  single  in- 
habitant of  the  coal  dis- 
tricts remained.  A  few 
miners  hid  themselves  and 
stayed  behind  the  retreat- 
ing Germans,  and  others, 
escaping  from  the  retreating  enemy,  are  now  slowly  com- 
ing back  to  the  mining  districts,  and  civil  life  is  begin- 
ning again. 

The  engineers  and  superintendents  who  had  remained 
at  the  mines  during  the  war  were  taken  to  Belgium  in 
the  retreat  and  are  still  prisoners. 

A  few  engineers  who  were  formerly  connected  with 
the  mines  are  in  France,  and  these  are  now  returning 
to  take  such  care  of  the  property  as  is  possible  and  to 
begin  restoration. 

At  a  few  mines  the  destruction  was  not  so  complete 
as  intended,  and  many  inhabitants  .still  remain;  the 
Germans,  with  bayonets  at  their  backs,  could  not  always 
complete  their  tasks. 


*Ext)-act   from   L'Echo   des   Mi)ies   ei    de    la   Metalhn-gip,  Nov.    3 
and  10,  1918. 


January  7,  1919 


POWER 


15 


I — The  first  of  a  series  of  imaginary  conversations 
between  the  chief  engineer  of  a  DieseUengine 
plant  and  his  men,  intended  to  bring  out  informal 
tion  as  to  the  constructional  features  and  practi- 
cal operation  of  the  Diesel  engine. 

IT  WAS  just  six  o'clock  and  the  night  shift  had  come 
on  duty  at  the  Diesel-engine  station  of  the  Clarks- 
ville  Power  and  Light  Co.  Two  500-hp.  vertical 
engines  were  working  at  their  full  ca- 
pacity, and  over  in  one  end  of  the 
building  the  oilers  were  preparing  a 
third  to  aid  in  carrying  the  load. 

J.  R.  Egan,  the  chief  of  the  plant — 
affectionately  known  among  the  men 
as  "J.  R." — got  up  from  his  desk  near 
the  end  of  the  switchboard  and  stepped 
into  the  washroom,  where  he  stood  for 
a  moment  watching  the  day  force  rid- 
ding themselves  of  the  grease  and 
grime  peculiar  to  their  calling. 

"Boys,"  said  Egan,  "I  want  to  say 
a  word  to  all  of  you  before  you  leave. 
When  you  get  washed  up,  come  over 
to  my  desk."  A  buzz  of  conjecture 
followed  the  chief's  retreating  figure,  but  in  a  few  min- 
utes the  men  stood  around  the  desk.  When  he  had  as- 
'sured  himself  that  all  the  force,  including  the  night 
shift,  had  assembled,  J.  R.  bit  off  the  end  of  a  particu- 
larly vile-looking  cigar  and  addressed  the  men. 

"Before  I  begin  on  my  main  subject,"  he  said,  "I 
want  to  explain  the  wherefore  of  my  having  a  subject 
at  all.  Today  Jim  Woods  here" — indicating  a  young 
fellow  at  the  outer  fringe  of  the  crowd — "came  asking 
for  the  job  of  oiler  that  we  had  vacant.  Now,  as  you 
all  know,  we  pay  the  oilers  but  sixty  per  month,  and  I 
knew  Jim  was  running  that  hot-ball  engine  at  the  Acme 
mill  and  was  getting  seventy-five.  I  couldn't  under- 
stand why  he  wanted  to  work  for  less,  for  Green  the 
miller  told  me  the  other  day  that  Woods  was  the  best 
man  they  ever  had. 

"When  I  put  the  question  up  to  Woods,  he  told  me 
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he  wanted  to  get  some  experience  with  Diesel  engines 
because  he  thought  there  was  going  to  be  a  demand 
for  good  Diesel  engineers.  Consequently,  he  was  will- 
ing to  start  in  for  less  money. 

"Now,  boys,"  the  chief  continued,  "Woods  set  me  to 
thinking.  As  I  look  back,  I  can't  remember  that  I  ever 
tried  to  train  any  man  who  worked  here.  Wliile  I've 
often  given  suggestions,  I  suspect  that  whatever  you 
fellows  know  about  oil  engines  you  have  picked  up 
yourselves.  To  make  matters  worse,  I  heard  Kelly 
here  tell  Woods  that  the  reason 
the  Diesel  is  the  most  economical  en- 
gine is  because  it  burns  up  all  the  fuel. 
But  ^  don't  blame  Kelly.  It  isn't  often 
one  sees  any  articles  on  Diesel-engine 
theory,  and  when  you  do  find  one,  it  is 
usually  chuck-full  of  mathematics  too 
deep  for  ordinary  understanding. 

"Now,  my  idea  is  this,  boys.     Sup- 
pose we  form  a  class  here  at  the  plant 
to  study  the  Diesel  engine.    We  can 
get  together  two  evenings  a  week,  say 
from  8  to  9:30  and  the  night  men  can 
arrange  their  work  so  as  to  join  us. 
My  plan  would  be  to  take  up  the  con- 
struction and  action  of  the  Diesel,  as 
well  as  some  other  types.    Besides,  we  could  discuss  va- 
rious problems  that  come  up  in  operating  these  engines. 
What  do  you  think  of  the  scheme?" 

Kelly,  the  day  watch  engineer,  was  the  first  to  reply. 
"J.  R.,  I  think  it's  a  good  plan.  If  it  means  giving 
us  a  chance  to  get  more  money,  I'm  willing  to  come 
everj'  night.  Eighty-five  a  month  for  a  twelve-hour 
shift  isn't  enough  money  these  days,  and  I  can't  see 
why  the  company  don't  pay  us  more.  I'm  not  kicking, 
mind  you — I'm  just  stating  facts.  Jim  Woods  here  can 
live  on  sixty,  for  he's  single.  But  what  about  the  rest 
of  us?" 

"Boys,"  said  the  chief  sternly,  "if  this  is  to  be  the 
beginning  of  grumbling,  we'd  better  drop  the  idea.  I 
agree  that  wages  are  too  low,  but  it  isn't  the  company's 
fault.  If  you  go  back  far  enough,  you'll  find  that  the 
real  cause   of  low  wages   is  the  attitude   of  the   oil- 
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ontrino  hnildprs.  In  order  to  .soil  Diosol  onRines  thoir 
two  bijr  rlaims  wore  the  .small  jimount  of  fuel  u.sed  and 
he  fact  thnt  any  ordinary  man  could  run  a  Diesel.  In 
fact.  I  heard  a  .alesman  for  a  prominent  builder  .say 
that  after  the  enjrine  wa.s  .started  it  wa.s  only  necessary 
to  lock  the  door  to  keep  small  boys  out  and  the  enf?ine 
would  continue  to  run  as  lonjr  as  the   fuel  oil  lasted." 

When  the  laughter  of  the  men  had  died  down,  the 
chief  continued: 

"Last  year  the  representative  of  a  Diesel-engine 
builder  stated  in  a  machinery  magazine  that  skilled 
attention  wasn't  essential— it  was  only  necessary  for 
the  operator  to  be  intelligent.  With  such  .stuff  being 
handed  out,  can  you  blame  the  purcha.ser  of  a  Diesel 
engine  for  placing  you  on  a  par  with  the  day  laborer? 
That  the  engines  do  run  is  due  to  the  fact  that  occa- 
sionally a  good  man  is  willing  to  work  awhile  at  low 
wages.  In  this  plant,  during  the  last  two  years,  more 
than  twenty  men  have  left — quite  different  from  the 
ice  plant,  where  the  engineers  and  firemen  have  been 
on  the  job  for  ten  years  at  lea.st." 

"Where  does  this  night  .school  help,  then?"  Kelly 
suddenly   inquired. 

The  chief  studied  the  end  of  his  unlighted  cigar 
thoughtfully  before  he  replied. 

"In  this  way,"  he  .said  at  length.  "The  men  we  usu- 
ally hire  are  either  poor  help  or  else  they  get  dis- 
satisfied and  quit.  Now,  if  you  men  will  go  into  the 
Diesel  game  right,  it's  only  natural  that  the  local 
manager  will  see  that  you  are  worth  more  and  will 
come  across;  or  else  you  will  find  some  other  firm 
willing  to  pay  for  valuable  services.  In  either  case, 
you  win.  If  there  was  a  good  correspondence-school 
course  on  the  subject,  I'd  suggest  that;  but  under  the 
circumstances  we'll  fix  up  a  course  of  our  own  as  we  go 
along." 

"I'm  willing,"  Kelly  said  promptly. 

"So  am  I,"  came  from  a  number  of  others. 

"Do  you  think  the  idea  good,  Woods?"  asked  J.  R. 

"That's  the  very  thing  I  started  working  here  to 
get,"  answered  the  newcomer. 

"Very  well,  then;  if  you're  all  agreed,  we'll  begin 
tomorrow  night,  as  it's  Tuesday,  and  we'll  have  a  ses 
sion  Thursday  night,  too." 

Emergency  Pump  Repair 

An  electrically  driven  pump  was  not  working  prop- 
erly. The  water  in  the  mine  at  this  time  was  already 
above  the  rails,  so  that  the  section  could  not  be  operated 
that  day.  Taking  the  pump  apart,  it  was  found  that  the 
metal  portion  of  the  piston  had  been  practically  eaten 
up  by  the  acid  of  the  water.  A  new  piston  and  a  piston 
rod  were  at  once  ordered.  These  were  promised  to  ar- 
rive on  the  following  Monday  morning. 

Monday  morning  came,  but  no  piston  arrived.  Tues- 
day and  Wednesday  rolled  around,  and  still  no  piston. 
All  this  time  the  water  was  rising.  Something  had  to 
be  done,  or  at  least  attempted.  Accordingly,  I  got  a 
piece  of  2-in.  oak  plank  and  sawed  out  a  circular  section 
}  in.  less  in  diameter  than  the  bore  of  the  pump  cylinder, 
says  S.  D.  Hainley  in  Coal  Age.  The  edge  of  this  was 
then  cut  away  to  a  depth  sufficient  to  take  S-in.  packing 
and  for  a  length  of  1  in.  A  piece  of  1-in.  oak  board  was 
then  procured,   sawed  to   this   same   diameter   and   at- 


tached to  thr>  piece  of  2-in.  plniik  to  make  the  pJHton  of 
the  proper  length. 

As  the  available  length  on  the  piston  rod  wuh  not 
.sutHcient  to  accommodate  another  1-in.  piece,  a  metal 
plate  was  used.  This  was  made  slightly  smaller  than  the 
bore  of  the  pump  and  was  held  in  place  by  the  regular 
pistoii-ro<l  nut. 

When  this  improvised  piston  was  fitted  with  packing 
and  put  in  place,  it  gave  as  good  Hatisfaction  as  had  the 
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HOW    J'f.MP    REPAIR    WA.»<    MADE 

regular  piston.  In  fact,  it  gave  excellent  service  until 
the  acid  ate  up  the  iron  plate  and  permitted  the  packing 
to  come  off.  When  I  asked  the  superintendent  to  have 
another  plate  made,  he  immediately  suggested  that  I 
make  a  wooden  one! 

Putting  on  Heavy  Belts 

The  illustration  shows  a  simple  device  for  putting  on 
heavy  belts  when  it  is  necessary  to  shut  down  in  order 
to  do  so,  and  where  a  rope  is  usually  employed  for  the 
purpose. 

Take  a  piece  of  \-  or  ,"',;-in.  round  iron  and  bend  it,  as 
shown  in  the  small  sketch.  Hook  the  short  end  over 
the  edge  of  the  rim  of  the  pulley  and  the  long  end  under 


METHOD  OF  REPLACINC  BELT  OX  PULLET 

the  belt  as  indicated.  Start  the  engine  slowly,  and  when 
the  belt  is  on  it  is  not  necessary  to  stop,  because  the 
short  end  of  the  hook  will  straighten  out  and  disengage 
itself.  It  is  a  good  plan  to  use  a  rod  of  as  light  weight 
as  will  answer  the  purpose,  since  it  will  straighten  out 
and  free  itself  with  less  stress  on  the  belt.  The  iron 
hook  then  falls  to  the  floor. 
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Burning  Indiana  Coal  on  the  Chain  Grate 

By  T.  a.  marsh 
Chief  Engineer,  Green  Engineering  Company,  East  Chicago,  Ind. 


Characteristics  of  Indiana  screenings  from  the 
four  seams  supplying  most  of  the  steaming  coal. 
The  need  of  large  grate  area,  large  furnace 
volume  and  strong  draft  to  give  capacity  and 
long,  high-pitched  arches  to  improve  ignition. 
Possibilities    of    improving    existing    furnaces. 


K 


LTHOUGH  Indiana  is  the  fifth  state  in  tonnage 
of  coal  produced,  its  fuel,  until  the  zoning  system 
went  into  effect,  -was  not  widely  distributed. 
Recently,  Indiana  coal  has  been  used  in  many  cases 
where  its  characteristics  are  not  understood  and  where 
the  existing  furnaces  are  unsuitable  for  efficient  burn- 
ing. Plants  that  have  been  designed  for  West  Virginia, 
Kentucky  or  Ohio  coals,  usually  are  not  suited  for 
Indiana  coal  and  will  not  give  satisfactory  results. 

The   standard   coals    in   Indiana   are    found    in    four 
seams:     Nos.   3    4,   5  and   6.     In  addition  there  are 


FIG.     1.       TYPICAL    CHAIN-GRATE    SETTING    ITNDBR 
VERTICALLY  BAFFLED  WATER-TUBE   BOILER 

produced  a  few  special  grades,  but  these  are  not  classed 
as  steaming  coals  and  will  not  be  considered.  Steam 
producers  are  interested  almost  entirely  in  the  quality 
of  screenings,  so  that  the  conclusions  following  will  be 
based  on  this  fuel.  The  accompanying  table  gives 
proximate  analyses,  heat  values  and  sulphur  content  of 
typical  screenings  from  the  four  Indiana  seams.  These 
analyses  cannot  be  compared  on  an  equal  basis  with 
samples   of   coal   as    usually    submitted,    because    such 

ANALYSES  OF  INDIANA  SCREENINGS 

No.  3  Seam  No.  4  Seam  No.  5  Seam         No.  6  Seam 

Moisture 10.8  12.4  10   I                      II   0 

Volatile  matter 35  0  33.2  33  2                     31    I 

Fixed  carbon 36  9  44. 2  42  0                     415 

Ash 17  3  10  2  14  7                       16  4 

B.t.u,  commercial...  .    J0,400  11,069  10,820  10,540 

B.t.u,  dry  basis 11,670  12,610  12,039  11,730 

Sulphur 4  55  I   75  4  27                     3  50 

samples  are  based  on  run-of-mine  or  lump  coal.  Screen- 
ings contain  usually  4  per  cent,  more  ash  than  run-of- 
mine  coal  and  approximately  6  per  cent,  more  ash  than 
lump  samples.  Naturally,  the  screenings  are  corre- 
spondingly lower  in  heat  value.  The  characteristics 
of  the  coal  from  the  various  seams  may  be  of  interest. 
No.  3  coal,  while  not  high  in  heat  value,  has  the 
highest  percentage  of  volatile  matter  and  therefore  gives 
up  its  heat  more  quickly  than  the  others.  It  is  an 
excellent  coal  to  use  to  get  capacity  in  furnaces  that 
are  deficient  in   ignition  arches  or  draft,  or  in  both 


of  these  items.  The  structure  of  the  coal  is  soft.  It 
therefore  disintegrates  readily  and  is  not  a  good  storage 
coal.  Its  relatively  high  percentage  of  sulphur  further 
omplicates  the  .storage  problem  and  the  fusibility  of 
the  ash  causes  excessive  clinker  when  the  fuel  bed  is 


PIG.    2.      MODERN    FURNACE    SERVING    STIRLING    BOILER 

agitated.  The  produced  tonnage  of  No.  3  coal  is  not 
large,  and  the  distribution  is  therefore  limited. 

From  the  commercial  standpoint  No.  4  has  the  great- 
est utility  of  all  Indiana  coals.  Its  heat  value  is 
relatively  high  for  a  A^estern  coal,  the  sulphur  content 
is  low  and  the  coal  in  this  seam  is  of  uniform  quality. 
The  fixed  carbon  is  of  such  good  structure  that  when 
used  in  byproduct  ovens  excellent  coke  is  produced. 
Owing  to  its  uniformity  and  low  sulphur  content,  No.  4 
is  in  great  demand  for  special  process  work,  such  as 
forges  and  heating  furnaces,  and  commands  a  higher 
price  than  other  Indiana  coals.  It  is  better  adapted 
for  stoker  use  than  the  other  fuels  mentioned,  and  this 
applies  particularly  to  stokers  that  agitate  the  fuel  bed. 
With  fireclay  above  and  below  a  large  portion  of  this 
coal  seam,  the  clinker  produced  is  of  a  "pottery"  brittle 
nature. 

From  the  standpoint  of  steam  production  No.  5  is 
the  most  important  of  the  Indiana  coals.  Its  high 
percentage  of  sulphur  makes  it  unsuitable  for  special 


FIG.    3. 


CHAIN  GRATE    UNDER   HORIZONTALLY 
BAFFLED    BOILER 


process  work,  but  on  account  of  the  large  quantity  pro- 
duced and  the  assurance  of  supply,  together  with  its 
uniformity  and  free-burring  characteristics,  it  is  recom- 
mended for  steam-power  plants.  It  burns  more  rapidly 
than  No.  4  coal,  inasmuch  as  the  fixed  carbon  does  not 
have  the  structure  found  in  the  latter  fuel.    A  consider- 
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iihlr  port  ion  of  this  .senm  hiis  rock  jibovp  and  bciow  «(» 
Ihiit  thorc  is  no  cliiy  n\ixturr  lO  kcj'p  the  clinker  hiittle. 
and  JilthouKh  the  cohI  is  dean  as  rcKards  earthy  matter, 
the  clinker  produced  is  extremely  vitreous.  This  cial 
is  suitat)le  for  chain  grates,  hut  the  furnace  desijrn 
must  he  .such  as  to  jtive  jjood  strong  ijrnition,  a  point 
that  in  many  instances  has  been  overlooked. 

No.  ()  cor.l  contains  a  hijirher  perc?ntaKe  of  ash  than 
any  other  extensively  used  Indiana  coal.  Its  moisture 
is  sliRhtly   le.ss  than   that   of  the   No.   4,  and   the  heat 


value  i.*?  approximately  5  per  cent,  less,  due  to  the 
higher  ash.  The  ash  fuses  at  a  low  temperature,  mak- 
ing it  ditticult  to  handle.  Unless  the  proper  type  of 
stoker  is  used,  this  coal  cannot  be  considered,  owing 
to  the  large  amount  of  clinker  produced  and  its  vitreous 
structure.  Use  cf  No.  6  coal  is  still  more  limited  than 
of  No.  5,  by  reason  of  its  lower  heat  value  and  the 
greater  amount  of  clinker  produced.  It  requires  liberal 
grate  areas  and  long  arches  to  provide  ample  ignition, 
if  good  steaming  capacity  is  to  be  had 

For  the  sake  of  economy  in  the  purchasing  of  coal 
and  in  its  burning,  plants  tributary  to  Indiana  should 
be  able  to  burn  coal  from  the  four  seams  mentioned 
and  particularly  from  Nos.  5  and  6.  seams. 

The  design  of  furnaces  for  these  coals  must  be  given 
careful  thought.  Many  furnaces  have  been  inadequate, 
mostly  because  of  lack  of  knowledge  of  the  coal  and 


of  the  furnace  design  necessary.  Large  grate  surfaces 
should  be  provided  as  these  coals  are  relatively  inert, 
and  even  with  high  combustion  rates  the  capacities  ob- 
tained do  not  correspond  unless  the  grate  areas  are 
large.  Four  things  must  be  considered  in  the  design 
of  furnaces  for  such  coals  as  Indiana  Nos.  3,  4,  5  and  6. 
Ample  draft  must  be  provided.  These  coals  can  be 
burned  at  combustion  rates  of  40  to  45  lb.  per  sq.ft.  of 
grate  area  per  hour  with  a  draft  of  0.4  to  0.5  in.  over  the 
fire.      Long,    high-pitched    igniting    arches    should    be 


,)r(>vidpd.  finite  areas  should  be  liberal  with  coals  so 
low  in  heat  value.  If  high  capacities  are  to  be  obtained, 
grate  areas  should  be  |)rovidfd  having  a  ratio  to  the 
steam-making  surfate  of  1  to  40  or  even  larger.  Furnace 
volumes  should  be  large.  In  furnaces  where  40  lb.  of 
(oal  per  hour  per  .scjuare  foot  of  grate  area  in  to  be 
burned,  the  furnace  chamber  should  have  a  volume  of 
12  cu.ft.  per  sq.ft.  of  grate  area,  and  furnaces  even 
larger  are  desirable. 

Al)VANTA(iK.S  OK  LaWJK  GRATES 
Large  grates  are  an  advantage,  as  they  permit  high 
efficiencies  at  capacities  200  per  cent,  of  rating  and 
upward.  A  characteristic  of  chain  grates  seldom 
emphasized,  but  well  known  to  combu.stion  engineers, 
is  the  high  efficiencies  that  can  be  obtained  at  ratings 
l)elow  normal.  Many  types  of  stoker  cannot  be  operated 
appreciably  below  100  per  cent,  of  rating,  owing  to 
overheating,  back  draft  or  other  diflficulties.  Still  other 
types  operate  at  low  ratings  but  at  reduced  eflficiencies. 
Chain  grates  reach  excellent  efficiencies  at  from  50  to 
75  per  cent,  of  rating.  With  inferior  coals,  therefore, 
large  grates  should  be  installed  as  this  will  insure  high 


FIG.    6.      OLD    FURNACE    EQUIPPED    WITH    SPRUNG    ARCH 

ratings  when  desired  and  will  also  give  high  efficiencies 
at  lower  ratings. 

Unfortunately,  many  of  the  chain-grate  installations, 
do  not  have  these  characteristics  and  capacities  and 
efl!iciencies  are  consequently  limited.  Modern  settings, 
however,  give  combined  efficiencies  of  from  70  to  75 
per  cent,  when  burning  any  one  of  the  four  coals  under 
discussion,  and  develop  boiler  capacities  200  per  cent, 
of  rating  and  over.  With  chain  grates  these  coals  are 
handled  indiscriminately.  There  is  no  clinker  forma- 
tion, as  the  ash  forms  on  the  lower  side  of  the  fuel 
bed  and  there  is  no  agitation  of  the  fuel  bed.  More- 
over, the  ash  is  continuously  discharged  from  the 
furnace,  permitting  no  accumulation  of  refuse,  and  air 
spaces  are  kept  clean  continuously  by  the  staggered 
arrangement  of  links. 

Some  typical  modern  settings  capable  of  producing 
high  ratings  and  high  efllciencies,  are  shown  in  Figs. 
I,  2  and  3.  Fig.  1  shows  a  modern  chain-grate  furnace 
under  a  vertically  baffled  water-tube  boiler.  Notice  that 
the  length  of  the  arch  is  75  per  cent,  of  the  length 
of  the  grate  and  that  the  grate  is  11  ft.  long.  This 
may  be  increased  to  13  ft.  or  even  15  ft.  if  the  arch 
is  lengthened  correspondingly.  The  arch  is  steeply 
pitched  and  the  face  of  the  bridge-wall  is  built  up 
vertically.  The  headroom  is  12  ft.  This  furnace,  pro- 
vided with  a  draft  of  0.5  in.  over  the  fire,  will  burn  40 
lb.  per  sq.ft.  of  grate  area  per  hour  of  any  one  of  the 
four  Indiana  coals.    Fig.  2  shows  the  application  of  the 
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same  principles  to  a  Stirling  type  of  boiler  and  Fig.  3 
to  a  horizontally  baffled  boiler. 

It  will  be  noticed  that  all  these  furnaces  have  large 
volumes.  The  furnace  volume  per  square  foot  of  grate 
area  in  Fig.  1  (allowing  for  a  grate  width  approximately 
equal  to  that  of  the  furnace)  is  12  cu.ft.  The  furnace 
volume  in  Fig.  2  is  12  cu.ft.  and  in  Fig.  3  is  13  cu.ft. 
In  installations  dating  prior  to  1916  the  furnace  volumes 
commonly  found  ranged  approximately  from  3  to  G 
cu.ft.  per  sq.ft.  of  grate.  The  average  length  of  arch 
was  4  ft.  and  the  average  draft  about  0.25  in.  over  the 
fire.  Even  under  these  conditions  Indiana  coals  were 
handled  without  clinker  trouble,  but  in  a  limited  manner 


FIU.   7.      REVISIOX  OF  FIG.   6,  INCREASING  CAPACITY  AND 
RANGE   OF   COALS   AVAILABLE 

as  regards  efficiency  and  capacity.     The   results   from 
modem  furnaces  are  far  superior. 

Fortunately,  most  existing  furnaces  permit  of  revi- 
sion that  will  greatly  improve  capacity  and  efficiency. 
Modern  arch  construction  can  be  installed.  Arches  can 
be  set  higher  to  give  more  furnace  volume  and  can  be 
made  longer  to  improve  ignition  and  distill  off  the 
volatile  matter  more  rapidly.  This  gives  better  oppor- 
tunity for  the  complete  combustion  of  the  fixed  carbon. 
Bridge-walls  can  be  modified  to  reflect  the  heat  forward, 
helping  the  ignition,  and  by  increasing  the  furnace 
temperature  improve  the  combustion  of  the  hydro- 
carbons. 

Other  Changes  to  Improve  Results 

A  type  of  arch  preventing  air  from  immediately 
reaching  the  bottom  .surface  and  chilling  it  should  be 
installed.  This  can  be  accomplished  by  setting  the  front 
row  of  tile  lower  than  the  main  arch  surface.  This 
construction  increases  the  tem.perature  at  the  front  of 
the  furnace.  These  and  other  modifications  can  be 
made  in  most  furnaces,  and  if  at  the  same  time  the 
boiler  baffles  can  be  rearranged  to  increase  the  draft, 
higher  capacities  and  efficiencies  can  be  obtained  and 
the  range  of  coals  available  can  be  widened.  Many 
plants  have  already  revised  their  furnaces  with  im- 
proved results.  Some  typical  cases  are  shown  in  Figs. 
4  to  7  inclusive. 

Fig.  4  represents  the  design  of  a  furnace  installed 
under  a  Stirling  type  of  boiler  twelve  years  ago  and 
Fig.  5  the  recent  revision  of  this  furnace.  With  the 
original  furnace  only  the  better  grades  of  Indiana  coals 
could  be  used.  In  the  improved  setting  one  continuous 
arch,  7  ft.  6  in.  long,  replaces  the  old  sprung  arch. 
After  the  revision  it  was  found  that  the  lower  grades 
of    Indiana    coals    could    be    nicely    handled,    inasmuch 


as  the  draft  and  grate  area  were  adequate  and  the 
ignition  was  better.  Fig.  6  shows  a  furnace  installed 
s'  /eral  years  ago  under  a  vertically  baffled  horizontal 
water-tube  boiler  and  Fig.  7  the  revision  which  mate- 
rially increased  the  capacity  and  ^he  range  of  coals 
available. 

From  the  foregoing  discussion  che  following  con- 
clusions are  evident: 

1.  Indiana  coals  are  being  and  will  be  extensively 
used. 

2.  The  characteristics  of  some  of  these  coals  are  low 
fusing  temperature  of  the  ash,  great  tendency  to  clinker 
and  large  amount  of  clinker. 

3.  These  coals  give  serious  clinker  trouble  when  the 
fuel  bed  is  agitated.  Continuous  ash  removal  is 
preferable.  With  chain  grates  in  modern  furnaces,  high 
capacities  and  efficiencies  can  be  obtained  from  all 
grades  of  Indiana  coal. 

4.  Existing  furnaces  permit  improvement.  Each 
should  be  considei*ed  in  the  light  of  modern  engineer- 
ing knowledge  and  can  be  revised,  widening  the  range 
cf  coals  to  include  all  Indiana  seams  and  increasing  the 
capacity  and  efficiency  under  all  conditions. 

Removing  Signal  Lights  with  Shell 

Tubular  signal  lamps  as  used  in  remote-controi 
switchboards  and  similar  apparatus  are  commonly 
removed,  when  it  is  necessary  to  replace  or  change 
them,  by  going  in  back  of  the  board  and  taking  off 
the  removable  socket  to  get  at  the  lamp.  It  is  some- 
times difficult  to  locate  the  desired  lamp  from  the  back 


REMOVING    SIGNAL   LAMP    WITH    EMTTV    SHELL 

of  the  board,  and  frequently  the  back  of  the  switchboard 
is  not  easily  or  safely  accessible. 

These  indicating  lamps  can  be  far  more  easily  re- 
moved by  taking  them  from  the  front  of  the  board 
with  the  aid  of  a  12-gage  paper  shotgun  shell.  The 
little  colored  glass  window  in  front  of  the  lamp  can 
be  easily  lifted  out  with  the  fingers  and  an  empty 
paper  shell  slipped  over  the  lamp.  The  shell  is  of  such 
a  size  that  while  the  lamp  will  partly  enter  it,  it 
fits  tightly.  It  can  then  be  easily  removed  by  turning 
the  shell,  and  a  new  lamp  can  be  inserted  in  the  same 
manner. 
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The  Eleclrical  Sludy  Course — Parallel 
Operation  of  Generators 


Disnt.!fifes  the  object  of  operatinp  Kcvcral  gen- 
erators in  parallel  and  the  conditiotut  which  must 
be  fulfilled  by  them.  Shotrs  the  necessity  of 
using  an  equalizinp  connection  when  dealing 
with  compound-wound  machines,  and  the  method 
of  its  functioniufj. 


WHEN  a  constant  load  is  to  be  supplied  with 
electrical  power,  a  single  generating  unit  may 
be  installed  to  provide  the  energy,  its  capacity 
being  just  large  enough  to  take  care  of  the  load,  since 
it  operates  at  highest  efficiency  fully  loaded.  On  the 
other  hand,  when  the  load  varies  greatly  from  one 
part  of  the  day  to  another,  it  would  be  uneconomical  to 
supply  power  from  a  single  unit  because  it  would  be 
operating  considerably  below  full  load,  and  therefore  at 
a  low  efficiency,  for  much  of  the  time.  Under  such 
circumstances  it  is  usual  to  provide  two  or  more  units 
of  such  capacities  as  will  allow  of  their  operation  at 
as  nearly  full-load  conditions  as  possible  at  all  times. 

When  two  or  more  generators  are  furnishing  power 
to  a  load  fed  by  them  all,  they  are  said  to  be  operating 
in  parallel,  and  the  act  of  connecting  one  of  them  to 
the  others  is  known  as  "paralleling"  it.  In  order  that 
generators  of  any  kind  shall  work  together  satisfac- 
torily, it  is  necessary  that  they  divide  the  load  among 
themselves  correctly.  That  is,  each  must  take  its  due 
share.  The  question  raised  is,  therefore,  Will  any  two 
generators    operate    successfully    when    connected    in 
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CHARACTERISTIC    CURVES    OF    TWO    SHUNT 

GENERATORS   OF  UNLIKE  DESIGN 

multiple?  In  order  to  answer  this  it  is  necessary  to 
inquire  into  the  factors  controlling  their  behavior.  For 
this  purpose  we  must  go  back  to  the  theory  of  the 
generator,  in  which  it  was  shown  that  the  current 
delivered  by  it  is  equal  to  the  difference  between  the 


generated  and  terminal  voltages  divided  by  the  arma- 
ture resistance.  That  is,  if  /  represent  the  armature 
current,  K,,  the  generated  voltage.  A'  the  terminal  volt- 
age, and  R  the  armature  resistance,  we  have,  /  =^ 
E,  -  E 


R 


from  which   it   is  seen  that  E„  and  R  must 


bear  certain  relations  to  each  other.     If  the  machines 
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FIG.    2.      EXCITATION   OF   GENERATOR   B   INCREASED   TO 
MAKE   IT  T.VKE  SAME  LOAD  AS  A  AT  100   VOLTS 

are  of  the  same  size,  the  relation  betwen  the  values 
of  these  quantities  in  each  must  be  such  that  /  is  the 
same  in  all;  if  they  are  of  different  sizes,  the  relations 
must  be  such  that  /  in  each  case  is  proportional  to 
the  capacity  of  the  machine. 

The  relations  existing  between  current,  armature 
resistance,  generated  voltage  and  terminal  voltage  are 
governed  by  the  characteristics  of  the  machine.  Their 
effect  upon  its  behavior  is  most  readily  determined  by 
reference  to  the  External  Characteristic  Curve  of  the 
machine.  This,  as  will  be  remembered,  is  a  curve  show^- 
ing  the  relation  between  the  current  delivered  by  a 
generator  and  its  corresponding  terminal  voltage.  For 
a  shunt  generator  its  shape  would  be  such  as  that  of 
the  curves  shown  in  Fig.  1,  which  represent  the 
characteristics  of  generators  of  the  same  size  but  of 
different  designs.  Although  having  the  same  voltage  at 
no  load — namely,  120  volts — they  do  not  undergo  a 
like  decrease  in  voltage  for  similar  increases  in  current. 
For  example,  at  100  volts  the  machine  of  curve  A 
would  be  taking  60  amperes,  whereas  that  of  curve  B 
w-ould  be  taking  only  40  amperes.  By  increasing  the 
excitation  of  B  or  decreasing  that  of  A,  the  machines 
could  be  adjusted  to  take  the  same  current  at  100  volts, 
being  60  amperes  in  the  former  case  and  40  amperes  in 
the  latter.  These  conditions  are  illustrated  in  Figs.  2 
and  3  respectively. 

If  these  two  machines  were  connected  in  parallel, 
they  would  divide  the  load  equally  when  it  happened  to 
be  120  amperes  in  the  one  case  or  80  amperes  in  the 
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other.  If  they  were  operating  under  the  conditions  of 
Fig.  2  and  the  common  load  were  decreased,  the  cur- 
rent delivered  by  each  machine  would  decrease  and 
consequently  its  terminal  voltage  would  increase.  Since 
the  machines  are  connected  together,  their  terminal 
voltages  would  be  the  same  and  we  will  assume  that  a 
value  of  110  volts  is  found  to  exist.  At  this  voltage 
machine  A  would  deliver  about  41  amperes,  whereas  B 
would  deliver  about  45  amperes,  the  total  load  being 
the  sum  of  the  two,  or  86  amperes.  It  would  require 
further  field-rheostat  adjustments  to  make  the  gen- 
erators divide  the  new  load  equally  between  them.  In 
like  manner  we  will  find  that  any  other  change  in 
load  will  cause  an  unequal  distribution. 

On  the  other  hand,  if  both  machines  had  precisely 
the  same  characteristic,  the  current  in  each  would  be 
half  the  total  at  all  times,  since  at  the  same  terminal 
voltage  the  same  value  of  current  would  be  delivered 
by  each.  Consequently,  we  conclude  that  generators 
having  unlike  external  characteristics  will  not  operate 
in  parallel  satisfactorily  and,  conversely,  that  such  as 
have  similar  characteristics  will  do  so. 

If  the  generators  are  of  different  capacities,  their 
characteristics  must  be  such  that  the  total  load  will 
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KIG.    3.      EXCIT.\TION   OF   GENERATOR   A    DECREASED    TO 
MAKE  IT  TAKE  SAME  LOAD  AS   B  AT   100  VOLTS 

always  be  divided  among  them  in  the  proportion  of 
their  ratings.  Thus,  in  Fig.  4  characteristic  C  is  that 
of  a  generator  whose  capacity  is  half  that  of  the  one 
having  characteristic  B.  They  both  generate  120  volts 
at  no  load,  as  shown.  A  load  of  30  amperes  on  one 
would  reduce  its  terminal  voltage  to  the  same  value 
as  60  amperes  would  on  the  other :  namely,  to  100  volts. 
At  any  other  load  the  same  ratio — that  is,  1  to  2 — would 
hold  true,  demonstrating  that  the  machines  would  divide 
the  load  correctly  if  they  were  designed  to  develop  the 
characteristics  assumed. 

The  same  course  of  reasoning  can  be  applied  to  any 
other  tjT)e  of  generator,  such  as  the  series  and  com- 
pound. Discussion  of  the  former  may  be  omitted,  since 
it  finds  no  practical  application,  but  the  latter  is  of 
great  importance.  Indeed,  the  compound  generator  has 
a  far  greater  variety  of  applications  than  even  the 
shunt  type;  it  is  the  most  important  of  the  direct- 
current  machines.     We  shall  therefore  proceed  to  treat 


of  the  parallel  operation  of  such  machines  and  learn 
what  their  peculiarities  may  be. 

The  external  characteristics  of  overcompounded  gen- 
erators have  shapes  similar  to  those  of  the  curves 
illustrated  in  Fig.  5,  in  which  F  is  the  characteristic 
of  a  machine  more  heavily  compounded  than  the  one 
'.vhose  characteristic  is  G,  but  of  the  same  capacity. 
The  dissimilarity  in  the  curves  will  have  the  same  effect 
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as  in  the  case  of  shunt  generators:  that  is,  it  will 
prevent  the  machines  from  assuming  equal  shares  of 
the  load.  As  with  shunt  generators,  they  could  be  made 
to  assume  the  same  terminal  voltage  for  like  currents 
by  manipulation  of  the  shunt-field  rheostats,  but  they 
would  not  make  such  a  division  of  the  load  of  them- 
selves.     However,    if   possessed    of    identical   external 
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characteristics,  they  will  do  so,  in  which  respect  also 
they  behave  as  shunt  machines  would.  We  should  there- 
fore conclude,  as  in  the  case  of  the  shunt  type,  that 
machines  with  unlike  characteristics  will  not  operate 
well  in  parallel,  whereas  those  of  like  characteristics  will. 
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The  comlusions  roK«i'<linn:  shunt  nTP'ienitor.s  in  piiral- 
lel  nrc  borne  out  in  prnrtifo,  hut  it  i.s  found  that 
compound  jfoncrators  refu.se  to  operate  properly  even 
when  their  characteristics  are  identical,  unless  an 
additional  feature,  known  as  the  equalizing'  connection — 
the  necessity  for  who.se  introduction  is  not  recot^nized 
as  es.sential  until  a  further  study  of  conditions  has  been 
made — is  provided. 

In  what  follows  an  explanation  will  first  be  given 
as  to  why  an  equalizing  connection,  or  equalizer,  as 
■t-   A 


FIG.    G.      METHOD    OF    CONNE»"TIXO    COMPOUND-WOUND 
GENERATORS   IN   PARALLEL,  TO   A   LOAD 

it  is  frequently  referred  to,  is  required  when  operating 
compound  generators  in  parallel,  and  then  will  follow 
the  reason  for  the  satsifactory  operation  of  shunt 
generators  without  any  such  device.  To  facilitate  the 
discussion  of  the  points  involved  reference  will  be  made 
to  Fig.  6,  which  shows  two  compound  generators,  1 
and  2,  connected  to  the  mains  A  and  B,  supplying  cur- 
rent to  a  load  L.  Suppose  A  to  be  the  positive  and  B 
the  negative;  then  the  direction  of  the  currents  through 
the  shunt  and  series  fields  and  in  the  armatures  will  be 
that  indicated  by  the  arrowheads.  We  will  further  sup- 
pose that  the  generators  are  of  the  same  capacity  and 
design,  and  that  they  are  overcompounded  alike.  Also 
that  it  has  been  possible  to  place  them  in  parallel  and 
that  each  is  therefore  delivering  half  the  current  sup- 
plied to  the  load  L.  The  following  will  show  that  the 
machines  cannot  maintain  this  assumed  condition. 
Anything  affecting  the  generated  voltage  of  either 

■g      El 

machine  will  affect  its  load  current,  since  /  =     "  „ — . 

For  example,  the  speed  of  generator  1  might  increase 
slightly,  thereby  causing  an  increase  of  E.,  and  a  con- 
sequent increase  of  /.  Since  the  current  flows  through 
the  series  field  of  the  machine,  the  increase  in  its  value 
will  cause  an  increase  in  the  series-field  excitation  and 
a  corresponding  increase  in  the  combined  shunt-  and 
series-field  strength.  The  generated  voltage  will  there- 
fore be  further  increased,  causing  a  yet  greater  current 
to  flow  with  the  eifect  of  again  increasing  the  field 
strength  and  in  turn  the  current.  It  will  be  seen  that 
the  action  is  cumulative;  that  is,  that,  once  started, 
it  will  continue  unchecked.  Just  how  far  it  will  proceed 
depends  upon  the  amount  of  overcompounding. 

Before  considering  what  the  ultimate  result  would  be, 
we  will  turn  our  attention  to  the  other  machine,  No.  2, 
and  determine  what  effect  the  action  of  No.  1  has  upon 
it.  When  the  current  delivered  by  No.  1  increases,  that 
of  No.  2  must  decrease,  since  the  load  L  remains  prac- 
tically unchanged.  The  effect  of  a  decrease  in  current 
of  No.  2  is  exactly  the  reverse  of  what  an  increase 
would  have  as  described  in  the  case  of  No.  1 ;  that  is. 


the  initial  decrease  would  cause  a  diminution  of  excita- 
tion which  would  further  reduce  the  current  delivered, 
ajfain  affecting  the  field  strength,  and  so  on  until  some 
limiting  value  was  reached.  To  find  what  this  would  be, 
wc  will  consider  the  joint  action  of  the  machines. 

We  have  seen  from  the  foregoing  that  the  current 
delivered  by  one  machine  increa.ses  while  that  of  the 
other  decreases.  This  action  will  continue  until  No.  1 
carries  the  entire  load  and  No.  2  carries  none.  Gen- 
erally, the  action  does  not  cea.se  here,  but  proceeds  until 
No.  2  is  running  as  a  motor  driven  by  No.  1;  that  is, 
it  takes  current  from  the  line  instead  of  delivering  its 
share  to  it.  The  direction  of  the  current  through  its 
armature  would  conseciuently  be  reversed  and  therefore 
that  through  its  series  field. 

The  shunt-field  current  would,  however,  continue  to 
flow  in  the  same  direction  as  before,  since  the  field 
remains  connected  to  the  mains  as  before.  The  two 
fields  would  thus  be  opposed  to  each  other,  with  the 
shunt  field  predominating  at  the  time  the  series  field 
begins  to  reverse.  The  total  field  strength  will  of  course 
be  less  than  that  due  to  the  shunt  field  alone,  which 
will  tend  to  make  the  machine  speed  up  since  it  is 
running  as  a  motor.  It  is,  however,  connected  to  its 
prime  mover  whose  speed  generally  cannot  be  accel- 
erated, and  the  motor  is  therefore  compelled  to  run 
at  the  same  speed  as  before  even  though  its  field  be 
weaker.  The  counter-em. f.  is  therefore  reduced,  which 
increases  the  current,  since  it  was  found  when  studying 

B  -  Er 


motors  that  /  = 


R 


,    where  /  is  the  armature 


current,  E  the  impressed  voltage,  Ec  the  counter-e.m..f., 
and  R  the  armature  resistance.  This  increase  in  cur- 
rent increases  the  series-field  current,  thereby  causing 
a  still  weaker  field  and  a  consequent  further  increase  in 
current.     The  action  would  continue  until  the  current 


FIG.    7.      MODIFICATION    OF    DIAGRAM    FOR    PARALLEL 
CONNECTION   OF   COMPOUND   GENERATORS   TO    EX- 
PLAIN OPERATION  OF  EQX-ALIZING  CONNECTION 

became  so  great  that  the  safety  devices  protecting  it 
from  excessive  current  would  operate. 

In  practice  it  is  found  that  the  sequence  of  events 
enumerated  in  the  foregoing  takes  place  in  a  very  short 
period  of  time;  in  fact,  the  action  gives  the  impression 
of  being  an  instantaneous  one.  No  sooner  has  the  in- 
coming machine  been  connected  to  the  mains  than  the 
circuit-breakers  open.  Often  the  instantaneous  rush  of 
current  is  so  rapid  that  before  the  circuit-breakers 
can  interrupt  its  flow  it  has  become  so  great  that 
its  effect  in  flowing  through  the  series  field  is  to  cause 
the  series-field  excitation  to  exceed  that  of  the  shunt 
field  and  consequently  reverse  the  direction  of  the  mag- 
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netic  field.  It  would  then  be  found  that,  when  the 
machine  was  again  started,  its  voltage  would  build  up 
in  the  opposite  direction  to  that  it  previously  had. 

Should  the  safety  devices  fail  to  operate  before  the 
polarity  was  reversed,  the  machine  would  be  converted 
back  from  a  motor  into  a  generator  that  would  be  in 
series  with  the  other  one.  The  overload  would  be  still 
further  aggravated  thereby,  and  only  the  operation  of 
the  circuit-breakers  could  save  the  machines  from  seri- 
ous damage.  In  the  case  of  generators  that  are  only 
very  slightly  overcompounded  the  action  would  not  occur 
with  the  same  rapidity  as  in  more  heavily  overcom- 
pounded ones ;  in  flat-compounded,  and  more  particularly 
in  undercompounded  and  in  straight  shunt  generators, 
as  previously  stated,  there  would  be  no  such  disturbances 
at  all. 

We  will  now  go  back  to  the  subject  of  the  equalizing 
connection  previously  referred  to,  show  what  is  meant 
by  the  term,  and  how  the  connection  functions  in  pre- 
venting the  disturbances  which  would  occur  if  an 
attempt  were  made  to  operate  overcompounded  gen- 
erators in  parallel  without  using  it.  As  indicated  in 
Fig.  6,  the  equalizer  is  a  connection  between  the  ter- 
minals ab  of  the  machines.  With  switch  s  open  they 
would  not  operate  satisfactorily,  but  with  it  closed  the 
equalizing  connection  would  be  established  and  the 
machines  would  then  operate  together  successfully.  The 
connection  must  always  be  between  the  junction  points 
of  the  armature  and  series  field.  That  is,  it  could  not 
be  made  between  c  and  d,  for  example,  nor  c  and  b, 
nor  a  and  d.  Moreover,  it  must  be  of  a  very  low  re- 
sistance— so  low  that  it  shall  be  equal  to  only  a  fraction 
of  that  of  the  series-field  wind.  Since  the  latter  is 
itself  small,  that  of  the  equalizer  will  be  negligible  for 
all  ordinary  values  of  current.  In  fact,  the  connection 
is  usually  a  busbar  of  heavy  copper  similar  to  the  other 
main  connections  to  and  on  the  switchboard.  To  more 
clearly  understand  the  principle  involved,  reference  will 
be  made  to  Fig.  7,  which  duplicates  the  connections  of 
Fig.  6,  but  shows  a  slightly  different  location  of  the 
series  fields. 

Suppose  F^  to  be  the  field  of  machine  No.  1  and  F. 
that  of  machine  No.  2,  and  that  their  resistances  are 
R^  and  R,  respectively.  Also  assume  that  the  currents 
delivered  by  them  are  /,  and  7,  and  that  the  total  current 
7,  +  I.  is  equal  to  7.  Part  of  this  current  would  have 
to  pass  through  F,  and  part  through  F,,  the  division 
depending  on  the  resistances  7?,  and  7?,.  If  the  gen- 
erators are  of  like  design  and  capacity,  their  field  wind- 
ings would  have  the  same  resistance:  that  is,  we  would 
have  7?,  =  7?^.  Under  such  circumstances  the  current 
would  have  to  divide  between  them  equally  and  each 

/ 

would  therefore  carry  x  amperes. 

This  would  hold  true  irrespective  of  what  values  7, 
and  7,  night  have.  For  example,  they  might  be  equal — 
let  us  say  they  have  a  value  of  50  amperes;  then  the 
currents  through  F,  and  7^^  would  also  be  50  amperes. 
Again,  they  m'ght  have  values  of  30  amperes  and  60 
amperes  respectively,  which  would  give  7  =  60  -j-  30 
=  90  amperes;  this  current  would  also  divide  between 

90 
F,  and  7^^  equally,  and  each  would  be  carrying  -^  =  45 

amperes.     The  point  to  be  emphasized  is  that  when  an 


equalizing  connection  is  Used  the  currents  through  the 
series  fields  are  not  equal  to  the  armature  currents,  so 
that  a  change  in  armature  current  does  not  affect  the 
excitation  of  the  generator.  The  equalizing  connection 
thus  insures  the  maintenance  of  the  same  series-field 
excitation  in  both  generators  under  all  conditions  and 
consequently  prevents  the  unbalancing  of  their  loads 
which  is  otherwise  found  to  occur. 

The  conditions  are  not  changed  by  moving  7^^,  to  the 
left  of  the  diagram  and  7^^  to  the  right,  until  they  occupy 
the  positions  they  have  in  Fig.  6,  since  the  resistance 
of  the  equalizer  is  very  small  and  does  not  change  the 
distribution  of  current.  That  is,  there  is  a  certain  volt- 
age drop  between  B  and  C  equal  to  77?,  where  R  is  the 
combined  resistance  of  F^  and  F,,  and  since  this  voltage 
exists  across  both  of  them,  the  total  current  will  always 
divide  between  them  inversely  as  their  ratio.  On  the 
other  hand,  if  the  equalizer  had  an  appreciable  re- 
sistance, there  would  be  a  drop  in  voltage  between  the 
junctions  ab  when  current  flowed  through  the  equalizer, 
and  consequently  the  voltage  across  ah  would  not  be 
the  same  as  that  across  bk,  which  is  the  case  when  the 
resistance  of  the  equalizer  is  negligible. 

The  current  through  the  equalizer  will  be  equal  to 
half  the  difference  of  the  load  currents.     Thus,  if  7e  is 

the   equalizer   current,    we    have    h    =      '    „ — - .      A 

numerical   example  will   show'  why   this   must   be  so. 

Suppose  7,  to  be  30  amperes  and  7,  to  be  20  amperes. 

Then    the   current    through    each    series    field    will    be 

/i  +  I2  20+30 

2 ~    2 "^         amperes,   from  which  it 

will  be  seen  that  the  current  through  armature  No.  1 
is  5  amperes  greater  than  the  current  through  its  field 
F\,  and  that  the  current  through  armature  No.  2  is 
5  amperes  less  than  that  through  F..  The  excess  cur- 
rent of  F,  flows  through  the  equalizer  to  the  junction  a 
and  thence  through  the  armature  of  generator  No.  1, 
thereby  supplementing  the  current  from  F,  and  making 
up  the  deficiency  in  it.  The  equalizer  current  is  seen  to 
be  one-half  of  the  difference  between  the  armature 
currents,  as  predicted,  since  we  have  7,  —  7,  =  30  — 
"^  /i  - 12        10 


20  =  10  amperes,  and  le 


r> —  =  -^  =  5  amperes. 


In  the  next  lesson  we  shall  inquire  into  the  reason 
for  the  satisfactory  operation  of  shunt  generators  when 
connected  in  parallel  as  contrasted  with  the  behavior  of 
compound  ones  when  no  equalizer  is  used.  Practical 
points  in  reference  to  methods  of  connecting  and  operat- 
ing generators  for  parallel  service  will  also  be  discussed. 

The  problem  given  in  the  preceding  lesson  was  to  find 
the  efficiency  of    10-hp.  220-volt  shunt  motor  at  25,  50, 

t)ATA    DERIVED    IN   COMPUTING   THE   EFFICIENCY   OF  A    lO-HP 
220-VOLT   SHUNT   MOTOR 

h  E  Ia=  ^a^a  ^=  "*  =  e  = 

h-If  K+I-'aRa         EI,  W—L 


Amperes 

Volts 

Amperes 

Watts 

Watts 

Watts 

W 
Per  Cent. 

9  5 

220 

8  5 

22 

422 

2.090 

79  8 

19  0 

220 

18.0 

97 

497 

4,180 

88.1 

28  5 

220 

27  5 

227 

t97 

6,27u 

88.9 

38  0 

220 

37  0 

411 

811 

8,360 

90  3 

47  5 

220 

46  5 

649 

1,049 

10,450 

90  0 

75,  100  and  125  per  cent,  of  full-load  current.  The 
normal  current  was  given  as  38  amperes,  the  armature 
resistance  as  0.3  ohm,  the  field  current  as  1.0  amper<» 
and  the  constant  losses  as  400  watts.     Applying  th^ 


symbols  used  in  th^  precediiiK  lesson,  we  have  the  rfsult." 
shown  in  the  tnbif.  Tho  viirious  loud  currents  spocified 
are  ri>i)ri'st'nti'd  by  li,  and  the  nurmai  voltatfe  by  £,'. 
The  armature  currents  /„  are  ol)tained  by  subtractinit 
the  field  current  /,,  which  is  jfiven  as  1.0  ampere,  from 
the  vahios  of  /,.  The  variable  losses  are  e<iual  to 
l'.,Hi,  where  A,',,  is  the  armature  resistance,  which  is 
jriven  as  0.3  ohm.  The  total  losses  L  are  the  sums  of 
the  variable  lo.sses  /'„/i*„  and  the  constant  loss  A',  which 
latter  is  ^'iven  as  bein^  -lOO  watts.  The  inputs  \V  are 
obtained  from  the  multiplication  of  the  values  of  /,  by 
the  normal  voltage  K.  The  efliciencies  are  then  computed 
by  dividing  the  inputs  by  the  outputs,  that  is,  dividing 
\V  —  L  by  W. 

What  currents  would  the  generators  who.se  external 
characteristics  are  represented  in  Fijf.  1  deliver  if  their 
terminal  voltage  were  110  volts?  What  positions  would 
the  curves  have  to  occupy  if  th^  generators  were  re- 
quired to  supply  equal  parts  of  a  load  of  100  amperes  at 
120  volts? 


Emergency  Shaft  Repair 

A  shaft  broke  at  a  coupling  A,  and  instead  of  using 
another  coupling  and  a  new  piece  of  shafting,  a  piece 
5  in.  long  was  cut  from  the  defective  end  and  the  new 
end  turned  on  the  remaining  length  of  shafting  on 
which  to  fit  the  coupling. 

Next  a  round  piece  of  tough  oak  wood,  5  in.  long 
and  of  a  diameter  to  fit  inside  of  the  bolt  holes 
of  the  coupling  was  secured,  as  were  also  bolts  5  in. 


"WHERE   THE    SHAFT    CRACKED   AI*ID 
HOW    IT    WAS    REPAIRED 


All 


longer  than  those  originally  used  in  the  coupling, 
was  assembled  as  shown  in  the  lower  view'. 

This  job  was  completed  inside  of  an  hour  and  gave 
satisfactory  results.  The  wooden  block  held  without 
turning,  the  bolts  being  drawn  up  tight. 


A  S|M'(*ial  l)rilliii«;  F)eviee 

The  illustralioM  shows  a  device  that  has  been  found 
of  advantage  when  it  is  neces.sary  to  drill  a  hole  from 
the  inside  of  a  boiler  or  tank,  says  J.  A.  Lucas  in  Coal 
Aye.  A  represents  a  ba.^e  piece  made  with  a  journal 
stud  li.    This  l)ase  piece  is  provided  with  a  radial  arm 


fmiwm<rspm-}rviii'i^r- 


UETAILS    OF    A    SPECIAL    DRILLING    DEVICE 

C,  with  threaded  ends  and  nuts  made  with  conical 
projecting  ends,  as  shown  at  D.  One  of  these  pieces 
is  used  at  each  end  of  the  machine,  when  convenient, 
for  entering  and  holding  the  frame.  When  not  con- 
venient to  use  two  of  them,  one  end  of  the  frame  is 
sustained  as  shown  in  the  illustration  or  in  some  other 
manner  that  may  suggest  itself. 

The  ca.sting  F  is  made  of  two  pieces  and  is  provided 
with  a  bearing  for  the  pin  B  and  holds  the  ends  of  the 
rods  EE.  The  actuating  shaft  G  carries  the  bevel 
gear  H,  more  clearly  seen  in  the  figure  at  the  side, 
which  drives  the  drill  spindle,  whose  ends  are  of  dif- 
ferent lengths  for  convenience  in  reaching  to  different 
distances.  The  crosshead  may  be  slid  along  as  required 
on  the  rods  and  the  revolving  frame  and  the  drill 
turned  around  to  different  positions. 

Large  Pumping  Stations  in  Holland 

With  a  view  to  increasing  the  amount  of  land  under 
cultivation,  several  large  pumping  stations  for  un- 
watering  inundated,  or  water-logged  polders,  are  being 
erected  in  Holland,  says  the  Engineer.  Another  large 
pumping  station  is  about  to  be  erected  at  Lammerburen, 
in  the  province  of  Groningen,  where  it  will  be  used 
for  reclaiming  the  polder  "Electra." 

This  plant  will  be  the  largest  electrically  driven  pump- 
ing installation  in  Holland  if  not  in  Europe,  and  will 
comprise  three  screw-pumps  similar  to  those  used  for 
the  City  of  New  Orleans,  each  pump  being  driven  by 
a  three-phase  motor  of  558  hp.  capacity  and  capable  of 
delivering  210,000  gal.  per  min.  The  three  pump^  to- 
gether, therefore,  will  !ift  630,000  gal.  per  min.,  or  at 
the  rate  of  over  900,000,000  gal.  per  day. 


It  may  not  be  necessary  for  a  steam-engine  operator  to 
be  well  versed  in  the  theory  of  heat  motors,  but  he  misses 
a  lot  of  solid  satisfaction   if  he  lacks  that  knowledge. 


EDITORIALS 


Morale  in  the  Power  Plant 

ONE  of  the  lessons  of  the  war  which  should  be 
carried  over  into  the  new  year  in  power-plant 
practice  is  the  value  of  morale.  There  is  not  much  room 
for  ar^ment  at  this  late  day  regarding  the  value  of 
teaMiplay  in  industrial  organizations  as  well  as  in  mili- 
tary and  naval  enterprises.  Morale,  however,  is  more 
than  cooperation;  it  represents  the  spirit  of  the  attack 
upon  the  problem  in  hand  or  the  work  to  be  done,  and 
is  greatly  needed  in  the  reconstruction  era  into  which 
the  world  has  now  entered. 

The  power  plant  is  unusually  well  situated  to  take 
advantage  of  the  results  of  morale.  It  is  an  organized 
affair  in  which  orderly  processes  are  conducted  toward 
specific  useful  ends.  The  results  attained  from  shift  to 
shift  or  from  day  to  day  furnish  an  index  of  efficiency 
which  should  be  the  point  of  departure  for  the  next 
cycle's  operations.  The  work  of  the  plant  is  closely 
related  to  industrial  or  other  time  schedules,  and  so 
the  conditions  are  favorable  for  both  self-discipline  and 
high-grade  executive  supervision. 

The  successful  development  of  morale  rests  upon  a 
common  objective  recognized  by  the  rank  and  file  of 
the  organization.  While  the  great  struggle  abroad  was 
on,  this  objective  was  the  clear-cut  duty  of  winning 
the  war.  Everything  else  had  to  be  subordinated  to 
this.  Power-plant  operation  took  on  the  glow  of 
patriotic  service;  fuel  saving  became  a  part  of  the 
nation's  tactics.  Overtime  was  cheerfully  accepted  and 
labor  shortage  was  acknowledged  without  complaint  by 
those  who  filled  the  breach.  Now  the  war  is  won 
and  as  we  turn  the  comer  of  the  year  are  motives 
still  with  us  capable  of  leading  us  along  the  paths  of 
efficiency,  or  are  we  going  to  slump  back  into  the  old 
days  of  wasting  resources  and  being  satisfied  to  "get 
by"  with  a  certain  mediocre  performance  in  place  of 
the  superlative  services  rendered  in  the  last  few  months 
and  years  ? 

The  responsibility  is  dual.  The  employer,  the  power- 
plant  owner,  the  superintendent,  must  see  to  it  that  a 
new  incentive  is  provided  and  maintained  for  his  men 
to  "carry  on,"  sharing  in  some  manner  the  increases 
in  efficiency  secured  by  the  staff.  The  old  days  of  hiring 
two  or  three  engineers  and  a  bunch  of  firemen  at  the 
lowest  possible  wages  and  turning  them  loose  in  the 
station  without  subsequent  regard  to  any  ratio  between 
pay  and  plant  performance  do  not  "jibe"  with  1919 
conceptions  of  justice  or  of  good  business.  The  days 
are  passing  when  any  power-plant  owner  has  any  reason 
to  expect  to  "hog"  all  the  savings  made  by  the  men 
who  run  his  station ;  and  in  their  place  are  coming  days 
where  a  measure  of  reward  for  extra  effort  will  be  ac- 
corded those  responsible  for  the  improved  results.  And 
the  employee — well,  the  time  has  come  for  him  to  face 
the  everlasting  fact  that  hard  work  and  hard  work  alone 
must  furnish  the  basis  of  all  prosperity;  that  merely 


"getting  by"  is  not  the  way  to  advance  the  fortunes  of 
oneself  or  one's  employer;  and  that  to  share  in  the 
profits  one  must  deserve  them.  Thus  there  is  a  call  for 
a  new  and  high  kind  of  morale,  expressed  in  faithful 
industry,  initiative  and  fair  dealing  for  the  recognition 
of  common  interests  by  employer  and  employee.  With 
individual  determination  to  make  1919  set  a  new  stand- 
ard in  relations  between  plant  owners  and  plant  oper- 
ators, gains  in  efficiency  will  be  realized  which  will  be 
mutually  and  nationally  helpful,  and  something  of  the 
spirit  of  the  fighting  men  of  1918  will  be  seen  in  the 
assault  of  the  plant  owners  and  workers  upon  prevent- 
able wastes  and  other  evils  of  long  standing  which  are 
now  due  for  the  discard. 

Liberty  Fuel 

DURING  the  last  few  years  the  gasoline  substitute, 
through  the  various  nostrums  that  have  been  ex- 
ploited and  proclaimed  by  the  daily  press,  has  well 
earned  a  place  beside  the  proverbial  perpetual-motion 
machine.  In  practically  all  of  these  cases  the  man  with 
the  "Magic  Pill"  or  the  "Green  Powder"  has  claimed 
what,  to  the  technical  man,  was  the  impossible  and 
thus  immediately  stamped  the  product  as  a  fake. 

These  experiences  have  led  the  engineering  profession 
to  view  with  skepticism  anything  of  this  nature,  and 
it  has  consequently  received  the  announcement  of  the 
new  Liberty  fuel  with  the  "I  am  from  Missouri" 
attitude. 

There  is  an  essential  difference,  however,  between 
Liberty  fuel  and  its  predecessors;  the  claims  are  more 
conservative  and  it  is  freely  admitted  that  the  basis 
of  the  fuel  is  kerosene — as  high  as  eighty  per  cent — 
the ,  remaining  ingredients,  which  have  not  been  offi- 
cially disclosed,  imparting  the  necessary  "pep"  to  the 
kerosene. 

The  new  fuel  appears  to  have  been  evolved  with  a 
view  to  meeting  the  predicted  shor+age  of  gasoline 
during  the  spring  of  1919  had  the  demands  of  the  war 
continued.  Its  performance  does  not  differ  greatly  from 
that  of  gasoline  and  the  cost,  it  is  claimed  by  the 
inventors,  would  be  slightly  less.  The  tests  made  at 
the  Bureau  of  Standards,  reproduced  in  part  elsewhere 
in  this  issue,  do  not  show  marked  advantage  over  a 
high  grade  of  gasoline,  the  essential  difference  being 
a  greater  initial  explosive  jffect  with  resultant  higher 
flame  propagation  and  lower  temperature  of  exhaust 
gases — an  advantage,  as  concerns  a  cooler-running 
engine,  provided  there  are  no  accompanying  detrimental 
effects. 

For  reasons  involving  the  rights  of  the  inventors 
they  have  not  seen  fit  to  disclose  the  composition  of 
the  mixture  or  the  process,  but  indications  point  very 
strongly  to  the  employment  of  a  well-known  explosive 
in  small  quantity  as  one  of  the  ingredients.  Whether 
this  is  in  sufficient  quantity  to  produce  a  detrimental 


effet-t  on  the  inetul  of  tho  eiiKi"*'  by  loiiR  use  uiidt-r 
service  conditions  remains  to  he  proved.  It  is  loo  early 
to  condemn  the  fuel,  and  out  of  fairness  to  the  in- 
ventors, opinion  should  he  reserved.  Oi\  the  other  hand, 
the  sooner  they  come  out  into  the  open  the  sooner 
will  confidence  in  the  product  he  established.  It  is 
significant,  however,  that.  althouRh  the  tests  were  con- 
ducted at  the  Hureau  of  Standards,  that  (lovernment 
agency  has  not  yet  seen  fit  officially  to  give  its  stamp 
of  approval  and  the  proposition  in  many  respects  re- 
mains a  private  one. 

"I^  Inponioria  lutornacioiial" 

REALIZING  the  value  of  the  international  exchanfiro 
of  ideas  on  things  engineering,  the  McGraw-Hill 
Company  on  March  first  will  begin  publication  of  a 
magazine  dedicated  to  that  purpose.  While  eventually 
it  is  expected  to  appear  in  editions  in  several  languages, 
the  original  issue  will  be  in  Spani.sh,  under  the  name, 
"La  higoiifrin  Intemacional,"  aimed  to  serve  Latin- 
America  and  Spain. 

The  purpose  of  the  new  magazine,  which  has  been 
under  consideration  for  several  years,  is  to  afford  a 
medium  for  the  presentation  of  tho.se  developments  in 
American  engineering  which  may  be  of  value  to  engi- 
neers, contractors  and  manufacturers  in  other  lands. 
At  the  same  time,  following  the  practice  of  the  present 
McGraw-Hill  publications,  a  far-flung  editorial  organi- 
zation will  be  developed,  so  that  there  will  be  drawn 
into  the  paper  the  best  of  engineering  practice  in 
Latin-America,  Spain  and  other  Spanish-speaking 
countries.  Aside  from  this  function,  the  new  magazine 
will  be  an  important  developer  of  international  good- 
will, and  at  the  same  time  a  medium  by  which  American 
manufacturers  engaging  in  export  trades  can  carry 
their  message  to  prospective  buyers  in  foreign  lands. 
It  may  be  a  cause  of  surprise  that  the  McGraw-Hill 
Company,  whose  specialized  papers  circulate  so  widely 
overseas,  should  establish  a  magazine  to  serve  the 
foreign  field.  The  reason,  however,  is  not  hard  to  find. 
The  present  highly  specialized  paper?  appeal  only  to 
those  who  are  situated  where  engineering  enterprise 
has  made  such  progress  that  there  is  room  for  the 
specialist  and  need  for  the  latest  refinement  in  equip- 
ment and  design.  But  everywhere  the  world  over  are  ter- 
ritories newly  developing  where  the  engineer,  the  con- 
tractor and  the  manufacturer  must  turn  their  hands  to 
many  lines.  It  is  to  sen'e  the  general  practitioner  .so 
situated  that  the  new  magazine,  and  its  later  com- 
panions in  other  languages,  will  be  started.  The 
specialized  papers  in  English  will  still  hold  their  place 
as  the  recorders  of  the  best  in  the  advanced  practice 
of  American  engineering. 

Pointers  on  the  Care  of  Equipment 

THE  letter  on  another  page  of  this  issue,  describing 
the  difficulties  the  contributor  at  first  experienced  in 
operating  an  indirect  automatically  controlled  heating 
system  is  proof,  if  proof  be  needed,  of  the  soundness  of 
the  stand  Power  has  always  taken — that  it  is  to  the 
mutual  advantage  of  both  manufacturer  and  user  to 
publish  complete  and  intimate  description  of  all  equip- 
ment and  full  instructions  for  its  care  and  management, 


together  with  suggestions  a.s  to  things  to  "watch  out 
for." 

It  can  be  acknowledged  by  anyone  that  his  apparatus 
is  not  foolproof  without  dotnic  ling  in  the  least  from  its 
merit.  A  therm«)Htat,  for  exainple,  is  a  delicate  in.stru- 
ment,  and  it  ia  often  mistre;iti d  or  neglected  simply  be- 
cause the  man  in  charge  ol  it  does  not  realize  its 
delicacy.  An  exceedingly  siiiiill  air  leak  or  particle  of 
.scale  may  cau.se  it  to  fail  to  function  properly.  Why 
not  caution  the  engineer  aj-'iinst  such  things?  The 
user  of  an  electric  motor  may  get  along  first  rate  with- 
out knowing  the  kind  of  winding  on  the  armature,  but 
knowing  its  construction  thoroughly,  he  will  no  doubt 
take  more  interest  in  his  machine. 

It  is  safe  to  say  that  many  good  systems  of  heat  con- 
trol have  failed  and  become  discredited  simply  because 
there  was  little  or  nothing  done  by  the  manufacturer  or 
dealer  to  "wise  up"  the  user  of  the  equipment.  Power 
stands  ready  to  entertain  such  articles  for  the  benefit 
of  all. 

A  Series  of  Articles 
on  the  Diesel  Engine 

CONSIDERABLE  impetus  has  been  given  to  the 
Diesel-engine  industry  in  the  United  States  by  the 
adoption  of  Diesel  engines  for  the  propulsion  of  a 
large  number  of  ocean-going  vessels  of  various  types 
built  during  the  war.  The  same  type  of  engine  has 
also  been  installed  on  many  vessels  as  a  source  of 
power  for  driving  lighting  outfits  to  be  used  in 
emergencies.  The  resuit  has  been  to  focus  attention  on 
the  Diesel  engine  as  a  prime  mover. 

In  this  issue  is  the  first  of  a  series  of  twenty  articles 
dealing  with  the  details  of  construction  and  operation 
of  stationary  Diesel  engines.  They  are  written  in 
the  form  of  informal  talks  between  the  chief  engineer 
of  a  Diesel-engine  plant  and  his  associates,  and  so 
they  naturally  lead  to  friendly  discussion  of  the  troubles 
met  with  in  the  management  of  the  engines  and  the 
methods  used  to  overcome  the  difficulties. 

Lieutenant  Morrison,  author  of  the  articles,  has  had  an 
extensive  and  varied  experience  in  erecting  and  operat- 
ing oil  engines,  particularly  in  the  Southwest,  and  so 
he  writes  from  first-hand  knowledge  of  the  subject. 
Regular  readers  of  Power  will  recall  his  recent  series 
of  contributions  on  the  low-compression  oil  engine. 
The  new  series  is  equally  informative  and  will  be  of 
value  to  all  who  are  interested  in  the  Diesel  engine. 

Failure  has  brought  .success  in  many  instances.  The 
Allied  army  failed  to  decisively  defeat  the  German  army 
for  over  three  years,  but  where  is  the  German  army 
today?  Westinghouse  could  not  find  a  market  for  his 
air-brake  when  it  was  first  perfected,  but  look  at  it 
now.  The  Panama  Canal  was  a  failure  under  several 
managements,  but  Uncle  Sam  finished  the  job.  Moral: 
If  one  effort  is  a  failure,  it  does  not  mean  that  the  sit- 
uation is  hopeless.     Tackle  it  again! 


Since  the  Fuel  Administration  became  active  in  its 
investigation  of  steam  plants,  many  an  engineer  has 
discovered  that  daily  plant  records  are  just  as  inter- 
esting as  box  scores  and  batting  averages,  and  con- 
siderably more  important. 
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Experience  With  Automatic  Indirect 
Heating  System 

Following  is  the  story  of  some  of  the  troubles  we  had 
with  an  automatically  controlled  indirect  heating  system 
in  a  public  school.  Being  unfamiliar  with  this  particu- 
lar system  of  control  at  the  time,  I  called  on  a  repre- 
sentative of  the  company  and  was  given  many  good 
pointers  and  among  other  things  was  told  that  every  sys- 
tem, even  of  the  same  make,  has  its  own  peculiarities  of 
operation.  That  this  is  true  I  found  out  before  the  heat- 
ing season  had  progressed  very  far. 

The  first  "snag"  that  we  struck  was  that  we  could 
not  heat  the  whole  building  at  once.  One  half  would 
not  heat  until  the  other  half  was  up  to  temperature  and 
the  thermostats  had  closed  half  the  dampers  in  the 
plenum  chamber;  in  fact,  one  half  of  the  building  would 
actually  get  colder  while  the  other  part  was  being  heated. 
As  the  time  for  heating  the  rooms  was  unreasonably 
lengthened  by  this,  I  began  to  hunt  high  and  low  for 
the  trouble, 
and  I  found 
that,  on  very 
cold  days  espe- 
cially, the 
heating  coils 
would  heat 
only  halfway 
across.  Rais- 
ing the  pres- 
sure to  15  or 
20  lb.  did  no 
good.  The 
steam  supply 
was  of  ample 
capacity  and 
the  manifolds, 

top  and  bottom,  were  large,  but  the  air  vents  or  valves 
were  located  on  the  wrong  side  of  the  radiators,  allow- 
ing them  to  become  airbound,  and  of  course  the  air 
passing  at  that  side  was  not  heated.  We  could  not 
change  the  location  of  the  valves  during  the  heating 
season,  but  improved  the  operation  greatly  by  installing 
baffles  in  the  plenum  and  tempered-air  chambers  in  such 
a  way  as  to  mix  the  air  to  a  uniform  temperature,  after 
which  we  had  no  trouble  in  raising  the  temperature 
evenly  throughout  the  building.  We  will  have  the  vents 
changed  in  the  spring. 

In  mild  weather  the  building  was  overheated  be- 
cause the  thermostat  in  the  tempered-air  chamber  was 
located  about  midway  of  the  length  of  the  tempered- 
air  duct  instead  of  at  the  extreme  end,  so  we  had  to 
keep  the  thermostat  set  for  a  low  temperature  (58  deg.) 
at  this  point  because  the  temperature  was  increased 
another  10  deg.  in  passing  to  the  end  of  the  duct,  partly 
because  of  the  partition  between  the  two  chambers,  the 
tempered-air  and  hot-air  duct  not  being  insulated.     An 


uncovered  2i-in.  live  steam  pipe  in  the  tempered-air 
duct  also  tended  to  raise  the  temperature  still  more.  To 
"get  next"  to  such  peculiarities  takes  time,  and  in  the 
interval  someone  has  to  suffer  inconvenience.  In  many 
instances  a  perfectly  good  system  of  heat  control  is  con- 
demned because  of  defective  installation  and  improper 
operation  of  the  apparatus.  A.  Blom. 

Charleston,  111. 

Making  Diesel  Operators  from  Steam 

Engineers 

On  page  816  of  the  issue  of  Dec.  3,  1918,  I  notice 
an  editorial  on  "Making  Diesel  Operators  from  Steam 
Engineers."  This  article  was  written  on  suspicion, 
apparently,  and  it  might  have  been  a  good  thing  to  have 
liad  the  suspicion  verified  first.  In  regard  to  the  diffi- 
culties of  operation  I  would  like  to  call  to  your  attention" 
the  fact  that  the  cylinders  in  a  Ford  automobile  have 
very  much  nearer  the  temperature  and  pressure  condi- 

t  i  o  n  s    in    a 


GENERAL  -VRRANGEMEXT  OF  COIT.S,  PAN  AND  DUCT.S 


Diesel  engine 
than  they  have 
to  those  ob- 
taining in  an 
ordinary,  re- 
ciprocati  n  g 
steam  engine. 
Have  you  ever 
heard  it  as- 
serted that  a 
Ford  automo- 
bile needed  an 
extraordi- 
narily  skilled 
attendant,  due 
to  these  pres- 
sures and  temperatures?  I  never  have,  and  I  don't 
believe  anyone  else  has.  As  for  the  running  clearance 
of  the  pistons  in  the  liners,  Diesel  engines  have  two 
or  three  times  the  clearance  that  a  good  many  of  our 
steam  engines  had. 

The  ideal  engineer  to  have  charge  of  a  Diesel- 
engine  installation  is  one  that  is  a  good  executive 
to  see  that  his  force  is  properly  organized  and  that  the 
various  things  that  have  to  be  done  are  actually 
done  from  time  to  time. 

This,  you  will  notice,  is  the  same  kind  of  man  who 
should  have  charge  of  any  machinery.  The  Diesel 
engine  and  the  things  that  have  to  be  done  can  easily 
be  understood  and  learned  by  any  operator  of  intel- 
ligence. Special  skill  is  not  required,  and  if  he  will  see 
that  these  things  are  done  from  time  to  time  he  is  no 
more  likely  to  have  trouble  with  a  Diesel  engine  than 
with  any  other  kind  of  engine.  In  fact,  the  things  to 
do  to  operate  a  Diesel  engine  properly  call  for  less  skill 
and  are  much  easier  to  learn  than  the  things  necessary 
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to  properly  operate  a  stenm  plant.  Wo  have  become  so 
familiar  with  the  steam  plant,  however,  that  the  skill 
neeessary  for  its  proper  operation  is  taken  as  t  matter 
of  course.  Hartk  Cookk, 

Auburn,  N.  Y.         Miliitosh  &  Seymour  Corporation. 

Spociilatioii  l{o<:;ar<liii<j;  a  lioih'r  KxploHion 

In  the  issue  of  Nov.  26,  11H8,  pajre  776,  there  appears 
an  account  of  a  boiler  explosion,  accompanied  by  a  chart 
from  a  recordinjj  Katre.  upon  which  I  wish  to  comment. 
There  was  a  sharp  ri.se  in  jiressure  from  6  to  6:  20  a.m. 
due  to  the  breaking  up  of  the  banked  fire.  At  this  time 
it  was  doubtless  discovered  that  the  water  was  low.  and 
.starting  the  pump  and  closing  the  draft  caused  a  decided 
drop — to  about  40  lb.  Then  it  was  decided  to  pull  the 
fire,  the  steam  holding  up  well  during  this  period,  but 
it  afterward  went  down  very  rapidly  to  about  5  lb. 
At  this  time  the  water  coming  in. contact  with  the  hot 
plates  turned  it  into  a  flash  boiler,  causing  the  pressure 
to  rise  so  rapidly  as  to  show  instantaneous  rise  on  the 
chart  to  120  lb.  at  10  minutes  to  8  o'clock,  at  which  time 
the  explosion  took  place.  It  is  well  known  that  a  high 
pressure  can  be  obtained  in  a  few  minutes  with  flash 
boilers.  This  makes  them  dangerous  and  prevents  them 
from  coming  into  general  use. 

Spokane,  Wash.  WiLLlS  W.  NELSON. 

Floatless  Floats 

A  12-in.  copper  float,  connected  to  a  valve  in  the 
water-supply  pipe  to  our  open  feed-water  heater,  filled 
with  water,   sank   to  the   bottom   and   remained   there, 


COUXTERWEIGHT   BALANCES    FLOAT   AACHEN   IN   WATER 

"dead."  Acting  on  the  well-established  principle  that  it  is 
a  bad  habit  to  spend  money,  the  chief  refused  to  order 
a  new  one.  A  lever,  with  a  counterweight,  was  bolted 
to  the  valve  arm,  which  raised  the  float  to  the  surface 


of  the  watvr,  converting  a  buoyant  float  into  a  siniph 
dis|)lacfnicnt  body.  A  biioyaiit  float  exerts  force  to  rise 
to  the  surface,  while  a  displacement  body  exerts  itH 
greatest  force  in  an  oppositt*  direction  when  not  in 
water,  becauHe  of  its  weight.  I  think  this  type  of  float 
can  be  used  to  advantage  in  many  places  and  do  away 
with  the  annoyance  that  is  almost  sure  to  occur  sooner 
or  later  with  any  buoyant  float.  The  illustration  only 
suggests  how  to  apply  this  principle  in  a  simple  and 
practical  way. 

In  our  case  this  arrangement  is  now  working  nicely, 
is  positive  in  action  and   is  certainly  troubleproof. 

Milford.  N.  .J.  Georck  Woolavkr. 


For  some  time  the   float   in   our  heater  had   a   leak,   ^ 
and    it   would    not   rise   and   shut   off   the   water.      The 
heater  would  fill  until  the  water  ran  out  at  the  overflow. 


LOGGED  FLOAT   HELD  UP   BY   OUTSIDE  WEIGHT 

and  sometimes  if  the  load  was  light  the  water  would 
get  into  the  exhaust  pipe.  What  we  need,  of  course, 
is  a  new  float,  but  that  costs  money  and  it  is  quite  a 
job  to  take  the  heater  apart.  To  tide  over,  I  made  a 
clamp  and  fastened  it  to  the  rod  that  the  float  is  con- 
nected to  and  hung  weights  on  the  end  of  the  clamp, 
acting  in  the  opposite  direction,  to  balance  the  extra 
weight  of  the  float.  The  float  is  now  held  partly  out 
of  the  water,  and  as  the  water  recedes  the  weight  of 
the  float  overbalances  the  outside  weight,  closing  the 
valve,  and  the  water  is  held  at  the  right  height  in  the 
heater.  JOHN  W.  Warwick. 

Salt  Lake  City,  Utah. 

[By  a  curious  coincidence  the  foregoing  two  letters 
on  the  same  subject  reached  us  at  almost  the  same 
time. — Editor.] 

Utilizing  Waste  Exhaust  Steam 

We  have  two  separate  heating  systems  in  which  ex- 
haust steam  is  used.  Into  one  of  them  more  exhaust  is 
discharged  than  can  be  utilized,  and  some  of  it  was 
formerly  allowed  to  escape  to  the  atmosphere;  but  into 
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he  other  there  is  not  enough  discharged  to  supply  the 
lemand,  so  that  live  steam  at  low  pressure  had  to  be 
dmitted  through  a  reducing  valve. 

I  have  connected  these  systems  and  steam  flows  from 
me  to  the  other.  To  overcome  the  friction  in  the  pipe 
ind  increase  the  flow  of  steam  a  "siphon"  was  added. 


HIGH-PRESSl'RE    JF:T    IN    HEATINC    SY.STEM 

I  his  draws  steam  from  one  system  and  discharges  it 
nto  the  other,  giving  satisfactory  results.  The  high- 
Dressure  steam  pipe  is  only  «-in.  with  a  J-in.  nozzle, 
nence  it  cannot  use  as  much  high-pressure  (75-lb.) 
5team,  and  since  it  is  discharged  into  the  heating  system 
it  is  not  wasted.  W.  H.  Wakeman. 

New  Haven,  Conn. 

A  Dangerous  BlowoflF  Connection 

A  large  vertical  boiler  was  installed  with  the  blowoff 
piping  made  up  as  shown  in  the  illustration.  The 
opening  in  the  shell  was  for  2i-in.  pipe,  and  on  the 
end  of  the  first  nipple  used  was  a  regular  2i-in.  elbow 
with   a   2*   X   2-in.   bushing   in   its   lower   end.      Then 


BUSHING   USED  TO   MAKE  UP  BLOWOFF   PIPING 

followed  a  2-in.  nipple  and  one  of  the  poorest  gate 
valves  on  the  market.  This  valve  might  have  lasted  a 
few  months,  but  the  light  cast-iron  bushing  was  the 
weakest  point  in  the  line,  as  it  reduced  but  one  pipe 
size  and  was  plainly  too  weak  to  be  used  in  connection 
with  150  lb.  pressure.  Furthermore,  it  was  not  screwed 
into  the  elbow  enough  to  take  up  ^11  the  threads. 
When  the  boiler  in.spector  made  his  first  visit,  this 


piping  was  condemned  and  taken  out,  thus  preventing 
what  would  probably  be  called  an  "accident"  in  case 
of  a  failure.  The  .specifications  and  the  blueprint  for 
this  piping  called  for  a  reducing  elbow,  thus  di.spensing 
with  a  bushing  at  this  point.  Notwithstanding  this,  the 
job  was  done  as  shown.  W.  W.  HENRY. 

New  Haven,  Conn. 

Boiler  Blowoff  Valves 

The  letters  about  blowoflf  valves  are  getting  interest- 
ing and  demonstrate  that  too  much  care  cannot  be  used 
in   dealing  with   this   part   of  the  boiler   equipment. 

A  regular  overhauling  or  inspection  of  the  blowoff 
valves  at  least  once  a  month  should  inform  one  of  the 
condition  of  the  valves,  and  it  would  be  impossible  for 
the  bolts  to  rust  through  between  inspections,  even 
though  they  are  subject  to  salt  water,  dampness  from 
blowing  back  of  exhaust  steam,  leaky  tubes,  and  soot 
or  flue  ashes  from  cleaning  the  boilers,  and  combustion 
chambers.  The  type  of  fittings  also  plays  an  important 
part.  Some  use  screwed  valves  and  fittings  rather  than 
flanged  ones  becau.se  they  are  a  little  cheaper,  but  this 
is  bad  practice.  The  space  in  back  of  boilers  is  usually 
limited  and  crowded  with  connections,  besides  being 
dirty  and  wet  while  cleaning  the  boilers,  especially  those 
of  the  water-tube  type.  The  blowoff  must  be  connected 
to  the  lowest  part  of  the  boiler  and  is  therefore  usually 
close  to  the  floor.  Under  these  conditions  a  man  grind- 
ing or  repairing  the  valve  will  seldom  do  the  best  work. 
He  is  anxious  to  get  the  job  done  as  soon  as  possible, 
but  if  flanged  valves  or  stop-cocks  are  used  they  may 
be  taken  out  in  a  few  minutes  and  the  grinding  and 
repairs  attended  to  on  a  bench  where  it  can  be  well  done 
and  the  valves  examined  both  inside  and  outside. 

These  two  points,  frequent  examination  and  the  use 
of  flanged  fittings,  will  prevent  a  great  deal  of  trouble 
and  give  men  confidence  in  the  safety  of  the  blowoff 
piping.  I  agree  that  a  stop-cock  having  the  plug  held 
in  place  by  a  substantial  gland  or  guard  is  the  only 
kind  that  is  safe.  F.  C.  Heylman. 

Martinez,   Calif. 


In  various  issues  of  Poiver  I  have  noticed  that  when 
a  blowoff  cock  is  illustrated,  the  old  style,  open  top  and 
bottom,  is  invariably  shown.  Inasmuch  as  this  type  is 
practically  obsolete  and  in  fact  its  use  prohibited  by 
law  in  some  states,  it  seems  that  an  up-to-date  type 
should  be  shown  instead.  L.  C.  CoOMBS. 

Louisville,  Ky. 

Unsymmetrical  Indicator  Diagrams 

Commenting  on  "Unsymmetrical  Indicator  Dia- 
grams," by  J.  Lewis  in  the  issue  of  Dec.  10,  page  856.  I 
do  not  understand  how  he  could  increase  the  compres- 
sion effect  by  increasing  the  compression  on  two  ends  of 
the  two  cylinders  by  robbing  the  opposite  two  ends. 
With  the  compression  about  equally  divided  between 
both  ends  of  each  cylinder,  the  compression  presure  per 
square  inch  of  piston  area  would  be  as  great  as  the  pres- 
sure indicated  by  the  diagram,  and  would  be  much  bet- 
ter steam  distribution. 

By  observation  (that  is,  without  measuring)  the  areas 
of  the  crank  and  head  ends  of  both  diagrams  appear  to 


so 
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be  about  equal.  Thi.s  beinp  the  case,  if  the  valves  were 
moved  so  as  to  cause  about  eciual  compression  on  both 
ends  of  the  cylinders,  the  points  of  admission  and  cut- 
off would  be  Kreatly  chauKed,  increasing  the  area  of 
one  end  of  the  diagram  over  the  other.  |  The  diagrams 
shown  were  simply  to  illustrate  the  point. — Editor.! 

I  gather  from  the  letter  that  the  engine  had  a 
piston  or  Sweet,  or  similar  type  of  valve.  Therefore,  to 
increase  the  compression  either  an  offset  shaft  key  in 
the  governor  wheel,  so  as  to  advance  the  governor  wheel, 
or  an  offset  (that  is,  eccentric)  governor  rod  pin  should 
be  installed  in  the  governor  instead  of  the  concentric 
pin.  This  would  advance  the  valve  travel  in  relation 
to  the  crank,  giving  an  earlier  steam  admission,  which 
would  help  out  on  the  compression.  It  would  also  di- 
minish the  maximum  cutoff  of  the  steam  admission,  but 
not  enough  to  prevent  the  engine  from  carrying  a  good 
overload  if  the  diagrams  as  shown  were  taken  at  about 
full  or  average  load. 

Two  wrongs  in  this  case  do  not  make  one  right. 

San  Francisco,  Calif.  V.  R.  HUGHES. 

Combating  Boiler-Tube  Failures 

The  following  is  an  account  of  the  method  used  in 
combating  the  tube  failure  in  14  water-tube  boilers 
totaling  6200  hp.,  the  trouble  being  due  to  scale.  The 
operation  and  maintenance  of  the  boiler  plant  rested 
upon  a  foreman.  As  the  job  had  frequently  changed 
hands,  no  boiler-maintenance  records  of  any  value  were 
available,  but  as  the  output  of  the  plant  increased  and 
the  shortage  of  labor  became  more  acute  daily,  the  pres- 
ent foreman  found  himself  up  against  it. 

Instead  of  starting  at  the  end  of  the  boiler  house  and 
going  down  the  line,  cleaning  each  boiler  completely 
regardless  of  the  actual  hours  it  had  been  in  service,  a 
record  was  kept  of  the  time  each  unit  was  in  operation 
and  the  one  showing  the  most  hours  was  cleaned  first. 
This  did  not  help  matters  to  any  great  extent,  but  it 
did  show  that  when  a  boiler  had  reached  600  hours  or 
service  without  being  cleaned,  tube  trouble  could  be  ex- 
pected, which  was  taken  care  of  as  follows: 

After  about  500  hours  of  service,  six  rows  of  tubes 
only  were  turbined  each  time — the  two  bottom  rows  and 
four  others.  For  instance,  at  the  end  of  one  period  the 
two  bottom  rows  and  the  third,  fourth,  fifth  and  sixth 
from  the  bottom  would  be  cleaned  and  at  the  end  of  the 
next  period,  the  two  bottom  rows  and  the  seventh, 
eighth,  ninth  and  tenth  rows  from  the  bottom.  This 
method  helped  considerably,  and  where  formerly  the 
replacement  of  one  tube  a  day  was  getting  to  be  the 
rule,  we  now  renew  about  one  a  month. 

With  the  aid  of  a  draft  gage,  Orsat  and  steam-flow 
meter  furnace-cleaning  periods  were  also  established,  as 
were  periods  for  cleaning  the  waterbacks,  etc.  These 
latter  periods  were  more  flexible  and  were  stretched 
or  shortened  occasionally  to  fall  in  w-ith  a  cleaning  pe- 
riod and  thereby  eliminate  needless  shutting  down  of 
a  boiler. 

I  might  mention  a  few  other  arrangements  that 
helped  a  great  deal,  such  as  the  use  of  a  turbine  tube 
cleaner  that  left  a  clear  tube  before  it  would  pass 
through;  rigging  up  the  hose  so  that  one  man  could 
handle  a  cleaner ;  using  a  slice  bar  with  a  wide  blade  and 
keeping  it  sharp ;  and  last  but  not  least  using  the  Orsat, 


draft  gage  and  flow  meter  to  determine  as  far  as  possible 
the  best  firing  conditions  and  instructing  the  firi-rnan 
accordingly,  also  staying  with  him  enough  to  see  that  he 
did  his  work.  A.  Engelland. 

Joliet,  111. 

Broken  Cylinder  Head  Repair 

The  head  blew  out  of  a  .*>  x  5-in.  steam  cylinder  oper- 
ating a  stoker,  at  about  1  o'clock  p.m.  and  as  the 
stoker  was  needed  for  the  evening  load  coming  on  about 
4:30,  I  made  a  temporary  repair  as  follow.*?:  I  chippeA 
the  broken  head  along  the  line  shown  dotted,  keepinflj 
depth  measurement  as  near  as  possible  to  that  of  thtj 
original   head,   and   spciirod   this   hub  part   to   an  8-inJ 


BROKEN  CYLINDER  HEAD!    fj 
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BLAXK    FLANGE    IX    PLACE    OF    CYLIXDER    HEAD 

blank  flange,  which  happened  to  be  the  right  size,  witl 
two  §-in.  capscrews,  as  shown  in  the  illustration.     Th«J 
job  took  three  hours  and  the  stoker  was  ready 

Trenton,  N.  J.  JOHN  T.  LOCKETT 

Valves  Do  Not  Wear  WeU  \ 

A  pump  handling  the  returns  from  a  vacuum  heating 
system  was  fitted  with  old  hard-rubber  valves  that  were, 
in  bad  condition,  being  tapered  at  the  edges.  As  new^, 
ones  had  not  arrived  at  the  beginning  of  the  heating 
season,  the  old  ones  were  dressed  down  by  using  sand- 
paper and  then  they  were  ground  to  a  fit  on  the  valve 
seats,  using  common  grinding  compound.  The  result 
was  pleasing,  but  as  the  material  was  too  brittle,  soft 
valves  were  used,  which  give  better  results  while  they 
last,  but  are  not  expected  to  last  as  long  as  hard  rubber, 
valves,  which  in  my  case  is  about  two  weeks. 

The  returns  vary  from  60  to  about  180  deg.  F.,  and 
with  these  temperatures  hard-rubber  valves  break  where 
the  studs  come  in  contact  with  them;  in  some  instances 
they  break  in  small  pieces.  Some  of  the  valves  have 
holes  on  the  lower  side  that  resemble  burst  blisters, 
but  there  are  none  on  the  upper  side. 

It  appears  from  the  foregoing  that  something  is  wrongf* 
with  the  kind  of  valve  used.  Who  can  suggest  a  remedy 
for  the  short  life  of  these  valves?  M.  C.  Larsen. 

Omaha,  Neb. 


Development  of  the  coal  resources  of  Alaska,  which 
has  been  reported  as  locked  up  by  Federal  laws,  has 
been  greater  in  1918  than  in  all  previous  years.  Alaska 
anthracite  is  now  being  sold  in  Seattle. 
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INQUIRIES  OF  GENERAL  INTEREST 


Safety    Valve    for    Double-Grate    Down-Draft    Boiler — In 

-electing  the  size  of  a  safety  valve  in  accordance  with  the 
^ize  of  grate,  how  shoulfl  the  gr?te  area  be  estimated  for 
a  double-grate  down-draft  boiler?  B.  R. 

Where  a  boiler  is  provided  with  a  double  grate  for  down- 
draft  combustion,  the  gTate  area  taken  for  estimating 
the  size  of  safety  valve  should  be  the  area  of  the  lower 
izrate  plus  one-quarter  of  the  area   of  the  upper  grate. 

Pitch  of  Rivets  of  Girth  Seams — Why  is  the  pitch  of 
rivets  on  girth  seams  of  horizontal  return-tubular  boilers 
generally  made  less  than  in  tk-  longitudinal  seams?      W.  P. 

The  outer  plate  in  a  girth  seam  is  more  or  less  over- 
heated where  the  seam  passes  over  the  fire,  and  there  is 
a  tendency  for  ths  outer  plate  to  expand  away  from  the 
inner  one,  resulting  in  leakage.  For  this  reason  the  space 
bef^^een  rivets  is  made  smaller  than  on  cool  seams  of  the 
bailer. 

Heat  of  Combustion  of  Various  Fuels — What  quantity 
of  heat  is  developed  by  combustion  of  fuel  oil,  coal,  natui'al 
gas,  carbon,  hydrogen  and  acetylene  gas  ?  N.  C.  D. 

The  heat  of  combustion  of  fuel  oil,  coal  and  natural  gas 
depends  on  their  analyses.  The  heat  of  combustion  of  fuel 
oils  varies  from  18,000  to  20,000  B.t.u.  per  lb.;  commer- 
cial coal  from  10,000  to  14,000  B.t.u.  per  lb.;  natural  gas 
about  1000  B.t.u.  per  cu.ft.  The  heat  of  perfect  combus- 
tion of  pure  carbon  is  about  14,500  B.t.u.  per  lb.;  perfect 
combustion  of  hydrogen  in  air  50,000  to  60,000  B.t.u.  per 
lb.  and  acetylene  in  perfect  combustion,  with  oxygen,  1685 
B.t.u.  per  cubic  foot. 

Improving  Flexibility  of  Leather  Belting — What  is  the 
best  method  of  improving  the  flexibility  of  a  new  leather 
belt;  is  not  mineral  oil  good  for  the  purpose?       W.  K.  S. 

Mineral  oil  is  a  solvent  of  albuminous  substances  and 
therefore  is  detrimental  to  the  natural  cementing  sub- 
stance of  leather.  For  improvement  of  the  flexibility, 
remove  the  glaze  from  both  sides  of  the  belt  with  a  damp 
cloth  and  give  both  sides  a  liberal  coat  of  lukewarm  neats- 
foot  oil,  rubbed  ofl"  dry  after  standing  10  to  12  hours.  A 
new  leather  belt  should  be  thus  treated  several  times  a 
month  and  afterward  kept  moderately  "stuffed"  with  the 
oil  to  prevent  stretching  and  cracking  from  alternate  ab- 
sorption of  moisture  and  drying  out  with  changing  con- 
ditions  of  the  atmosphere. 

Obtaining  Additional  Compression  on  Corliss  Engine — 
On  a  Corliss  engine  with  two  eccentrics,  should  increase 
of  compression  be  obtained  by  changing  the  length  of  the 
exhaust- valve  rods  or  by  aavancing  the  exhaust  eccentric? 

W.  K.  R. 

It  is  better  to  obtain  additional  compression  by  advanc- 
ing the  exhaust  eccentric  rather  than  undertake  to  pre- 
serve pressure  of  expansion  near  the  end  of  the-  stroke 
where  it  is  of  little  value.  If  the  cutoff  is  short,  earlier 
release  may  be  of  benefit  in  preventing  the  valves  from 
slamming  on  account  of  the  pressure  being  carried  below 
the  back  pressure,  while  with  a  heavy  Icid  it  always  is 
desirable  to  have  i-elease  early  enough  for  the  cylinder 
to  be  cleared  of  steam  previous  to  the  retum  stroke. 

Form  of  Chimney  F'ues — Why  are  smoke-stacks  made 
larger  at  the  bottom  than  at  the  top  ?  E.  E.  R. 

Brick  chimneys  and  self-sustaining  steel  stacks  are  gen- 
erally made  larger  at  the  bottom  to  increase  their  stability 
against  wind  pressure  and  sometimes  only  for  architec- 
tural effect.  On  account  of  loss  of  temperature  of  the 
gases  in  their  ascent  through  a  chimney  flue,  they  are 
somewi.at  denser  at  the  top  of  the  chimney,  and  enlarge- 
ment of  the  flue  at  the  bottom  may  have  some  advantage 
in  obtaining  greater  uniformity  of  velocity  of  the  gases. 
But   for    chimney    flues    of    ordinary    proportions,    such    an 


advantage  is  negligible  and  the  draft  catjacity  may  be  con- 
sidered as  equivalent  to  that  of  a  flue  of  uniform  size  and 
of  cross-section  equal  to  the  smallest  part. 

Relations  of  Currents  in  A.  C.  Systems — For  transmitting 
a  like  amount  of  power  at  the  same  voltage  and  power 
factor,  what  would  be  the  value  of  the  current  in  each  of 
the  following  systems:  (a)  single-phase,  (b)  four- wire 
two-phase,  (c)  three-wire  two-phase,  (d)  three-wire  three- 
phase,   and    (e)    ^our-wire   three-phase?  W.   D.   T. 

If  /  is  the  current  in  amperes,  W  the  power  m  watts,  E 
the    voltage,    and   P.F.   the   power   factor,   we   would    have 

W  la 

(a)  la  =  g,  r-  p  T-, ;   (b)  /(,  =  -S-;   (c)  in  the  two  outside 


wires  /, 

=  A 

13 


E  X  P.F.'    ^"'  '"  ^     2 
=  /),  and  in  the  common  wire  /,.  = 


V  2  h 

and    (e)    in   the   three   outside   wires   If.  = 


(d)  I, 

A. 

1/3' 

and  in  the  common  wire  I,.  —  0.  The  foregoing  conditions 
are  true  on  the  assumption  that  load  is  evenly  balanced 
between  the  phases. 

Advantage  of  Inclined  over  Vertical  Belt  Drives — Why 
will  a  belt  on  an  angle  of  about  45  deg.  transmit  more 
power  than  a  vertical  drive?  F.  A.  S. 

W^hen  a  belt  is  placed  over  a  pair  of  pulleys,  both  sides 
of  the  belt  may  be  assumed  to  have  the  same  tension, 
but  while  transmitting  power  the  belt  stretches  from 
greater  tension  on  the  driving  or  tight  side,  which  immedi- 


ately results  in  less  tension  on  the  slack  side.  When  the 
sides  are  vertical,  as  in  Fig.  1,  the  slackening  may  be 
sufficient  to  peiTnit  the  belt  to  fall  away  from  the  lower 
pulley  as  indicated  by  the  dotted  line,  or  at  least  reduce 
the  pressure  and  friction  between  the  belt  and  the  face 
of  the  lower  pulley  and  this  condition  is  aggravated  by 
the  weight  of  the  belt.  When  the  belt  is  inclined  as 
shown  in  Fig.  2,  increase  of  tension  on  the  driving  side 
reduces  the  tension  on  the  slack  side.  When  the  lower 
side  AB  is  the  driving  or  tight  side,  the  slack  side,  indi- 
cated by  the  dotted  line  CDE,  becomes  wrapped  around 
more  of  the  lower  pulley;  and  when  the  upper  side  CE 
is  the  tight  side,  the  slack-  side  assumes  a  position  like 
AFB  and  remains  wrapped  around  nearly  as  much  of  the 
lower  pulley.  In  either  case  the  belt  remains  supported 
by  the  lower  pulley  and  there  is  assistance  of  the  weight 
of  the  belt  to  produce  pressure  against  the  face  of  the 
lower  pulley.  Hence  for  'he  same  initial  tension  a  belt  is 
capable  of  transmitting  more  power  than  when  the  drive 
is  vertical. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  for  the  inquiries  to  receive  atten- 
tion.— Editor.] 
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The  Chemical  and  Pliysical  Control  of 
Boiler  Operation* 


i 


Hv  K.  A.  UKHLING 


The  eco)wmical  status  of  a  boiler  plant  can  be 
approxiniatrlii  (ietcrmined  by  either  the  mechanic- 
al mtthod,  batted  on  the  heat  utilized,  or  the 
chemical  and  phyxical  method,  based  on  the  heat 
7vasted.  The  author  discusses  the  ailvajitaf/es  and 
disadvantasjcs  of  both  methods  and  sho2VS  that 
while  each  is  necessary  for  complete  results,  the 
chemical  and  physical  method  gives  more  directly 
useful  i)iforniation. 

THE  value  of  a  fuel  depends  on  the  heat  it  contains, 
and  the  value  of  the  heat  depends  on  the  degree  of 
its  utilization.  The  heat  contained  in  coal  is  liberated 
by  the  chemical  process  of  combustion,  hence  combustion 
efficiency  is  the  prime  requisite  for  the  economic  utilization 
of  fuel.  This 
is  especially 
true  in  the 
application  of 
heat  to  the 
steam  boiler. 
The  econom- 
ical status  of 
a  boiler  plant 
can  be  ascer- 
tained, in  a 
rough,  whole- 
sale way,  by 
either  of  two 
distinct  meth- 
ods :  The  me- 
chanical meth- 
od, based  on 
the  heat  util- 
ized; or  the 
chemical  and 
physical  meth- 
od, based  on 
the  heat  wast- 
ed. The  me- 
chanical meth- 
od relies  on 
the  readings 
of  the  coal 
weigher  and 
the  water  me- 
ter or  steam- 
flow  meter.  If 
the  heat  value 
of  the  fuel  is 
known,  the 
data  obtained 
by  these  ap- 
purtenances 
enable  one  to 
calculate 
roughly  what 
percentage     of 

the  heat  in  the  coal  is  utilized  in  making  steam.  For 
obvious  reasons  the  results  cannot  be  calculated  oftener 
than  once  a  day,  and  generally  once  a  week  is  considered 
sufficient  for  a  control  over  the  operation  of  the  boiler  plant. 
Aside  from  the  lateness  in  getting  the  desired  information, 
this  method  suffers  in  accuracy  and  reliability  as  a  control 
from    the    following    errors    and    shortcomings:    The    coal 


FIG.  ] 
CO2, 


wt'ighor  cannot  discriminnU'  between  coal  and  ash  and  mois- 
ture, and  since  these  coii.sliluents  are  never  constant  and 
fro(iuentIy  vary  5  per  cent,  or  more  in  successive  shipments, 
and  since  the  lieat  value  of  the  fuel  depends  on  its  purity, 
the  calculated  results  will  be  that  much  in  error;  the  water 
passed  through  the  meter  is  not  all  evaporated,  an  appre- 
ciable amount  may  be  carried  over  with  the  steam,  more 
may  be  lost  throuirh  leaky  blowoff  cocks,  and  considerable 
is  wasted  by  blowing  off  the  boilers,  which  is  not  only  not 
accounted  for  but  actually  appears  on  the  credit  side;  the 
steam  may  be  superheated;  the  feed-water  temperature  may 
vary  appreciably.  Thus  we  see  that  a  water  meter  and 
coal  weigher  can  give  only  a  rough,  wholesale  control,  un- 
less supplemented  by  scientific  instruments  and  observa- 
tions. The  mechanical  control  has  another  and  even  more 
serious  shortcoming  in  that  it  gives  absolutely  no  clue  as  to 
why  the  plant  as  a  whole  is  operating  more  or  less  waste- 
fully. 

The  wholesale  chemical   and   physical   method  of  control 

is  based  on  the 
readings  of  a 
CO2  meter  and 
pyrometer  in- 
serted in  the 
main  gas  flue 
at  or  near  the 
chimney.  The 
chemical  and 
physical  meth- 
od suffers 
from  the  fol- 
lowing de- 
ficiencies and 
inaccuracies: 
The  indicated 
and  calculated 
results  are 
quali  tative  ; 
the  results  do 
not  represent 
all  the  heat 
wasted ;  from 
the  CO2  de- 
termination in 
the  chimney 
one  is  unable 
to  discriminate 
between  excess 
air  through 
the  fire  and 
that  leaking 
through  boiler 
walls,  as  well 
as  that  leak- 
ing into  the 
gas  flue  be- 
tween the  boil- 
ers and  the 
point  where 
the  sampling 
tube  must  be 
inserted  to  get 
Air  entering  beyond  the  boilers 


.    CHART  FROM  IX.STRUMEXT  RECORDING   SIMULTANEOUSLY   PERCE.NTAGE   O 
STACK    TEMPERATURE    AND    BOILER    DRAFT    UNDER   VARIOUS    CONDITIONS 


♦Abstract  of  a  paper  presented  at  the  annual  meeting  of  tke 
American  Society  of  Mechanical  Engineers,   December.  1918. 


the  gas  from  all  the  boilers 
does  not  militate  against  efficiency  except  as  it  may  over- 
burden the  chimney  and  reduce  the  draft  below  that  required 
for  efficient  combustion. 

The  wholesale  chemical  and  physical  method  has  the  fol- 
lowing advantages  over  the  mechanical  method:  It  can  be 
more  easily  and  cheaply  installed;  the  records  show  up  the 
collective  operation  of  the  boilers  continuously  instead  of 
only  at  the  end  of  longer  or  shorter  periods — one  day  at 
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best;  it  shows  up  the  combustion  and  absorption  efficiency 
factors  separately  so  that  the  proper  steps  to  improve 
the  efficiency  of  the  plant  can  be  promptly  and  intelligently 
I  taken;  the  value  of  its  records  is  not  affected  by  a  vibration 
I  in  ash  or  moisture  content  of  coal  burned,  nor  is  the  record 
'affected  by  the  waste  of  feed  water  or  the  variation  in  its 
temperature. 

Both  wholesale  methods  are  equally  handicapped  as  an  aid 
to  improve  boiler  efficiency,  because,  before  one  can  pro- 
ceed intelligently,  each  boiler  must  be  diagnosed  individually, 
and  here  again  the  CO2  meter  and  pyrometer  have  the  ad- 
vantage over  the  water  meter  and  coal  weigher,  because  the 
former  can  be  connected  to  the  individual  boilers  with  com- 
paratively little  expense  and  trouble,  whereas  it  is  both  ex- 
pensive and  generally  quite  difficult  to  make  connections  to 
the  water  meter  so  that  individual  boilers  can  be  served 
separately.  The  coal  may  or  may  not  be  readily  weighed  out 
to  any  of  the  boilers  separately  from  the  others.  It  is  evi- 
dent from  this  that:  Either  method  is  better  than  no  con- 
trol at  all;  neither  method  is  by  itself  adequate  to  produce 
maximum  economic  results;  between  the  two,  the  chemical 
and  physical  method  should  have  the  preference  because  it 
is  cheaper  and  more  readily  applied,  and  gives  more  directly 
useful  information. 

To  attain  maximum  collective  boiler  efficiency  every  boiler 
must  be  treated  as  an  individual.  To  be  under  proper 
economic  control  both  its  combustion  and  absorption  ef- 
ficiencies must  be  under  constant  observation.  Maximum 
boiler  efficiency  cannot  be  maintained  without  knowing  what 
every  boiler  is  doing  all  the  time.  To  this  every  combus- 
tion and  boiler  expert  will  agree;  but  opinions  will  no  doubt 
differ  as  to  the  best  means  for  effecting  this  constant  obser- 
vation. It  would  appear  obvious  that  the  most  direct  way 
is  the  best  way.  Combustion  is  a  chemical  phenomenon 
and  should  therefore  be  most  effectively  controlled  by  chemi- 
cal means.  Absorption  is  a  physical  phenomenon  and  is 
best  controlled  by  physical  means.  The  two  principal  in- 
struments of  observation  are  the  CO2  meter,  a  chemical  in- 
strument, and  the  pyrometer,  which  is  a  physical  instru- 
ment. As  a  necessary  auxiliary  the  double  differential  draft 
gage  is  required.  Boiler  draft  and  furnace  draft  are  essen- 
tial elements  in  the  proper  control  of  combustion  and  should 
be  observed  separately. 

There  is  no  such  thing  as  a  fixed  adjustment  in  the  op- 
eration of  a  boiler.  The  rate  of  combustion  must  be  changed 
to  keep  the  steam  pressure  right,  the  draft  must  be  changed 
to  keep  the  rate  of  combustion  right,  and  the  thickness  of 
fire  must  be  changed  to  keep  the  efficiency  of  combustion 
(percentage  of  CO2)  right.  As  the  fuel  and  ash  bed  thick- 
ens, a  stronger  draft  is  necessary  to  keep  the  required  rate 
of  combustion,  and  there  are  numerous  minor  variables 
which  require  changes  in  the  draft  adjustments  if  combus- 
tion efficiency  and  the  required  boiler  capacity  are  to  be 
maintained;  that  is,  maximum  CO2  and  a  uniform  steam 
pressure.  To  insure  these  results  CO2  as  well  as  boiler 
and  furnace  draft  indicators  must  be  placed  at  or  near  the 
boiler  front  within  easy  view  of  the  fireman  and  in  close 
proximity  to  the  draft>-regulating  wheel  or  lever. 

Instruments  Necessary  for  Control  of  Firing 

Since  the  firemen  have  no  control  over  the  temperature  of 
the  escaping  gases  a  temperature  indicator  is  not  necessary. 
The  CO2  meters,  pyrometers  and  boiler  draft  gage  should 
be  autographic-recording.  In  small  and  moderate-sized 
plants  the  recording  gages  should  be  placed  in  the  engine 
room  where  they  are  under  easy  observation  by  the  operat- 
ing engineer.  In  large  plants  that  can  afford  a  control 
engineer,  other  arrangements  will  suggest  themselves. 

With  such  an  outfit  on  every  boiler  the  firemen  have  be- 
fore them  at  all  times  the  information  necessary  for  in- 
telligent and  effective  control  of  their  fires,  if  properly  in- 
structed how  to  apply  this  information.  The  steam  gage 
tells  them  when  to  increase  or  decrease  the  rate  of  com- 
bustion. The  boiler  draft  tells  them  whether  the  air  supply 
is  right  for  the  required  rate  of  combustion.  The  CO2  indicator 
tells  them  whether  the  thickness  of  the  fire  is  right  and 
the  furnace  draft  indicates  the  condition  of  the  fire.  The 
volume  of  air  required  to  burn  a  unit  weight  combustible 
with  maximum  combustion  efficiency  varies  with  the  kind  of 


fuel,  construction  of  furnace  and  method  of  stoking,  but 
for  any  given  set  of  conditions  a  definite  volume  of  air 
will  consume  a  definite  maximum  weight  of  fuel  completely. 
Since  the  boiler  draft  is  a  fair  index  to  the  rate  of  the  air 
supply  it  is  the  proper  basis  for  regulating  the  rate  of  com- 
bustion, and  the  rate  of  fuel  supply  must  be  increased  or 
decreased  to  produce  maximum  combustion  efficiency,  to 
which  CO2  is  the  index. 

The  three  autographic  records,  namely,  those  of  CO2,  tem- 
perature of  the  escaping  gas  and  the  boiler  draft,  preferably 
on  one  chart,  give  the  engineer  in  charge  the  following 
information  at  a  glance:  Whether  normal  combustion  ef- 
ficiency has  been  maintained;  and  if  not,  the  precise  time 
when  it  became  abnormal  and  how  long  it  remained  so.  This 
enables  him  to  inquire  into  the  cause,  with  the  confidence 
born  of  knowledge,  and  to  apply  the  proper  correction. 
The  continuous  record  further  reveals  in  hand-fired  boilers 
how  often  the  fires  were  replenished,  how  long  the  fire-doors 
were  left  open,  when  the  fires  were  cleaned  and  how  long 
it  took  to  clean  them.  In  stoker-fired  boilers  changes  in 
handling  the  fire  are  similarly  revealed.  The  temperature 
record  shows  whether  the  absorption  efficiency  has  contin- 
ued normal;  if  not,  the  variation  may  be  due  to  necessary 
variations  in  the  rate  of  driving,  and  if  so  this  will  be 
revealed  by  the  record  of  the  boiler  draft,  which  is  an  in- 
dex to  the  rate  of  driving.  Or  it  may  be  due  to  a  breaking- 
down  of  the  baffling,  which  is  also  instantly  revealed  by  the 
boiler  draft.  The  mucking-up  of  the  heating  surface  is 
indicated  by  a  gradual  increase  in  the  temperature  of  the 
escaping  gases.  The  record  of  the  boiler  draft,  in  addition 
to  its  contributing  value  to  the  pyrometer  record,  becomes 
in  combination  with  the  percentage  of  CO2  a  very  good  index 
to  the  rate  of  combustion. 

Examples  of  Application  of  Information  Given 
BY  Charts  To  Control  of  Firing 

If  these  three  records  are  all  made  on  the  same  chart, 
they  can  be  readily  integrated  by  means  of  the  polar  plan- 
imeter  and  the  heat  carried  to  waste  by  the  dry  gases 
quickly  calculated  by  the  application  of  a  formula.  Auto- 
graphic boiler  records,  like  steam-engine  indicator  cards, 
are  of  no  value  unless  they  are  regularly  scrutinized  and 
correlated  and  the  information  they  give  promptly  and  in- 
telligently applied.  If  the  three  essential  records  are  all 
on  the  same  chart  this  is  neither  difficult  nor  laborious. 

Fig.  1  illustrates  sections  of  such  charts  showing  various 
relations  of  these  three  records  to  each  other.  The  COj 
records  shown  in  Sees.  1  and  2  are  facsimile  samples  of 
records  from  a  boiler  of  the  Manning  type  burning  No.  1 
buckwheat  coal.  Sec.  1,  made  when  the  recorder  was  first 
installed,  shows  that  the  firing  was  irregular  and  that  the 
coal  bed  was  kept  too  thin,  through  which  holes  quickly  de- 
veloped. The  average  CO2  was  scant  8  per  cent.  The  rea- 
son for  the  low  CO2  being  thus  clearly  revealed,  the  proper 
remedy  at  once  suggested  itself.  The  fireman  was  in- 
structed to  carry  a  little  heavier  fire  and  watch  the  CO2  indi- 
cator, with  the  result  shown  in  Sec.  2,  which  is  a  sample 
record  for  the  same  boiler  after  the  fireman  had  been  in- 
structed and  had  learned  to  be  guided  by  the  CO2  indicator 
in  adjusting  the  thickness  of  fire  to  the  draft  necessary  to 
maintain  the  required  steam  pressure.  So  guided,  he  had  no 
difficulty  in  keeping  the  CO:  at  an  average  of  about  12  per 
cent.  Having  the  three  principal  records  on  the  same  chart 
their  relation  to  one  another  is  readily  perceived,  and  it  will 
be  seen  at  a  glance  that  the  boiler  draft  is  about  0.08  in. 
higher  under  the  conditions  represented  by  Sec.  1  than  those 
by  Sec.  2;  also  the  gases  left  the  boiler  at  a  temperature 
25  deg.  higher  when  containing  8  per  cent  of  COv  than 
when  they  contained  12  per  cent.,  which  shows  that  absorp- 
tion efficiency  increases  with  combustion  efficiency. 

Records  for  Combustion  Control  of  a  Water-Tube  Boiler 
Burning  Bituminous  Coal 

Sees.  3  and  4  of  Fig.  1  show  records  representing  a  water- 
tube  boiler  burning  bituminous  coal.  Sec.  3  illustrates  con- 
ditions before,  and  Sec.  4,  after,  control  by  aid  of  CO2.  A 
glance  at  the  CO2  record  will  show  that  the  fires  carried 
were  too  thick.  The  low  percentage  of  CO:  (about  8.75  per 
cent.)   was  due  principally  to  air  infiltration,  but  to  a  con- 
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sidiTiible  (lojrrec  nlao  to  unovpn  (IrinBT  pro<liirin(r  IukIi  CO 
with  low  ft);.  Stopping'  up  the  air  li-akH  and  iiuidifyiiiK  the 
mftlunl  of  lirinjr  as  illustrated  by  tlu'  n-ioid  and  usinjr  the 
C't)  indii'atur  as  a  jruidf,  tin-  lircnuin  had  no  dillicuity  in 
inaintainiDK  an  avoraKf  i>f  ovit  Kl  per  i-i-nt  of  Ct);  with 
practicully  no  CO. 

Contrnry  to  what  was  si-en  in  Sec  1  and  '1  of  the  chart, 
both  the  temi)erature  of  the  escapinvr  jrases  and  the  boiler 
draft  are  l^i^rher  when  the  eonditions  had  been  ehanKed  so 
us  to  result  in  the  higher  pereentaj^e  of  CO..  This  may  at 
first  seem  contradietory ;  but  a  little  study  reveals  the  fact 
that  both  the  boiler  draft  and  the  temperature  of  the  es- 
cnpin^  cases  were  rendered  abnormally  low  by  the  flow  of 
air  (counter-draft)  entering'  through  the  leaky  setting.  It 
is  therefoie  necessary  to  make  sure  that  the  setting  is  made 
tipht  before  these  two  factors  can  be  relied  upon  as  indices, 
respectively,  of  absorption  efliciency  and  rate  of  combustion. 
Furthermore,  u  low  stack  temperature  cannot  be  relied  on  as 
an  index  to  absorption  efliciency  unless  the  gases  contain 
a  high  percentage  of  CO.. 

Averages  of  Foi'r  Twenty- Four  Hour  Tests 

In  Sec.  5,  6,  7  and  8  of  the  chart  are  recorded  the  averages 
of  four  24-hour  tests  of  a  large  water-tube  boiler  burning 
bituminous  coal  fired  by  Roney  stokers.  The  coal  was  burned 
at  four  diff"ercnt  rates  of  combustion;  namely,  16.7,  18.25, 
25.3  and  30.8  lb.  per  sq.ft.  of  grate  surface  per  hour.  The 
CO.  averaged  14. G8,  13.05,  14.28  and  14.69  per  cent.;  the 
boiler  draft  was  0.08,  0.12,  0.31  and  0.61  in.  of  water,  and  the 
temperature  of  the  escaping  gases  averaged  483,  542,  662 
and  636  deg.  F.,  respectively.  The  efficiency  attained  in 
these  tests  was  respectively  81.15,  77.45,  75.28  and  76.73  per 
cent. 

Sec.  9  of  this  chart  illustrates  the  relation  the  three 
records  will  take  to  one  another  if  the  demand  for  steam 
suddenly  increases  and  the  draft  is  adjusted  to  increase  the 
rate  of  combustion  to  meet  this  increased  demand,  but  the 
stoker  is  not  speeded  up  sufficiently  to  supply  the  coal  re- 
quired. The  flue-gas  temperature  will  at  once  go  up  in  re- 
sponse to  the  increased  rate  of  combustion.  The  COs  will 
soon  begin  to  drop,  and  if  there  is  no  COi.  indicator  to  show 
what  is  happening  it  will  continue  to  drop  until  the  fireman 
discovers  that  the  grate  is  getting  bare  and  the  stoker  speed 
must  be  increased.  He  does  so,  but  gives  it  a  little  too  much 
speed  and  the  CO2  goes  above  the  safe  limit.  If  he  is  a  good 
fireman,  he  will  no  doubt  discover  that  also  and  finally  get 
the  right  adjustment.  Meanwhile  considerable  fuel  has  been 
wasted,  first  by  excess  air,  and  then  by  incomplete  combus- 
tion. With  a  COj  indicator  to  guide  him  this  would  not 
have  happened. 

Sec.  10  illustrates  how  the  boiler-draft  and  pyrometer 
records  will  at  once  reveal  the  sudden  breaking  down  of  a 
section  of  baffling.  Sec.  11  shows  how  the  average  tempera- 
ture and  boiler  draft  would  be  affected  if  the  baffling  dis- 
integrated gradually,  and  Sec.  12  indicates  how  the  records 
would  be  likely  to  change  if  the  boiler  tubes  were  allowed 
to  muck  up  gradually.  These  supposititious  cases  are  given 
to  show  how  the  boiler  draft  and  exit  temperatures  are  af- 
fected by  the  same  cause.  Neither  can  be  correctly  inter- 
preted without  the  other.  Within  practical  limits  of  driv- 
ing the  maximum  percentage  of  CO;  can  and  should  be 
maintained,  whereas  both  the  boiler  draft  and  the  exit  tem- 
perature increase  with  the  rate  of  driving.  The  exit  gas 
temperatures  vary  from  the  normal  from  four  distinct 
causes:  Rate  of  driving,  defective  baffling,  dirty  heating 
surface  and  air  infiltration.  The  record  of  the  boiler  draft 
at  once  reveals  the  true  cause ;  the  pyrometer  simply  reveals 
the  fact.  Low  exit-gas  temperature  is  generally  taken  to 
indicate  absorption  efficiency  and  the  CO.  record  shows 
whether  it  is  or  not. 

Recording  Instuuments  Must  Be  in  Plain  View 

Maximum  efficiency  cannot  be  expected,  and  it  is  doubtful 
whether  it  can  be  attained,  unless  the  firemen  have  the 
means  of  knowing  all  the  time  how  well  they  are  succeed- 
ing in  maintaining  it.  Tq  this  end  it  is  necessary  that  they 
have  in  plain  view,  at  or  near  the  boiler  front,  a  CO2  indi- 
cator, a  boiler-draft  and  also  a  furnace-draft  gage.  With 
these  instruments  to  guide  them  the  firemen  can,  after  being 


properly  instructod,  always  maintain  the  combustion  con- 
ditiunx  that  will  produn-  maximum  efliciency  under  norma! 
conditionH,  and  do  the  best  that  can  be  done  should  the  con- 
ditiims  not  under  their  ccmtrol  for  any  reason  become  ab- 
normal. 

In  addition  to  the  three  recording  instruments,  an  Orsat 
apparatus  is  eissential  for  deU-rmining  the  maximum  per- 
centage of  CO/  that  can  be  carrieil  without  danger  of  an 
appreciable  loss  because  of  incomplete  combustion;  to 
diagnose  the  boilers  for  air  infiltration  at  regular  inter- 
vals, or  in  between,  if  deemed  necessary;  and  to  check  up  the 
CO,  meters  when  their  indications  give  cause  for  suspect- 
ing their  accuracy.  An  Orsat  is  by  itself  tiuite  'nfidequate 
as  a  control  for  the  firing  operations  of  a  boiler  i^lant,  even 
when  supplemented  by  sampling  tanks,  which  combination, 
although  better  than  nothing,  cannot  be  considered  more 
than  a  makeshift. 

Flow    of  Watrr  Through   One  and   One- 
Half  In<'h   Pipe  and   Valves 

Bulletin  No.  1  of  the  Engineering  Experiment  Station 
of  Purdue  University,  Lafayette,  Ind.,  gives  the  results 
of  tests  made  by  Frederick  W.  Greve,  Jr.,  Assistant  Pro- 
fessor of  Hydraulics,  on  the  loss  of  head  of  water  flowing 
through  li-in.  pipe  and  valves.  The  tests  were  made  on 
40.513  ft.  of  commercial  l-i-in.  pipe  and  on  three  standard 
li-in.  brass  valves — a  gate  valve,  a  globe  valve  and  a  check- 
valve.  The  experiments  to  determine  the  loss  of  head  due 
to  straight  pipe  were  made  with  water  velocities  ranging 
from  less  than  0.5  ft.  per  sec.  to  about  21  ft.  per  sec.  Those 
on  the  gate  and  globe  valves  were  for  five  different  valve 
openings  between  full  open   and  closed. 

The  conclusions  reached  as  a  result  of  the  experiments 
are  as  follows:  (1)  The  relation  of  loss  of  head  to  dis- 
charge can  be  represented  by  the  formula  H  —  MQ",  where 
H  is  the  loss  of  head  in  feet  of  water,  Q  is  the  discharge  in 
cubic  feet  per  second  and  M  and  n  are  values  experimentally 
determined.  (2)  The  values  of  M  and  n  vary  with  restric- 
tion of  area  to  flow,  decreasing  with  increase  of  the  ratio 
of  rise  of  disk  to  nominal  diameter  of  pipe.  (3)  Weisbach's 
coefficients  for  small  gate  valves  give  values  of.  H  that  are 
too  small.  (4)  A  gate  valve  causes  less  loss  of  head  than 
a  globe  valve  and  the  losses  are  nearly  equal  when  the 
ratio  of  rise  of  disk  to  nominal  pipe  diameter  is  equal  to 
0.23. 

Merchant  Marine  Needs  Two 
Thousand  Men 

Two  thousand  young  Americans  are  needed  at  once  to 
train  for  service  in  the  United  States  merchant  marine,  it 
was  announced  Dec.  27  by  the  Shipping  Board.  Because 
of  the  rapid  delivery  of  cargo  vessels,  which  are  now  to  be 
manned  exclusively  by  merchant  crews,  there  is  an  un- 
usual demand  for  men  to  be  trained,  which  must  be  met 
within  a  few  weeks.  Of  the  2000  men  now  wanted,  1500 
are  to  take  the  places  of  apprentices  just  sent  to  sea  from 
the  ships  of  the  board's  Atlantic  training  squadron,  based 
at  Boston,  and  500  for  its  Pacific  training  ship  "Iris,"  based 
at  San  Francisco. 

Volunteers  are  requested  to  apply  for  enrollment  to  any 
of  the  board's  drugstore  recruiting  officers  or  to  write  Henry 
Howard,  its  director  of  recruiting  service,  Boston,  Mass. 


At  a  large  London  factory  at  which  some  Lancashire 
boilers  were  converted  from  coal  to  fuel-oil  firing,  the  water 
evaporation  per  pound  of  coal,  having  a  calorific  value  of 
11,451  B.t.u.,  was  7.22,  whereas  when  working  with  the 
pressure  system  of  oil  burning,  using  an  oil  having  a 
calorific  value  of  18,750,  the  evaporation  per  pound  of  oil 
reached  14.44  lb.  The  quantity  of  water  evaoorated  per 
square  foot  of  heating  surface  with  coal  was  3.3  lb.,  whereas, 
according  to  A.  F.  Baillie  in  a  paper  read  before  the  Man- 
chester Association  of  Engineers,  the  quantity  evaporated 
with  oil  was  over  7  lb.,  thereby  increasing  the  boiler  rating 
by  over  100  per  cent. 
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New  Publications 


BURNING  STEAM  SIZES   OF  ANTHRA- 
CITE WITH   OR  WITHOUT  ADMIX- 
TURE OP  SOFT  COAL 

This  is  a  technical  paper,  issued  by  the 
United  States  Fuel  Administration  and 
based  on  an  article  by  William  T.  Frey, 
fuel  engineer.  The  bulletin  describes  what 
must  bf  done  to  burn  uteam  sizes  of  an- 
thracite or  mixtures  of  this  coal  with  soft 
coal  so  as  to  get  the  most  steam  from  the 
least  fuel.  Information  is  given  regarding 
the  furnace  equipment  required  for  burning 
various  percentages  of  steam  anthracite 
and  soft  coal,  these  mixtures  being  20  per 
cent,  anthracite ;  a  second  addition  being 
20-40  per  cent,  anthracite,  and  a  third  over 
40  per  cent,  anthracite.  Data  are  ^iyen 
regarding  the  method  of  mixing  soft  with 
anthracite  coal,  the  type  of  grate  and  air 
space  that  will  burn  the  coal  satisfactorily 
and   the   method   of   firing   the   mixture. 

It  is  stated  that  with  a  good  grade  of 
steam  anthracite  it  is  possible  to  obtain 
almost  as  high  efficiency  as  with  bituminous 
coal  provided  the  equipment  and  operation 
of  the  plant  are  suitable,  and  that  large 
savings  in  the  cost  of  fuel  to  generate 
steam  are  effected  by  substituting  steam 
sizes  of  anthracite  for  the  more  expensive 
bituminous  coal,  but  that  the  best  rt-sults 
cannot  be  obtained  unless  the  changes  indi- 
cated are  made  so  that  the  furnace  be- 
comes efficient  for  the  anthracite.  In  the 
summarv  it  is  pointed  out  that  a  boiler 
plant  de'signed  for  soft  coal  and  operating 
on  natural  draft  is  capable  of  using  20  per 
cent,  of  steam  sizes  of  anthracite  mixed 
with  soft  coal  without  material  loss  in  effi- 
ciency and  without  change  of  equipment, 
providing  sufficient  grate  surface  is  avail- 
able. Still  higher  percentages  of  fine 
anthracite  may  be  mixed  with  the  bitu- 
minous, provided  suitable  changes  are  made 
in  the  furnace  equipment. 


Personals 


Walter  N.  Polakov,  consulting  engineer, 
announces  the  founding  of  Walter  N. 
Polakov  &  Co.,  Inc.,  consultants  in  power 
liroduction  methods,  iiulustrial  investiga- 
tions, labor  problems,  scientific  record  sys- 
tems and  production  accounting.  With  the 
close  of  hostilities  a  number  of  capable 
engineers  formerly  associated  with  him 
joined  the  staff  of  the  corporation  at  31 
Nassau  St.,  New  York  City. 

F.  E.  Bourgret,  who  for  the  last  thirteen 
months  has  been  handling  the  distribution 
of  bituminous  coal  for  the  U.  S.  Fuel  Ad- 
ministration throughout  Ohio,  Michigan, 
Indiana  and  the  West,  has  resigned  to 
identify  himself  with  the  Interstate  Coal 
and  Dock  Co.,  as  its  special  sales  agent  at 
Cincinnati.  Ohio.  Prior  to  his  connection 
with  the  Fuel  Administration  Mr.  Bourget 
had  been  associated  with  railroad  and  coal 
companies   in   Chicago  and   Cincinnati. 

Frederick  Pearson,  for  the  past  15  years 
associated  with  Marshall  Field  &  Co.,  as 
advisory  engineer  in  the  development  of 
its  various  manufacturing  and  merchandis- 
ing enterprises  in  Chicago  and  elsewhere, 
has  oijened  a  consulting  engineer's  office  in 
the  Marshall  Field  Annex  Building.  Chicago. 
He  will  continue  as  advisory  engineer  to 
Marshall  Field  &  Co.,  in  addition  to  other 
interests  engaging  his  service.  Mr.  Pear- 
son's experience  has  been  diversified,  em- 
bracing electrical,  mechanical  and  chemical 
engineering. 

Frederick  A.  Scheffler,  formerly  connected 
with  the  New  York  offices  of  the  Babcock  & 
Wilco.x  Co.,  has  become  associated  with  the 
Fuller  Engineering  Co..  designing  and  con- 
sulting engineers.  AUentown  National  Bank 
Building.  Allentown,  Penn..  and  will  make 
his  lieadquarters  at  their  New  York  office, 
50  Church  St.  The  Fuller  Engineering  Co. 
is  making  a  specialty  of  applying  pulverized 
fuel  to  boiler  furnaces  for  the  generation 
of  power,  and  Mr.  Scheffler,  with  his  life- 
long experience  in  boiler  practice,  will  de- 
vote  his   particular   attention   to   this   work. 


Miscellaneous  News 


I,.  E.  MacBryde  has  resigned  as  general 
manager  of  sales  of  the  Foster  Engineering 
Co. 

Lient.  J.  B.  Howell  has  been  mustered 
out  of  the  artillery  service  and  has  re- 
joined the  Bound  Brook  Oil-less  Bearing 
Co.  in  the  position  he  formerly  held. 

Thomas  Holden,  for  several  years  with 
the  Crandall  Packing  Co.,  has  joined  the 
Atlantic  Coast  selling  force,  representing 
the  Cassco  Bar-Metallic  Packing  Co.,  with 
offices   at   45   Second    St.,    Hoboken,   N.   J. 

B.  B.  Sausen,  formerly  district  manager 
of  the  Chicago  office  of  Schiitte  &  Koerting 
Co.,  is  now  associated  with  the  Star  Brass 
Works,  of  Chicago,  engaged  in  sales  pro- 
motion and  research  work  of  spray  cooling 
equipment. 

Nicholas  Stalil.  formerly  connected  with 
the  power  department  of  the  Westinghouse 
Electric  and  Manufacturing  Co.,  has  suc- 
ceeded the  late  Martin  W.  Kern  as  general 
engineer  of  the  Narragansett  Electric 
Lighting  Co.,  of  Providence,  R.  I. 

Morri.s  L..  Cooke,  Horace  K.  Hathaway, 
Boyd  Fisher,  Clyde  L.  King,  Keppele  Hall 
and  John  H.  Williams  announce  the  open- 
ing of  an  office  as  consulting  engineers  in 
management,  in  the  Finance  Building. 
South    Penn   Square,    Philadelphia,    Penn. 

Lient.     Commander     Frederick    L.     Pryor 

was  presented  with  a  gold  watch  by  the 
released  students  at  the  demobilization  of 
the  naval  section  of  the  Students'  Army 
Training  Corps  at  Stevens  Institute  of 
Technology,  at  Hoboken,  N.  J.,  which  oc- 
curred with  appropriate  ceremony  on 
Dec.  21. 


Horace  N.  Trumbull,  who  has  recently 
received  his  discharge  from  the  Engineer 
Officers'  Training  School  at  Camp  A.  A. 
Humphreys,  Va.,  has  been  appointed  ad- 
vertising manager  of  the  Wellman-Seaver- 
Morgan  Co.,  of  Cleveland,  Ohio.  Before 
entering  the  service,  Mr.  Trumbull  was 
advertising  manager  of  the  SKF  Ball  Bear- 
ing Co  ,  of  Hartford.  Conn. 


The  Slebel  Institute  of  Technology  an- 
nounces that  its  refrigerating  engineering 
course  will  start  on  Jan.  15  and  continue 
for  three  months.  The  tuition  fee  for  that 
time  is  $250.  The  institute  is  located  at 
960-962  Montana  St..  Chicago,  111. 


Business  Items 


The       Wellman-.Seaver-Jlorsan       Co.,       of 

Cleveland.  Ohio,  has  opened  a  San  Fran- 
cisco office  at  415-417  Rialto  Building,  in 
charge  of  Norman  S.  Ross.  Business  orig- 
inating from  California,  Nevada  west  of 
the  115th  meridian,  lower  California  and 
the  counties  of  Josephine,  Jackson  and 
Klamath  in  Oregon  will  receive  the  prompt 
attention  of  Mr.  Ross. 


New  Construction 


PROPOSED     WORK 

Maine,  Auburn — The  Water  Commission- 
ers plan  to  build  a  pumping  station.  W.  H. 
Sawyer,   11  Lisbon  St..  Lewiston,  Engr. 

Conn.,  Bridgeport — The  Baptist  Christian 
Union.  886  Main  St.,  will  install  a  steam 
heating  system  in  the  4  story,  80  x  102 
ft.  home,  which  it  plans  to  build  on  Main 
and  Thomas  St.  Total  estimated  cost. 
$100,000.  E.  B.  Caldwell,  Jr.,  886  Main 
St.,   Arch. 

Conn.,  nurham — The  Merriam  Manufac- 
turing Co.  plans  to  rebuild  its  factory 
which  was  destroyed  by  fire.  Plans  include 
the  construction  of  a  new  heating  plant. 
C.  S.  Palmer.  191  Church  St..  New  Haven, 
Arch. 

Conn.,  West  Hartford — The  town  will  in- 
stall .a  steam  healing  system  in  the  2  story. 
100  x  100  ft.  high  school,  which  it  plans 
to  build  on  South  Main  St.  Total  estimated 
cost,  $100,000.  C.  S.  Lane,  1631  Boulevard, 
Chn.  of  Bldg.  Com. 


N.  Y.,  Buffalo — The  Donner  Steel  Co.. 
Inc.,  475  Abbott  Rd.,  plans  to  build  a  1 
story  addition  to  its  power  house.  Esti- 
mated cost,    $5000. 

N.  Y.,  Herkimer — The  City  Commission 
will  receive  bids  about  March  1  for  the 
construction  of  a  1  story,  40  x  60  ft.  boiler 
house.  Equipment,  such  as  pumps,  heaters, 
etc.,  will  be  installed  in  same.  Estimated 
cost,  $15,000.  H.  B.  Sweet,  Clarendon 
Bldg.,   Utica,   Engr. 

N.  Y.,  New  York — B.  Altman  &  Co.,  5th 
Ave.  and  34th  St.,  will  install  a  steam 
heating  system  in  the  6  and  9  story,  75  x 
200  ft.  garage  and  warehouse,  which  it 
plans  to  build  on  36th  and  37th  St.,  be- 
tween 2nd  and  3rd  Aves.  ;  plans  include 
the  construction  of  a  cold  storage  building. 
Total  estimated  cost,  $250,000.  F.  G.  Frost. 
19-25    West    44th   St..    Arch. 

N.  Y.,  New  York — The  Knickerbocker 
Hospital  will  install  a  steam  heating  sys- 
tem in  the  7  story.  l.jO  x  200  ft.  hospital 
which  it  plans  to  build  on  130th  St.  and 
Convent  Ave.  Total  estimated  cost,  $500,- 
000.  Helmle  &  Corbett,  190  Montague  St.. 
Brooklyn,    Engr. 

N.  J.,  Ampere — The  Crocker- Wheeler  Co. 
has  had  plans  prepared  for  the  construc- 
tion of  a  1  story,  40  x  55  ft.  addition  to 
its  boiler  room  and  power  house,  known 
as    plant    8-A. 

N.  .1.,  Boonton — The  Board  of  Education 
will  install  a  steam  heating  system  in  the 
2  story,  100  x  150  ft.  school  building  which 
it  plans  to  build  on  old  Boonton  Rd.  and 
Lathrop  Ave.  Total  estimated  cost.  $125.- 
000.  Wilson  Potter,  1  Union  Sq.,  New 
York  City,  N.  Y.,  Engr. 

N.  J.,  West  New  York — The  Board  of 
Chosen  Freeholders  of  Hudson  Co..  Court 
House,  Jersey  City,  has  had  plans  prepared 
for  the  construction  of  a  1  story,  97  x  187 
ft.  power  house  and  heating  and  lighting 
plant.  Percie  A.  Vivarttas,  110  4th  St 
Arch. 

Fla.,  -Incksonville — The  City  Commission- 
ers will  receive  bids  until  Jan.  10  for  deliv- 
ering and  erecting  complete,  1  surface 
condensing  equipment  with  auxiliaries  and 
equipment,  having  a  capacity  of  120,000 
lb.  of  steam  per  hour  in  1  unit,  or  2  units, 
60,000  lb.  each  per  hour.  L.  E.  Murphy, 
Engineers  Bldg..  Engr. 

Ohio,  Cleveland — The  West  Superior  Co., 
c/o  J.  Larange,  Williamson  Bldg.,  will  in- 
stall a  steam  heating  system,  6  elevators, 
etc.,  in  the  17  story,  44  x  82  ft.  office  build- 
ing which  it  plans  to  build  on  West  3rd 
St.  and  Superior  Ave.  Total  estimated 
cost,  $1,000,000.  Lehman  &  Schmidt,  210 
Electric  Bldg.,   Engrs. 

Ohio,  Cleveland  HeiBlits  ( Warrensville 
P.  0.)^The  Board  of  Education  will  install 
a  steam  heating  system  in  the  additions 
which  it  plans  to  build  to  the  schools  on 
Noble.  Fairfax  and  Ro.xboro  Rds.  Total 
estimated  cost,  $125,000  each.  F.  C.  War- 
ner, 768  Hippodrome  Annex,  Cleveland. 
Arch,  and  Engr. 

Ohio,  Miissillon — The  Massillon  Electric 
&  Gas  Co..  controlled  by  the  Cities'  Service 
Co.,  and  operated  by  the  Doherty  Organ- 
ization, 60  Wall  St..  New  York  City,  N.  Y.. 
will  rebuild  its  plant  destroyed  by  an  ex- 
plosion last  spring.  Estimated  cost,  $30,000. 
J.   F.   O'Connor,   Supt. 

Ind.,  South  Whitley — The  Grip  Nut  Co. 
plans  to  build  a  power  house  in  connection 
with  the  new  plant  which  it  plans  to  build. 
Total  estimated  cost,  $300,000.  Truman 
F.  Miller,  Mgr. 

Mich.,  Marquette — The  City  Commission- 
ers plan  to  issue  $100,000  bonds  for  exten- 
sions to  the  electric-light  system. 

Mich.,  Saeinaw — R.  F.  Johnson,  Comr. 
of  Light.  Water  and  Sewers,  will  soon  re- 
ceive bids  for  installing  auxiliary  pumping 
unit  in  the  West  Side  pumping  station  ; 
also  laying  water  mains  in  Porter  St.,  from 
Bristol  St.  north,  and  in  Niagara  St.,  from 
Court  to  Mackinaw  St.  Estimated  cost. 
$25,000.  Part  of  the  work  will  be  done  by 
day  labor.  H.  H.  Eymer,  City  Hall,  Engr. 
Noted  Dec.  10. 

111.,  Cicero — The  Board  of  Education. 
5144  West  24th  PI.,  has  had  plans  prepared 
for  the  construction  of  a  2  story,  40  x  169 
ft.  school  and  boiler  room,  on  57th  St.. 
between  22nd  and  23rd  PI.  Estimated  cost. 
$60,000.  Ashbv,  Ashby  &  Schulse,  178  West 
Jackson    Blvd.,    Chicago,    Arch. 


III..  Oiark  ■  Thr  <'ltv  i'kuiuII  pliinii  lo 
>-»iinlrui-l  It  pliiiit  KVItt\i'li'iilly  InrKK  (•>  IlKllt 
llin   i-lty'n    iiiulii    urdTliM   uiiil    Hiipply    it    llin- 

l(c(i    ■('r\'U't*    (O    (llr    ItUNlllKHH    HfCtloll. 

WU.,  Mnnllownr — Wlllliiin  lUilirH  Sons 
I'D  pluiiH  (»  biillil  II  I  Niory.  :(>  X  00  ft 
uiidltlon  to  ItN  b<>lh>r  Iiounc  \V.  J.  Uiioubcr, 
Arch. 

WU.,  Mllwnukrf — Tho  IMunkliiKtoii  I'aok. 
liiK  ('o.,  MUHki'KO  Ave.  iiiid  ('iiiiiil  St.,  Id 
r«>Oftvlnir  hldH  for  tin-  ooiiHtructloii  of  an 
itdillllon  li>  IIH  i-iiKMii'  I'ooin  C  II  Kitoo. 
I'lilon  Stoi'k   YnrdM.  I'liU-iiKo.   Ill,   .\roh 

\VI».,  WiiiikmliH-  Thp  llonrd  of  Kdvini- 
tiun  pliiiix  to  rft>ulld  tin-  lu-atliiK  pliiiit  In 
th.i  hiKh  H.-hool.  SldiifV  I'utiu-y.  I're«. 
\iiii  Uyn  &  nfiii'lUke,  7i6  t.'u8w.-ll  Bldg.. 
Mllwuukoe,    Arch. 

Minn.,  illbblns — Tli.'  HlbbliiK  Kloptric 
Llirht  Co.  plans  to  ort-ol  ii  now  •.'-story  IlKht- 
hiK  plant  and  oontral  buildiiiK  to  .supply  the 
lu'fds  of  the  town.  lOsllinali-d  i-iist.  $100.- 
000.      Charles    Foster,    Mtrr. 

Minn..  OrtonvUlr — The  OrtonvlUe  Eneclrlc 
Power  I'o  plans  to  build  a  plant.  Kstl- 
mated   cost.    $75,000. 

Kan.,  I4>rned — The  Pawnee  Power  & 
Water  Co..  c/o  Nathan  L,  Jones,  owner, 
incorporated  mtth  $150,000  capital,  plans 
to  build  a  power  plant  to  supply  litiht  and 
power  to  7  cities  and  power  for  pumping' 
purposes. 

Kan.,  iMgan — The  city  plans  an  election 
soon  to  vote  on  a  $15,000  bond  issue  for 
improvements  to  the  elertru'-liKhl  and 
water-works   plants. 

S.  D.,  Mitchell — The  Trustees  of  the  na- 
kota  Weslevan  University  will  receive  bids 
in  the  spring  for  the  construction  of  a 
power  house.  F.  H.  Ellerbe,  692  Endicott 
Bldg.,  St.   Paul,   Minn.,   Arch. 

Mo.,  .St.  Louis — The  Christian  Brothers 
College,  5270  Page  Ave.  is  having  plans 
drawn  for  building  and  eciuipping  a  power 
house  to  provide  heat  for  college  buildings 
and  power  for  laundry,  bakery,  etc.  Esti- 
mated cost.  $50,000.  Henry  P.  Hess.  4811 
Cote   Brilliant   Ave..    Engr. 

.Mo..  St.  Louis — The  Ceneral  Motor  Corp.. 
Boyer  Campbell  Bldg.  Detroit.  Mich.,  will 
install  a  heating  plant  in  the  3-story  fac- 
torv  which  it  plans  to  build  on  Natural 
Bridge  Rd.  and  Union  St.  W.  H.  Kil- 
patrick,  Flint,  Mich..   Engr. 

Mo.,  St..  Louis — The  l^nion  ?:iectric  lAght 
&  Power  Co..  12th  and  Locust  St..  will  alter 
its  boiler  house.  Estimated  cost.  $15,000. 
.Tohn    Hunter.    Ch.    Engr.    Power    Sta. 

Ark,,  Clarendon — The  Commonwealth 
Power  Co.  plans  to  erect  a  power  plant  on 
the  river.     A.  Perry.   Mgr. 

Tex.,  Sherman — The  Trustees  of  Carr- 
Burdette  College  plan  to  install  a  heating 
plant. 

Tex.,  Weatherford — The  city  plans  to  re- 
build the  electric  light  plant  recently  dam- 
aged by  fire. 

Colo.,  Sterling — The  city  plans  to  build 
a   heating  and   lighting  plant. 

N.  Mex.,  Ft.  Stanton — J.  .\.  Wetmore. 
Superv.  Arch..  Treasury  Department. 
Washington.  D.  C.  will  soon  award  the 
contract  for  the  installation  of  new  en- 
gine, generator,  etc.,  in  the  U.  S.  Public 
Health   Sanitarium   here. 

t'tah.  Monti — The  Town  Council  plans  to 
build  a  hydro-electric  plant  and  enlarge 
the  present  flume  and  distribution  lines. 
Estimated    cost.    $10,000. 

.4riz.,  Florence — The  city  plans  to  im- 
prove the  water-works  and  lighting  plants. 
Estimated  cost.  $80,000.  Burns  &  Mc- 
Dowell. Interstate  Bldg.,  Kansas  City.  Mo., 
Engrs. 

Wash.,  Seattle — The  Skinner  &  Eddy 
Corp..  Railroad  Ave.,  plans  to  build  a  1- 
story,  100  x  220  ft.  power  house  and  black- 
smith shop.     Estimated  cost,   $7069. 

Cal„  Los  Aneeles — 3.  P.  Vroman.  Secy. 
Dept.  of  Pub.  AVks..  will  receive  bids  until 
Jan.  24.  for  furnishing  sheet  steel  rivets 
and  pipe  section  for  pipe  line  and  penstocks 
for  power  plant  No.  2  in  San  Francisquito 
Canyon.  Estimated  cost.  $75,000.  Form«r 
bids   rejected.      Noted   Dec.   10. 


r.  K„  I..  rhnrlolintnMrn-  The  ricpartnient 
of  I'ublli-  Wiirkx  liiin  jiwurdi'd  the  eotilrurl 
for  the  InNtiilliitliiii  of  a  IniitlMK  xyiiii'tii  In 
the  Mllltiiry  llonpllal  here  l<i  tin-  Itruii- 
.Stewiirt  <  i>  .    Ltd 

On«.,  Cottali— M.  J.  (Cllrlen,  Ltd,  llen- 
fri>w.  capitalized  lit  $20.noii.iioo.  Ih  huvliiK 
Hurveyn  iiiaile  lit  lln'  I  )ch  (Jullize  wilier 
power,  abiiut  2G  miles  iiorlhweHt  of  Cobalt, 
for  a  power  divelopment. 

CONTllACTH     AWARDED 

N,  Y„  New  York — Tho  Hoard  of  Kiluni- 
llon.  500  Park  Ave.  re<!elved  bids  for  In- 
HtalltnK  heatliiK  and  vent  Hating  syHteiriH  In 
P.  .S  .12.  (Bronx  Borough),  from  Danbl  J 
Hire.  103  Park  Ave.  $fil.3K3;  John  C  Wil- 
liams. Inc.  233  Broadway.  $C2.7»7  ;  CilllH 
&  Ceoghegan.  537  Broadway,  $ti().57H.  C  B 
J.  Snyder.   Municipal   Bldg..   Engr. 

N,  Y,,  New  York — (Borough  of  Brook- 
lyn)— The  Bureau  of  Yards  &  Docks.  .Navy 
Department.  Washington.  D.  C.  has 
awarded  the  contract  for  installing  electric 
lighting  system  In  the  nurses'  c|uarters.  at 
the  .Naval  Hospital  here,  to  the  E.  J.  Elec- 
tric Installation  Co..  221  West  33rd  St.. 
New    York   City.      Estimated   cost,    $4G(;8. 

N.  Y..  New  York — (Borough  of  Brook- 
lyn)— The  Commissioner  of  Water  Supi<ly. 
(las  &  Electricity,  Municipal  Bldg..  .Man- 
hattan, received  only  bid  for  reserv- 
ing and  furnishing  electric  generating 
capacity,  current  and  equipment  for  the 
use  of  high  pressure  Are  service  station 
for  year  1919,  from  the  Edison  Electric 
Illuminating  Co..  360  Pearl  .St..  Brooklvn. 
$27,400.  S.  H.  Beardsley,  Municipal  Bldg., 
EngT. 

N.  Y.,  SyriicuMe — The  Standard  Oil  Co.. 
North  Beach  St..  has  awarded  the  contract 
for  the  construction  of  a  1  story.  13  x  26 
X  50  ft.  pump  and  boiler  house,  to  the 
Walsh  Construction  Co..  403  Herald  Bldg. 
Estimated    cost.    $3500. 

Penn,     Philadelphia — The     Pennsylvania 

R.R.,  Broad  St.  Station,  has  awarded  the 
contract  for  the  construction  of  a  1  story, 
15  X  40  ft.  addition  to  power  house,  to 
William   Steel   &   Sons,    IGOO   Arch   St. 

Penn.,  Reading— The  Carpenter  Steel 
Co..  River  Rd.  and  Exeter  St..  has  awarded 
the  contract  for  the  construction  of  a  power 
house  to  the  Beard  Construction  Co.,  5th 
and  Walnut  St. 

Va.,  Clinrhflpld — The  International  Coal 
(^o.  has  awarded  the  contract  for  the  con- 
struction of  a  coal  byproducts  plant  to  con- 
sist of  boiler  house,  gas  ovens,  etc.,  to  Ford, 
Bacon  &  Davis,  115  Broadway,  Nevsr  York 
City.  N.  Y. 

Mich.,  Detroit — The  Board  of  Fire  Com- 
missioners. Wayne  and  Larned  St..  has 
awarded  the  contract  for  the  construction 
of  a  2-storv.  65  x  80  ft.  engine  house,  to 
Max  Bartholomaei  &  Sons  Co..  466  East 
Warren  Ave.  ;  heating  and  plumbing  let  to 
M.    B.    O'Connor.    Penobscot    Bldg. 

Mich..  Port  Huron — The  city  has  awarded 
the  contract  for  furnishing  and  installing 
two  6.000.000  gallon  centrifugal  pumps  and 
two  200  h.p.  motors  at  the  water-works,  to 
Fairbanks-Morse  Co..  Lafayette  Blvd..  De- 
troit. Estimated  cost.  $10,200.  Noted 
Nov.  26. 

111.,    Great   Lakes — The   Bureau   of  Yards 

&  Docks.  Navy  Department.  Washingrton. 
D.  C.  has  awarded  the  contract  for  the 
construction  of  a  power  house  here,  to  Han- 
.''on  Bros..  127  North  Dearborn  St..  Chi- 
cago      Estimated    cost.    $10,000. 

la.,  Grinnell — The  St.  Francis  Hospital. 
Clinton,  has  awarded  the  contract  for  the 
construction  of  a  2-storv.  40  x  146  ft.  hos- 
pital to  include  a  l-stors".  38  x  50  ft.  boiler 
house,  to  Lighter  Bros..  611  Security  Bldg.. 
Cedar  Rapids :  heating  and  plumbing,  to 
Roy  Anderson.   Grinnell. 

la.,  Sioux  Cit.v — Swift  &  Co..  Union 
Stock  Yards.  Chicago.  111.,  has  awarded  the 
contract  for  the  construction  of  an  addi- 
tion to  its  cold  storage  building  here,  to  F. 
T.  Leeder.  615  5th  St.  Estimated  cost. 
$10,000. 

Cal.,  Martinez — The  city  has  awarded  the 
contract  for  the  construction  of  an  18  x 
24  ft.  pump  house,  to  M.  P.  Holmes.  Mar- 
tinez. $2800  ;  2  triplex  pumps  having  a  ca- 
pacity of  270  gallons  per  minute,  driven  by 
electric  motors,  to  Fairbanks-Morse  Co 
651    Mission   St..   San   Francisco.    $6015. 
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llaaton — Currmil  tjuulatloiia  i>er  f  roni  ton  I.o.b.* 
iniiieii    urn   ua    (olluwa 

ANTHILVCITE 

Circular  Circiulif 

Current  CiMtriii 

liiK  kwheul  f.'l  40  Ikiller    S  :  nr> 

Ki<f  •;  110  Hurlar     :  I" 

All  mil  rutts   lu  lliialuii  l«  fi.Hi. 

I)1TI:M1N0US 
Ulluminou*.  SH  to  9H.7u. 
Pocahontas  and   New  Itlvor.  f.o.b.   BoHtoB, 

•H  ,'!,''>    lu   >H.IIO 

Nini-  1  ork — (,'urrenl  aiiotutiuiiH  («?r  kto-h  ion 
(  oh  TKlrw.'iler  ut  the  lower  porta*  are  ua  (o|. 
Iowa: 

CIr-       liiili  Clr-       liiill. 

•  ular  vuluitl  cular  viilual 

Pea    ....»(). 55   »7  .'td  Bnil.on     .f7.K0   Jm  .-.6 

lluek         .    .5  10      .'■..110  Eei;    ....    7  70      N  46 

Kice    ...    4.»5.'i      ,110  Stove    ...    7.»r.      M  70 

Uarley     ..    4.15      ■iMi)  CheitDUt,     8  O.'i      H  HU 

IIITUMINOU8 

Current  quotntionp.  rroaa  tona.  bosirtl  un  i,<i. 
eiiiniout  prices  at  the  mincg.  net  ton:  I  '<  h 
Thluwatcr.    at    the    lower    porta,    are    ua    folio  .sm 

Mine  F  O  Ii     N 

Ceniral     Pennsylvania              Uroaa  Cm-. 
tMine       run.       Prepared       or 

Slack)      »:)..30  ».'j  I.- 

fp[)er  Potomac.  Cumberland 
&  Piedmont  Fields: 

Kuii    of     Mine 3.08  5".'. 

I'repareil      :i.:i8  .•■)  .'.I 

Slu.  k      '.J. 80  4  i)J 

(juot.itions  at  the  upper  ports  lor  both  bi- 
tuminous and  anthracite  are  ,5<-.  higher  on  ac- 
count of  the  iliffeience  in  freierht  rates,  and  are 
exclusive  of  the  '.i'H   war  freight  tax. 

*The  lower  ports  are:  Ehzabethport.  Port  John 
son.  Port  Readint'.  Perth  Amboy  and  South  Am 
boy.  The  upper  iiorts  are:  Port  Lil>erty.  Holio 
ken.  Weehawkcii.  Edgewater  or  Cliffside  and  Gui 
tenbert^.  St  (jeorse  is  in  between  and  sometimea 
a  special  boat  rate  is  made.  Some  bituminoua 
IB  shipped  from  Port  Liberty.  The  rate  to  the 
upper  ports  is  ."jc    higher  than  to  the  lowei    ports 

Philadelphia — Prices  per  gross  ton  fob.  cars 
at  mines  tor  line  shipment  and  fob.  Port  Hieh 
mond  for  tide  shipment  are  as  follows: 

. Line ^ , Tide < 

Cur-  One  Yr.        Cur-  One   Vr 

rent  Ago            rent  Ago 

Pea     J4.80  $3.40        $6.05  J4.30 

Barley    '2.40  1.90          3.30  2  10 

Huckwheat          3  40  2.90           4.4.')  3.50 

Rice     '2  90  2.40           3.80  3.40 

Boiler     3.70  2.20           3.70  3.30 

Chicago — Steam  coal  prices  f.o.b.  mines: 
Illinois  Coals    Southern  Illinois  Northern  Illinoia 
Prepared     sizes. ..  82.55 — 2.70  $3.25 — 3.40 

Mine-run     2.35 — 2.50  3.00 — 3.15 


Uirmingbam — Current  prices  per  net  ton  f.o.b. 

mines   are   as   follows 

Pre-    Slack  or 
Mine-   pared    Screen- 
Run     Sizes       inga 
Big   Seam.    Mary   Lee.    New 

Castle.  Blue  Creek.  Brook- 
dale.  Milldale.  Henry   Ellen 

or    A.mar     »2.46   f2.76      $2.40 

Cahaba.    Black  Creek.   Mill- 
dale.     Carter     and     Durie 

seams.       and       Underwood 

seam       in       Etowah       and 

Blount  Counties.  Jefferson 

seam     in    Marion.     Walker 

and  Winston  Counties....    3.46      3.76        3.10 
Pratt.     Brookwood.     Nickel 

Plate.      America.      Jag'grer. 

Coal    City.    Jefferson    (ex- 
cept    in     Walker.     Marion 

and      Winston      Counties). 

Mt.  Carmel  seam  or  upper 

branch    of     Bis;    Seam    on 

Birmins-ham  Mineral  south 

of    Bessemer    3.85      3.05        2.45 

Helena  and  Harkness  seams 

and   coal    mined   by    No.   2 

Belle    Helen,     and    Y'oung- 

blood     seam     3.90      3.20        2.70 

Climax  seam   near  Maylene. 

St.    Louis — Prices    per    net    ton    bituminous    coal 
fob.    mine   today   as   compared    with 
a  year  ago  are  as  follows: 
Williamson  and 
Franklin  Coun 
ties.  Mt.  Olive 
and  Staunton      Standard 
Prepared     sizes     (lump. 

egg.   nut.   etc.) S3  5.'i(§2.75  $2.40@2.70 

Mine-run 2.35@3.50      3.30@3.30 

Screenings    2.17@2.32      1.50@1.50 

Williamson-Franklin  rate  to  St   Louis  is  51  10 
other  rates  p    95 
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PRICES— MATERIALS  AND  SUPPLIES 


These    are    prices    to    the    power    plant    by    jobbers    in     the    larger    buying    centers   east    of    the 
Mississippi.    Elsewhere  the  prices  will  be  modified  by  increased  freight  charges  and  by  local  conditions. 


POWER-PLANT  SUPPLIES 

HOSE— 

I'irc  50-Ft.  Lengths 

iiiliTwritcre'^  2j-in 85c.  per  ft. 

mmon,  2J-in 25% 

Air 
First  Grade        Second  Grade       Third  Grade 

per  ft  $0  65  $0  40  $0  30 

Steam — Discounts  from  List 
first  grade.  15%         Second  grade 25%         Third  grade 33}% 

Rl'BBER  BELTING— The  following  discounts  from  list  apply  to  trans- 
n  is.sion  rubber  and  duck  belting; 

inpetition 50%         Best  grade 30% 

..idard 40% 

Note — Above  discounts  apply  on  new  list  issued  July  I. 

LEATHER  BELTING— Present  discounts  from  list  in  the  following  cities 
are  as  follows: 

Medium    Grade  Heavy  (irade 

New  York 40—5%,  35% 

St.  Louis 30  to  50%  40%, 

Chicago   45%  40%, 

Birmingham 35%  35% 

Denver 35-5%  30% 

RAWHIDE  LACING— 40%. 
PACKING — Prices  per  pound: 

Rubber  and  duck  for  low-pressure  steam 

Asbestos  for  high-pressure  steam    

Duck  and  rubber  for  piston  packing 

Flax,  regular 

Flax,  waterproofed 

Compressed  asbestos  sheet 

Wire  insertion  asbestos  sheet 

Rubber  sheet , ■ ^    .       , 

Rubber  sheet,  wire  insertion ' .    . 

Rubber  sheet,  duck  insertion 

Rubber  sheet,  cloth  insertion 

Asbestos  packing,  twisted  or  braided  and  graphited,  for  valve  stems  and 

stuffing  boxes    

Asbestos  wick,  J-  and  l-lb.  balls 

PIPE    AND    BOILER    COVERING— Below    are    discounts    and    part 
standard  lists: 

PIPE  COVERING  BLOCKS  AND  SHEETS 

Standard    List  Price 

Pipe  Siis  Per  Lin. Ft.  Thickness 

l-in.  »0  27  i-in. 

2-in.  .36  1  -in. 

6-in.  .80  IJ-in. 

♦-in.  .  60  2  -in. 

3-in.  .  45  2J-in. 

8-in.  110  3  -in. 

IMn.  1   30  3Hn. 

85%  magnesia  high  pressure     

■  4-ply      . 
3-ply 

2-ply      . .  .  , 
GREASES — Prices  are  as  follows  in  the  following  cities 


$0  99 

:  76 

1  10 

99 

1  21 

1  10 

1  n 

66 

99 

55 

25 

1  21 

75 

For  low-pressure  heating  and  return  lines 


for  barrel  lots: 


Cup 

Fiber  or  sponge 
Transmission .  . 

Axle 

Gear 

Car  journal.    .  . 


per  Sq  Ft. 
JO.  27 
30 
.45 
60 
.75 
90 
1    05 

Lli.t 

58%  off 

60%  off 

.      62%,  off 
cents  per  pound 


Cin- 
cinnati 

7 

8 

7 

45 

4{ 
22(gal.) 


Pitts- 
burgh 

9 

10 

9 

6 

9 
21  (gal.) 


Chicane 
5} 


St. 
Louis 
6  9 


Bir- 
mingham 


20 
5i 
9 


COTTON   WASTE — The    following   prices   are   in    cents   per   pound: 
New  York 


White 

Colored  mixed . 


Current  One  Year  Ago     Cleveland  Chicago 

II00tol3  00  13  00  16  50        12  00tol6  50 

8   50tol2  00  12  00  13  00         11  50  to  1 4   00 

WIPING  CLOTHS— Jobbers'  price  per  1000  is  as  follows: 

13}xl3i  I3jx20i 

Cleveland $52  00  $58  00 

Chicago   48. 00  5000 

LINSEED  OIL — These  prices  are  per  gallon: 

— -New  York— .   Cleveland — — Chicago ■ 

Current         One        Current        One        Current        One  St. 

Year  Ago  Year  Ago  Year  Ago  Louis 

$1   20         $1   90       $1   25         $1   77       $1. 18       $1   66 
I   30  2  00         1.40  1    97         I   28         1.69 


Raw  in  barrel..    $1   64 
5-gal.  cans I   89 


WHITE  AND  RED  LEAD  in  500-lb.  lots  sell  as  follows  in.cents  per  pound: 


Current 


-Red- 


I  Year  Ago 


. White . 

Current  I  Yr.  Ago 


Dry  In  Oil 

lOO-lb.  keg   14  00  14  50 

15- and  50-Ib.  kegs. . .    14  25  14  75 

52Mb.  keg 14  50  1  5  00 

2-lh.  cans      ... 

l-lb.  cans 


Dry 
12  25 
12  50 
12  75 
14  25 
14   25 


In  Oil 
12  50 

12  75 

13  00 

14  00 
M  50 


Dry 
and 
In  Oil 
14  00 
14  25 
14  50 

16  00 

17  00 


Dry 
and 
In  Oil 
12  00 
12  25 
12  50 
14  50 
14  SO 


RIVETS — The  following  quotations  are 
ehfjuse: 


Steel  A  and  i 
Tinncii 


illowed  for  fair-sized  orders  from 
Clevel&nd 


New  York       Clevel&nd        Chicago 

n"" 40%  45-5%  40% 

30%  45-5%  40%, 

Button  heads,  J,  ;,  1  in.  diameter  by  2in.  to  5in.  sell  as  follows  per  100  lb.: 
Now  York      $5  675     Cleveland. ..  $5.  15     Chicago.  ..  $5.  67     Pittsburgh.. 

Coneheads,    same   sizes: 
New  York.    $5  775     Cleveland.. .  $5.  25     Chicago.  ..  $5.  77     Pittsburgh...$4.75 

REFRACTORIES — Following  prices  are  f.  o.  b.   works,  Pittsburgh: 

Chrome  brick net  ton 

C  irome  cement net  ton 

(  l;iy  brick,  1st  quality  fireclay.    net  ton 

(lay  brick,  2nd  quality net  ton 

.M.igncsite,  dead  burned net  ton 

M  ignesite  brick,  9  x  4J  x  2}  in net  ton 

Sm  a  brick net  ton 

Standard  size  fire  brick,   9  x  41 
cheaper  per  1000. 

St.  Louis— Fire  Clay,  $40  to  $55. 

Birmingham— Fire  elay.  $50;    silica,  $50;  magr.esite,  $110:   rhmme,  $165 

Chicago — Second  quality,  $25  per  ton. 

Denver — Silica,  $35  per  1000. 


4. 65 


$120  00  at  Chester,  Penn. 
65  00  at  Chester,  Penn 
40-30  at  Clearfield,  Penn. 
38-48  at  Clearfield,  Penn. 
37   50  at  Chewalah,  Penn. 
90  00  at  Chester,  Penn. 
45-55  at  Ml.  Union,  Penn. 
2;  in.     The  second  quality  is  $4  to  $5 


BABBITT  METAL — Warehouse  prices  in  cents  per  pound: 


■ New  York 

Current  One 

Year  Ago 
Best  grade...      87  00  70  00 

Commercial..      42  00  40  00 


■ Cleveland 

Current  One 

Year  Agfj 
80  00  93  00 

21   50  21    50 


Chicago 

Current  One 

Year   Ago 
75  00  70  00 

15  00  25  00 


SWEDISH    (NORWAY)    IRON— The    average  price  per  100  lb.,   in  ton 


lots 

Current 

New  York $25,  50-30 

Cleveland 20  00 

Chicago 19.00 

In  coils  an  advance  of  50c.  usually  is  charged. 

Note — Stock  very  scarce  generally. 


One  Year  Ago 

$14.00 

15.00 

13  50 


POLES — Prices  on  Western  red  cedar  poles 
New  York 

6  in.  by  30  It  $5  82 

7  in.  by  30  ft  7  65 

7  in    by  35  ft 1  1    10 

8  in    by  35  ft 12  65 

7  in.  by  40  ft 12  85 

8  in    by  45  ft 18  90 

8  in.  by  50  ft 22  65 

lOc.  higher  freight  rates  on  account  of  double  loads. 

For  plain  pine  poles,  delivered  New  York,  the  price  is  as  follows 

lO-in.  butts,  5-in.  tops,  length  20-30  ft 

I  2-in.  butts,  6-in.  tops,  length  30-40  ft 

1 2-in.  butts,  6-in.  tops,  length  41-50  ft 

14-in.  butts,  6-in.  tops,  length  51-60  ft 

14-in.  butts,  6-in   tops,  length  61-71  ft 


Chicago 
$5.  17 
6  85 

10  ro 

11  35 
II  50 
16  90 
20  30 


Denver  San 
$4   55 

6    10 

8  95 
10  10 
10  20 
15  00 
18.00 


Francisco 
$5.  17 
6  85 

10  00 

11  35 
II  50 
16  90 
20.30 


$9.00 
II. SO 
12.  SO 
21.00 
23.  SO 


P'PE — The  following  discounts  are  for  carload  lots  f.  o.  b.  Pittsburgh-   basing 
cardof  Jan.  I,  1919,  for  steel  pipe  and  for  iron  pipe: 


Inehei 

and  I. 


I  to  3. 


Steel 
Black 

47% 
51% 
54% 


1  pipe  ana  lor  iron  pipe: 
BUTT  WELD 

Galvanized  I 

205%  J  to  I 

365% 

405%, 


Iron 
Black 
36% 


2      

2',  to  6 


47% 
50%, 


345% 
375% 


LAP  WELD 

2 29% 

25  to  6     .  31% 

BUTT  WELD.  EXTRA  STRONG  PL.\IN  ENDS 

25i%  i  to  15 36% 

355% 
395% 

LAP  WELD.  EXTRA  STRONG  PLAIN  ENDS 

2   45%  335%  2 30% 

25  to  4 48%„  365%,  2}  to  4     .  32% 

45  to  6 47%  355%  45  to  6  31% 

Stock  discounts  in  cities  named  are  as  follows: 

-New  York-       -Cleveland- 


Galvanized 
20% 


15% 
18%, 


J,    i  and  i 43% 

5    48% 

J  to  15 52% 


21% 


Black 
40% 
36% 


J  to  3  ill.  steel  butt  welded 
35  to  3  in.  steel  lap  welded 

Malleable  fittings.    Class  B  and  C,  fi 
Cast  iron,  standard  sizes,  5%,  off 


Gal-  Gal- 

anized  Black  vanized 

28%,  41%  26% 

25%  37%  23% 


Chicago   

Gal- 
Black         vanized 
41    1%         26.1% 
37  1%         23.1% 


New  York  stock  sell  at  list   +  15%. 


:?8 
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BOlim     niHES-  Thr   loll. 
Iltuluiruli.  I. 'I  ilrhvrrv  aflrr  Jiiii 

t  i>|.  W  .  I>liil  .-^Ir.! 

)1  «o  4)  III  W 

21  to  M  •»  ^' 

2{ Id  20\ 

ll  to  2  III  lb 


»inB   nrr    llii'   pri"'*  ('>r  rnrlimil 
I'liiirronl   In> 


M  I, 

Jt  I.. 


I|  I"  U  111 
.>4tnniliir>l  ConimprcinI  .'Vanili'w — Culil  Priiwn 


1  191 


i.r  Mot  KoIIimI 


I  in 


I)  in 


.174 
Zt,4 
1\* 


I'rr  \i-l   run  IVr  \i-l  Tun 

$H4               l|  in  }2I4 

2t<>2tin  184 

2i  l<>  3|  in  174 

4in  I''4 

4)  to  i in  .    .                    214 

ThMP  prim  do  not  npply  to  ii|M<<-iiil  npprifiriitiiinii  (or  loromotivp  tnbrH  nor  tci 
HpiTinl  upocifiontionn  for  tnhi'n  for  tin-  N'livy  Orpiirtnicnt.  wliirh  will  br  niihjcrl  ii> 
xprriiil  ni'Kotiiition 

ELECTRICAL  SUPPLIES 


ARMOltEl)  c:ablI': 


B  diS    Sill- 
No    MBolid 
No.  1 2  solid 

No    10  solid 
No    8  Htrandod 
No   6  strandi'il 

Kroni  the  iitiov 
Lcwt  than 


Coils  to  1,000  ft 
1,000  ft    and  ovo 


Two  Co 

M   II 

$104  00 

115  00 

185  00 

235  00 

370  00 

littts  diticoiints  nn 

oil  lots 


Thrro  Cond. 
M  I't 
$138  00 
170  00 
235  00 
W5  00 
472  00  ■ 


Two  Cond 
I.rnd 
M  Kl 
$164  00 
211  00 
255  00 
345  00 
625  00 


Throe  Cond 
Lend 
.M  It 
$222  00 
290  00 
325  00 
450  00 


Not    List 
10% 
15^; 


DRY  —  KrgulBr    No.    6   siie   red   ^cal,    Columbiii, 


BATTERIES, 

Ready : 

Lrss  thnn  I  2 
12  to  50 

50  to  125  (bbl)  35 

125  (bbl)  or  ovit  .32 

CONDUITS     ELBOWS    AND  C;Ol.:PLINGS— FollowinR   arc   warchousp 
net  prices  per  1 000  ft .  for  conduit  »nd  per  100  for  couplings  an<l  elbows: 


Kaeh,  Net 
$0  40 


2J.. 
3  .. 
31 


$81.60 
108  10 
159  80 
216  20 
258  50 
347  80 
549  90 
719  10 
892  40 
1,079    10 


Black 
100  and 
Over 
$18  24 
18  24 
24  00 
35  52 
45  45 
bO  60 


181    80 

484  80 

1,070  60 

1,237   25 


Elbows 

Galvanized 

100  and 

Over 

$19  38 

19   38 

25   50 

37   74 

48    15 

64   20 

117   70 

192  60 

513   60 

1,134   20 

1,310  75 


'- —  CouplinES 

Black       Cialvanized 
1 00  and 


Over 
$5  76 


Over 
$6    12 


9  60 

12  48 

17  17 

21  21 

28  28 

40  40 

60  60 

80  80 

101  00 


10  20 

13  26 

18  19 

22  47 

29  96 

42  80 

64  20 

85  60 

107  00 


$76  50 

101  20 

149  60 

202  40 

242  00 

325  60 

514  80 

673  20 

837  20 
.       1.013  70 
5?i  ca.-h  10  days 
From  New  York  Warehouse — Less  5%  cash 

Standard  lengths  rigid,  lOft.    Standard  lengths  flexible,  i  in.,  100  ft.    Stand- 
ard lengths  flexible,  '  to  2  in  ,  50  ft 

LOOM— 

List,    Ft. 
»0  05J     1 
.06       I 
.09       I 
.  12 


CONDUIT  NON -METALLIC 

Siiel  D,  In 


Feet    per   Coil 

250 

230 

250 

200 

700 

150 

100 

100 
Odd  lengths 
Odd  lengths 


Coils     .55%  Of!.. 
Less  coils,  40%  off 


CUT-OUTS — Following  are  net  prices  each  in  standard-package  quantities 
CUT-OUTS,  PLUG 

$0   11         T.  P.  to  D.  P.  S.  B $0  24 

I  ~" 


S.  P.  M.  L 
D.  P.  M.  L 
T.  P  M  L 
D  P.  S  B 
D   P   D   B 


T.  P.  to  D. 
T.  P.  to  D. 
T.  P.  S.  B. 
T.  P.  D.  B 


.  P.  M.  L 
P.  M.  L 

.  P  S.  B 
P.  S.  B 

.  P  D.  B 
P.  D.  B 
P  to  D 


CUT-OUTS,  N.  E.  C.  FUSE 
0-30  Amp 
$0  33 
48 
42 


P   D.  B 


il 

78 

1   35 

90 


31-60  Amp. 

$0  84 

I    20 

1   05 

1  80 

2  10 


60-100    .\i 

$1   68 

2  40 


3  60 
2.52 


FLEXIBLE  CORD— Price  per  1000  ft.  in  coils  of  250  ft.; 

No.  18  cotton  twisted  

No.  16  cotton  twisted  .     

No.  1 8  cotton  parallel  

No  16  cotton  parallel 

No.  1 8  cotton  reinforced  heavy 

No.  16  cotton  reinforced  heavy 

No.  1 8  cotton  reinforced  light 

No.  16  cotton  reinforced  light 

No.  18  cotton  Canvasite  cord 

No  16  cotton  Canvasite  cord 

FUSES.   ENCLOSED— 

250-Volt 

3-amp.  to     30-amp  

35-amp.  to    60-amp  

65-amp.  to  1 00-amp  

2 1 0-amp.  to  200-amp  

25-amp.  to  400-amp 
S-map.  to  600-amp 


Std.  Pkg. 

100 
.   100 

50 

25 

25 

10 


$22  00 
28  40 
25  00 
32  00 
35  00 
42  00 
30.00 
36.00 
29.00 
35  00 


List 

$0  25 

35 

90 

2  00 

3  60 
5  50 


Vniiip  111  )0-niiip 
U-niiip  to  b0.iiiiip 
(i5.|iinp  to  lOUaii.p 
llO-nnip  to  2U0-IIIIIP 
225-niiiri  tu  400-iiiiip 
450-Hiiip  III  bOO-iifiip 
Diaeiiiiiil  l.i'M  I  ' 
I  5lli  til 


Btd  PkK 

I.i. 

100 

40 

100 

60 

50 

1  50 

25 

2  50 

25 

5  50 

10 

S  00 

iiiiilnrd  parlcBie. 
iiliiiil  piii'knRe 


Htuiiiliiid  pm-kiiKi' 

FU.SK  PHIC;S.  MICA  <:ai'- 

0   30  iinipi're,  atandaril  piirkiige 

0    30  ampere,  leim  than  aliiiidiird  pncknge 


52% 


I.AMP.S 

iitities: 


pri-Hi-nt    (|iiolittions   in    leiw    than    ntandard    pui  kuve 


.'^trniglil-Side 
H 


Penr-Shaix'  Hulbs 


I'lalli 

$0   35 

35 


Irohtid 
$0   38 


riiekagc 
100 
100 
100 
100 
100 
100 
24 


Watts 
75 
100 
150 
200 
300 
400 
500 
750 

1000 


Clear 

$0  70 

I    10 

1  63 

2  20 
23 


Irosted 

$0  73 

I    15 

I   70 


No 
P«.4 


30 


4   70 


Standard   quant  it  iik   are 
tracts  ranging  from  $150  tu 


\ilijert    to  diHcount    of    10%   from 

$300,000  net  allow  a  discount  of  17  to  40%  fro 


27 
35 
43 
85 
73 
73 
list. 


PLUGS,  ATTACHMENT— 

Hubbell,  porcelain  No  5406,  ntanrlard  package  250 
Hubbell  composition  .N'o  5467,  standard  package  50 
Benjamin  swivel  No    903,  standard  package  230. 

Hubbell  current  tups  N'o    5638.   stanihird  package     SO. 


Each 

$0.24 

.32 

.20 

.40 


RUBBER-COVERED  COPPER  WIRE— Per  1000  ft.  in  New  York: 

Solid  .S'llid  Stranded, 

.No  Single    Braid      Double  Braid     Dquble  Braid            Duplex 

14  $13  00                 $16  00                 $18  00                 $32  00 

12  16  70                     18  80                     22  00                     36  85 

10  23   52                     26    10                     29    10                     50  60 

8  31   00                   36  40                   40  20                   70   10 

6  62  00 

4  83    10                    

2  122  40                     

1  161  30 

0  .                                                                                       189  68                    .    . 

00  230  00 

000  .                                                                                             282  40 

0000  345  50 

Prices  per  1000  ft.  for  Rubber-covered  Wire  in  Following  Cities: 

. Denver ■     . St.  Louis . Birmingham 

Double  Single     Double  Single     Double 

Braid    Duplex    Braid      Braid    Duplex   Braid     Braid    Duplex 

$21    00  $39  40  $21    00   $16  00   $33   00  $13  00   $17.40  $36.80 

28   90     64   75      27   20     31    00     69  00     21    40     24   40     42  75 

88  45     38  00     42   00     78  00 

65   00    130  00 

93   00 

140  00 

182  00 

242  00 


I 

0 

00 

000 

0000 


Sin 

?le 

Braid 

$17 

00 

25 

65 

36 

43 

57 

4(1 

83 

40 

126 

60 

164 

15 

Key, 
Each 
$0  33 


40  25 
61  70 
88   70 

132  80     

172  40     

206  80      

278  80     

341    65      

417  05      

Pittsburg — 34c.  base;  discount  50% 
SOCKETS,  BRASS  SHELL— 
i  In,  or  Pendant  Cap 


42  35  44  35 

64  60  74  60 

101   75  106  05 
151.50 

201.00  258  50 

276.00  285  00 

290   00      317  00  330  00 

360  00      417.00  428  50 

435   00      516. CO  516  00 


i    In.    Cap 

Keyless, 

Each 

$0.36 


Keyless,  Pull,  Key. 

Each  Each  Each 

$0  30  $0  60  $0.39 

Less  I-5th  standard  package -|-20% 

l-5th  to  standard  package -j-  10% 

Standard  package — 15% 

WIRE.  ANNUNCIATOR  AND  DAMPPROOF  OFFICE— 

No.  18  B.&S.  regular  spools  (approx.  8  lb.)  .  

.\o.  18  B.&S.  regular  1-lb.  coils 

WIRING  SUPPLIES— 

Friction  tape,  J  in.,  less  100  lb.  iOc.  lb.,  100  lb.  lots 

Rubber  tape,  i  in.,  less  100  lb.,  65c.  lb.,  100  lb.  lots. 

Wire  solder,  less  100  lb.  50c.  lb.,  100  lb.  lots 

Soldering  paste,  2  ox.  cans  Nokorode 


Pull, 
Each 
$0  66 


50c.  lb 
52c.  lb 


.  .  48c.  lb 
.  .  60c.  lb. 
.  46c.  lb. 
$1.20  doz 


SWITCHES,   KNIFE— 


TY'PE  "C"  NOT  FUSIBLE 


Size, 
Amp. 


100 
200 


Single  Pole, 

Each 

$0  42 

.74 

I   50 

2.70 


$0  68 

1  22 

2  50 
4  50 


Three  Pole, 
Each 
$1  02 
I  84 
3  76 
6  76 


FotirPole 
Each 
$1  36 
2.44 
5.00 
9  00 


TYPE  "C  FUSIBLE,  TOP  OR  BOTTOM 
30                             .70                          1   06  1   60 

60  1    18  I   80  2  70 

100  2.38  3  66  5  50 

200  4.40  6  76  10   14 

Discounts: 

Less  than  $10.00  list  value +  5% 

$10  to  $25  list  value —  8% 

$25  to  $50  list  value —15% 

$50  to  $200  list  value ^^"^ 

$200  list  value  or  over ^  .  —25% 


2  12 

3  60 
7  30 

13  50 
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'^ini'^iSTE©^  HAND 


^f 


The    Governor:     "I     dance  '/'jyAT^^VuV  V^      '^^^       Flywheel       hummed, 

serene,  l/Wfi  \™Kti\\vi  "Here,  think  of  me- 

On  top  of  all  the  great  ma-  ll/ifli^.jllfflmlw^      Momentum  lost,  where  would 


chine, 
And  glance  around,  by  night 

and  day, 
To  see  that  things  don't  run 

away." 


Who?  You?  You're  nothing 

but  a  shirk! 
It's    me,    The    Piston,     does 

the  work. 
I'm  here  with  might  to  push 

and  pull. 
And  make  each  stroke  count 

to  the  full." 


you  be? 
Who  drags  you  on  with  iron 

nerve 
Up  from  the  bottom  of  the 

curve?" 


The  Safety  Valve  spoke  up 
and  said, 

"Without  me  and  my  know- 
ing head 

The  lot  of  you  would  fly 
apart, 

And    land    in    the    old-iron 
mart." 


"Oh,  no!  You  but  obey  my 

will," 
The    haughty    Steam    Chest 

hisses  shrill. 
"I    am    the    one    that    gives 

the  strength 
To  shove  you  out  the  guide's 

full  length." 


And  then  the  Throttle  Valve 

got  cross: 
"I'm  over  you,  and  I'm  the 

boss 
Of  all  your  energy  and  zest. 
Now  tell  me,  which  of  us  is 

best?" 


The     Engineer     came     over 

then 
And  said,  "She's  got  a  grouch 

again. 
Why!    That    blamed    oiler's 

shaken  loose! 
Without  the  grease  she's  little 

use." 


A  Visitor  was  looking  in. 
He  shook  his  head:   "Of  all 

the  din! 
What  good  would  that  huge 

engine  be 
Without  the  man,  to 

oversee?" 
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Cnieralor  Wreck   al   Si.  Paul 


ON  TUKSDAY  moniiiiK.  Dtx.  U),  in  the  St.  Paul 
I)laiit  of  the  Northern  States  Power  Co.  u 
2()ll0-k\v.  itenerator  wliiih  had  been  in  .service 
for  nine  years  was  completely  damaged.  The  trouble 
nrijiinated  by  a  workman  short-cireuitinft  a  IIJ.OOO- 
vdlt  feeder  in  Minneapolis  eonnectinjr  the  St.  Paul 
and  Minneapolis  plants.  The  St.  Paul  plant,  in 
which  were  operating  one  1000-kw.  and  one  2000-kw. 
steam-turbir.e  units,  e.xcited  from  a  motor-generator 
set,  was  subjected  to  a  short-cirouit  of  such  proportions 


poli'pieces  of  the  bolted-on  type.  Each  polepiece  was 
held  by  14  bolts,  21  in.  diameter.  The  unit  weighed 
1(;!),()0()  lb.,  the  turbine  weighing  120,000  lij.  and  the 
generator  49,000  pounds. 

Pieces  from  the  wreck  were  thrown  through  the  walls 
and  about  the  power  house,  one  complete  section  of 
wall  near  the  generator  being  blown  out.  One  piece 
cut  the  20-in.  I-beam  of  the  overhead  crane,  allowing 
it  to  fall  on  the  wreck.  Another  piece  demolished  the 
benchboard  from  which  an  operator  had  turned  but  a  few 
seconds  before.  A  large  section  of  statoi 
iron  was  shoved  against  the  100-kw.  set 
running  next  to  the  wrecked  machine,  mov- 
ing it  and  the  bedplate  more  than  twc 
inches  at  the  generator  end  and  cracking 
the  end  housings  of  the  generator. 

No  obvious  or  exact  determinations  have 
as  yet  been  given  for  this  wreck,  but  certain 
conclusions  that  may  be  illuminating  can 
be  drawn.  The  2000-kw.  and  the  1000-kw. 
turbo    sets    were    operating   noncondensing 


FIG.  1 


VIEW    OP   THE    TURBINE    ROOM 
AFTER   THE    ACCIDENT 


and  duration  that  the  excitation  was  prac- 
tically lost  on  both  the  turbo-generators. 
About  the  time  the  steam-driven  exciter 
was  put  in  operation  the  generator  end  of 
the  2000-kw.  unit  completely  wrecked  itself. 
It  is  noteworthy  that  the  steam  end  of  the 
turbine  remains  intact,  as  clearly  shown  in 
Fig.  1,  although  probably  the  shaft  has  been 
sprung  and  the  casting  supporting  the  tur- 
bine bearing  has  been  cracked.  The  gen- 
erator and  its  bedplate  are  completely 
wrecked.  The  field  shaft  is  broken  off  at  each  end 
of  the  field,  and  three  polepieces  were  throvm  off. 
The  inboard  and  outboard  bearings  are  demolished. 
The  completeness  of  this  generator  wreck  is  showm  in 
Fig.  1,  and  Fig.  3  is  a  view  of  the  spindle  shaft  that 
was  twisted  off  between  the  steam  end  and  the  gen- 
erator. 

In  addition  to  the  units  mentioned  there  were  in  the 
station  another  1000-kw.  machine  and  a  4000-kw.  unit, 
neither  of  which  were  in  operation.  The  turbine  driv- 
ing the  wrecked  generator  was  a  Westinghouse  type  C 
machine  (a  type  abandoned  several  years  ago,  the  pat- 
terns for  which  had  been  destroyed) .  At  a  speed  of  1200 
r.p.m..  the  generator  delivered  three-phase  GO-cycle 
2200-volt  current.     It  has  a  built-up  field   having  six 


FIG.  2.     WHERE  THE  GENERATOR    W'KN'T  THIliOl'GH  THE  AVALL 


and  in  parallel.  The  St.  Paul  plant  was  tied  in  with 
Minneapolis  through  one  13,000-volt  three-phase  feeder 
approximately  ten  miles  long.  The  St.  Paul  turbo- 
generators were  excited  from  a  motor-generator  set 
from  which  some  power-house  lighting  was  also  done. 
A  "short"  occurred  in  Minneapolis  by  a  man  getting 
across  this  13,000-volt  feeder.  This  "short"  remained 
on  for  sufficient  time  to  allow  starting  the  steam-driven 
exciter  in  the  St.  Paul  plant — probably  five  minutes. 
It  caused  a  slowing  down  and  a  reduction  in  frequency 
and  voltage  of  the  two  units  in  operation.  The  motor- 
generator  excitation  voltage  was  so  low  that  the  lamps 
on  the  circuit  were  merely  red,  causing  the  short- 
circuited  turbo  sets  to  drop  their  load,  though  the  tur- 
bine was  getting  all  the  steam  it  could  pass. 
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With  these  conditions  one  of  three  things  happened: 

1.  The  machines  being  subjected  to  this  short-circuit 
for  several  minutes  caused  the  mechanical  collapse  of 
the   2000-kw.   unit. 

2.  The  machines  remained  on  the  short-circuit  until 
it  was  cleared,  and  the  entire  system,  many  times 
3000-kw.  capacity,  endeavored  to  bring  them  into  step. 

3.  The  machines  under  this  terrific  short-circuit 
overload,  aropped  their  load,  due  to  loss  of  excitation, 
and  the  2000-kw.  unit  overspeeded  until  the  generator 
exploded. 

Assumptions  must  again  be  made,  as  no  information 
is  available  as  to  why  the  circuit-breakers  did  not  cut 
off  this  overload  in- 
stantly, but  obvious- 
ly allowed  the  short 
to  remain  on  both 
the  St.  Paul  and 
Minneapolis  systems 
until  at  least  the 
2000-kw.  generator 
was  wrecked.  The 
first  reason  given 
can  be  dismissed,  as 
a  short-circuit  locat- 
ed at  the  end  of  a 
ten-mile  feederwould 
not  wreck  mechanic- 
ally the  machine,  and 
as  no  smoke  or  blaze 
was  noticed,  the  ma- 
chine was  not  burned 
out  electrically.  This 
is  also  confirmed  by 
the  fact  that  the 
1000-kw.  machine  in 
parallel  on  this  short 
was  not  injured.  It 
is  difficult  to  justify 
No.  2,  that  the  wreck 
was  due  to  the  ma- 
chines getting  out  of 
step  with  the  system, 
for  if  this  was  suffi- 
cient to  wreck  the 
2000-kw.  generator,  it 
certainly  would  have 
had   some   effect   on 

the  1000-kw.  unit.  If  it  was  sufficient  to  twist  off  the 
8-in.  shaft  on  the  larger  machine,  it  would  likely  have 
left  some  indications  of  strain  on  the  smaller  set.  In- 
spection showed  no  internal  damage  to  the  smaller  unit. 
Overspeeding,  as  per  No.  3,  seems  by  far  the  most 
probable  cause.  The  turbines  had  been  in  service  nine 
years,  were  built  for  150  lb.  steam  pressure  and  no 
superheat,  and  were  actually  operated  under  185  lb. 
steam  pressure,  100  deg.  superheat  and  6  lb.  back  pres- 
sure. Owing  to  this  changed  steam  condition,  the  com- 
pany operating  the  plant  had  dismantled  the  auto- 
matic safety  stop  on  the  three  type  C  machines, 
depending  upon  the  system  to  lock  them  electrically  and 
load  changes  to  be  handled  by  the  regular  governor 
operating  on  the  primary  and  secondary  valves.  Both 
of  these  valves  were  opened  to  the  maximum  on  the 
short   and   the   machines   operating   at   much    reduced 


:  peed.  When  the  load  was  dropped,  owing  to  the  loss 
of  excitation,  the  generators  instantly  speeded  up.  The 
governor  on  the  1000-kw.  turbine  closed  its  valves  and 
kept  the  machine  at  normal  speed  under  steam.  The 
valves  of  the  2000-kw.  turbine  did  not  close  tight,  or 
for  some  other  reason  the  governor  did  not  control 
this  machine.  The  overspeed  trip  actually  tripped,  but 
as  the  automatic  safety  stop  was  dismantled,  it  was 
useless  and  the  generator  reached  a  speed  where  the 
fourteen  2i-in.  bolts  per  field  pole,  were  elongated  and 
the  poles  struck  in  the  stator,  which  twisted  off  the 
shaft  and  wrecked  the  machine. 

Only  one  operator  in  the  power  nouse  was  slightly 

injured.  The  opera- 
tor in  Minneapolis 
who  short-circuited 
the  line  was,  of 
course,  electrocuted. 
The  property  damage 
is  about  $50,000,  cov- 
ered by  insurance. 
There  was  no  ma- 
terial interruption 
to  the  electric  serv- 
ice. The  heating  sys- 
tem into  which  the 
machines  were  ex- 
hausting, was  dis- 
continued for  about 
one  hour,  but  owing 
to  mildness  of  the 
weather,  this  was 
immaterial.  After 
one  has  carefully 
gone  over  the  details 
of  the  accident,  he 
sees  that  it  is  more 
spectacular  than 
fraught  with  circum- 
stances for  technical 
thought.  The  lesson 
to  be  drawTi  from  the 
accident  is  one  for 
operators  c  h  i  efly ; 
namely,  that  the 
crew  should  exercise 
constant  care  to  see 
that  in  the  event  of 
loss  of  load,  the  turbine  will  shut  itself  down  without 
damage. 


Sir  Adam  Beck,  chairman  of  the  Public  Hydro-Elec- 
tric Power  Commission  of  Ontario,  Canada,  which  is  now 
serving  over  200  cities,  reports  that  power  developed 
under  public  ownership  on  the  Canadian  side  of  the 
Niagara  Falls  sells  at  a  wholesale  price  of  $9  per  horse- 
power, while  the  same  power  developed  under  private 
ownership  just  across  the  river  on  the  American  side 
sells  at  $18. 


The  best  way  to  lubricate  gears  is  to  clean  them  and 
then  paint  the  cogs  with  a  stiff  brush.  Where  this  is  not 
possible,  the  lubricant  may  be  poured  on  the  cogs  while 
the  gears  are  running.  The  lubricant  should  be  poured 
where  the  gears  mesh. 
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Briiavior  ol'  Slc^ain    in   a   (]<>iii|k>iiihI    I 


A  STUDY  of  the  pro.s.suics  at  various  .slajros  or 
points  of  tho  stroke  in  an  enninc  becomes  ab- 
sorhinji  when  onie  begun,  and  is  one  of  the 
numerous  (juestions  that  must  be  decided  or  worked 
out  by  the  designer  l)efore  the  engine  is  completed. 
Suppose  the  cylinder  dimensions  of  a  tandem-compound 
engine  have  been  fixed 
at  100  SI]. in.  area  for 
the  high  pressure  with 
10  per  cent,  clearance, 
and  300  sq.in.  for  the 
low  pressure  with  5  per 
cent,  clearance,  both 
having  a  common 
stroke  of  15  in.  Di- 
viding the  stroke  into 
ten  equal  parts  gives 
150  cu.in.  for  each  one- 
tenth  of  the  high-pres- 
sure cylinder  stroke  and 
450  cu.in.  for  the  low- 
pressure  cylinder.  Us- 
ing a  receiver  having  a  capacity  of  4725  cu.in.,  the 
total  volume  of  the  high-pressure  cylinder  plus  the 
receiver  and  the  clearance  space  for  the  low-pressure 
cylinder  (.with  the  low-pressure  admission  valve  just 
opened)  would  be  1650  (the  high-pressure  cylinder) 
plus  4725  (the  receiver)  plus  225  (the  low-pressure 
clearance  volume),  a  total  of  6600  cu.in.  The 
steam  pressure  is  fixed  at  140  absolute  (125  gage). 
Both  valves  are  operated  by  the  same  eccentric  or 
automatic  governor.  Under  these  conditions  what  will 
be  the  receiver  pressure  and  the  terminal  pressure  when 
operating  noncondensing  with  a  cutoff  taking  place  at 
/,,   stroke  in  each  cylinder? 

Starting  the  engine  after  a  thorough  warming  up 
and  with  steam  at  atmospheric  pressure  (15  lb.  ab- 
solute) in  the 

receiver      §  + 

space, the  |§  oo  o  o  |  g  |  g  |  | 
pressures  a  t 
various 
points  of  the 
first  revo- 
lution of  the 
engine  would 
be  as  shown 
in  the  illus- 
tration, neg- 
lecting con- 
densation 
losses  and 
leakage  and 
treating  the 
steam  as  if  it 
were  a  per- 
fect gas,  following  the  P 
In  other  words  a  change 
occupied  by  a  given  quantity  of  steam  changes  its 
pressure  proportionately,  so  that  the  original  volume 
{V)  multiplied  by  the  original  pressure  (P)  and 
divided  bv  the  new  volume  will  give  the  resultant  pres- 


l)i<l  you  <'v«'r  wonch'r  how  the  <l<>.Hi^n<T  ol'  a 
4-oiii|»oiin(l  eiifiiiK-  computed  an«l  ilreiilrtl  \\\v  cvliii- 
lier    |>ro|»orlions   to   !>«■   use<l? 

Did  you  «'v«t  wonder  wliy  the  ree«'iv<'r  pn'swure 
is  nhat   it   is  ii>  the  engine  you  liave  t<»  <h»  with? 

Can  you  explain  why  tin-  ree<'i>«'r  ]»resHure  is  the 
same  for  all  variations  in  load,  if  it  is,  or  why  it 
varies,  if  it  does? 

In  this  article  is  an  informal  discussion  of  these 
points,  in  which  the  influence  of  valve  adjustment 
and  governor  control  is  pointed  out. 


sure.  Then  if  the  sti'aiii  is  cut  off  at  the  point  when 
the  initial  steam  occui)ies  one-half  the  final  volume  of 
the  cylinder  at  the  end  of  the  .stroke  (clearance  volume 
included),  the  final  pressure  will  be  one-half  the  initial 
pressure.  If  cutoff  at  one-fourth  the  final  volume,  the 
final  pressure  will  be  one-fourth  the  initial,  etc.     Steam 

does  not  follow  this  law 

e.xactly,  but  it  is  thi' 
basis,  of  all  calculations 
of  thi  s  nature.  The 
clearance  space  in  the 
high-pressure  cylinder, 
being  10  per  cent.,  is 
equal  to  ,'„  the  pi.ston's 
displacement,  or  15  in., 
and  cutoff  taking  place 
at  ,'„  of  the  pi.ston's 
travel,  there  is  at  cut- 
off a  volume  of  750 
cu.in.  (600  cu.in.  by 
piston  and  150  cu.in. 
clearance)  filled  vfiiYi 
steam  at  140  lb.  After  cutoff  the  pressures  at 
each  succeeding  ^^^  of  the  stroke,  or  IJ  in.  the  piston 
travels,  will  be  116.67,  100,  87.5,  77.78',  70  and  63.636 
pounds  respectively.  When  the  high-pressure  ex- 
haust opens,  this  1650  cu.in.  of  steam  expands  into  the 
receiver  (4725  cu.in.)  and  clearance  space  (225  cu.in.) 
of  the  low-pressure  cylinder  in  addition  to  the  volume  of 
the  high-pressure  cylinder  (or  a  total  of  6600  cu.in. 
space),  but  the  receiver  and  low-pre.ssure  clearance 
space,  amounting  to  4950  cu.in.,  is  filled  with  steam  at 
atmospheric  pressure,  or  15  lb.,  so  that  4950  X  15 
equals  74,250,  and  the  high-pressure  cylinder  discharges 
1650  X  63.636  (or  750  X  140)  equals  105,000.  The 
sum  of  the  two  is  179,250  and  this  divided  by  6600 
(the  total  volume)  gives  a  combined  pressure  of  27.16 

at  the  begin- 


Ci 
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Total  Receiver  Vol  =  A-7Z5  Cu  In. 

Tofal  Vol.  Hiqh  Pressure  Cylinder 

and  Low  Pressure  CIsorance  =  6500  Cu.in 


rOMPUTATIOX    OF    PRESSl'KE.S    FOR    (tIVKX  COXDITIO.VS 
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X    V    =    constant    law. 
in    the    space    or    volume 


ning  of  t  h  e 
low  -  pressure 
stroke.  As 
the  two  pis- 
tons move 
forward,  the 
steam  pres- 
s  u  r  e  d  e 
creases  pro- 
portionately 
as  the  total 
volume  occu- 
pied by  the 
steam  in- 
creases. The 
increase  in 
volume  for 
each  J,|  of  the 
;  since  the  low-pressure  vol- 
and   the   high-pressure    vcl- 


return  stroke  is  300  cu.in. 
ume  increases  450  cu.in. 
ume  decreases  150  cu.in.,  the  net  increase  is  the  dif- 
ference, or  300  cu.in.  This  rate  of  increase  continues 
up  to  the  point  of  cutoff  of  the  low-pressure  cyl- 
inder,   and   the   corresponding   pressures    are:     Begin- 
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ning  of  stroke,  27.16  lb. ;  at  the  end  of  the  first  stage  ( ,'„ 
stroke)  (1),  25.98  lb.;  (2),  24.89;  (3),  23.90;  (4), 
22.98,  when  the  low-pressure  steam  valve  closes  and 
the  total  remaining  volume  is  reduced  by  150  cu.in. 
per  stage  until  the  high-pressure  exhaust  closes,  at  -[\r 
of  the  return  stroke,  and  the  steam  pressure  increases 
proportionately  to  (5),  23.58;  (6),  23.90;  and  (7) 
24.39,  when  the  exhaust  closes  and  compression  within 
the  high-pressure  cylinder  brings  the  pressure  (com- 
pre.ssion)  at  ,",t  to  32.50;  (9),  48.78;  and  (10),  97.56 
at  the  end  of  the  high-pressure  return  stroke.  While 
this  has  been  going  on  in  the  high-pressure  cylinder, 
the  steam  isolated  in  the  low-pressure  cylinder  after 
cutoff  has  taken  place,  expanded  from  22.98  at  cutoff 
as  follows:  (5),  18.80;  (6),  15.91;  (7),  13.79;  (8), 
12.16;  (9),  10.88;  and  (10)  9.85  lb.  pressure  at  the 
end  of  the  low-pressure  piston  stroke. 

The  high-pressure  cylinder  has  been  receiving  a  fresh 
charge  of  high-pressure  steam  on  the  opposite  side  of 
the  piston  in  the  meanwhile,  and  cutting  off  at  the  same 
point,  its  expansion  and  terminal  pressure  will  be  the 
same  as  before,  but  the  receiver  this  time  will  contain 
steam  at  the  pressure  present  at  the  time  of  the  previous 
high-pressure  exhaust  closure,  or  24.39  absolute,  as 
against  15  lb.,  or  atmospheric  pressure,  assumed  at  first, 
so  that  the  receiver  pressure  at  the  beginning  of  the 
second  low-pressure  stroke  will  be  34.20  lb.,  and  at 
cutoff  28.93,  and  the  end  of  the  stroke  12.40,  and  in 
the  high-pressure  cylinder  at  its  exhaust  closure  30.71 
compressed  up  to  122.84  at  the  end  of  the  return  stroke. 
The  pressures  at  these  points  for  succeeding  strokes, 
carried  out  until  the  receiver  pressure  becomes  prac- 
tically stationary,  are  shown  in  the  table. 

STEAM  PRESSURE  AT  VARIOUS  POINTS  OF  THE  STROKE 


Uiginning of  Low-Pressure 
Stroke 


(I) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
III) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 
(22) 
(23) 
(24) 


27  16 
34.20 
38.94 

42  14 

44  28 

45  72 

46  70 

47  35 

47  81 

48  II 
48  3! 
48  43 
48  54 
48  59 
48  63 
48  66 
48  67 
48  69 
48  70 
48  71 
48  7l2 
48  714 
48  716 
48  718 


Low- 
Pressure 
Cutoff 
22  98 
28  93 

34  27 

35  65 

37  47 

38  69 

39  52 

40  08 
40  45 
40  70 
40  87 

40  9<) 

41  07 
41  12 
41  15 
41  17 
41  18 
41  20 
41  205 
41  21 
41  217 
41  22 
41  221 
41    222 


Low- 

Pressure 

Terminal 

9  85 

12.40 

14  69 

15  28 

16  06 
16   38 

16  94 

17  18 
17  33 
17  44 
17  52 
17  57 
17  60 
17  62 
17  63 
17  64 
17  65 
17  66 
17  661 
17  661 
17  662 
17  665 
17  666 
17   667 


Higli- 
Pressure 
Closure 

24.39 

30   71 

34  97 

37  83 

39  76 

41    06 

41  94 

42  33 

42  93 

43  20 
43   38 
43   50 
43   58 
43   63 
43   67 
43   69 
43   71 
43   72 
43   73 
43   736 
43   7406 
43   743 
43   745 
43   7466 


High- 
Pressure 
Compression 

97  56 

122  84 

139  98 

151  32 

159  04 

164  24 

67  76 

170  12 

171  72 
i72  80 

173  52 

174  00 
174  34 
174  52 
174  68 
174  76 
174  84 
174  88 
174  92 
174  94 
174  96 
174  97 
174  98 
174  986 


It  will  be  observed  that  the  pressures  all  gradually 
Increase  except  the  high-pressure  (forward)  stroke, 
which  of  course  remains  the  same  throughout.  If,  there- 
fore, the  calculation  is  carried  forward  for  a  number 
of  strokes,  as  given  in  the  table,  the  pressure  conditions 
for  the  other  events  will  presently  become  stationary; 
that  is,  the  receiver  pressure  will  become  fixed,  with 
only  slight  pulsations  of  a  pound  or  two.  The  volume 
of  the  receiver  on  a  tandem-compound  engine  is  sel- 
dom greater  than  the  necessary  connecting  pipe  and 
in  any  case  does  not  affect  the  pressure  except  to 
reduce  pulsation.  It  is  not  necessary,  however,  to  fol- 
low the  calculation  step  by  step  as  the  engine  is 
started  up.  This  was  done  in  the  foregoing,  as  a 
matter  of  interest  that  the  operating  man  can  observe 


for  himself  any  day  in  starting  up,  by  watching  the 
gradual  building  up  of  the  receiver  pressure.  The  de- 
signer can  do  what  the  operator  may  also  do;  namely, 
put  steam  of  any  desired  pressure  into  the  receiver 
to  start  with,  then  calculate  or  watch  the  pressure 
change  increase  or  diminish,  depending  on  the  amount 
and  direction  his  "guess"  is  off,  and  the  number  of  com- 
putations will  not  be  great.  It  will  be  seen  that  some 
changes  in  valve  dimensions  or  setting  will  be  necessary 
in  the  case  given,  since  the  high-pressure  compression 
is  too  high.  If  operating  condensing  the  low-pressure 
terminal  pressure  is  too  high,  but  if  the  engine  is  ex- 
hausting into  the  atmosphere  or  a  low-pressure  heating 
system  at  about  2  lb.  gage  pressure,  this  feature  would 
be  about  right.  To  bring  the  compression  pressure 
just  up  to  and  not  above  that  of  the  initial  steam 
(140  absolute)  in  a  space  of  150  cu.in.  (the  clearance), 
it  must  be  70  lb.  at  /l  stroke  in  300  cu.in.  (double 
the  space)  and  46  ?i  lb.  at  /„-  stroke,  so  that  it  may  be 
seen  by  inspection  of  the  table  of  pressures  that  exhaust 
closure  in  the  high-pressure  cylinder  should  be  about 
/^  stroke. 

The  whole  problem  must  be  worked  out  carefully  for 
each  case,  for  if  the  engine  is  designed  to  operate  con- 
densing, the  low-pressure  cutoff  must  be  earlier  or  the 
receiver  pressure  considerably  lower  to  get  the  expan- 
sion or  terminal  pressure  in  the  low-pressure  cylinder 
reasonably  near  the  vacuum  maintained  in  the  con- 
denser. If,  however,  the  low-pressure  cutoff  is  set 
earlier  (the  low-pressure  cylinder  taking  less  steam) 
the  receiver  pressure  will  naturally  increase,  defeating 
the  object  of  the  early  cutoff  by  adm.itting  steam  at  a 
higher  pressure  for  the  shorter  period  offsetting  the 
early  cutoff.  The  high-pressure  cutoff  may  be  shortened 
so  there  will  be  less  steam  thrown  into  the  receiver, 
but  less  power  will  be  developed. 

Effect  of  Cutoff  on  Receiver  Pressure 

The  changes  in  receiver  pressure  produced  by  a 
change  of  cutoff  as  affected  by  an  automatic  governor 
ill  control  of  both  valves  and  also  when  only  the  high- 
pressure  cutoff  is  changed,  are  as  follows:  In  the  latter 
case  it  is  obvious  that  the  receiver  pressure  will  in- 
crease with  a  late  high-pressure  cutoff,  with  the  low- 
pressure  point  fixed,  but  when  both  are  changed  the 
resultant  receiver  pressure  may  be  higher,  lower,  or 
remain  the  same,  depending  on  the  relative  points  of 
cutoff  and  the  original  proportion  or  capacity  of  the 
cylinders.  Suppose,  for  example,  the  capacity  of  the 
low-pressure  cylinder  was  double  that  of  the  one  given; 
then  with  both  valves  cutting  off  the  same  as  before, 
the  receiver  pressure  would  obviously  be  proportionately 
lower.  When  both  are  changed  by  the  governor,  the 
receiver  pressure  may  be  increased,  diminished  or  re- 
main the  same,  depending  on  the  relative  point  of 
cutoff  of  the  two  valves,  while  the  amount  or  rapidity 
of  the  change  (in  receiver  pressure)  will  depend  on 
the  relative  size  of  the  two  cylinders.  For  example, 
in  the  case  worked  out  both  valves  cut  off  at  the  same 
point  (/,,  stroke),  and  if  both  are  shifted  to  cut  off  at 
any  other  point  the  proportion  will  remain  the  same 
(except  for  the  slight  difference  in  clearance  volume) 
and  the  receiver  pressure  will  remain  practically  the 
same  for  any  cutoff.  This  also  holds  true  for  any  other 
relative   cylinder  proportions  when  the   receiver  pres- 
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sure  i.s  once  cstahlishod.  If.  however,  the  valve.s  are 
set  differently,  so  that  the  hi^h-pressure  valve  cuts 
off  earlier  than  the  low-jiressure,  the  receiver  pres- 
sure will  not  only  be  lower  than  in  the  e.xample  but 
it  will  change  as  the  cutoff  to  both  cylinders  is  varied 
by  the  jrovernor.  The  shorter  the  cutoff  the  lower 
the  receiver  pre.ssure  will  be,  and  as  the  cutoff  ienjrthens 
the  receiver  pressure  will  increase.  The  reverse  is  there- 
fore true  if  the  hi>rh-pressure  cutoff  is  made  later  than 
the  low-pressure  cutoff,  and  the  greater  the  difference  in 
point  of  cut  off  and  in  the  cylinder  ratios  the  jfreater 
the  variation  will  be  in  each  case. 

Confining  the  changes  to  such  valve  adjustments  as 
are  possible  with  a  Corliss-type  valve  gear,  it  will 
soon  develop  that  the  limitations  are  narrow,  for  as 
already  stated,  in  order  to  get  a  reasonably  low  terminal 
pressure  at  the  low-pressure  exhaust  valve  opening,  the 
cutoff  must  be  early  or  the  receiver  pressure  low.  To 
get  less  steam  into  the  receiver  the  high-pressure  cutoff 
may  be  made  early,  but  the  power  of  the  engine  will  be 
cut  down.  In  short  the  possible  number  of  expansions 
is  determined  by  the  point  of  cutoff  in  each  cylinder  and 
The  relative  capacity  of  the  cylinders,  so  th^t  the  range 
of  power  economically  developed  by  an  engine  of  certain 
proportions  is  limited.  It  should  be  borne  in  mind  that 
the  calculation  of  the  ratio  of  expansion  must  terminate 
with  the  low-pressure  exhaust  opening  and  not  be  car- 
ried beyond,  to  the  back-pressure  line,  as  is  often 
erroneously  done.  Useful  work  by  the  steam  against 
the  piston  stops  when  the  exhaust  valve  opens,  and  the 
drop  from  the  pressure  at  exhaust  opening  to  that  of 
the  terminal  or  back  pressure  is  lost  energy.  It  is 
true,  of  course,  that  the  back  pressure  should  always  be 
kept  as  low  as  possible  in  the  interest  of  economy  and 
greater  power  in  the  engine,  but  that  is  "another  story." 

The  drop  in  pressure  between  the  high-pressure  ex- 
haust opening  and  the  receiver  pressure  does  not  repre- 
sent a  loss  in  the  same  way,  however,  for  the  drop  in 
pressure  is  represented  in  a  proportionate  amount  of 
work  done  on  the  escaping  steam,  producing  heat.  The 
steam  in  the  receiver  is  of  better  quality  (it  may  be 
dry  Saturated  or  slightly  superheated)  by  reason  of 
this  drop  in  pressure  without  doing  work.  A  drop  in 
pressure  between  the  final  exhaust  opening  and  the 
back-pressure  line  if  the  heat  in  the  exhaust  is  not  uti- 
lized in  some  other  way,  is  wasted,  and  if  operating 
condensing  it  is  not  only  lost  but  is  detrimental  in 
putting  heat  into  the  exhaust  to  be  got  rid  of  in  the 
condenser. 

Home -Made  Automatic  Pump  Stop  Valve 

In  a  certain  instance  water  was  pumped  into  a  closed 
iron  tank.  Help  was  scarce  and  the  relief  valve  would 
occasionally  be  open  for  a  considerable  time  before 
someone  came  along  and  shut  off  the  steam  supply  to 
the  pump.  Finally,  the  stop  device  shown  herewith 
was  made.  It  consisted  of  two  stuffing-boxes  which  wer? 
attached  to  the  ends  of  an  old  3-in.  diameter  pump 
cylinder  taken  from  an  iron  hand  pump.  A  ^-in.  hole 
was  drilled  and  tapped  in  the  side  of  the  cylinder 
for  a  pipe,  which  was  connected  to  the  pump  discharge 
pipe.  The  cup  leather  of  the  old  plunger  was  used 
with  an  iron  washer  behind  it.  A  ?-in.  rod  passes 
through  all  and  is  fastened  to  the  stem  of  a  lift  gate 


valve,  a  handle  being  fitted  to  the  top  of  the  rod.  I  hr 
whole  is  shown  in  the  illustration.  To  start  the  pump 
the  handle  is  raised;  this  admits  steam  to  the  pump 
cylinder,  and  the  friction  of  the  packing  in  the  Htuliiiig- 
boxes  holds  the  valve  in  an  open  position.  When  the 
tank    is    filled,   the   pressure    rises   and,    backing   down 
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through  the  i-in.  pipe,  forces  the  cup  piston  m  the 
cylinder  down,  thus  closing  the  steam  valve.  The  relief 
valve  was  set  to  open  at   10  lb.  pressure. 

Simple  Pouring  Ladle 

An  easily  constructed,  serviceable  grease  or  molten- 
metal  ladle,  says  Engineering  and  Mining  Journal,  may 
be  easily  made  from  an  old  elevator  bucket  of  the 
proper  size  by  fastening  thereon  a  handle  of  strap  iron 


A    HAXDT    POURING    LADLE 

shaped  to  suit  the  requirements  or  the  fancy  of  the 
user.  As  shown  in  the  illustration,  two  ^-in.  button 
rivets  hold  the  handle  securely  in  position  in  the  center 
of  the  cup.  If  desired,  a  lip  may  be  shaped  on  one  end 
of  the  cup  for  ease  in  pouring. 
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II — Egan  gives  some  pointers  about  the  work  of 
setting  and  lining  up  a  second-hand  Diesel 
engine,  and  explains  hoiv  to  take  up  wear  in 
the  crankshaft  bearings. 

THE  hour  set  for  the  first  regular  meeting  of  the 
Diesel-engine  study  class  found  the  entire  force 
of  the  plant  gathered  around  a  long  table  that 
Egan  had  managed  to  obtain  from  the  stockroom. 

"I'm  glad  to  see  that  we're  all  here,"  J.  R.  began. 
"It  shows  that  we  want  to  learn — all  we  need  is  the 
opportunity." 

He  turned  to  the  day  watch  engineer,  who  was  seated 
at  the  same  side  of  the  table. 

"By  the  way,  Kelly,  the  Runner  Refining  Co.  asked 
me  to  let  them  have  a  man  to  set  up  an  American 
Diesel  they've  bought  second-hand.  I  told  them  I'd  send 
you  over  in  the  morning.  Are  you  ready  to  tackle  the 
job?" 

"Sure,"  was  Kelly's  quick  come-back.  "They  should 
do  the  worrying.  But  there's  one  thing  I'd  like  to 
know  before  I  go.    How  do  you  line  up  the  mainshaft?" 

"I  thought  you'd  ask  that  question,"  said  the  chief. 
"So  I  fixed  up  a  few  sketches,  showing  how  we  erected 
that  old  Diesel  over  there  in  the  corner.  You  can 
probably  improve  on  the  method,  but  it  will  give  you 
the  idea. 

"This  sketch,  which  we  will  call  Fig.  1,  shows  an 
end  view  of  the  engine  with  the  cylinders  in  place. 
The  top  surface  of  the  frame  is  planed  to  receive  the 
cylinders,  of  which  there  are  three. 

"Now,  the  first  thing  to  do  is  to  get  the  frame  on 
the  foundation.  You'll  probably  find  that  the  founda- 
tion bolts  are  fixed  at  their  lower  ends  and  project 
above  the  foundation  some  six  inches.  If  the  frame  is 
bolted  on  to  skids,  move  it  to  the  foundation,  jack 
it  up  to  let  it  clear  the  tops  of  the  bolts,  and  unbolt 
the  skids.  Then  crib  it  up  with  timbers  and  move  it 
onto  the  foundation,  i'lext,  jack  it  up  with  jacks  set 
in  recesses  in  the  foundation  at  the  four  corners,  as 
in  Fig.  2,  remove  the  timbers,  and  lower  the  frame 
to  the   foundation.      But   don't   forget   to   put   about   a 
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dozen  iron  wedges  under  the  frame,  around  the  edges. 
Some  erectors  use  wooden  wedges,  but  these  are 
likely  to  split  in  driving.  Leave  the  iron  wedges  in 
place  after  the  engine  is  lined  up.  for  they  come  io 
mighty  handy  if  the  frame  ever  settles." 
■A  B 


FIG.   1.      LINING   UP  CYLINDKU  AND  CRANKSHAFT 

"What's  the  best  way  to  level  up  the  frame?"  some- 
one asked. 

"Since  the  top  surface  of  the  frame  is  planed,  put 
a  spirit  level  on  it  and  wedge  up  the  low  corners  until 
the  frame  is  level.  Then  run  in  grouting  and  let  it  set 
for  a  couple  of  days  before  you  put  on  the  cylinder 
castings." 
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"What's  the  best  kind  of  Rroutinff,  Mr.  Egan?"  It 
was  Woods  who  asked  the  (|iiestion.  "When  we  put 
in  the  hot-hall  enjjine  at  the  mill,  we  used  sulphur." 

"Melted  sulphur  used  to  be  the  common  grouting 
nuiterial,"  J.  R.  answered,  "but  of  late  years  moat 
erecting  men  use  neat  cement.  That's  what  I  would 
use."  He  turned  again  to  Kelly.  "I'd  advise  you  to 
see  that  the  grouting  is  well  troweled  under  the  frame," 
he  said.  "Afterward,  fill  around  the  oil  pan  with  cement 
to  make  a  neat-looking  finish." 

Kelly  was  sitting  on  the  edge  of  his  chair,  taking 
in  all  that  was  said.     Egan  continued: 

"When  the  frame  is  set  and  bedded  in,  the  cylinders 
can  be  put  in  place  and  bolted  fast.  This  is  not 
difficult,  but  be  sure  you  draw  up  on  the  studs  with 
the  same  tension.  At  this  stage,  Kelly,  you  have  reached 
the  point  where  you  say  you  feel  dubious. 

"Now,  there  are  four  bearings. — one  at  each  end  of 
the  frame  and  one  between  each  pair  of  cranks — which 
must  be  put  in  line,  and  their  center  line  must  square 
with  the  three  plumb-lines  let  fall  through  the  centers 
of  the  three  cylinders. 

"From  a  piece  of  hardwood  1  in.  thick  cut  three 
strips  and  shape  them  to  the  dimensions  shown  in 
Fig.  3.  Slip  the  large  end  over  one  of  the  cylinder 
studs  and  hold  it  in  place  by  a  nut,  as  at  A,  Fig.  1. 
Move  the  free  end  until  the  slot  is  over  the  center 
of  the  cylinder.  Cut  three  thin  metal  disks  about  11 
in.  in  diameter  and  punch  each  to  receive  a  plumb-line. 
Drop  the  plumb-line  through  the  cylinder,  pass  the 
upper  end  up  through  the  slot  in  the  wooden  arm  and 
fasten  it  to  the  metal  disk  B.  The  disk  can  then  be 
shifted  so  as  to  center  the  plumb-line  in  the  upper  end 


FIG.    2.      LOWERING   FRAME   OX   FOUNDATION 

of  the  cylinder.  Do  this  with  each  cylinder.  Use  fine 
piano  wire  for  the  line  and  see  that  the  bob  is  heavy 
and  that  it  hangs  well  below  the  bottom  of  the  bearing. 
"If  the  engines  were  new,  I'd  suggest  that  you  meas- 
ure the  cylinders  at  the  lower  ends  to  see  if  the  plumb- 
lines  were  central  at  those  points.  If  they  weren't,  you'd 
have  to  raise  the  cylinders  and  scrape  the  frame  till 
the  cylinder  flanges  could  seat  properly.  But  as  the 
engines  are  old,  the  cylinders  are  doubtless  worn  and 


so  you  need  to  center  the  plumb-lines  only  at  the  lop 
You  will  probably  find  the  plumb-lines  will  be  in  line 
In  case  the  cinter  one  is  a  trifle  off,  loo.sen  up  the 
Mange  bolls  and  move  the  cylinder  the  necessary  amount. 
This  will  l)e  less  than  a  sixty-fourth  of  an  inch,  and 
even  though  the  bolt  holes  are  reamed  to  size,  a  few 
blows  with  a  copper  mallet  and  sledge  will  do  the  work." 

"But  how  am  I  goin'  to  s(|uare  up  the  shaft  with 
the  three  plumb-lines?"     Ktlly  demanded. 

Egan  hesitated  a  moment  before  he  replied.     "If  it 
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FIG.    3.      STRIP    FOR    IIOLDI.Vf ;    I'Ll'.MB-LI.NK 

wasn't  of  benefit  to  the  rest  of  the  boys,  too,  I'd  be 
inclined  to  make  you  figure  it  out  for  yourself,"  he  said, 
laughing.  "On  some  engines  there  are  gage  holes  at 
the  ends  of  the  frame,  but  these  engines  may  not  have 
them.  So  you'd  better  make  two  more  hardwood  or 
strap-iron  strips  and  bolt  them  to  the  opposite  ends 
of  the  frame,  as  shown  at  C,  Fig.  1.  Set  them  so  that 
the  slotted  ends  are  opposite  the  center  line  of  the 
mainshaft  bearings  and  stretch  a  length  of  piano  wire 
between  them,  using  disks  as  shown  at  D. 

"Now  move  the  disks  until  the  horizontal  wire  just 
touches  the  three  plumb-lines,  and  level  it  at  the  same 
time  with  the  spirit  level.  Caliper  the  four  bearings 
and  shift  them  until  the  horizontal  wire  is  central  in 
all  of  them.  These  bearings  have  wedge  adjustments 
for  height,  and  you'd  better  line  them  up  with  the 
wedges  at  their  lowest  points. 

"Before  you  put  the  crankshaft  in  place,  lay  a  piece 
of  i,T-in.  lead  wire  lengthwise  along  the  bottom  of  each 
bearing.  Then  lower  the  shaft  into  the  bearings  and 
let  it  rest  there.  Next,  raise  it,  take  out  each  flattened 
wire  and  measure  its  thickness,  which  should  be  the 
same  at  all  points.  If  it  isn't,  the  shaft  does  not  bear 
the  full  length  of  each  box  and  it  will  be  up  to  you  to 
scrape  the  bearing  to  a  perfect  seat." 

Woods  interrupted  with  a  question.  "Why  do  those 
old  Diesels  have  wedge  adjustments  on  the  main  bear- 
ings while  the  new  vertical  engines  here  in  the  plant 
have  no  adjustments?" 

"The  first  gas  engines  had  nonadjustable  bearings," 
explained  the  chief,  "and  there  was  trouble  from  dam- 
aged boxings  and  broken  crankshafts.  This  was  blamed 
on  the  bearings  wearing  out  of  line,  which  was  probably 
true;  but  the  remedy  would  have  been  larger  bearing 
surfaces.  However,  the  idea  of  using  wedge  adjust- 
ments on  vertical  engines  was  adopted  and  was  followed 
by  the  first  builders  of  Diesel  engines.  Of  late  years, 
builders  have  gone  back  to  the  wedgeless  type." 

"Which  do  you  think's  the  best?" 

"In  vertical  engines,  the  wedgeless,"  J.  R.  declared. 
"For  instance,  take  the  engines  Kelly  is  to  set  up.  I've 
no  doubt  he'll  adjust  the  bearings  to  perfect  alignment. 
But    remember   this — the    outside   bearings    carry    the 
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weight  of  the  flywheels  as  well  as  their  share  of  the 
pressure  load,  and  they  will  wear  faster  than  the  inner 
bearings.  This  difference  has  got  to  be  taken  up  sooner 
or  later.  If  th3  engineer  is  a  cheap  man,  who  has  no 
idea  of  how  much  care  must  be  used,  the  result  will 
probably  be  a  bant  shaft. 

"On  the  other  hand,  if  no  wedges  are  used,  the  work 
of  adjusting  for  wear  requires  a  good  man,  and  an 
ordinary  operator  won't  try  it.    The  up-to-date  builder 


FIG.    4.      MAIN  BEARING  WITH  ADJUSTABLE   FRONT 
QUARTER-BOX 

scrapes  his  bearing  housings  to  a  test  bar  or  shaft, 
and  when  this  is  done,  all  the  lower  bearings  must 
naturally  be  of  the  same  thickness.  So  it  is  only  neces- 
sary to  measure  with  a  micrometer  to  find  the  wear  on 
each  bearing.  To  allow  for  this  wear,  sheets  of  copper 
or  special  laminated  shims  are  placed  between  the  hous- 
ing and  the  bearing  shell,  and  at  the  same  time  shims 
are  removed  from  between  the  halves  of  the  bearing  to 
offset  any  play  between  shaft  and  shell.  A  good  plan 
that  I've  followed  here  is  to  make  a  table  of  all  the 
bearing-shell  thicknesses.  Then  you're  safe,  even  if 
tlie  housings  haven't  been  scraped." 

"Chief,  you  said  the  outside  bearings  wore  faster 
than  the  insicie  ones.  Now,  if  there  weren't  any  wedges, 
it  seems  to  me  you'd  have  to  raise  the  shaft  often 
to  shim  up  those  outside  bearings,"  said  Kelly. 

"If  all  the  bearings  were  the  same  length,  your  argu- 
ment would  be  good.  But  on  our  four-cylinder  500-hp. 
engine  the  bearing  on  the  side  next  the  flywheel  is  about 
a  third  longer  than  the  other  ones.  Also,  the  flywheel 
and  the  generator  rotor  are  so  located  on  the  shaft  ex- 
tensions that  most  of  their  weight  comes  on  the  out- 
board bearing.  On  our  other  500-hp.  engine  the  shaft  is 
of  two-piece  construction,  also,  but  the  bearing  scheme  is 
different.  The  entire  weight  of  flywheel  and  generator 
rotor  is  carried  by  the  two  independent  bearings.  The 
reason  for  this  construction  is  that  the  flywheel  weight 
is  constant  while  the  pressure  due  to  the  explosions  varies 
during  each  cycle.  If  the  effect  of  the  flywheel  weight 
is  confined  to  two  independent  bearings,  the  main  bear- 
ing will  wear  evenly,  and  the  outer  bearings  can  be 
constructed  so  as  to  wear  at  the  same  rate,  or  to  be 
adjusted  easily  if  they  don't." 

"The  people  that  build  horizontal  Diesels  don't  agree 
with  you,"  spoke  up  Woods,  who  never  left  a  subject 
until  it  was  exhausted. 

"That's  a  horse  of  a  different  color,"  laughed  Egan. 
"The  objection  to  the  adjustable  bearing  doesn't  apply 


to  a  horizontal  engine.  In  fact,  there  is  much  in  its 
favor.  The  wear  in  a  horizontal  engine  comes  on  the 
front  side  of  the  bearing,  which  I  have  marked  A  in 
Fig.  4,  and  some  form  of  adjustment  is  necessary  to 
take  up  this  wear.  At  certain  points  in  the  cycle  the 
piston  pressure  becomes  zero  and  the  only  bearing  pres- 
sure is  that  due  to  the  weight  of  shaft  and  flywheel, 
which  acts  downward.  The  shaft  has  a  tendency  to 
shift  in  the  bearing  at  the  point  where  the  pressure 
changes,  and  if  a  two-piece  bearing  is  used  the  operator 
will  be  kept  busy  shimming  up.  With  wedge  adjust- 
ment, the  least  wear  in  the  quarter-box  can  be  taken  up. 

"You'll  notice  that  the  rear  quarter-box  in  Fig.  4 
is  not  fitted  with  wedge  adjustment.  In  some  engines 
the  rear  quarter-box  is  cast  with  the  bottom  shell,  on 
the  theory  that  since  no  pressure  is  exerted  on  the  rear 
quarter  it  will  have  no  wear.  This  is  true  enough,  but 
some  method  of  adjustment  is  desirable.  For  instance, 
if  the  fuel  oil  varies  and  the  compression  pressure  is 
to  be  changed,  it  can  be  done  by  means  of  these  quarter- 
box  wedges — moving  the  shaft  inward  toward  the  cylin- 
der so  as  to  alter  the  volume  of  the  compression  space ; 
but  it  must  be  remembered  that  all  bearing  wear  is 
taken  up  by  means  of  the  front  wedge — that  is,  the 
one  farthest  from  the  cylinder. 

"If  the  engine  has  an  outboard  bearing,  it  would  be 
dangerous  for  an  inexperienced  man  to  try  to  alter  the 
compression  by  adjusting  the  front  quarter-box.  Of 
course,  on  all  but  the  older  engines  the  way  to  alter 
compression  is  by  means  of  shims  at  the  big  end  of  the 
connecting-rod.  The  great  advantage  of  having  both 
quarter-boxes  adjustable  is  the  ease  of  taking  up  any 
and  all  wear." 

J.  R.  pulled  out  his  watch,  glanced  at  it,  and  began 
to  collect  his  sketches. 

"It's  time  to  quit."  he  announced.  "Next  Tuesday 
night  we'll  hear  from  Kelly  as  to  how  he's  coming  on 
with  his  erecting  job." 

Ratchet  Wrench  for  Close  Quarters 

An  engineer  is  often  confronted  with  the  task  of  loos- 
ening or  taking  up  nuts  located  in  restricted  openings, 
as  shown  in  the  accompanying  illustration,  where  they 
are  almost  inaccessible  with  a  wrench  of  any  ordinary 
type.     To  overcome  this  difficulty,  says  J.  A.  Lucas  in 


DETAILS    OF   A    RATCHET    WRENCH 

Coal  Age,  I  made  the  ratchet  wrench  shown  to  the  right 
in  the  illustration.  The  hexagon  part  A  of  the  wrench 
is  made  by  forging  a  piece  of  suitable  steel  pipe  around 
the  nut  and  drilling  holes  on  its  circumference.  The 
handle  B  is  provided  with  a  pin  C,  which  fits  the  holes 
in  the  wrench  body.  It  is  fastened  to  the  upper  part 
of  the  wrench  by  means  of  a  pin  formed  as  shoviTi  at 
D.    The  operation  of  this  wrench  is  self-explanatory. 
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I'lcxents  the  i)u})(>rtanvv  of  sloppiuii  Ihr  itniltidtdf 
of  apparentlt/  iusignificatit  leaks  which  are  apt 
to  develop  in  a  plant,  partinitarlij  under  the  stress 
of  rapid  expansion,  in  order  to  promote  the  con- 
servation of  fuel.  Points  out  a  number  of  sources 
of  possible  loss  throughout  the  plant  and  suf/cfests 
means  of  correctiny  or  aroidiny  them. 

THE  need  for  con.servinp  fuel,  particularly  coal,  i.s 
too  well  known  to  require  .reiteration.  What  does 
need  to  have  emphasis  placed  upon  it,  however,  is 
the  fact  that  fuel  conservation  is  not  confined  to  its 
economical  use  under  the  boiler  nor  to  the  most  ap- 
proved methods  of  using  the  steam  produced.  So  much 
of  the  mechanical  power  utilized  by  plants  of  all  kinds 
is  transmitted  from  the  steam  engine  or  turbine  to  its 
point  of  application  by  means  of  electricity  that  a  con- 
sideration of  the  economies  which  can  be  introduced 
in  its  transfer  and  use  are  of  great  importance.  They 
will  often  be  found  to  be  small  ones;  in  fact,  it  is  the 
small  leak  which  is  apt  to  go  on  unnoticed  the  longest. 
Even  when  we  are  aware  of  its  presence,  we  are  prone 
to  ignore  it  in  the  press  of  more  urgent  matters.  The 
importance  of  the  small  saving  cannot,  however,  be 
overestimated.  We  have  recently  had  splendid  illustra- 
tions of  the  magic  possibilities  of  accumulating  huge 
totals  through  a  multitude  of  insignificant  contributions. 
The  same  holds  true  of  small  savings  in  power;  the  total 
of  many  will  appreciably  reduce  the  demand  on  the  coal 
pile,  although  each  one  of  itself  may  appear  to  be  too 
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OF  OLD  AND  MODERN'  LAMPS  FOR  SHOP  USE 


minute  to  matter.  It  is  therefore  the  duty  of  the  elec- 
trical staff  of  the  plant  to  ferret  out  every  such  loss  and 
to  apply  the  remedy  required. 

The  problem  in  electrical  power  saving  begins  at  the 
generator.  Fortunately,  apparatus  of  this  kind  has 
reached  a  high  degree  of  efficiency  and  is  therefore  not 
a  cause  for  concern.  What  should,  however,  be  con- 
sidered is  the  size  of  the  generating  unit  compared  with 

'Credit  is  due  C.  E.  Clewell  for  several  suggestions  incorporated 
herein. 
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thi'  demand  upon  it.  The  ii.se  of  a  unit  that  i.s  too  large 
or  too  small  for  the  load  .served  and  that,  in  conse(|uence, 
operates  at  an  excessively  low  efliciency  for  long  inter- 
vals of  time,  is  as  surelv  a  drain  upon  the  fuel  resources 
as  if  the  current  were  being  wasted  in  useless  illumina- 
or  useless  plant  operation.  However,  this  a  matter  of 
first  installation  and  in  a  well-designed  power  plant  the 
conditions  have  been  met  as  efficiently  as  possible,  and 
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even  in  those  cases  that  leave  something  to  be  desired,  it 
might  be  a  matter  of  great  expense  to  correct  the  situa- 
tion and  would,  perhaps,  not  be  justified  from  an  eco- 
nomic standpoint  unless  the  conditions  were  abnormal. 

Beginning  at  the  switchboard,  however,  many  econ- 
omies can  be  instituted  at  but  slight  expense  and  in 
many  cases  without  expense  at  all.  One  source  of  loss 
that  is  frequently  lost  sight  of  is  that  which  occurs  in 
the  service  wires  themselves.  We  become  so  used  to 
the  thought  that  feed  wires  have  an  inappreciable  re- 
sistance that  it  is  difficult  to  realize  the  magnitude  of 
the  loss  that  occurs  in  them,  particularly  when  they  are 
of  considerable  length  and  when  an  increasingly  great 
load  is  imposed  upon  them  through  increased  plant  pro- 
duction. Too  often  the  size  of  the  wire  is  determined 
solely  b.v  the  underwriters'  requirements  without  refer- 
ence to  the  loss  that  will  occur  in  it.  When  lights  are 
served  from  the  same  mains  as  motors  such  a  condi- 
tion is  not  so  likely  to  occur,  or  to  endure  if  it  does, 
since  the  drop  in  voltage  and  the  flickering  due  to 
changes  in  voltage  would  call  for  correction  of  it.  When 
motors  alone  are  served,  however,  there  may  be  a  very 
material  reduction  in  voltage  without  any  noticeable 
indication  thereof  in  their  behavior.  The  relation  be- 
tween the  cost  of  installing  additional  carrying  capacity 
and  the  saving  effected  thereby  is  of  course  the  con- 
trolling factor  in  deciding  how  far  to  cut  down  line 
losses,  but  if  unfavorable  conditions  are  suspected,  they 
should  at  least  be  made  the  subject  of  investigation, 
and  if  they  are  found  to  exist  their  presence  should 
be  made  known. 

Being  assured  of  the  economical  distribution  of  elec- 
trical energy  the  next  problem  to  be  considered  is  its 
economical  use.  Broadly,  there  are  two  uses  to  which 
electricity  is  put ;  namely,  power  and  light.  The  formei- 
is  furnished  by  motors  and  the  latter  by  lamps.     We 
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therefore  have  to  consider  these  two  general  classes  of 
apparatus  and  their  application  to  the  existing  con- 
ditions. 

Motors  are  of  various  types,  and  of  course  the  first 
duty  is  to  determine  that  the  one  used  is  of  the  correct 
kind  and  also  of  the  proper  size.  In  addition  to  this 
the  starting  and  regulating  devices  should  receive  care- 
ful attention.  The  applications  of  motors  in  the  plant 
may  be  divided  into  two  classes — individual  drive  and 
collective  drive.  In  the  former  case  the  motor  drives  a 
siingle  piece  of  apparatus,  and  in  the  latter  it  is  con- 
nected to  a  lineshaft  or  other  such  means  of  supplying 
power  to  a  number  of  different  loads.  The  individual 
drive  is  theoretically  the  preferable  one,  but  of  course 
many  elements  enter  into  the  question  from  a  practical 
\iew.  These  are  the  general  aspects  of  the  motor  situa- 
tion, and  a  survey  of  them  should  be  made  from  time 
to  time  for  the  purpose  of  making  recommendations 
looking  to  the  more  economical  use  of  the  power  avail- 
able. There  is  such  a  diversity  of  applications  and 
there  are  so  many  individual  problems  involved  that  in 
the  very  nature  of  things  no  specific  suggestions  can  be 
made  in  reference  to  them.  However,  there  are  a 
number  of  precautions  which  are  of  general  application 
to  all  kinds  of  motor  drive,  some  of  which  are  set  forth 
in  what  follows. 

Among  the  losses  in  motors  are  friction  of  bearings 
and  brushes.  Care  should  be  exercised  in  keeping  this 
loss  as  small  as  possible.  Bearings  should  be  given  care- 
ful attention  and  brush  spring  pressure  should  be  re- 
duced to  the  lowest  point  consistent  with  satisfactory 
operation  of  the  machine.  In  the  case  of  belt  drives 
there  should  be  a  minimum  of  slip,  geared  drives 
should  be  kept  well  lubricated  and  badly  worn  gears 
replaced ;  in  direct  drives  the  alignment  should  be  given 
attention.  When  not  being  used,  motors  should  be  shut 
down  and  not  be  allowed  to  run  idle.  To  encourage 
economy  in  this  direction,  it  is  the  part  of  wisdom  to 
install  control  apparatus  at  convenient  locations.  Two 
objects  are  gained  thereby — the  operator  is  induced  to 
practice  economy,  and  a  saving  of  his  time  in  reaching 
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DIRT    ACrU.VIUI.ATION.S    IN    THE    SHOP 

the  point  of  control  is  effected.  However,  it  is  not 
economical  to  shut  down  a  large  motor  for  only  a  few 
moments.  The  energy  and  time  used  in  starting  it 
again  will  more  than  counterbalance  the  saving  during 
the  interval  of  shutdown. 

Wasteful  methods  of  speed  control  should  be  elimi- 
nated. For  example,  for  direct-current  shunt-motor 
operation  requiring  adjustable  speed,  interpole  machines 
should  be  used,  the  speed  control  of  which  can  be  ac- 


complished by  means  of  field-current  regulation,  in 
preference  to  the  old  type  of  straight  shunt  motor 
requiring  resistance  in  the  armature  circuit,  which  is 
a  method  very  wasteful  of  energy,  especially  when  a 
wide  range  of  speed  regulation  is  necessary.  Moreover, 
the  superior  speed  regulation  of  the  interpole  motor  at 


FIG.   4.     ARRANGEMENT  AND  OPERATION  OF  A  THOMSON 
DISCONNECTING  HANGER  ADAPTED  FOR   SHOP  USE 

each  step  of  its  speed  leaves  little  excuse  for  the  re- 
tention of  the  old  type  of  machine  for  adjustable-speed 
service. 

In  the  case  of  alternating-current  motors  requiring 
frequent  starting,  it  is  preferable  to  use  a  transformer 
type  of  starter  rather  than  a  resistance  type,  since  the 
loss  in  the  latter  far  exceeds  that  in  the  former.  The 
manner  of  starting  motors  can  also  be  made  the  subject 
of  economy,  especially  in  large  sizes,  and  it  is  an  argu- 
ment for  the  installation  of  automatic  starters  wherever 
possible.  Dynamic  braking  is  another  means  of  economy 
which  should  be  employed  where  conditions  permit  its 
use. 

The  other  use  to  which  electrical  energy  is  put — 
namely,  lighting — offers  even  a  wider  field  for  economy 
on  the  part  of  the  individual  than  is  usual  with  power 
applications.  While  the  amount  of  energy  involved  is 
small  in  comparison  with  power  demands,  the  multi- 
plicity of  occasions  on  which  savings  can  be  effected  is 
such  that  the  total  will  compare  very  favorably  with  the 
power  economies.  For  example,  no  one  would  consider 
allowing  a  10-hp.  motor  to  run  idle  for  hours  at  a  time, 
and  yet  less  power  would  be  wasted  thereby  than  by 
allowing  twenty  50-watt  lamps  to  burn  uselessly. 

A  regard  for  economy  in  this  direction  can  be  fostered 
by  placing  the  controlling  switches  in  readily  accessible 
locations,  as  in  the  case  of  motor-controlling  devices 
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Moreovor.  if  K'foup  lik'titinR  i.s  iti  u.sc,  there  .should  be 
only  a  liniiti'tl  iiiimln-r  of  jainps  on  each  .switch,  in  onh-r 
that  the  liRhtinK'  may  always  be  .sul)divi(lc(l  to  meet  the 
re(iuirtMnont.s.  Thus,  a  room  of  some  depth  may  receive 
sullk'ient  daylight  under  the  normal  condition,  but  may 
require  artificial  illumination  in  the  parts  farthest 
removed  from  windows  when  the  day  is  dull.  It  should 
be  possible  to  turn  on  lamps  in  this  section  without  at 
the  same  time  turning  on  those  in  the  sections  that 
remain  well  lighted  from  the  outside. 

The  type  of  lamp  used,  the  style  of  reflector  and  the 
maintenance  of  both  the  lamp  and  its  reflector  are 
matters  of  particular  interest.  Bound  up  with  the  ef- 
ficiency of  the  lijifhlinK  system  is  its  effect  upon  pro- 
duction. Better  lifrhtiiig  usually  msa:is  greater  produc- 
tion, less  wasted  eflort,  less  irritation  to  nerves. 
Probably  few  things  lead  to  greater  inefficiency  than 
the  physical  discomforts  of  lack  of  proper  heating  and 
lighting,  and  the  nervous  strain  due  to  the  latter  cause 
is  none  the  less  real  because  it  is  generally  not  apparent. 
By  better  lighting  is  not  necessarily  meant  more  light. 
Oftentimes  a   reduction  in  illumination  is  actually  de- 
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sirable.  The  apparent  inefficiency  of  indirect  lighting 
systems  is  in  reality  a  gain,  in  that  the  rate  of  produc- 
tion is  stimulated  by  the  greater  comfort  of  proper  il- 
lumination. We  do  not  primarily  wish  to  obtain  the 
greatest  candlepower  per  square  foot  of  floor  surface 
for  the  consumption  of  a  given  quantity  of  coal;  what 
we  desire  is  the  greatest  output  of  product  for  that 
amount  of  coal.  Thus,  while  it  seems  irrational  at 
first  sight  to  develop  a  lamp  of  high  efficiency  and  then 
deliberately  to  divert  its  lighting  power  to  such  an  ex- 
tent that  the  final  illumination  obtained  is  only  a  frac- 
tion of  that  utilized,  the  results  will  be  found  to  justify 
the  means. 

While  the  laying  out  of  a  comprehensive  system  of 
lighting  may  require  the  services  of  an  illumination 
engineer  just  as  the  laying  out  of  the  power  installa- 
tion would  require  those  of  a  power  engineer,  yet  the 
man  about  the  plant  can  inaugurate  many  economies  on 
his  own  initiative,  and  can,  moreover,  add  greatly  to 
the  efficiency  of  any  existing  installation  by  systematic 
inspection  and  maintenance  of  it. 

The  first  point  to  be  observed  is  that  only  high-effi- 


nency  lamps  should  l)e  usrd.  There  is  today  practically 
no  excuse  lor  the  'ise  of  carbon  filament  bimps  on  cir- 
cuits that  utilize  coal-made  current.  A  .'jO-watt  metallic 
filament  lamp  using  1.1  watts  per  candlepower  gives 
an  illumination  of  about  45  cp.,  in  comparison  with 
which  a  l(i-cp.  carbon  lil.iment  lamp  at  8.1  watts  per 
candlepower  reciuires  an  input  of  about  50  watts.  That 
is,  for  a  consumption  of  the  same  amount  of  energy 
we  get  about  three  times  the  illumination  from  the 
metallic  filament,  or  "Mazda,"  lamp,  that  we  do  from 
the  carbon  filament  one.  This  can  be  shown  very  strik- 
ingly by  such  a  comparison  as  that  made  in  Fig.  1, 
in  which  the  ratio  is  shown  by  the  relative  numbers  of 
liimps  used. 

Next  in  importance  to  the  use  of  high-efl!iciency  lamps, 
is  the  selection  of  the  correct  size  of  the  unit,  and 
following  that  the  best  type  of  reflector  or  shade  to  be 
used.  F'or  individual  use  great  brilliancy  is  objection- 
able and  a  50-watt  lamp  is  more  than  ample.  For  general 
lighting  the  size  of  lamps  will  be  determined  by  the 
distribution  required  and  the  height  of  ceiling.  Con- 
ditions being  suitable,  it  is  preferable  to  use  one  large 
unit  in  place  of  several  smaller  ones,  since  the  efficiency 
of  the  large  gas-filled  lamps  far  exceeds  that  of  the 
small  Mazda  lamp.  Thus,  one  1000-watt  lamp  will  pro- 
duce approximately  the  same  illumination  as  forty  50- 
watt  lamps  using  twice  as  much  energy,  as  illustrated  in 
Fig.  2.  However,  a  lamp  of  this  size  can  be  used  only 
under  exceptional  circum.stances  and  should  not  be 
employed  without  a  thorough  understanding  of  the 
principles  involved.  On  the  other  hand,  it  is  a  matter 
of  comparative  simplicity  to  select  a  shade  or  reflector 
most  suitable  to  the  requirements.  For  general  illu- 
mination glass  shades  can  be  used  to  advantage  if  their 
position  does  not  expose  them  to  breakage.  The  manu- 
facturers of  such  shades  issue  detailed  information 
regarding  the  direction  given  to  the  light  from  the  lamp 
by  the  various  types  of  shades,  and  the  one  to  be  selected 
is,  of  course,  that  which  throws  the  light  where  it  is 
most  wanted. 

There  is  slight  object  in  installing  a  highly  efficient 
lighting  system  if  its  upkeep  is  not  a  matter  of  constant 
care.  Two  things  are  to  be  observed  in  reference  to  it — 
lamps  must  be  renewed  when  their  useful  life  has  been 
spent,  and  above  all,  lamps  and  reflectors  must  be  kept 
clean.  To  emphasize  the  importance  of  this  latter  point 
reference  is  made  to  Fig.  3,  which  shows  by  means  of 
a  curve,  the  deterioration  that  took  place  in  a  lighting 
system  within  a  period  of  a  few  weeks,  due  to  failure 
to  clean  the  lamps  and  fixtures.  As  will  be  seen,  the 
illumination  had  decreased  almost  50  per  cent,  at  the 
end  of  three  weeks,  owing  to  this  cause.  It  is,  con- 
sequently, a  matter  of  great  importance  to  systematically 
look  after  the  equipment,  and  to  arrange  it  in  such  a 
manner  that  it  can  readily  br  reached. 

Where  lamps  are  situated  at  considerable  heights, 
some  such  device  as  that  illustrated  in  Fig.  4  should  be 
used  to  make  them  accessible. 

While  it  is  desirable,  in  fact,  necessary,  to  have  -.uflfi- 
cient  light  where  light  is  required,  there  are  many 
parts  of  a  plant  that  require  only  a  very  small  amount 
of  general  illumination  and  in  which  lavish  lighting 
provision  would  be  a  waste.  On  the  other  hand,  curtail- 
ment of  illumination  should  not-  be  carried  to  the  other 
extreme.    An  operative's  time  is  far  more  valuable  than 
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the  equivalent  of  the  light  that  he  requires,  and  it  is 
false  economy  to  allow  conditions  that  in  any  way  inter- 
fere with  the  most  profitable  use  of  his  time  or  labor. 
In  Fig.  5  is  presented  a  comparison  showing  that  light- 
ing provision  per  man  in  an  average  plant  will  be  in 
the  neighborhood  of  two  cents  per  day,  whereas  his 
wages  will  amount  to  about  one  cent  per  minute.  It 
would  therefore  require  a  loss  of  only  about  two  minutes 


of  his  time  to  wipe  out  what  could  be  saved  by  failing 
to  provide  him  with  adequate  illumination. 

Each  plant  will  present  its  own  problems,  but  in 
each  one  diligent  search  will  generally  unearth  many 
.sources  of  slight  waste.  In  applying  remedies,  it  is  of 
course  necessary  to  use  .judgment;  the  plant  must  pro- 
duce more  material  for  the  .same  coal  consumption  or  use 
less  coal  for  the  same  production  rate. 


The  Power  Situation  at  the  End  of  the  War 

By  L.  W.  ALWYN-SCHMIDT 


The  author  summarizes  the  power  situation  that 
has  resulted  from  the  upheaval  of  ivar  and  points 
to  a  greatly  increased  use  of  power  in  industry 
in  the  future. 


MODERN  industrial  enterprise  cannot  exist  with- 
out power.  Considering  this  fact  it  seems  that 
our  existing  means  of  providing  this  essential 
adjunct  to  all  industrial  production  are  pitifully  small. 
There  are  today  only  three  recognized  creators  of  in- 
dustrial power — fuel,  water  and  wind — not  a  very  im- 
posing number  to  fall  back  upon,  especially  as  little  use 
is  made  of  the  third. 

The  war  has  overthrown  our  complacency.  It  has 
shown  us  that  the  principles  of  our  power  economy  are 
faulty,  not  to  say  wrong,  and  that  the  system  under 
which  we  are  working  is  not  reliable  and  will  break 
down  if  exposed  to  any  great  stress.  We  had  an  ex- 
ample of  this  when  many  of  our  national  industries  had 
to  shut  down  for  a  series  of  Mondays  because  sufficient 
coal  could  not  be  provided  to  keep  their  boilers  going. 
We  had  another  example  when  a  million  automobiles 
were  laid  up  for  several  Sundays  because  sufficient  gaso- 
line was  not  available. 

Distribution  of  Coal  to  Power  Houses 

The  distribution  of  coal  from  the  mines  to  the  power 
houses  has  not  been  solved  satisfactorily.  The  prob- 
lem today  is  the  same  as  it  was  five  years  ago.  Never- 
theless, the  war  has  taught  not  only  the  nations  but 
also  the  individual  power  producer  that  coal  is  not  ab- 
solutely reliable  as  a  generator  for  industrial  energy. 
The  principal  deficiency  in  the  case  of  coal  is  its  limi- 
tation in  production.  Coal  is  mined  in  comparatively 
few  localities,  and  the  necessity  of  bringing  it  to  the 
places  where  it  is  consumed  forms  a  permanent  burden 
on  the  tran.sportation  facilities  of  the  world.  An  in- 
terruption of  these  facilities  threatens  an  immediate 
breakdown!  of  industrial  production.  There  are  many 
countries  that  have  very  little  coal  of  their  own,  or  coal 
of  very  inferior  quality,  and  that  depend  for  the  upkeep 
of  their  industrial  life  on  the  good  will  of  other  coun- 
tries. Their  industry  may  be  completely  strangled  if 
these  countries  should  decide  to  stop  supplying  coal. 
What  is  said  here  with  reference  to  coal  applies  more 
or  less  to  oil  and  coal  gas  also. 

While  the  war  has  not  provided  a  solution  of  the  va- 
rious problems  created  by  the  use  of  coal  for  power 
production,  it  has  at  least  set  many  minds  to  work  to 
find  a  way  out  of  the  present  difficulty.     Two  proposals 


have  been  made.  The  first  is  to  stop  shipping  coal  for 
power  production,  to  produce  the  power  on  the  spot 
where  the  coal  is  found  and  to  transmit  the  power.  The 
second  is  to  limit  the  use  of  coal  as  much  as  possible  and 
to  use  other  more  convenient  forms  of  power  produc- 
tion, as,  for  instance,  water  and  wind.  As  an  imme- 
diate means  of  bringing  relief  a  more  economical  use  of 
coal  has  been  advised. 

The  latter  proposal  may  be  considered  here  in  the 
first  place,  not  only  Ijecause  it  has  been  applied  with 
great  success  during  the  war,  but  also  because  con- 
servation will  be  a  considerable  factor  in  after-war 
power  production  until  more  thorough  changes  in  power 
production  and  conservation  can  be  effected. 

COAL-CONSERVATION  WORK   IN  ITALY 

The  most  thorough  work  with  regard  to  coal  conser- 
vation probably  was  done  in  Italy.  The  Italian  indus- 
try has  had  to  battle  with  the  coal  problem  from  the 
first  days  of  the  war,  even  before  it  had  entered  the 
struggle.  The  lignite  produced  in  Italy  is  of  small 
steam  value  and  nearly  all  industrial  fuel  is  imported. 
When  it  became  clear  that  Italy  would  have  to  face  a 
serious  fuel  crisis,  the  Italian  government  had  a  survey 
made  of  its  power  facilities  with  a  view  to  establishing 
the  number  and  character  of  boilers  that  would  be  avail- 
able for  power  production,  and  what  might  be  their 
efficiencies  with  different  fuels.  Especial  attention  was 
given  to  the  question  of  burning  native  coal.  Power 
engineers  all  over  the  country  were  advised  to  exercise 
great  care  in  the  use  of  coal  and  to  avoid  all  waste  of 
power.  The  result  was  that  Italy  obtained  a  greatly  in- 
creased industrial  production  with  a  vastly  decreased 
supply  of  imported  coal.  In  France  similar  good  re- 
sults have  been  obtained. 

Improvements  in  Economy  Likely  to  Continue 

There  has  possibly  never  so  much  been  written  on 
fuel  conservation,  power  economy  and  similar  subjects 
as  during  the  la.st  four  years.  American  writings  alone 
would  fill  a  good-sized  library.  Each  contribution  to  the 
solution  of  the  great  problem  of  how  to  get  maximum 
power  with  the  use  of  the  smalle.st  amount  of  coal  has 
advanced  us  a  step  farther.  Statistics  show  that  many 
factories  have  reduced  their  coal  consumption  by  more 
than  10  per  cent.  We  may  possibly  relax  in  our  vigi- 
lance, but  it  seems  improbable  that  our  improvements 
will  be  lost  again.  It  is  much  more  likely  that  improve- 
ments, once  introduced,  will  continue.  One  of  the  re- 
sults of  the  war  will  be  that  fewer  railroad  cars  will  be 
wasted  in  future  and  that  less  coal  will  be  required  by 
those  establishments  which  will  continue  to  burn  coal. 
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Tho  idea  of  i-iMitrali/.iiiK'  tlu-  pnuliu'lioii  "f  ))o\vcr  in 
i-.'riain  fjivonnl  m'ijrhhorhoods  ami  (li.strilnitiiiK  it  to 
ron.'*uniers  has  claiim-d  wido  attention  in  Enjriand.  A 
British  Kovornnu'iital  committee  of  enpineers  has 
worked  out  a  plan  l)y  which  it  is  proposed  to  erect  a 
series  of  hirKo  central  stations  in  certain  suitable  cities 
and  to  connect  those  stations  with  substations  in  other 
cities  for  the  distribution  of  power  to  the  consumers. 
The  principal  producing  stations  will  be  interconnected 
in  such  a  way  as  to  umirantee  a  permanent  supply  of 
power  to  all  consumers  oven  if  one  of  the  stations  should 
break  down.  The  English  plan  provides  for  the  use  of 
coal  only.  The  cities  that  have  been  elected  for  the  locali- 
zation of  the  principal  stations  are  conveniently  situated 
in  proximity  to  coal  fields,  and  coal,  therefore,  will  be 
always  available  at  cheap  rates. 

Centralizing  the  Production  of  Power 
IN  Germany  and  France 

A  similar  proposal  was  made  in  Germany  and  in  part 
at  least  was  carried  out  durinpr  the  war.  The  German 
plan,  however,  goes  a  step  farther  than  the  English,  be- 
cause it  proposes  not  only  the  use  of  coal  as  a  producer 
of  the  required  electrical  energy,  but  use  will  be  made 
also  of  certain  water  powers.  The  scheme  provides  for 
a  series  of  central  stations  in  coal  fields  with  hydro- 
electric stations  on  lakes  and  rivers,  and  the  general 
idea  seems  to  be  to  arrange  the  individual  stations  in 
triangles.  Two  hydro-electric  stations  always  will  have 
the  support  of  one  steam-generating  station,  the  three 
supplementing  one  another.  Finally,  all  the  stations 
will  be  interconnected.  Power  from  part  of  the  new 
system  is  already  being  transmitted  over  distances 
which  in  some  cases  exceed  a  hundred  miles. 

A  similar  proposition  has  been  made  in  France,  and 
it  is  also  intended  to  arrange  on  the  cooperative  plan 
the  new  central-station  system  which  will  replace  the 
stations  destroyed  by  the  Germans.  The  present  plan 
provides  in  the  French  northeastern  coal  fields  a  number 
of  big  power  stations  that  will  distribute  power  not  only 
to  the  immediate  neighborhood  but  most  likely  also  to 
Paris. 

Pow^R  Stations  in  the  Coal  Fields 

The  system  of  placing  electric  power  stations  in  the 
coal  fields,  while  it  appeals  to  the  imagination  of  the 
engineer,  has  certain  economic  disadvantages  that  in 
later  years  may  lead  to  actual  dii!iculties.  One  of  these 
is  that  the  electrical  power  produced  in  this  way  is  un- 
reasonably' expensive  in  the  immediate  neighborhood  of 
the  central  station.  Experience  has  shown  that  large 
industrial  enterprises  in  the  vicinity  of  coal  fields  are 
not  very  good  customers  for  central  stations  in  the 
same  districts  for  the  simple  reason  that  they  can  pro- 
duce their  own  electric  power  cheaper  than  the  central 
station  will  sell  it. 

The  big  industrial  enterprises  in  proximity  to  the  coal 
fields  can  obtain  coal  without  straining  unnecessarily 
Ihe  national  means  of  transportation,  and  if  they  choose 
to  make  their  own  electrical  energj-,  more  of  the  cen- 
tral-station power  will  be  left  for  distribution  to  the 
farther  removed  districts.  But  there  is  an  economic 
limit  to  the  distribution  of  coal-generated  electrical 
energy.  Eventually,  a  distance  is  reached  at  which  dis- 
tribution of  energy  either  is  impossible  owing  to  tech- 


nical reasons  or  boconu's  too  expensive  in  comparison 
with  other  menns  of  producing  power.  It  may  in  su<  h 
in.stances  oven  be  cheaper  to  ship  coal  than  to  trans 
mit  electrical  energy. 

WoRLD-WiDi;  Inckkase  in  Application 
OK  Hydko-Klectric  Power 

The  outstanding  feature  of  power  development  dur- 
ing the  war  is  the  rapid  expansion  of  the  application  of  jj| 
hydro-electric  power  all  over  the  world.  There  is  m 
a  country  that  has  not  given  attention  to  the  question  O' 
how  to  make  better  use  of  its  dormant  water  power  by 
turning  it  into  electrical  energy.  Norway,  doubtless,  has 
led  the  way  in  this  respect.  Thousands  and  thousands 
of  horsepower  have  been  harnessed  during  the  last  four 
years  and  this  country  has  carried  out  a  power  scheme 
the  foundations  of  which  were  laid  before  the  war 
Norway  in  this  respect  has  been  favored  very  much 
by  the  mountainous  character  of  the  country,  the  many 
waterfalls  of  which  seem  to  supply  what  amounts  to 
a  practically  inexhaustible  supply  of  natural  power. 

Italy  has  been  able  to  supplement  its  existing  power 
supply  by  an  increasing  recourse  to  natural  power  de- 
rived principally  from  the  waterfalls  of  the  southern 
decline  of  the  Alps  and  the  Apennines.  The  Alps  most  | 
likely  will  play  a  considerable  part  in  the  future  by  sup-  ! 
plying  Europe  with  electrical  energy.  Switzerland  will  ! 
soon  be  the  owner  of  a  large  system  of  interconnected 
hydro-electric  stations,  efforts  are  being  made  to  har- 
ness the  waterfalls  of  the  French  Alps,  and  Germany 
has  in  operation  several  hydro-electric  stations,  all  built 
during  the  war,  which  draw  their  power  from  rivers  fed 
by  the  snow  mountains  of  the  Alps.  Another  important 
center  for  hydro-electric  developments  in  Europe  is  the 
Pyrenees.  Several  new  hydro-electric  stations  have 
been  added  to  those  existing  during  the  war,  and  France 
as  well  as  Spain  has  prepared  a  number  of  projects 
which  will  make  use  of  the  waters  of  this  mountain 
range. 

Hydro-Electric  Power  Development  in  South 
America  and  Australia 

In  South  America  there  is  a  great  awakening  to  the 
necessity  of  making  better  use  of  natural  resources. 
Parts  of  South  America,  as  Venezuela,  Colombia,  Peru 
and  Chile,  offer  conditions  for  hydro-electric  develop- 
ment as  favorable  as  those  existing  in  Norway.  These 
conditions  are  being  studied  by  the  governments  and 
financial  interests  with  a  view  to  making  use  of  them 
in  the  near  future,  while  a  number  of  projects  have  al- 
ready been  taken  in  hand  or  have  been  completed  dur- 
ing the  war.  In  Australia  great  work  has  been  done 
by  completing  the  Great  Lake  development  in  Tasmania 
and  the  Lake  Coleridge  development  in  New  Zealand. 
Both  schemes  were  finished  under  great  diflSculties,  but 
the  assistance  they  have  rendered  to  the  industrial  de- 
velopment of  their  respective  countries  in  a  trying  time 
has  repaid  a  hundredfold  the  expense  and  labor  incurred 
in  their  completion. 

Public  ownership  has  made  considerable  progress  dur- 
ing the  war.  This  has  been  partly  the  result  of  earlier 
policies,  but  just  as  much  that  of  existing  conditions. 
In  some  cases  the  original  promoters  were  not  able  to 
carry  out  the  work  and  the  government  was  compelled 
in  the  public  interest  to  complete  the  task.     In  others 
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necessity  made  imperative  immediate  construction 
which  had  to  be  carried  out  with  public  aid,  as  no 
private  capital  would  undertake  the  work.  Norway  has 
used  the  opportunity  to  strengthen  the  power  of  public 
control  over  the  natural  resources  of  the  country,  and 
similar  projects  are  now  under  consideration  in  other 
countries,  including  the  United  States. 

Speaking  in  general  terms  it  appears  that  the  war 
has  rather  benefited  the  power  industry.  Its  principal 
results  so  far  are  a  tendency  in  the  direction  of  greater 
centralization  of  power  production,  an  increase  in  the 
use  of  water  power  for  electrical  development  and  an 
awakening  of  the  national  consciousness  to  the  re- 
sponsibility for  the  dormant  natural-power  resources  in 
the  possession  of  the  nation.  The  war  finally  has  taught 
us  the  great  value  of  mechanical  power  as  a  preserver 
of  human  energy. 

It  is  this  final  realization  which  will  be  the  dominant 
factor  in  future-  power  development.  Having  once  rec- 
ognized this  inherent  characteristic  of  mechanical  power 
and  its  economic  effectiveness,  the  world  will  not  re- 
turn to  its  pre-war  methods  of  wasting  human  energy 
where  it  can  be  easily  replaced  by  mechanical  power. 
It  also  will  not  return  to  its  pre-war  practices  of  wast- 


ing power.  The  effect  of  all  this  will  show  soon  in  the 
general  position  taken  by  power  users  with  reference  to 
the  methods  employed  in  the  production  of  power.  The 
old-time  engineer,  the  happy-go-lucky  chief,  will  be  a 
man  of  the  past.  He  has  not  been  driven  out,  but  tho 
hard  time  he  has  gone  through  has  changed  the  man  and 
his  method.  Factory  owners  and  power  users  suddenly 
have  come  to  the  realization  that  their  power  supply  is 
not  a  thing  to  be  taken  for  granted,  but  that  it  is  sub- 
ject to  the  same  economic  laws  as  all  other  forms  of  in- 
dustrial production  and  that  it  has  to  be  handled  effi- 
ciently if  it  is  to  produce  eflScient  results. 

There  will  be  more  power  used  in  future  than  has 
been  used  in  the  past.  Europe  must  replace  by  an  in- 
creasing recourse  to  mechanical  power  the  energy  of 
many  millions  of  men  who  were  killed  during  the  war. 
It  also  has  to  make  up  for  the  loss  of  efficiency  in  the 
crippled  who  will  again  take  part  in  industrial  produc- 
tion. 

We  in  our  own  country  will  have  to  make  use  of 
additional  power  to  keep  our  industrial  production  at  a 
level  that  will  enable  us  to  compete  with  the  cheaper 
European  goods  so  that  we  may  hold  our  present  posi- 
tion in  the  world's  markets. 


Rejuvenating  a  Worn-Out  Pump 


By  H.  H.  HUNNER* 


A 


SINGLE-STAGE  pump  making  1750  r.p.m.  and 
pumping  1290  gal.  per  min.  on  a  165-ft.  head  was 
found  to  lose  its  water  once  or  twice  in  24  hours 
whenever  the  power-line  voltage  fluctuated  to  a  point 
low  enough  to  cause  it  to  drop  in  speed,  and  when  run- 
ning, the  pump  would  pound  with  a  continual  end  thrust. 
On  examination  it  was  found  that  the  ring  seats  were 
worn  away  on  both  sides  of  the  impeller  and  that  the 
recess  in  the  castings  which  accommodated  the  rings  was 
gouged  out  on  both  sides,  top  and  bottom.  The  sides 
of  the  casing  next  to  the  impeller  were  worn  in  places 
to  a  depth  of  over  half  an  inch. 

To  repair  the  impeller,  the  ring  seats  were  turned 
down  to  make  a  driving  fit  for  two  rings  that  had  been 
previously  made  up.  A  4-in.  section  was  cut  from  these 
rings,  the  ends  were  drawn  up  and  welded,  and,  after 
having  been  driven  to  a  tight  fit  on  the  new  seats  cut 
on  the  impeller,  they  were  turned  down  to  give  a  run- 
ning fit  for  the  standard  rings,  which  made  an  impeller 
as  good  as  new. 

The  repair  of  the  castings  required  two  barrels  of 
charcoal,  40  ft.  of  42-in.  asbestos  paper,  75  firebrick,  150 
cu.ft.  of  oxygen  and  12  carbic  cakes.  An  air  line  was 
extended  to  the  place  where  the  castings  were  to  be 
heated,  and  five  feet  of  1-in.  pipe  was  used  for  a  nozzle 
to  produce  forced  draft.  The  castings  were  stood  on 
end  on  the  ground,  propped  up  with  firebrick  and  walled 
in  on  all  sides  with  the  firebrick  placed  about  18  in. 
away  from  the  castings,  the  brick  being  laid  with  about 
l-in.  spaces  end  to  end. 

The  brick  wall  was  built  up  to  the  height  of  the 
castings,  and  the  charcoal  then  dumped  in  between  the 
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brick  and  castings  on  a  kindling-wood  fire.  The  to- 
of  the  castings  and  the  charcoal  was  then  covered  wi'rh 
two  thicknesses  of  asbestos  paper,  cut  into  42-in.  square 
sheets;  the  air,  turned  dovvTi  to  about  10-lb.  pressure, 
was  used  to  give  the  charcoal  a  good  start,  and  the  im- 
provised furnace  was  left  for  three  hours  without  arti- 
ficial draft,  after  the  charcoal  had  a  start.  On  removing 
enough  brick  to  reach  the  ring  recesses,  it  was  found 
that  the  castings  were  easily  brought  up  to  a  welding 
heat  on  applying  the  torch  for  a  few  seconds. 

Both  castings  were  repaired  on  one  side,  and  the 
brick  wall  was  torn  down,  using  forceps  to  handle  tho 
bricks.  The  castings  were  flopped,  the  charcoal  was 
heaped  around  their  base,  and  the  bricks  were  built  up 
to  hold  the  charcoal  in  place.  By  covering  the  entire 
work  with  asbestos  paper,  the  operator  was  able  to  work 
at  close  range  without  undue  exposure  to  the  heat. 
When  the  time  arrived  to  fill  in  the  last  piece  of  cast- 
ing, it  had  cooled  too  much  to  work  without  reheating. 
The  supply  of  charcoal  was  exhausted,  but  pine  wood 
was  available,  and  the  bricks  were  covered  with  sheet 
iron  and  the  air  nozzle  was  used  again,  and  this  combi- 
nation secured  a  better  heat  in  an  hour's  time  than  had 
been  possible  by  means  of  the  charcoal,  which  is  not 
essential  where  air  is  available. 

The  operation  was  finished  in  about  eight  hours,  and 
little  hammer  and  chisel  work  was  required  to  get  a 
smooth  job  on  the  castings.  At  a  moderate  expense  a 
new  water  end  was  provided,  and  a  wait  of  six  months 
for  delivery  on  a  unit  that  was  absolutely  essential  was 
obviated. 

The  castings  were  covered  with  the  asbestos  paper 
after  the  job  was  finished  and  allowed  to  cool  slowly 
for  several  hours. 
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Coal-llaiHlliii^i!^  Plaiil  al  Sewalls  PoiiU,  Virj^inia 


Nfif  I'livilitivs  of  thv  Vitiiinkin  Ruiliran  al  the. 
cool  pier  near  Norfolk,  Va.  The  plant  also  in- 
cludes cars  of  120  tons  capacity  and  a  long  in- 
cline. 


A  DOl'BLE  car  dumper,  with  pier  cars  of  120  tons 
L\  capacity  and  an  elevator  to  raise  them  to  the  top 
■^  -^  of  the  pier,  have  been  added  to  the  facilities  of  the 
coal  pier  of  the  Virjjinian  Ry.  at  Sewalls  Point,  near 
Norfolk.  Va.  They  supplement  a  single  dumper,  pier 
cars  of  60  tons  capacity  and  a  barney  incline  from  the 
dumper  to  the  top  of  the  pier,  installed  in  1909,  when 
the  pier  was  built,  and  increase  the' capacity  of  the  plant 
from  1500  tons  per  hour  to  3000.  The  operation  of  the 
pier  is  the  same  as  before,  the  pier  cars  for  both  dump- 
ers runninp  out  to  the  end  of  the  pier  by  electric  power 
on  the  outside  track  and  returning  down  the  inclined 
center  track. 

The  double  car  dumper  is  the  first  built  to  overturn 
two  ordinary  road  cars  at  a  time.  It  is  94  ft.  long  be- 
tween end  posts.  The  car  rails  are  carried  on  a  movable 
platen  which  rests  on  rollers  in  the  bottom  of  the  cradle 
— or,  in  fact,  two  platens,  end  to  end,  one  for  each  car. 
When  the  cars  are  on  the  dumper,  the  platens  are  moved 
laterally  until  the  sides  of  the  cars  come  securely 
against  the  side  of  the  cradle  for  support.  When  the 
two  cars  are  of  about  the  same  width,  it  is  not  necessary 
to  uncouple  them,  but  when  they  are  of  different  widths 
the  two  parts  of  the  platen  can  be  operated  separately. 
Eight  clamps  are  operated  independently  by  counter- 
weights which  travel  in  guides  at  the  rear  of  the  ma- 
chine. They  are  so  spaced  that  they  engage  various 
lengths  of  cars  and  are  automatically  adjustable  to  any 
height  or  width  of  standard  railway  car. 

Rotating  Machinery  Top  of  Main  Structure 

The  machinery  for  rotating  the  cradle  is  located  on 
top  of  the  main  structure,  where  it  is  free  from  dust 
and  accessible  for  repairs.  After  the  cars  have  been 
properly  placed  on  the  cradle,  the  rotating  mechanism 
is  started  and  the  cradle  with  the  cars  is  revolved  until 
the  cars  are  inverted  to  an  angle  of  20  deg.  with  the 
vertical.  The  clamps  as  well  as  the  cradle  are  counter- 
weighted,  this  facilitating  the  return  of  the  cradle  to  its 
former  position. 

Coal  dumped  from  two  cars  end  to  end  is  distributed 
over  a  maximum  length  of  about  88  ft.  This  is  much 
greater  than  could  be  gathered  in  the  hopper  of  a  trans- 
fer car,  which  in  this  case  is  about  51  ft.  In  order  that 
all  the  coal  from  the  road  cars  shall  be  properly  dis- 
charged into  the  transfer  cars  without  resort  to  a 
concentrating  chute,  which  would  at  once  result  in  an 
extreme  drop  of  the  coal,  two  steel  apron  conveyors  are 
provided,  each  about  8  ft.  wide  and  34  ft.  long,  sup- 
ported horizontally  in  a  portal  frame  in  front  of  the 
car  dumper.  A  clear  space  of  about  36  ft.  is  left  be- 
tween the  conveyors,  which  form  a  portion  of  the  bottom 
of  a  hopper  into  which  the  road  cars  are  dumped.     The 
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loMKituflinal  center  of  the  conveyor  is  located  directly 
over  the  center  line  of  the  transfer-car  track.  With 
this  arruuKement  all  the  coal  that  fall.s  on  the  conveyors 
is  transferred  horizontally  and  discharged  into  the 
transfer  cars. 

Two  275-hp.  motors,  designed  to  work  on  a  direct 
current  of  .'i.'iO  volts,  operate  the  cradle  working 
through  four  drums  gearcl  by  three  reductions  of  cut 
spur  gears. 

As  the  cradle  is  rotated  the  contents  of  the  car  is 
gradually  di.scharged  over  the  edge  of  the  apron  plate, 
into  the  receiving  hopper  which  carries  the  conveyors. 
This  hopper,  for  a  distance  of  36  ft.,  is  open  at  the 
bottom,  and  the  coal  is  discharged  directly  through  it 
into  the  transfer  cars.  The  conveyors  are  interlocked 
with  the  cradle,  so  that  when  the  rotation  starts  the 
conveyor  motor  is  also  started,  and  the  conveyors  are 
in  full  operation  when  the  first  coal  falls  on  them.  They 
are  both  operated  by  one  80-hp.  motor. 

The  Disappearing  Barney 

A  disappearing  barney,  which  on  the  return  trip, 
when  near  the  bottom  of  the  incline,  follows  a  low-level 
track  into  the  barney  pit  so  that  cars  can  be  let  down 
by  gravity  from  the  load  yard  before  the  barney  is  in 
position,  pushes  the  road  cars  up  to  the  dumper.  Both 
the  barney  and  the  dumper  are  operated  from  a  cab  at 
the  incoming  end  of  the  dumper.  All  of  the  speeds  and 
the  motions  of  the  dumper  are  regulated  to  produce  a 
complete  cycle  in  two  minutes. 

The  dumper  will  handle  at  once  two  cars  of  60  tons        . 
capacity,  or  one  of  the  new  110-ton  hopper  cars  of  the 
Virginian,  which  weighs  160  tons  when  loaded. 

Transfer  cars  of  120  tons  capacity — just  double  that 
of  those  originally  installed  on  the  pier — take  the  coal 
from  the  dumper.  These  cars  are  mounted  on  two  six- 
wheeled  equalizer  trucks,  each  of  which  is  provided  with 
a  driving  motor  of  60-hp.  capacity,  geared  for  a  speed 
of  12  miles  per  hour. 

The  trucks  are  spaced  50  ft.  center  to  center  under 
the  car,  the  total  over-all  length  of  which  is  about  70 
ft.,  the  height  16  ft.,  and  the  width  12  ft.  The  body 
of  the  car  forms  a  hopper  divided  into  three  compart- 
ments, each  having  a  capacity  of  40  tons,  the  three  com- 
partments having  a  combined  length  at  the  top  of  about 
51  ft.  Each  of  the  compartments  is  provided  with  a 
double  system  of  discharge  gates  at  the  bottom,  through 
which  the  coal  passes  into  the  pockets  to  the  pier.  The 
gates  of  each  compartment  are  separately  operated  by 
an  air  cylinder  located  in  the  end  of  the  car. 

Discharge  Gates  Arranged  in  Pairs 

The  discharge  gates  of  each  compartment  are  ar- 
ranged in  pairs  and  hinged  to  the  car  body  at  the  sides 
and  in  the  center,  in  such  a  manner  as  to  provide  two 
openings  9  ft.  long  by  3  ft.  8  in.  wide.  The  operating 
mechanism  is  so  arranged  that  the  gates  are  securely 
locked  when  closed,  and  they  cannot  fall  open. 

All  operations  are  controlled  from  one  end,  although 
each  end  is  inclosed.  The  power  for  operating  the  cars 
is  supplied  from  an  overhead  catenary  system.  The 
combined  weight  of  the  car  and  its  contents  is  about 
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200  tiiii  .  rikii'ir  th"  cars  Ww  ljir(.'cst  coal-hansfpr  t-iirs 
ever  Imilt. 

The  transftM'-i'ar  I'Ifvator  raises  the  pici-  cars  about 
fi?  ft.  to  the  top  of  the  pier,  ili-avy  counterwiMghts 
jire  used  to  oounterbalaiue  the  weight  of  the  platform 
and  the  car;  they  are  so  rejrulated  that  as  much  power  is 
ie(iiiired  to  pull  down  the  empty  platform  as  is  re- 
<  Hired  to  lift  the  platform  and  the  Ibaded  car.  This 
arranjrement  permits  the  u.se  of  smaller  motors  than 
utnild  otherwise  be  necessary. 

The  elevator  is  operated  by  two  450-lb.  motors  usinj? 
a  direct  current  at  550  volts.  The  j^earinjr  of  the  ele- 
vator is  proportioned  to  produce  a  complete  cycle  in  two 
minutes. 

Connectinp  the  frame  of  the  elevator  tr,  the  pier  is  a 
hinjred  run-ofl"  pirder,  introduced  to  insure  perfect 
alignment  of  the  rails  on  the  platform  and  the  pier. 
This  pirder  is  hinped  to  the  pier' in  such  a  manner  as  to 
permit  of  a  vertical  movement  of  the  free  end  amount- 
intr  to  about  two  feet.  The  free  end  of  the  girder  rests 
on  brackets  on  the  elevator  frame,  from  which  it  is  lifted 
by  projecting  lugs  on  the  platform  as  it  comes  to  the 
position  of  its  upper  lim.it.  This  upper  limit  of  travel 
is  accurately  controlled  by  an  electric  limit  switch, 
geared  to  the  hoisting  mechanism.  The  power  is 
supplied  to  the  trolley  wires  in  this  position,  and  the 
transfer  car  passes  out  of  the  elevator,  over  the  hinged 
run-off  girder  and  out  on  the  pier,  where  the  coal  is 
discharged  to  the  proper  pocket.  The  empty  car  then 
returns  down  the  inclined  track  in  the  center  of  the 
pier  structure  to  the  loading  track  in  front  of  the  car 
dumper,  taking  its  regular  turn. 

These  additions  to  the  equipment  of  the  terminal 
were  installed  by  the  Wellman-Seaver-Morgan  Co., 
Cleveland,  which  company  furnished  the  original 
dumper.  The  work  was  carried  out  under  direction  of 
H.  Fernstrom,  chief  engineer  of  the  Virginian  Railway. 

Standard  Boilers  tor  Emergency  Fleet 

The  standard  water-tube  boilers  for  ths  3500-ton 
vessels  of  the  United  States  Emergency  Flei^t,  says  the 
Boiler  Maker,  are  of  the  cross-drum  type,  having 
straight  tubes  expanded  into  steel  headers.  Their 
widths  are  13  ft.  4'i  in.;  heights  to  the  ceater  of  the 
steam  drum,  11  ft.  5i  in.;  depth,  8  ft.  10  in.  The  total 
heating  surface  is  2544  sq.ft.  The  grate  is  6  ft.  6  in. 
long  by  11  ft.  9  in.  wide;  area,  77.45  sq.ft.;  the  ratio 
of  heating  surface  to  the  grate  area  being  33  to  1.  The 
boilers  are  made  for  200  lb.  gage  pressure,  and  output, 
under  forced  draft,  of  15,000  lb.  of  water  per  hour,  with 
feed  water  at  203  deg.  F.,  and  a  combustion  rate  of  20 
lb.  of  coal  per  square  foot  of  grate  per  hour. 


It  has  been  proposed  as  a  matter  of  great  importance 
to  the  business  of  the  country  that  the  functions  of  the 
Bureau  of  Standards  should  be  extended  to  permit  the 
maker  of  any  standard  article  to  submit  samples  for  ex- 
amination and  test,  the  Bureau,  after  such  test,  to 
certify  to  all  the  facts  and  findings  respecting  the  na- 
ture and  quality  of  the  article,  so  that  buyers,  domestic 
or  foreign,  may  come  to  a  knowledge  thereof  and  gov- 
ern themselves  accordingly. 


liatemun   Illiiiniiiatlng  Oil  Can 

All    illuminating  oil   <iin,    intended    for  u«e  by   enj-ri- 
neors  where  the  parts  to  be  lubricated  are  in  dark  pl.x  > 
or  for  use  at  night,   b.is   lieen   |)atented   by   William   >,. 
Mateman.     151     Lac  kawaiina    Ave.,    East    Stroudsburg, 
IVnn. 

The  can  is  of  ordinary  shape,  but  the  nozzle  is 
fitted  with  a  valve  A  to  which  is  attached  a  stem  H, 
which  connects  with  an  arm  C  on  a  rod  I).  This  rod 
I)rojects  to  the  outside  of  the  can  and  has  a  handle  E 
on  its  outer  end.  A  spring  F  closes  the  valve  when 
pressure  on  the  handle  is  removed. 

Attached  to  the  end  of  the  .spout  is  a  lamp  socket 
and  lamp.     One  terminal  of  the  socket  is  connertcd  to 


DETAILS  OF  CAN  AND  ITS  APPLICATION 

the  spout  of  the  can,  the  other  terminal  is  wired  to 
the  hinged  contact  arm  G,  the  wire  being  protected 
by  a  duct.  In  the  handle  of  the  can  a  dry  battery  H 
is  carried,  with  one  terminal  grounded  to  the  can. 
When  the  lever  is  pressed  down  it  comes  in  contact 
with  the  hinged  arm  G,  which  closes  the  circuit  with 
the  contact  J.  When  it  is  not  necessary  to  illuminate 
the  parts  to  be  oiled,  the  hinged  lever  can  be  turned 
back  and  the  valve  in  the  spout  manipulated  by  pressing 
on  the  lever  E  the  same  as  when  the  lamp  is  used. 


With  firmness  in  the  right,  as  God  gives  us  to  see  the 
right,  let  us  strive  on  to  finish  the  work  we  are  in; 
to  bind  up  the  nation's  wounds;  to  care  for  him  who 
shall  have  borne  the  battle,  and  for  his  widow,  and 
his  orphan — to  do  all  which  may  achieve  and  cherish 
a  just  and  lasting  peace  among  ourselves,  and  with 
all   nations. — Abraham    Lincoln. 
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Combustion  and  Boiler  Settings — I 


By  a.  D.  WILLIAMS 


The  author  mentions  a  number  of  interesting 
points  concei~ning  the  location  of  heating  surfaces, 
the  placing  of  baffles  and  the  formation  of  soot 
in  relation  to  combustion,  and  indicates  certain 
fundamentally  wrong  practices  in  the  usual  forms 
of  boiler  settings. 

A  GEE  AT  deal  of  thought  has  been  expended  upon 
*A  the  baffling  of  steam  boilers  to  obtain  increased 
X  A.  gas  velocities  and  thereby  an  increased  rate  of 
heat  transfer.  However,  there  is  a  disadvantage  in  a 
high  velocity,  as  the  velocity  head  increases  as  the 
square  of  the  velocity,  and  in  addition  there  is  an  in- 
crease in  the  friction  loss.  The  heated  gases  VfiW  also 
have  less  time  in  which  to  deliver  their  heat  to  the  re- 
cipient surface. 

With  an  infinite  increase  in  velocity  and  a  finite 
heating  surface,  the  hot  gases  would  sweep  past  at  such 
a  rate  that  the  heat-transfer  rate  would  be  reduced  to 
an  infinitesimally  small  value  and  the  gases  would  leave 
the  recipient  surface  at  practically  their  initial  temper- 
ature. On  the  other  hand,  with  an  infinite  reduction  in 
the  gas  velocity  the  gases  would  lose  practically  their 
entire  heat  content,  but  the  rate  of  heat  transfer  would 
be  infinitesimally  small,  as  before.  Between  these  two 
extremes  lies  the  desired  case  in  which  the  quantity  of 
heated  gas  sweeping  over  the  recipient  surface  gives  up 
the  maximum  amount  of  heat  that  the  surface  is  able  to 
absorb,  between  the  temperature  limits  fixed  by  the  heat 
generated  by  combustion  and  the  ruling  temperature  of 
the  recipient  surface.  In  practice  this  problem  is  com- 
plicated by  the  surface  condition  of  the  recipient  surface 
and  the  vapor  tension  of  the  hot  gases. 

Heat  transfer  is  entirely  a  physical  problem,  consid- 
ered by  itself.  Combustion  is  a  chemical  problem.  In 
considering  the  industrial  applications  of  heat,  the  chem- 
ical and  physical  exchanges  and  reactions  must  be  con- 
sidered together  as  well  as  separately. 

CoNDiTioN.s  That  Affect  Reactions 
In  combustion  for  industrial  heating  the  speed  of  the 
reaction  depends  on  the  intimate  mixing  of  the  reacting 
substances  at  a  temperature  and  pressure,  with  a  suffi- 
cient mass  of  the  reacting  substances  present  to  permit 
the  reaction  to  be  self-propagating.  Changes  in  pres- 
sure, temperature  and  the  concentration  of  the  reacting 
substances  all  affect  the  rate  of  the  reaction  and  the 
equilibrium  of  the  reacting  system. 

There  are  three  typical  combustion  conditions,  as 
follows : 

1.  Neutral,  in  which  the  reacting  substances  are  pres- 
ent in  sufficient  concentration  only  to  complete  the  re- 
action. In  this  case  combustion  will  be  slow,  the  reac- 
tion starting  at  a  maximum  rate  and  gradually  slowing 
down. 

2.  Reducing,  in  which  there  is  a  deficient  supply  of  the 
oxidizing  or  reducing  element.     This  condition  is  typi- 


fied by  the  gas  producer,  the  blast  furnace  and  the  com- 
bustion in  the  fuel  layer  of  any  fire. 

3.  Oxidizing,  in  which  there  is  an  excess  of  the  oxidiz- 
ing or  reducing  element  present. 

In  connection  with  a  boiler  all  three  of  these  condi- 
tions exist  at  different  zones  and  each  zone  may  occupy 
an  appreciable  space;  that  is,  there  is  an  appreciable 
time  factor  in  the  reactions.  Industrial  heating  would 
not  be  possible  without  the  time  factor,  for  as  the  time 
factor  becomes  smaller  and  smaller  the  intensity  of  the 
reaction  becomes  greater  and  greater  as  its  velocity  in- 
creases and  it  finally  attains  explosive  violence.  Such 
combustion,  while  desirable  in  the  case  of  a  high-ex- 
plosive shell,  would  be  difficult  to  utilize  in  a  furnace. 

Enough  Air  Cannot  Be  Forced  Through  Fuel  Bed 

Recent  experiments'  show  that  the  fuel  bed  of  a  fur- 
nace fired  with  solid  fuel  acts  as  a  gas  producer;  that 
it  is  impossible  to  force  through  the  burning  bed  of 
fuel  an  air  supply  sufficient  for  complete  combustion; 
that  increasing  the  air  pressure  below  the  grate  simply 
results  in  an  increase  of  the  unit  rate  of  combustion  of 
the  fuel  and  that  in  all  cases  there  is  a  large  content  of 
combustible  with  no  comburent  (reducing  element)  in 
the  gases  leaving  the  fuel  bed;  and  that  it  is  absolutely 
necessary  to  introduce  additional  air  above  the  fuel  bed 
to  complete  combustion. 

Roughly,  these  experiments  indicate  that  less  than  50 
per  cent,  of  the  air  required  for  a  solid  fuel  can  be  forced 
up  through  the  burning  fuel  and  that  the  remainder  of 
the  air  supply  must  flow  into  the  furnace  in  a  different 
way,  as,  for  example,  (a)  through  unignited  fuel,  (b) 
through  holes  in  the  fire  or  (c)  by  being  introduced  over 
the  fire.  The  first  two  of  these  methods  are  the  ones 
commonly — and  in  many  cases  inadvertently — in  use. 
They  are  difficult  to  control  accurately.  The  third 
method  has  been  used  for  many  years  in  metallurgical 
work,  though  even  in  this  field  there  was  a  misconcep- 
tion of  the  reason  for  so  doing  that  has  resulted  in  mis- 
directed effort  and  poor  design. 

With  gaseous  fuel  the  mixing  of  the  combustible  and 
the  comburent  is  more  readily  secured  and  in  addition 
it  is  feasible  to  preheat  either  or  both  of  these  supplies 
and  so  increase  the  flame  temperature,  making  it  possible 
to  obtain  high  temperatures.  But  even  in  this  case, 
where  the  reducing  and  neutral  zones  of  combustion 
are  at  a  minimum,  they  still  exist.  It  is  possible  that 
these  zones  are  even  present  when  the  gas  and  the  air 
are  mixed  outside  the  burner  at  a  low  temperature,  as 
in  this  case  the  combustible  and  comburent  must  be 
raised  to  the  ignition  temperature  before  they  can  com- 
bine. The  same  is  true  for  liquid  or  powdered  fuel  which 
must  be  jetted  into  the  furnace. 

With  any  fuel  it  is  necessaiy  that  the  flaming  gases  re- 
main at  a  temperature  above  their  ignition  point  until 
combustion  is  complete.  The  time  required  to  complete 
reduction  will  depend  on  the  degree  of  mixing  obtained, 
and  the  distance  the  flaming  gases  travel  in  this  time 
will  depend  on  their  velocity,  this  last  being  a  function 
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of  their  tiMiiperatiiro  and  the  temperature  of  the  air. 
An  illustration  of  the  elfect  of  mixing  on  the  lengfth  of 
the  (lame  may  be  had  with  the  ordinary  bunsen  burner. 
Cover  the  air  inlets  at  the  l)()ttom  of  the  tube  and  the 
tlanie  will  be  lon^.  Open  the  air  inlets  and  the  length  of 
the  flame  will  decrease,  although  at  the  same  time  the 
velocity  of  Mow  through  the  burner  tube  will  be  in- 
ireased,  as  in  addition  to  the  gas  a  portion  of  the  air 
reaches  the  flame  through  this  tube. 

When  the  temperature  of  the  flowing  gases  is  known, 
or  can  be  appro.ximated,  a  formula  can  readily  be  derived 
by  which  the  vertical  velocity  may  be  computed.  Con- 
vection currents  of  this  kind  are  rarely  appreciated  at 
their  true  velocity.  A  temperature  difference  of  one 
degree  centigrade  supplies  a  head  sufficient  for  a  velocity 
of  0.88  ft.  per  second.  As  the  temperature  difference  be- 
tween the  air  and  the  gases  over  the  fuel  bed  will  be 
between  1300  and  1400  deg.  C,  the  vertical  velocity  of 
the  hot  gases  will  be  considerable.  This  is  the  reason 
that  it  has  been  found  necessary  to  increase  the  height 
from  the  grate  to  the  lower  tubes  in  many  water-tube 
boiler  settings.  It  is  the  reason  that  boilers  of  the 
Delray,  Badenhausen  and  Hornsby  types  give  better  re- 
sults than  boilers  set  closer  to  the  grate.  It  is  one  of 
the  reasons  that  has  resulted  in  the  adoption  of  oil  fuel 
for  marine  boilers.  At  the  same  time  the  writer  is  con- 
vinced that  from  a  combustion  viewpoint  it  would  be 
possible  to  improve  upon  the  setting  of  boilers  similar 
to  the  Delray  type  by  a  consideration  of  the  research 
work  of  Professors  Groume-Grjimailo  and  Yesmann,  of 
the  Polytechnic  Institute  of  Petrograd,  which  has  been 
successfully  applied  by  them  to  the  design  of  many  met- 
allurgical furnaces. 

Causes  of  Formation  op  Soot 

In  boiler  practice  soot  is  generally  considered  to  result 
from  the  breaking  up  of  the  hydrocarbon  gases  distilled 
off  below  the  ignition  temperature  of  the  fuel.  If  this  is 
the  case,  it  is  also  due  to  the  fact  that  the  amorphous 
carbon  has  then  been  chilled  to  a  point  below  its  ignition 
temperature  before  it  has  had  an  opportunity  to  combine 
with  oxygen.  There  is  another  cause  for  soot  formation 
that  is  not  so  well  known ;  namely,  the  dissociation  of 
carbon  monoxide,  forming  amorphous  carbon  and  car- 
bon dioxide. 

The  writer  has  often  speculated  as  to  whether  this 
reaction  might  not  account  for  a  high  ratio  of  carbon 
dioxide  in  the  off  gases'  when  these  gases  had  come  at  a 
low  temperature  from  a  boiler  baffled  to  attain  high  gas 
velocity.  This  reaction  is  well  known  in  metallurgical 
practice,  for  a  number  of  years  ago  Sir  Lowdhian  Bell 
discovered  the  carbon  deposit  caused  by  it  in  the  upper 
and  cooler  portion  of  a  blast  furnace.  Sainte-Claire 
Deville  had  previously  discovered  that  carbon  monoxide 
could  be  decomposed  at  a  low  red  heat,  giving  a  carbon 
deposit.  It  has  been  found  by  Boudouard  and  Haber 
that  this  reaction  occurs  between  1000  and  300  deg.  C. 
and  that  water  vapor  contained  in  the  off  gases  seems  to 
act  as  a  catalyzer.  This  reaction  frequently  accounts 
for  a  portion  of  the  soot  formed  in  the  gas  mains  of 
steel  plants,  and  the  reverse  reaction,  the  formation  of 
carbon  monoxide  from  carbon  and  carbon  dioxide,  occurs 
in  the  gas  checkers  of   regenerative   furnaces.      This 
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reaction  may  also  account  for  a  large  portion  of  the  .soot 
formed  in  the  rear  gas  passes  of  boilers  and  in  econo- 
mizers. It  would  also  account  for  the  absence  of  carbon 
monoxide  from  the  waste  gases  in  many  cases  and  a 
resulting  increase  in  carbon  dioxide. 

In  boilers  set  in  the  i)revailing  style  the  o(T  gases  an 
generally  swept  over  the  chilling  water-cooled  surfaces 
long  before  combustion  has  been  completed  and  every 
condition  is  favorable  to  the  decomposition  of  the  carbon 
monoxide,  particularly  with  high-velocity  baffling. 

The  remedy  for  this  condition  lies  in  designing  the 
boiler  setting  so  that  the  reactions  of  combustion  can 
occur  before  the  off  gases  have  an  opportunity  to  reach 
a  water-cooled  surface.  This  is  not  impossible.  A  par- 
tial attempt  is  fre<iuently  made  to  do  this  by  the  use  of 
a  so-called  "coking  arch"  over  the  fuel  Vjed.  Henry  Le 
Chatelier  speaks  of  this  arch  as  follows:  "But  unless 
this  arch  is  designed  to  form  a  bell  or  inverted  pocket  in 
which  the  gases  may  remain  a  short  time,  the  passage  of 
the  unburnt  gases  is  too  rapid  and  the  effect  of  the  com- 
bustion chamber  is  imaginary." 

Preventing  Decomposition  of  Carbon  Monoxide 

After  combustion  has  been  completed,  there  will  be 
no  soot,  as  the  hydrocarbon  gases  will  be  decomposed  at 
such  a  high  temperature  that  the  resulting  carbon  will 
become  ignited  and  there  will  be  no  carbon  monoxide  to 
decompose.  A  boiler  furnace  designed  to  effect  this 
result  would  place  the  fuel  bed  so  that  no  portion  of 
the  water-cooled  surface  was  exposed  to  its  radiant 
heat,  and  it  is  frequently  urged  that  some  considerable 
part  of  the  heat  received  by  boilers  is  due  to  radiation. 
In  metallurgical  furnaces  fired  with  solid  fuel  it  has  been 
demonstrated  that  a  combustion  chamber  and  laboratory 
(the  hearth  of  a  reverberatory  furnace)  so  designed  that 
combustion  was  completed  before  the  gases  had  any 
chance  to  become  chilled  gave  much  better  results,  in 
fuel  consumption  and  in  product  heated,  than  one  that 
disregarded  these  principles.  With  the  elimination  of 
soot  one  of  the  biggest  obstacles  to  heat  transfer  from 
the  gases  to  the  metal  surface  disappears. 

In  ingot-heating  furnaces  it  has  been  found  that  the 
rate  of  heat  transfer  between  the  hot  gases  and  the  in- 
gots depends  on  the  temperature  difference.  In  this 
case  there  was  no  soot  deposit  to  retard  the  rate  of  flow. 
In  these  and  similar  furnaces  it  has  been  found  that  a 
heat  drop  in  the  furnace  of  from  80  to  200  deg.  C.  per 
second  between  the  inlet  and  outlet  of  the  laboratory  oc- 
curs. The  quantity  of  material  heated  affects  the  quan- 
tity of  gas  required.  One  important  feature  is  the  loca- 
tion of  the  off -gas  outlet.  It  is  desirable  to  have  this  lo- 
cated so  that  the  gases  pass  down  to  it.  This  location 
insures  the  keeping  of  the  laboratory  full  of  hot  gas  and 
the  cooler  gases  are  immediately  drawn  out  of  the  heat- 
ing chamber. 

One  of  the  elementary  principles  of  furnace  design 
and  one  that  is  frequently  neglected  is  the  fact  that 
there  is  a  considerable  difference  in  the  specific  weight 
of  a  unit  volume  of  gases  at  different  temperatures.  As 
a  result  of  this  there  is  what  may  be  called  chimney 
action.  The  static  pressure  at  the  top  of  a  vertical  pass 
may  be  greater  than  at  the  bottom.  Where  heated  gases 
in  cooling  pass  upward,  as  in  a  chimney,  they  may  occupy 
the  full  area  of  the  chimney,  but  the  chances  are  very 
much  against  it.    The  heat  of  the  gas  may  be  and  usually 
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1  sufficient  to  impress  a  velocity  upon  the  ascending  gas 
jfficient  to  cut  down  its  stream  area,  leaving  the  balance 
f  the  chimney  area  free  for  a  downward  current  of  cold 
ir  and  an  upward  one  of  slightly  heated  air.  This  effect 
pay  be  observed  on  an  experimental  scale  by  noticing 
ne  velocity  of  the  stream  of  smoke  ascending  from 
ne  end  of  a  cigar.  This  stream  of  smoke,  it  may  be 
[Oticed,  has  an  errand  at  the  ceiling  if  the  surrounding 
lir  is  quiet;  further,  it  cones  in  just  above  the  base  and 
/iredraws  itself  as  it  ascends.  All  ascending  currents 
!f  heated  gases  act  in  this  manner. 
.  The  only  chance  for  a  current  of  hot  gas  to  fill  the  full 
Irea  of  the  flue  arises  when  the  gases  pass  down  the 
lue.  A  very  pretty  mathematical  proof  may  be  made  of 
he  theorem  that  when  two  passages  are  open  for  the 
iscent  of  a  current  of  hot  gas  the  largest  portion  of  the 
stream  will  pass  up  the  passage  which  is  the  hottest,  and 
Conditions  may  arise  resulting  in  reverse  circulation  in 
|he  cooler  passage.  This  is  one  of  the  cases  where  theory 
^nd  the  behavior  of  the  hot  gas  agree  perfectly. 

Settings  Usually  Designed  Improperly 

The  usual  form  of  boiler  setting  is  designed  with  an 
itter  disregard  of  a  principle  of  elementary  physics; 
:hat  is,  the  hot  gases  are  taken  off  at  the  top  or  as  near 
;he  top  as  possible,  and  are  introduced  at  the  lowest  point 
possible.  The  baffling  is  arranged  to  present  the  largest 
imount  of  free  area  immediately  above  the  grate,  at  a 
point  where  the  gases  are  hottest  and  have  their  highest 
/ertical  velocity.  Then  the  area  of  the  passes  is  de- 
:reased,  presumably  because  the  gases  get  cooler.  The 
writer  will  agree  that  the  usual  third  pass  may  be 
small,  but  he  cannot  see  any  reason  for  a  baffle  sepa- 
rating the  first  and  second  passes.  The  cooler  gases 
tvill  fall  below  the  hotter  and  lighter  gases  due  to  the 
difference  in  weight.  However,  it  might  under  this 
condition  be  desirable  to  extend  the  baffle  between  the 
former  second  pass  and  the  third  pass  down  very  close 
;o  the  bottom  of  the  setting.  It  might  seem  that  this 
ivould  result  in  a  short-circuit  from  the  firebox  to  the 
:hird  pass.  Experience  with  the  down-draft  brick 
kiln  does  not  present  any  trouble  of  this  character.  In 
fact,  the  temperatures  attained  in  the  down-draft  kiln 
;annot  be  reached  in  the  up-draft  kiln. 

Boilers  without  any  baffles  have  been  successfully 
used  in  connection  with  waste-heat  utilization  on  cop- 
per-smelting furnaces,  and  the  same  type  of  boiler  with 
baffles  has  been  used  in  connection  with  cement  kilns. 
A  better  design  of  waste-heat  boiler  has  been  installed 
in  connection  with  openhearth  furnaces. 

Probably  the  main  difficulty  in  connection  with  steam 
generators  arises  from  the  fact  that  the  ruling  tempera- 
ture is  very  low — so  low  that  it  would  be  extremely 
iifflcult  or  nearly  impossible  to  design  something  that 
ivould  not  work.  Many  thousands  of  boiler  installations 
bear  witness  to  this.  The  last  word  in  boiler  designing 
ind  the  arrangement  of  settings  has   not   been   said. 

One  practical  feature  of  boiler  operating  that  has  not 
been  touched  is  the  dust  question.  The  carrying 
power  of  a  stream  of  any  character  varies  as  the  sixth 
power  of  its  velocity,  and  there  are  cases  in  which  the 
3ust  evil  is  serious.  A  high  velocity  will  tend  to  carry 
iust  through  the  boiler,  and  unless  the  passes  are 
properly  designed,  eddies  will  be  formed  which  will  fill 
up  with  dust  in  a  most  surprising  manner.     Poiver  a 


year  ago  showed  an  interesting  case  of  a  soot  deposit 
which  settled  on  a  horizontal  baffle'.  The  cause  of  this 
was  that  the  gases  in  their  flow  behaved  as  a  stream, 
an  inverted  stream  of  water,  instead  of  sweeping 
through  the  entire  area  of  the  pass,  as  the  designer 
expected.  A  knowledge  of  the  gas  temperature  and 
volume  in  this  boiler  would  have  enabled  the  designer 
to  apply  Yesmann's  formula  and  to  proportion  the  pass 
so  that  this  eddy  would  not  have  been  as  large  as  it  was. 
The  investigations  of  Mallard  and  Le  Chatelier  and 
of  Damour  enable  the  computing  of  curves  from  which 
the  heat  of  combustion  under  various  conditions  of  air 
supply  may  be  very  closely  approximated.  In  these 
computations  the  assumption  is  made  that  combustion 
occurs  in  an  athermal  enclosure,  so  that  the  tempera- 
tures reached  in  actual  practice  are  lower. 

Removing  Broken  Adjusting  Bolts 

A  handy  tool  can  be  made  from  a  capscrew  for  the 
purpose  of  removing  broken  adjusting  bolts  from  a 
wristpin  adjusting  wedge  where  a  screwdriver  cannot 
be  used  on  account  of  the  crosshead  guide. 

A  screwdriver  end  is  formed  on  one  end  of  a  cap- 
screw  and  the  head  is  left  for  turning  with  a  wrench. 
This  makes  a  tool  just  long  enough  so  that  with  the 
engine  on  the  quarter-stroke,  there  is  room  to  insert 
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the  tool.     The  adjusting-wedge  bolt  ends  are,  of  course, 
slotted  with  a  hacksaw  before  being  put  in  place. 

Before  this  tool  was  made  it  required  an  hour  to  put 
in  a  new  bolt,  because  it  was  necessary  to  remove  the 
wristpin  from  the  crosshead  in  order  to  get  the  broken 
piece  of  bolt  out  of  the  adjusting  wedge.  Using  this 
tool,  it  is  possible  for  one  man  to  do  the  job  in  from 
five  to  ten  minutes. 

^Dec.    :;5.   1917,   page   875. 
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Edison  "Liglils  Up"  New  B<)il<r  Plant 


A  NYONE  havintr  a 
l\  mental  picture 
1  JL  of  Thomas  A. 
Edison  as  a  laboratory 
dreamer,  interested 
only  in  the  abstruse, 
would  revise  it  mate- 
rially on  seeing  him 
"in  action"  and  hear- 
ing those  of  his  "f;ini- 
ily"  at  the  West  Orange 
plant  tell  of  the  inti- 
mate contact  he  main- 
tains with  everything 
doing  there.  It  was  he 
that  started  the  fire 
under  the  two  new  GOO- 
hp.  water  boilers  put 
into  service  Jan.  2,  1919. 
This  was  not  Mr.  Edi- 
son's first  introduction  to  the  plant,  for  he  has  taken 
an  active  interest  in  it  from  first  to  last — no  less  than 
14  different  layouts  were  prepared,  before  his  final  0.  K. 
was  obtained.  The  boiler  house,  as  nearly  centrally  lo- 
cated as  possible  in  relation  to  the  buildings  served,  is 
90  ft.  long  by  60  ft.  wide,  with  provisions  for  extension 
to  a  width  of  100  ft.  when  other  boiler  units  are  in- 
stalled. It  was  Mr.  Edison's  desire  that  reinforced  con- 
crete be  used  wherever  possible,  even  to  the  150-ton  over- 
head coal  bunkers 
and  roof  span  of  40 
ft.,  which  proved  to 
be  difficult  pieces  of 
construction.  About 
11,000  bags  of  ce- 
ment were  used  in 
the  building  con- 
struction. The  cost 
of  the  present  struc- 
ture with  its  equio- 
ment  exceeded  $300,- 
000.  Considerable 
difficulty  was  en- 
countered securing 
firm  footing  for 
building  and  stack 
on  account  of  the  na- 
ture of  the  subsoil. 
The  stack,  10  ft.  in- 
side diameter,  202 
ft.  high  and  weigh- 
ing about  1000  tons, 
rests  on  a  base  30 
ft.  on  a  side,  which 
in  turn  rests  on 
about  150  wooden 
piles.  The  building 
basement  is  below 
the  sewer  grade  and 
below  the  mean 
ground-water    level. 
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SO  that  this  floor  and 
the  lower  part  of  the 
wall  must  not  only  be 
waterproof,  but  must 
resist  a  hydrostatic 
head  of  three  or  four 
feet.  The  two  boilera 
just  put  into  service 
constitute  one-fourth  of 
the  final  capacity 
(5000  hp.)  contem- 
plated. One  of  the  out- 
standing features  of 
the  plant  layout  is  its 
compactness.  On  the 
raised  platform  to  be 
seen  at  the  rear  of  the 
group  in  the  upper  pic- 
ture the  boiler-feed, 
water  heater  is  located, 
giving  a  satisfactory  head  to  supply  the  centrifugal 
boiler-feed  pumps.  The  economizer  is  in  the  basement, 
with  the  scraper-operating  mechanism  level  with  the 
main  or  operating  floor  so  that  the  mechanism  is  unusu- 
ally accessible  and  the  cleaning  operation  is  performed 
in  the  basement,  from  which  all  the  ash  is  removed  in 
small  cans  to  a  skip  hoist  delivering  to  an  overhead 
bunker.  It  has  been  the  aim  to  design  this  plant  to 
operate  as  economically  as  possible  under  practically 

constant  2  4-h  our 
load.  Provision  has 
been  made  to  return 
the  condensate  from 
all  process  apparatus 
through  the  plant  to 
a  large  tank  in  the 
basement  of  the  boil- 
er house  to  be  de- 
livered to  the  feed- 
water  heater  and 
boilers.  Following 
the  lighting  of  the 
fires  under  the  new 
boilers  an  informal 
luncheon  was  served 
in  the  boiler  house 
in  the  spare  space 
designed  to  receive 
the  next  two  boilers, 
to  upward  of  100 
guests.  Charles  Edi- 
son made  a  few  in- 
formal remarks,  and 
music  was  furnished 
by  the  Edison  Em- 
ployees' Band,  led  by 
Professor  Restorfs. 
Mrs.  Thomas  Edison 
and  Mrs.  Charles 
Edison  attended  and 
took   a   lively   inter- 
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est  in  the  exercises.  The  design  and  construction  of  the 
plant  was  in  charge  of  John  P.  Constable,  chief  engi- 
irieer;  C.  A.  Nicolia,  division  manager  of  the  construc- 
tion and  maintenance  division;  M.  A.  Wolf,  construc- 
tion engineer,  and  F.  J.  Riker,  power  service  division 
manager.  Among  the  officials  of  the  Edison  industries, 
»n  attendance  in  addition  to  the  committee  in  charge, 
vvere:  S.  B.  Mambert,  vice-president  and  financial  execu- 


tive; C.  H.  Wilson,  vice-president  and  general  manager, 
whose  retirement  owing  to  ill  health  has  been  an- 
nounced; Harry  Miller,  treasurer;  William  H.  Meadow- 
croft,  assistant  to  Thomas  A.  Edi.son;  George  E.  Clar', 
special  assistant  to  Charles  Edison;  James  F.  Monahati, 
superintendent  of  the  Edison  Storage  Battery  Co.; 
Charles  W.  Luhr,  superintendent  of  the  Edison  Phono- 
graph Works;  William  Dykeman,  purchasing  agent. 


Reversed  Heads  in  Pressure  Vessels 

By  JAMES  LESLIE  LANE 


Notwithstanding  its  many  advantages,  from  the 
manufacturer's  point  of  view,  many  engineera 
believe  that  the  reversed  humped  head  in  receiver 
and  pressure-tank  work  should  be  done  away 
with.  The  author  considers  it  to  be  one  of 
the  most  abominable  makeshifts  allowed  by 
the  code  today,  and  that  its  disadvantages  so  far 
outweigh  its  good  points  as  to  make  its  use  posi- 
tively bad  practice. 


IN  THE  pioneer  days  of  the  boiler  industry,  when 
but  few  mathematical  data  on  such  work  were  avail- 
able and  when  inspection  was  almost  unknown  out- 
side of  perhaps  one  or  two  of  the  larger  cities,  it  was 
but  natural  that  the  reversed  head  should  have  been 
used.  Pressures  were  low  and  strength  was  less  im- 
portant than  tightness.  The  advantage  of  backing  a  head 
in  was  obvious.  It  made  riveting  and  calking  much 
simpler,  did  away  with  a  manhole  that  would  otherwise 
have  been  necessary,  and  in  cases  where  the  drum  was 
to  be  .stood  on  end  avoided  the  use  of  a  cast-iron  base 
or  supporting  framework.  There  was  little  machinery 
for  manhole  cutting  or  flanging,  and  as  this  had  to  be 
done  entirely  by  hand,  the  cost  was  considerable. 

Later,  when  pressures  increased  and  laws  were  enacted 
covering  the  construction  and  installation  of  boilers, 
some  of  the  objectionable  features  of  this  practice  be- 
came apparent.  When  the  tank  was  set  vertically,  it 
was  found  impo.ssible  to  drain  it  completely;  for  if  the 
outlet  was  placed  in  the  center  of  the  head  there  was 
always  water  remaining  below  that  level.  Locating 
the  outlet  close  enough  to  the  bottom  of  the  shell  to 
remedy  this  fault  was  not  only  difficult,  but  left  an  open- 
ing that  soon  became  clogged.  The  second  drawback 
was  that  this  dead  space  served  as  a  settling  chamber 
and  mud  catcher,  where  oil  and  sediment  could  collect. 
This  feature  was  bad  as  there  was  always  a  chance  that 
the  oil  would  eventually  find  its  way  into  the  boilers 
and  cause  serious  trouble.  This  was  overcome  in  time 
by  demanding  that  tanks  so  constructed  should  be  set 
horizontally.  But  there  were  other  difficulties  to  con- 
tend with,  especially  in  regard  to  strength. 

The  matter  of  calculating  the  ultimate  bursting 
pressure  of  a  head  inserted  in  the  regular  manner,  and 
hence  its  safe  pressure,  is  not  a  difficult  problem,  al- 
though it  is  somewhat  complicated  by  the  fact  that  a 
bending  moment  is  introduced  at  the  point  where  the 
flange  and  the  head  proper  join.  This  causes  the  head 
to  breathe  slightly   under  excessive   pressure,   but  the 


error  it  introduces  into  such  calculations  is  not  serious. 
The  case  of  a  bumped  head  re.sisting  collapsing 
pressure  is  far  more  difficult,  however,  as  it  is  somewhat 
analogous  to  buckling  in  bars.  If  the  cross-sectional 
area  of  a  bar  is  known,  as  well  as  the  tensile  strength, 
its  ultimate  rupturing  strength  can  be  accurately  de- 
termined. What  the  same  bar  will  do  under  a  com- 
pressive stress  depends  on  its  shape,  length,  manner 
of  applying  the  stress,  etc.     The  formulas  for  determin- 
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DIAGRAMS    SHOWING   ACTION   OP   FORCES 
IN    DISHED   HEADS 

ing  its  resistance  to  buckling  are  mostly  empirical; 
that  is,  deduced  from  actual  experience  and  tests.  The 
same  is  true  of  bumped  heads,  the  number  of  factors 
introduced  and  the  uncertainty  of  their  action  making 
a  clear-cut  and  exact  mathematical  formula  out  of  the 
question. 

Not  a  little  hinges  also  on  the  individual  workmanship 
and  the  accuracy  with  which  the  head  is  shaped  to  a 
given  radius.  Before  collapse  can  begin,  some  small 
part  of  the  head  must  be  flattened  by  the  pressure.  This 
is  difficult  if  the  curvature  is  exactly  the  same  at  all 
points  on  the  sphere  and  the  stresses  set  up  in  it  are 
balanced;  but  if  in  the  beginning  some  small  portion  is 
left  flat  and  a  leverage  afforded  the  tendency  to  collapse 
is  cumulative.  In  fact,  it  might  be  said  with  fair  ac- 
curacy that  in  every  case  where  such  failure  occurs 
under  pressure  the  beginning  was  made  at  a  flat  spot. 

Where  the  pressure  is  on  the  concave  side,  such  a 
fault  tends  to  correct  itself  by  forming  the  head  to  a 
circle;  in  a  reversed  head  it  tends  to  accentuate  itself 
and  lead  to  a  failure  of  the  whole.  Accurate  workman- 
ship cannot,  therefore,  be  too  strongly   insisted  upon. 


G2 


POWER 


Vol.  49,  No.  2 


liistallitiff  n  hndly  sluipcd  head  is  analogous  to  putting 
into  a  building'  columns  that  arc  already  buckled  and 
out  of  true.  Hoth  invito  failure  and  should  not  he 
tolerated. 

These  fault.s,  the  impossibility  of  deducing  an  ac- 
curate formula  for  collapsing  pressure  and  the  practical 
certainty  of  imperfect  curvature,  have  been  allowed  for 
by  stipulatintr  that  such  heads  shall  have  a  minimum 
thickness  considerably  preater  than  would  be  the  case 
if  they  were  put  in  in  the  regular  manner  and  the  pres- 
sure applied  on  the  concave  side.  The.se  restrictions  take 
care  of  the  stresses  set  up  in  the  head  itself,  but  do  not 
allow  for  the  effect  of  breathing  or  swaying  on  the 
shell. 

Turning  to  Fig.  1,  observe  what  form  the  bumped 
head  will  first  assume  when  a  distorting  pressure  is 
applied  and  what  stresses  it  will  develop  in  the  shell. 
The  problem  is  similar  to  buckling  in  a  beam,  and 
whatever  distortion  appears  will  be  about  the  neutral 
axis  AA,  no  effect  being  noticeable  at  the  points  B 
where  the  a.xis  cuts  the  head. 

If  the  part  EB  is  to  bulge  outward  finally,  it  must 
first  be  flattened,  the  part  BC  of  the  head  being  dis- 
torted and  assuming  the  shape  shown  in  Fig.  2.  This 
places  the  part  BC  in  compression  and  the  stress  will 
be  exerted  along  the  tangential  line  XX.  Without 
attempting  to  determine  the  exact  intensity  of  this 
stress,  assume  it  to  be  M  pounds  and  resolve  it  into 
its  two  components,  one  parallel  to  the  axis  of  the  shell, 
the  other  at  right  angles  to  it. 

Supposing  that  the  line  XX  makes  an  angle  a  with 
the  axis  of  the  shell,  then  the  force  M'  acting  parallel 
to  the  axis  of  the  drum  will  be  M  cos  a  and  its  effect 
will  be  wholly  exerted  on  the  rivets  holding  the  head 
in  position.  The  force  M"  acting  at  right  angles  to  the 
axis  of  the  drum  will  be  M  cos  (90  deg.  a)  and  its  effect 
will  be  partly  exerted  on  stretching  the  metal  in  the 
part  BC  of  the  head,  and  in  expanding  the  shell  of  the 
drum  itself.  To  put  the  problem  in  a  simpler  way,  the 
action  is  a  toggle  effect,  the  outer  rim  of  the  head  being 
stretched  and  forced  out  against  the  shell,  tending  to 
rupture  it. 

Just  how  much  of  this  toggle  effect  is  brought  to 
bear  on  the  shell  of  the  drum  depends  on  the  radius  R, 
where  the  head  meets  the  flange.  If  the  radius  is  small, 
as  in  Fig.  3,  then  any  expansion  of  the  head  must  affect 
the  shell,  for  the  thrust  comes  directly  against  it.  On 
the  other  hand,  if  this  radius  is  large,  as  in  Fig.  4,  the 
Dart  BC  of  the  head  is  free  to  spring  and  the  stretching 
of  the  shell  is  minimized.  This  would  lead  to  the  con- 
clusion that  in  reversed  heads  the  radius  at  the  knuckle 
of  the  flange  should  be  considerably  larger  than  in  the 


case  of  straight  dished  heads  of  the  customary  ty[)e. 
In  order  to  reduce  still  further  this  toggle  effect,  the 
writer  believes  it  would  be  advisable  to  insert  a  filler 
piece  between  the  flange  of  the  head  and  the  drum,  u 
shown  in  Fig.  5.  It  need  not  be  thick — probably  one- 
eighth  inch  would  be  sufficient — and  where  possible  it 
should  be  of  copper.  Its  width  K  should  not  exceed 
2i  in.,  in  order  that  a  clear  space  be  left  above  to  take 
care  of  any  expansion  of  the  head. 

Summing  up,  then,  the  advantages  of  a  reversed  head 
are:  (1)  The  possible  elimination  of  a  manhole  where 
the  drums  are  small;  (2)  the  elimination  of  a  cast-iron 
base  or  supporting  lugs  where  the  drum  is  to  be  set  in  a 
vertical  position;  (3)  the  possibility  of  doing  the  rivet- 
ing on  a  bull. 

Opposed  to  these  are  the  following  disadvantages: 
(1)  The  impossibility  of  proper  draining,  with  the 
attendant  danger  that  oil  may  find  its  way  into  the 
boilers;  (2)  the  settling  chamber  formed,  and  the 
danger  of  clogging  the  outlet  pipes;  (3)  the  additional 
thickness  of  plate  required;  (4)  the  wholly  empirical 
formulas  on  which  such  plate  thickness  must  be  based; 
(5)  the  ever-present  element  of  danger  due  to  faulty 
curvature;  (6)  the  additional  load  that  such  construc- 
tion puts  on  the  shell  joints. 

This  latter  list  is  a  formidable  one,  and  where  safety 
is  a  necessary  factor  to  be  reckoned  with  it  far  out- 
weighs any  initial  saving  in  construction.  The  defects 
are  too  glaring,  and  in  offering  the  foregoing  sugges- 
tions the  writer  does  not  mean  that  such  changes  would 
entirely  eliminate  them,  but  would  rather  minimize 
their  effect  in  cases  where  such  doubtful  practice  is 
adopted. 

Ideal  Flange  Attachment 

Engineers  are  familiar  with  the  chain  type  of  wrench, 
in  which  the  gripping  jaws  are  toothed  to  prevent 
slipping  on  the  pipe,  and  a  chain  causes  the  gripping 
head  to  grip  the  pipe  as  pressure  is  applied  to  the 
handle.  An  attachment  has  been  made  to  be  used  in 
connection  with  the  chain  wrench,  shown  herewith, 
known  as  the  Ideal  flange  attachment  and  made  by 
Kroeschell  Bros.  Co.,  440  West  Erie  St.,  Chicago,  111. 
As  shown  in  the  illustration  below,  the  attachment  con- 
sists of  but  one  member,  a  steel  link  A.  One  end  swnngs 
on  a  pin  held  between  the  jaws  of  the  wrench  members, 
and  the  other  end  carries  a  pin  that  engages  in  the 
bolt  holes  of  the  flange.  When  used,  a  grip  is  obtained 
on  the  rim  of  the  flange.  This  wrench  with  flange  at 
tachment  is  made  in  six  sizes  with  a  total  range  of 
from  i  in.  to  20  in.  in  pipe  sizes. 


January  14,  1919 


PO  WER 


63 


^ages  and  the  Engineer 

IN  THE  reconstruction  problems  now  confronting  the 
industrial  world,  the  question  of  wages  and  wage- 
cale  adjustment  takes  a  prominent  and  highly  im- 
lortant  part.  Reconstruction  in  its  broadest  sense 
•rings  added  responsibilities,  creates  greater  need  for 
onscientious  and  rightly  directed  thought,  and  demands 
.  careful  exercise  of  judgment  for  resultant  action, 
^nd  so,  indeed,  with  the  wage  question,  for  probably 
10  other  phase  of  industrial  operation  is  of  such  primary 
onsequence  from  the  viewpoint  of  both  employer  and 
mployee. 

Of  the  former  there  are  two  general  classes.  On  the 
ine  hand  is  the  man  or  concern  that  seeks  to  "cut" 
ight  and  left  to  save  so-called  overhead,  regardless  of 
onditions  or  circumstances,  and  with  equal  disregard 
or  ultimate  consequences.  But  little  thought,  fre- 
[uently,  is  given  before  acting,  the  one  and  sole  aim 
leing  to  "save  the  dollar" — and  the  dollar  is  held  so 
lose  to  the  eye  there  is  no  seeing  beyond.  On  the 
ither  hand  stands  the  right-calibered  executive,  the 
nan  who  thinks  before  he  acts,  and  in  that  thinking 
arefully  takes  into  consideration  all  factors  that  go 
0  make  up  the  full  situation,  such  as  plant  atmosphere, 
mployees'  welfare  and  living,  as  well  as  general  better- 
nent,  and  the  big  values  to  be  derived  for  the  business 
y  helping  his  men  to  maintain  a  present  or  right  status 
f  home  and  existence. 

Among  the  wage  earners,  and  primary  wage  earners, 
re  the  stationary  engineer  and  fireman.  The  results 
f  their  efforts  are  of  vital  importance — they  start  the 
/heels  of  the  plant  or  factory  moving,  for  without 
team  or  electric  power  for  operation  there  can  be 
either  industrial  activity  nor  works  production.  To  a 
ar  less  degree  than  skilled  workers  in  other  lines  of 
ndeavor  have  these  mainstays  of  factory  operation 
leen  benefited  by  advancing  wages.  There  have  been 
;eneral  increases  in  wage  rates  here  and  there,  for  such 
ad  to  be  with  the  advancing  costs  of  living,  but  the 
ncrease  has  been  small  compared  with  the  added  com- 
ensation  in  other  lines.  Shall  this  advance,  such  as  it 
las  been,  now  be  taken  away  and  former  schedules 
esumed?  It  would  seem  not  only  unfair  to  the  men 
irectly  concerned,  but  decidedly  wrong  and  injurious, 
nd  in  more  ways  than  one. 

Thus  when  we  find  a  body  of  employers  getting  to- 
:ether  in  common  council  and  urging  a  maintenance  of 
I'ages  for  the  engineer  and  the  fireman,  as  well  as 
or  skilled  workers  and  even  common  labor  in  other 
iranches  of  industry,  we  are  impressed  with  the  fact 
hat  a  sort  of  new  spirit  is  alive,  that  the  day  of  real 
ooperation  is  here.  Unquestionably,  it  is  a  big  move 
n  the  right  direction ;  it  is  the  impelling  force  of  right 
oordination,  which  cannot  help  but  be  substantially 
leneficial. 

At  a  recent  meeting  of  the  Manufacturers'  Council 
if  the  State  of  New  Jersey,  held  at  Newark,  the  wage 


question  occupied  a  first  place  in  the  discussions  of 
the  day.  This  gathering,  known  as  a  readjustment 
convention,  was  the  first  of  its  kind  in  any  state  of  the 
Union.  Here  it  was  pointed  out  that  the  desire  on  the 
part  of  all,  both  employers  and  employees,  was  for  a 
return  to  the  normal  working  day,  with  elimination  of 
overtime,  and  further,  that  employees  in  the  average 
run  sought  only  a  right  wage  schedule  commensurate 
with  the  present  cost  of  living.  In  line  with  these 
views  a  resolution  was  adopted  unanimously,  reading: 

It  is  the  sense  of  this  convention  that  wages  should  be  the 
last  thing  to  be  reduced,  and  that,  in  justice  to  the  worker, 
in  so  far  as  possible,  present  wage  schedules  be  maintained 
until  the  purchasing  power  of  the  dollar  increases. 

Another  interesting  result  of  the  meeting  was  the 
formation  of  an  Industrial  Commission  for  the  Council, 
to  bring  about  friendly  cooperation  on  the  part  of 
manufacturers  in  different  lines,  formulate  definite 
plans  for  matters  of  immediate  readjustment,  and  effect 
a  better  understanding,  where  needed,  between  employee 
and  employer.  This  commission  will  be  composed  of 
five  members  each  from  four  primary  branches  of  in- 
dusLry — manufacturing,  public  utilities,  agriculture 
and  banking — and  a  total  of  ten  members  to  represent 
labor.  Five  of  these  latter  will  represent  the  power 
end  of  business,  termed  public  utilities  in  the  broad 
phase,  giving  a  hearing  to  the  engineer,  firemen  and 
other  power-station  employees,  as  might  be  desired. 

The  plan  as  arranged  carries  every  earmark  of  suc- 
cessful attainment.  There  is  no  better  way  to  iron  out 
difficulties,  regardless  of  their  nature,  than  to  get  to- 
gether in  common  council  on  equal  ground  and  "talk  it 
over."  Fully  one-half,  if  not  more,  of  the  trouble  dis- 
appears when  the  two  sides  meet,  and  the  rest  can  be 
taken  care  of  readily  and  in  the  right  manner  by  a  fair 
and  impartial  discussion  and  an  equitable  adjustment 
satisfactory  to  both  parties. 

Employers  in  other  states  might  well  watch  the  re- 
r-ults  of  the  New  Jersey  Industrial  Commission.  That 
they  will  be  followed  with  interest  there  can  be  no  ques- 
tion, and  every  indication  goes  to  show  that  the  engineer 
and  power  station  employees,  as  well  as  general  indus- 
trial workers,  will  be  given  not  only  a  "square  deal," 
but  in  the  spirit  of  reciprocity,  considerate  and  fair- 
minded  treatment;  and  in  the  initial  as  well  as  final 
reckoning,  they  themselves  will  have  an  important  voice. 

Cost  of  Banking  Fires 

ONE  of  the  items  that  enters  into  power-plant  costs, 
and  that  cannot  be  directly  figured  in  the  pro- 
duction of  power,  is  the  coal  used  in  banking  fires, 
during  the  night  in  some  instances  and  during  the  day 
in  others,  where  some  of  the  boilers  are  used  to  carry 
the  morning  and  evening  peak  loads. 

Naturally,  the  attendant  will  burn  his  fires  aown 
before  the  banking  period.  With  hand  firing  the  live 
coals    are    pushed    back    against    the    bridge-wall    and 
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covered  with  sufficient  preon  ronl  to  carry  the  fire  ovit 
the  tumkinj;  period.  With  .stokers  various  methods  of 
bankinK  are  employed.  depeiidiiiK  on  the  type  of  .stoker. 
UoKiiidlcss  of  the  type  of  furnace,  the  coal  u.sed  for 
hankiiip  fires  cannot  he  (i>;ured  in  with  that  burned  to 
evaporate  water.  As  a  matter  of  fact,  very  few  boiler 
plants  keep  a  record  of  the  amount  of  coal  used  for 
l)ankinjr  and  still  less  is  known  as  to  how  much  of 
tlie  l)ankinj!:  coal  is  consumed  durinjr  the  bankinp  period. 

Naturally,  the  size  of  the  boiler  and  the  period  of 
bankinjr  wifl  determine  larpely  the  amount  of  coal  used 
in  banking  fires,  but  other  factors  also  enter,  such  as 
the  condition  of  the  damper  andtl<ind  of  coal  used. 

It  has  been  estimated  by  some  that  the  coal  required 
for  banking  is  about  one-third  of  that  required  for  the 
day's  run.  This  seems  somewhat  high,  but  in  the 
absence  of  published  data  covering  the  subject,  there 
are  but  few  figures  to  confirm  or  disprove  this  estimate. 

It  would  1)6  interesting  to  know  what  engineers  in 
various  types  of  plants  have  found  regarding  the  amount 
of  coal  U'jed  in  banking  fires;  also,  the  amount  that 
is  consumed  during  the  banking  period.  It  is  probable 
that  many  engineers  have  these  data,  but  have  not 
deemed  them  of  sufficient  importance  to  give  to  the 
technical  press  for  publication.  The  fuel  situation  at 
the  present  time  makes  it  imperative  that  every  engi- 
neer shall  know  .iust  what  amount  of  coal  is  consumed 
for  the  various  operations  in  his  plant,  and  that  of 
banking  is  no  exception.  If  there  are  engineers  who 
have  kept  a  record  of  the  coal  used  in  banking  fires, 
others  who  are  interested  in  this  subject  would  welcome 
these  data,  and  we  shall  be  glad  to  publish  them. 

The  Engineer  and  Conservation 

FOR  the  operating  engineer  and  all  power-plant 
operatives,  the  events  of  the  last  four  years  brought 
forward  only  a  few  new  problems,  the  chief  one  being 
that  of  obtaining  supplies,  particularly  an  adequate 
supply  of  fuel.  Economy  in  the  operation  of  the  plant 
in  every  particular  is  not  a  new  problem  or  a  new 
practice  te  the  first-class  man  in  any  plant,  large  or 
small,  in  which  he  may  be  found. 

It  would  seem  from  the  popular  press  that  a  study 
of  economy  was  something  new  and  entirely  foreign 
to  the  power  plant  and  the  engineer.  The  fact  of  the 
matter  is  that  there  are  few  if  any  trades  or  professions 
in  which  men  continually  devote  more  time  and  money 
to  maintain  organizations  for  the  study  of  their  work, 
for  the  benefit  of  their  employers  and  in  the  hope  of 
advancing  themselves  thereby,  than  that  of  the  sta- 
tionarj'  engineer.  In  many  places  the  men  meet  and 
devote  an  entire  evening  a  week  to  educational  work, 
paying  their  dues  cheerfully  to  defray  the  expenses 
for  hall  rent,  heat,  light,  etc.,  without  a  "come  back" 
from  anywhere.  It  is  a  safe  challenge  to  those  in  any 
other  line  to  show  a  greater  effort  toward  personal 
proficiency  than  has  been  the  practice  of  the  stationary 
engineers  for  the  last  twenty-five  or  thirty  years. 

The  struggle  for  economy  and  efficiency  in  the  power 
plant  is  new  to  the  general  public  and  in  many  cases 
to  the  management,  which  is  now  cooperating  to  some 
extent,  but  it  is  by  no  means  a  new  thing  to  the  engi- 
neer. Now  is  the  time  for  the  engineer  to  show  what 
he  can  do  when  given  the  proper  support. 


1N<»   CoveriiiiirnI    FJjirfiiilns   in    I'owcr 
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THK  sudden  clo.so  of  the  war  has  found  the  Gov- 
ernment with  a  large  amount  of  machinery  and 
.supplies  upon  its  hands  for  which  it  has  no  further  use. 
Opportunities  for  bargains  are  being  sought,  both  by 
those  who  have  legitimate  use  for  such  machinery  and 
supplies  and  by  those  who  would  like  to  purchase  them 
at  a  sacrifice  price  and  resell  them  at  the  market  value. 
L.  H.  Hartman,  Chief  of  the  Surplus  Property  Divi- 
sion, in  a  recent  address  to  the  Chicago  Association  of 
Commerce,  explained  that  as  many  of  these  goods  as 
possible  would  be  disposed  of  to  foreign  countries  and 
to  different  departments  of  the  Government.  Con- 
tractors and  purveyors  of  .supplies  will  be  given  every 
opportunity  to  repurchase,  so  that  the  unloading  of  these 
goods  upon  the  market  may  not  interfere  with  their 
regular  trade.  Only  after  such  sources  of  distribution 
have  been  exhausted  will  individual  purchasers  be  con- 
sidered. 


By  a  .study  of  the  load  curves,  desirable  results  have 
been  accomplished  in  Ma.ssachusetts.  It  has  been  found 
possible  to  shut  down  generating  units  hitherto  in 
continuous  operation  to  take  care>  of  peaks.  Now  that 
the  war  is  over  there  should  be  no  let-up  in  studying 
peak  loads  and  other  power-plant  conditions.  Conr 
servation  of  fuel  is  still  the  order  of  the  day,  not 
particularly  because  of  a  coal  shortage,  but  because 
wasting  coal  is  wasting  money. 


Caring  for  hot-water  heating  systems  is  viewed  from 
different  standpoints.  Opinions  are  divided  as  to  the 
advisability  of  emptying  the  system  of  water  at  least 
once  a  year.  Some  are  in  favor  of  so  doing,  others  are 
opposed.  What  is  the  opinion  of  users  of  hot-water 
heating  systems? 


The  model  soldier  does  what  he  is  told  to  do,  in  the 
way  he  is  expected  to  do  it.  If  there  were  more  of 
that  spirit  in  industrial  life  we  should  not  hear  so  often 
the  familiar  complaint,  "If  you  want  a  thing  done  th6 
way  you  want  it  done,  do  it  yourself!" 


Until  quite  recently  the  only  standard  that  the  United 
States  Army  had  for  buying  coal  was  that  it  should  be 
equal  to  a  ton  of  good  hard  wood.  Some  of  the  alleged 
coal  that  was  sold  last  winter  would  make  a  pretty  big 
dent  in  even  that  standard. 


How  things  change !  It  was  only  a  few  years  ago  that 
an  editorial  in  a  then  well-known  technical  journal  dis- 
cussed the  question  as  to  whether  the  steam  turbine 
was  suitable  for  driving  dynamos.  Wonder  what  the 
author  thinks  today? 


By  what  principle  of  economics  is  it  figured  out  that 
the  best  way  to  keep  a  people  from  suffering  for  the 
necessities  of  life  is  to  keep  them  at .  work  making 
something  for  which  they  will  have  no  heed  ? 


As  a  general  proposition,  the  higher  the  furnace 
temperature  the  greater  the  efficiency.  If  you  believe 
this  to  be  so,  stop  up  those  cracks  in  the  boiler  setting. 
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Tool  for  Removing  Fuses 

It  is  sometimes  difficult  to  remove  small  inclosed  fuses 
from  their  clips,  especially  if  they  happen  to  be  in  an 
inconvenient  place.  The  illustration  shows  a  very 
serviceable  pair  of  fuse  pliers  I  made  of  a  piece  of 
fiber.  Two  holes  about  i  in.  in  diameter  are  drilled 
in  a  solid  piece  of  fiber,  and  then  the  block  is  sawed 


HOMEJ-MADE  FUSE  PLIERS 

open  as  in  the  sketch  herewith,  thus  opening  the  pliers. 
Inserting  a  small  steel  spring  as  shown  will  keep  them 
open  normally  and  make  them  convenient  to  use  with 
one  hand.  The  distance  A  can  be  made  suitable  to  the 
user's  fancy;  in  mine  it  is  about  -^^  in. 
Norristown,  Penn.  William  H.  Watson, 

Practical  Coal-Saving  "Stunt" 

Since  we  have  been  told  that  engineers  must  save 
at  least  35,000,000  tons  of  coal  this  winter,  the  following 
true  story  of  how  one  superintendent  cut  dovini  the 
consumption  of  fuel  at  a  small  power  plant  is  of  interest : 
After  he  had  heard  the  cry,  "Save  coal  and  more  coal," 
he  thought  he  would  try  and  see  if  he  could  do  anything 
that  might  cut  dovm  the  fuel  consumption.  Being  an 
old  hand  at  firing,  he  stayed  around  the  fireroom  to 
see  if  the  boys  understood  their  business  well.  He 
discovered  that  they  were  pulling  the  fires  before  they 
had  gotten  the  full  value  of  the  fuel  and  that  they  were 
not  firing  in  a  proper  way,  heaping  the  coal  right  in 
the  center  of  the  fires.  He  showed  them  that  it  would 
be  easy  work  for  them  to  keep  up  the  steam  and  save 
coal  if  they  would  keep  their  fires  level  and  not  be 
continually  damping  them  by  putting  fresh  coal  on.  To 
their  surprise  the  superintendent  reported  at  the  end 
of  a  week  that  they  had  saved  Ai  tons  of  coal.  In 
one  year  that  would  amount  to  225  tons  saved  on  four 
fires. 

These  facts  prove  the  truth  of  the  saying  that  it  is 
the  man  with  the  shovel  who  controls  the  use  of  coal. 

Plymouth,  Penn.  Joseph  R.  Thomas. 

What  Is  an  Engineer? 

A.  H.  Krom,  Director  of  Engineering,  United  States 
Employment  Service,  has  proposed  the  following  defini- 
tion of  an  engineer:  "An  engineer  is  one  who  eco- 
nomically directs  man  power  and  by  scientific  design 
utilizes  the  forces  and  materials  of  nature  for  the 
benefit  of  mankind."     This   definition   it  would  seem 


admits  many  men  to  the  engineering  profession  who 
are  not  engineers.  There  are  many  men  economically 
directing  man  power  who  have  nothing  to  do  with  engi- 
neering. It  seems  to  me  that  the  definition  should  be 
changed,  and  the  following  is  suggested :  "An  engineer 
is  one  who  economically  directs  man  power  in  the 
utilization  of  the  forces  of  nature  and  the  use  of  the 
materials  of  nature  for  the  benefit  of  mankind." 

In  regard  to  the  definition  for  a  mechanical  engineer, 
the  following  has  been  suggested  by  Prof.  J.  J.  Flather, 
of  this  University:  "A  mechanical  engineer  is  one  who 
scientifically  designs,  or  economically  directs  the  con- 
struction and  operation  of,  machinery  and  mechanical 
apparatus  for  the  benefit  of  mankind." 

John  R.  Allen, 
Dean,  College  of  Engineering  and  Architecture, 
The  University  of  Minnesota. 

Minneapolis,  Minn. 

DifiFerence  in  Water  Level 

The  letter  by  C.  S.  Regan  in  the  issue  of  Nov.  26, 
1918,  page  786,  calls  to  mind  an  experience  I  once  had 
with  a  battery  of  two-drum  horizontal  water-tube 
boilers.  As  shown  by  the  illustration,  each  drum  was 
connected  to  the  header  by  an  independent  steam  line. 
When  cutting  one  of  these  boilers  into  service,  if  the 
stop  valve  on  the  drum  to  which  the  water  column  was 
connected  was  opened  first,  the  water  would  rise  to  the 


TWO-DRUM  BOlLituR  WITH  TWO  STEAM  CONNECTIONS 

top  of  the  column  and  the  header  would  be  flooded,  while 
if  the  valve  on  the  other  drum  was  opened  first,  that 
header  would  be  flooded,  but  the  water  would  disappear 
from  the  column.  This,  of  course,  was  the  result  of  the 
unbalanced  pressure  in  the  drums,  due  to  opening  the 
valves  one  at  a  time. 

To  avoid  the  trouble,  it  was  only  necessary  to  open 
both  valves  simultaneously,  thereby  maintaining  a  prac- 
tically balanced  pressure  in  the  drums.  If  Mr.  Regan's 
boilers  were  connected  up  in  the  same  manner,  it  is 


fit; 
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possil)l(<  th.it  the  How  of  .stt'jini  from  one  dnini  i.s  more 
rostriitod  than  from  the  other,  owiiiK  to  friction  in 
the  steam  lines  which  results  in  an  unbalanced  pres- 
»*ure  of  perhaps  oidy  a  fraction  of  a  pound.  A  column 
of  water  one  inch  hijrh  exerts  a  pressure  of  less  than 
six-tenths  of  an  ounce  per  square  inch,  so  it  can  readily 
be  seen  that  a  difference  in  pressure  of  a  very  few 
ounces  could  easily  account  for  a  difference  of  two  or 
three  inches  in  the  height  of  the  water.  If  the  drum.i 
were  connected  by  a  cross  steam  drum  with  a  single 
outlet,  my  theory  (if  such  it  may  be  called)  would 
hardly  apply,  unless  the  .steam  legs  of  the  cross-drum 
were  served  by  dr>'  pipes  having  unequal  area  or  the 
flow  of  the  steam  through  one  of  the  legs  was  otherwise 
re.stricted.  As  no  difference  in  water  level  developed 
until  the  boilers  were  cut  in  on  the  header,  this  would 
further  support  my  claim  that  an  unbalanced  pressure 
existed  in  the  drums,  due  to  an  uiiequal  flow  of  steam 
therefrom.  T.  D.  BROWN. 

Akron,  Ohio. 


If  the  water  level  is  the  same  in  both  columns  when 
the  boilers  are  not  working,  the  trouble  must  be  in  the 
steam  outlets  to  the  main.  The  one  in  the  drum  that 
the  water  rises  higher  in  must  be  the  larger.  Uneven 
heat  and  uneven  draft  or  fire  under  one  drum  would 
cause  the  water  to  circulate  more  rapidly,  and  the  water 
would  rise  higher  in  that  drum.  If  both  steam  and 
water  connections  of  the  columns  are  direct  from  the 
drum  and  are  the  same  size  and  are  clear  of  scale  or 
have  the  same  number  of  elbows  and  tees  up  to  the 
column,  then  the  trouble  may  be  in  the  gage-glass  valves. 

I  once  had  such  an  experience  and  found  my  trouble 
in  the  gage-glass  steam  connection.  The  steam  valve 
had  become  almost  closed  up  by  scale  and  pieces  of 
packfng.  Some  water  glasses  have  small  needle  valves 
and  the  steam  end  may  be  almost  closed  off  and  the 
water  end  wide  open,  and  with  the  boiler  working,  the 
water  will  rise  two  to  four  inches  higher  in  the  glass 
than  the  true  water  level  in  the  boiler.  A  good  way  to 
test  two  columns  would  be  to  connect  both  to  the  same 
drum  on  the  same  pipe;  then  if  they  show  the  same 
water  level,  it  must  be  overheat  or  overcirculation  in  the 
drum  that  influences  the  water  level.  I  have  never  seen 
two  boilers  that  worked  just  alike  or  any  two-drum 
water-tube  boiler  that  had  an  even  circulation  in  both 
drums.  P.   B.   WILLIAMSON. 

North  Kansas  City,  Mo. 


I  have  had  considerable  experience  in  the  operation 
of  large  cros.s-drum  boilers,  and  a  similar  problem  was 
once  encountered.  The  boilers  in  question  were  44  tubes 
wide  and  were  equipped  with  a  double-loop  superheater. 
The  steam  outlets  were  at  either  end  of  the  superheater 
header,  which  ran  the  full  width  of  the  setting.  The 
boiler  was  fired  with  two  underfeed  stokers,  one  being 
located  at  the  front  and  the  other  at  the  back.  The 
boiler  was  fitted  with  two  water  columns,  one  at  either 
end  of  the  drum,  and  indicating  thermometers  were 
supplied  on  each  steam  outlet.  For  some  time  it  was 
noticed  that  a  considerable  difference,  fully  three  or 
four  inches,  existed  in  the  level  of  the  water  in  the 
two  columns.  This  difference  was  especially  marked 
when  the  boilers  were  being  forced.  It  was  finally 
discovered  that  the  temperature  of  the  steam  leaving 


one  side  of  the  boiler  w.im  coii.si(i(Tably  higher  than 
that  leaving  the  other  .side  and  that  the  hottest  steam 
was  indicated  on  the  side  of  the  boiler  showing  the 
highest    water. 

To  account  for  this  a  thorough  study  of  the  condi- 
tions in  the  boiler  was  made.  It  was  found  that  one 
side  of  the  fire  in  the  furnace  wa.s  in  considerably  hotter 
condition  because  the  coal  was  fed  to  the  stokers  by 
a  coal  chute  that  was  placed  at  such  an  angle  that 
the  coarse  coal  all  went  to  one  aide  and  the  fine  went 
to  the  other.  This,  of  course,  caused  very  uneven  firee 
with  the  result  that  one  side  of  the  boiler  was  evaporat- 
ing more  water  per  square  foot  of  surface  than  the 
other.  The  ga.ses  were  so  much  hotter  on  that  side 
that  the  .steam  in  the  superheater  was  much  higher  in 
temperature.  This  condition  existed  until  the  coal 
chutes  were  replaced  by  traveling  weighing  lorries  which 
gave  an  even  distribution  of  coal  over  the  entire  stoker. 
After  this  it  was,  of  course,  possible  to  carry  fires  that 
were  more  nearly  the  same  all  the  way  across  the  fur- 
nace. From  that  time  on  the  discrepancy  was  less  ap- 
parent and  it  was  possible,  at  times,  to  have  the  steam 
temperatures  read  within  a  few  degrees  of  each  other. 
The  water  levels  also  were  more  nearly  the  same. 

While  it  would  be  necessary  to  know  more  of  the 
conditions  that  existed  at  the  time  the  trouble  occurred 
as  described  in  the  article  of  Nov.  26,  it  would  seem 
that  part  of  the  trouble,  at  least,  may  have  been  due 
to  uneven  fires.  This  would  cause  the  water  to  boil 
much  more  violently  on  one  side  of  the  boiler  than  on 
the  other  and  cause  a  higher  water  level  in  that  drum. 

Hazleton,  Penn.  F.  C.  TORRANCE. 

Trouble  with  Belt  Tighteners 

The  illustration  submitted  by  Mr.  Eckert  (Dec.  10, 
page  856)  shows  a  tightener  that  is  moved  into  and  out  of 
contact  with  the  belt  by  means  of  a  har.dwheel,  screw 
and  gears  and  that  the  tightener  is  nearer  the  driven 
pulley,  which  in  this  case  is  the  smaller  of  the  two.  A 
so-called  "tightener"  in  addition  to  increasing  the  ten- 
sion should  increase  the  arc  of  contact  of  the  belt  on 
the  smaller  pulley  and  should  therefore  be  placed  near 
the  smaller  pulley.  In  the  installation  described,  how- 
ever, the  idler  should  be  placed  near  the  driving  pulley 
for  the  reason  that  this  is  where  it  will  best  take  care 
of  the  stretch  in  the  belt  that  occurs  with  a  sudden 
increase  of  the  load.  The  tightener  should  be  of  the 
swinging  or  of  the  weighted  type  because  the  hand- 
operated  kind  will  not  adjust  itself  to  the  stretch  of  the 
belt.  Whether  the  idler  pulley  is  straight  or  crown- 
faced  does  not  matter  so  much  provided  it  is  square  with 
the  belt.  Mr.  Eckert's  difficulty  is  no  doubt  due  to  the 
use  of  the  fixed  type  of  tightener,  wrongly  placed  and 
probably  a  little  out  of  line,  any  one  of  which  ele- 
ments will  cause  trouble. 

There  seems  to  be  some  prejudice  against  the  use  of 
idlers  on  belt  drives.  This  is  pretty  much  due  to  the 
erroneous  impression  that  they  absorb  a  lot  of  power. 
The  writer  in  discussing  a  certain  belt  drive  with  «n 
engineer,  suggested  the  use  of  an  idler.  The  engineer 
said  he  was  opposed  to  the  use  of  idlers  on  accounL  of 
the  large  amount  of  power  consumed  by  them  and  that 
the  idler  suggested  would  requir-'  at  least  five  horse- 
power.    He  vfcs  surprised  when  a  Calculation  involving 
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the  heat  equivalent  of  five  horsepower  and  the  probable 
heat  radiation  disclosed  that  any  such  absorption  of 
power  would  soon  melt  the  bearing  liners.  As  a  mat- 
ter of  fact  the  power  consumed  by  this  idler  was  but 
a  fraction  of  a  horsepower.  C.  0.  Sandstrom. 

Kansas  City,  Mo. 


Such  problems  in  belt  transmission  are  not  unusual. 
It  is  probably  the  result  of  installing  a  belt  that  is 
too  small  to  carry  the  load  with  ease.  If  the  belt  and 
pulleys  have  been  kept  clean  and  the  belt  pliable,  the 
need  of  a  mechanical  tightener  would  indicate  that  the 
belt  was  too  light. 

Since  tighteners  are  always  a  source  of  danger  and 
annoyance,  I  would  suggest  the  installation  of  a  "rider 
belt"  of  two-thirds  to  three-quarters  the  width  of  the 
main  belt.  This  rider  should  always  fit  snugly  with 
little  sag  on  the  negative  side.  It  is  in  a  measure  a 
remedy  for  the  trouble;  for  by  its  action  it  holds  the 
main  belt  more  firmly  against  the  pulleys,  reducing  the 
tendency  to  slip,  and  greatly  reduces  the  "jump"  in  the 
main  belt  when  it  does  slip  to  relieve  the  sudden  excess 
load,  and  very  materially  increases  the  efficiency  of  the 
drive. 

It  is  well  to  remember  constant  care  is  the  price  that 
must  be  paid  for  good  results  in  belt  transmission  and 
that  neglect  and  abuse  result  in  loss.         J.  F.  Engler. 

Tyrone,  Penn. 

Testing  Brush-Holder  Spring  Tension 

When  testing  the  spring  tension  on  motor  and  gen- 
erator brushes  by  means  of  a  spring  balance,  it  is  a 


TESTING    SPRIXO    TRXSION    OF   BRUSH-HOLDER 

common  fault  to  hook  the  balance  to  the  pigtail  of  the 
brush  as  in  the  sketch.  This  is  incorrect  since  there 
will  also  be  a  pull  at  A.  The  proper  method  is  to  dis- 
connect it  from  the  clamp  holding  the  pigtail  and  then 
pull  on  it  radially.  William  H.  Watson. 

Norristown,  Penn. 

Repairing  a  Cracked  Water  Jacket 

The  water  jacket  of  a  gasoline  engine  was  cracked 
in  two  places.  One  of  the  cracks  was  a  very  fine  one, 
while  the  other  one  was  more  open.  The  larger  crack 
was  brazed  in  the  following  manner :  First,  to  prevent 
the  cracks  from  lengthening,  holes  about  i  in.  in 
diameter  were  drilled  and  tapped  at  each  end  of  the 
cracks  and  fitted  with  iron  machine  screws  coated  with 


shellac  to  make  a  tight  fit.  The  wide  crack  was  then 
prepared  for  brazing.  With  a  sharp-pointed  file  the 
sides  of  the  crack  were  carefully  cut  away  to  form  a 
V-shaped  groove,  as  shown  in  Fig.  2.  Along  the 
bottom  of  the  V,  or  crack,  a  very  soft  brass  wire  was 
placed  and  powdered  borax  sprinkled  over  it.  The  sur- 
face around  the  crack  was  first  heated  carefully  with  a 
blo-\vtorch  and  the  torch  finally  brought  to  bear  upon 
the  brass  wire  over  the  crack.  With  sufficient  heat 
the  wire  was  melted  and  fused  into  the  crack. 

The    fine    crack   was    not    brazed    but    copper-plated. 
The  water  jacket  was  filled  with  a  saturated  solution  of 
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copper  sulphate  (blue  vitriol)  made  by  dissolving  the 
crystals  in  warm  water.  At  first  the  liquid  leaked 
through  the  fine  crack  quite  freely,  but  it  was  collected 
in  a  pan  and  poured  back  into  the  jacket  again.  After 
a  time  a  coating  of  pure  copper  was  formed  in  the 
crack,  filling  it  up  and  making  it  tight.  The  job  was 
considered  done,  but  after  the  engine  had  been  given 
a  short  run,  a  little  leakage  was  still  noticeable.  To 
eliminate  this  fault,  the  copper-plating  process  was 
applied  again  by  holding  the  copper-sulphate  solution 
under  air  pressure  by  the  use  of  a  tire-inflating  pump, 
as  shown  in  Fig.  1.  A  few  strokes  with  a  tire  pump 
was  sufficient  to  create  a  pressure  in  the  jacket,  and 
when  the  copper  plating  was  finished  there  was  no  leak 
even  under  pressure  nor  was  there  any  leak  when  the 
engine  was  put  into  service.  B.  Z.  Reiter. 

Hoboken,  N.  J. 


A  Couple  of  Drinks 


There  is  no  excuse  for  the  man  who  comes  on  watch 
with  a  "couple  of  drinks  under  his  belt."  He  is  a 
dangerous  proposition  and  a  useless  drag  on  the  morale 
of  the  rest  of  the  crew.  His  efficiency  is  negative  as 
compared  with  the  man  who  does  not  require  the 
proverbial  "morning  eye-opener."  His  mental  faculties 
are  used  mostly  in  marking  time,  counting  the  minutes 
until  he  can  get  an  opportunity  to  replenish  his  false 
stimulation.  And  the  average  drinking  man  is  very 
much  conceited  about  his  so-called  self-control.  He  says 
he  can  "take  it  or  leave  it,"  but  he  never  feels  inclined 
to  leave  a  glass  just  to  illustrate  his  will  power. 

In  one  plant  there  were  two  Corliss  engines  driving 
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generators.  One  nipht.  with  the  .imnllcr  unit  on  the 
line,  the  nipht  engineer  and  his  oiler  took  charge  .ns 
usual.  About  G:30  the  crank-end  dashpot  refused  to 
operate.  Instead  of  starting  the  other  engine  or  trying 
to  ascertain  the  cau.se  of  the  trouble,  the  engineer  took 
a  crowbar  about  five  feet  long  and  attempted  to  pry 
upen  the  dashpot.  It  came  up  all  right,  but  when  the 
travel  of  the  valve  gear  reversed,  the  pick-up  hook 
pushed  the  block  down  again  with  the  result  that  the 
bar  struck  the  man,  breaking  his  jawbone,  and  in  some 
unknown  manner,  when  he  fell  to  the  floor,  his  ankle 
was  broken. 

All  that  was  wrong  with  the  engine  was  that  the 
locknut  had  jarred  loose  on  the  dashpot  rod  and  the 
rod  had  shortened  until  the  hook  could  not  engage 
the  block  in  its  limited  travel.  The  rod  could  have 
been  easily  adjusted  temporarily  by  hand  and  the  top 
locknut  tightened  with  an  open-end  wrench — which,  by 
the  way,  hung  on  a  tool  board  about  ten  feet  from  the 
engine. 

The  man's  case  was  taken  into  court  and  on  the 
witness  stand  he  admitted  that  "he  might  have  had  a 
'couple  of  drinks'  before  he  went  on  watch,"  but  it 
was  proved  that  he  was  in  four  different  saloons  on  his 
way  to  work  that  night.  His  partner,  who  he  relieved, 
on  being  questioned,  said  that  he  had  not  noticed  any- 
thing wrong  with  the  night  man.  Maybe  not,  but  he 
was  partly  to  blame,  inasmuch  as  he  left  the  plant 
without  knowing  that  everything  was  right.  For- 
tunately, such  incidents  are  rare,  but  it  seems  that  a 
man  should  have  enough  sense  of  honor,  if  he  has  to 
drink,  to  stay  away  from  the  plant  while  he  celebrates. 
His   conduct   reflects   on   all   his   associates,    indirectly. 

The  gradually  increasing  load  of  responsibility  rest- 
ing on  the  man  who  operates  power-plant  equipment 
is  of  such  a  nature  that  it  surely  does  not  permit  the 
couple  of  drinks.  In  the  case  mentioned,  a  "couple  of 
drinks"  cost  a  certain  company  approximately  a  thou- 
sand dollars  a  drink.     The  lesson  is  evident. 

Chicago,  111.  James  J.  Jahobart. 

Firing  Low-Pressure  Boilers 

In  regard  to  the  cause  of  the  water  returning  when 
the  steam  pressure  was  lowered  in  the  boilers,  as  do- 
scribed  by  J.  M.  Coleman  in  the  issue  of  Dec.  10,  1918, 
page  837,  I  would  refer  him  to  my  letter  on  page  855 
in   the   same    issue. 

When  a  lower  pressure  was  carried  in  the  boilers,  a 
lower  column  of  water  would  be  supported  and  less 
water  would  be  stored  in  the  system.  To  my  mind  this 
is  the  cause  of  what  took  place  and  not  the  more  or 
less  rapid  circulation  of  the  water  in   the  boilers. 

Buffalo,  N.  Y.  Thomas  Sutcliffe. 

Overcoming  Flash-Over  Troubles  on 
Direct-Current  Generator 

In  the  plant  where  I  am  in  charge  there  are  two 
motor-generator  sets  for  electric-railway  service.  Each 
set  consists  of  an  11,000-volt  synchronous  motor,  driv- 
ing a  600-volt  481-amp.  direct-current  generator,  and 
has  been  in  use  for  about  nine  years. 

For  a  long  time  after  these  machines  were  installed, 
they  gave  considerable  trouble  by  flashing  across  from 


the  commutator  to  the  brush-holder  yokes  and  framM 
about  every  time  a  heavy  short-circuit  occurred  on  the 
system.  Since  this  tr()ul)le  occurred  on  the  generators, 
the  circuit-breaker  could  not  protect  the  machines, 
consequently  the  overload  always  stalled  the  motor  and 
often  roughed  the  commutator  of  the  generator,  causing 
considerable  interruption  in  the  service. 

The  trouble  was  overcome  al)Out  two  years  ago  by 
raising  the  brush-holders  about  3  in.  from  the  com- 
mutator. We  also  painted  the  brush-holders  with  an 
insulating  paint  and  wrapped  the  yoke  with  linen  tape. 
But  I  think  raising  the  brush-holders  was  what  over- 
came the  trouble.  At  any  rate,  no  flash-overs  have 
occured  on  the  machines  during  the  last  two  years. 

Deadwood,  S.  D.  W.  W.  Cassidy. 

Unusual  Cause  for  Circuit-Breaker 
Heating 

We  had  trouble  some  time  ago  with  a  circuit-breaker 
heating.  The  contact  surfaces  were  thoroughly  cleaned 
without  avail,  and  the  breaker  was  taken  down  and 
given  a  further  careful  cleaning,  but  still  it  heated  up. 

The  rear  connections  were  then  looked  over,  and  in 
taking  off  the  nuts  that  held  the  top  contact  it  was 
found  that  the  thread  of  the  stud  had  been  crossed  when 
screwing  it  in  and  the  poor  contact  had  caused  heating, 
which  had  resulted  in  oxidation  and  arcing,  the  stud 
being  half  eaten  through  by  it.  A  new  stud  was  put 
in,  after  which  no  further  trouble  was  found. 

Norristown,  Penn.  William  H.  Watson. 

Drilling  with  the  Vise 

The  rig  shown  in  the  illustration  will  often  solve  drill- 
ing problems  when  a  drilling  machine  is  not  available. 
A  ratchet  brace  is  used  for  the  movement  of  the  drill 
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and  the  feed  is  obtained  by  means  of  the  vise,  which  is 
equipped  in  the  manner  shown.  An  angle-plate  or  any 
suitable  object  can  be  employed  for  the  proper  location 
and  backing  for  the  piece  to  be  drilled. 


Samuel  Gompers,  speaking  at  a  dinner  recently,  said: 
"The  American  labor  movement,  as  represented  by  the 
American  Federation  of  Labor,  is  simply  this:  We  be- 
lieve in  progress.  We  believe  that  all  the  fruits  of  the 
genius  of  the  past  ages  and  of  today  do  not  belong  to 
any  particular  class — that  they  belong  to  every  man  who 
gives  service  to  society  and  aids  civilization." 
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•■  Irregular  Water  Level  in  Glass  Gage — What  causes  the 
.  water   in   a    gage-glass    to   continually    rise    and    fall  ? 

E.  E.  R. 

Fluctuations  of  the  gage-glass  water-level  may  be  caused 
by  a  surge  or  wave  of  the  water  in  the  boiler,  due  to 
circulation,  or  it  may  result  from  irregular  formation  or 
release  of  steam  in  the  parts  of  the  boiler  to  which  the 
water  column  is  connected. 

Use  cf  Bent  Rocker  on  Valve  Motion — Why  is  a  bent 
rocker  used  on  many  high-speed  engines  for  operating  the 
valve  rod?  J.  E.  S. 

With  a  symmetrical  rocker  and  a  valve  with  equal  laps, 
the  port  openings  will  be  equal  but  the  piston  positions 
at  cutoff  will  be  very  unequal  and  equalization  of  the  cut- 
off must  be  at  the  expense  of  the  lead.  By  the  use  of  a 
bent  rocker  an  in'egularity  may  be  purposely  introduced 
into  the  valve  motion  that  may  be  made  to  equalize  the 
■  cutoff  without  interfering  with  the  equality  of  the  lead, 
•  which  is  of  greater  importance  than  equality  of  port  opening. 

Slippage  of  Riveted  Joint — In  a  riveted  boiler  joint  is 
movement  of  one  plate  over  another  a  sign  of  poor  con- 
struction or  weakness  of  joint?  F.  M. 

Samples  of  carefully  constructed  riveted  joints,  when 
placed  in  a  testing  machine,  reveal  considerable  slip  long 
before  the  working  load  of  the  joint  is  reached.  Some 
slip  is  unavoidable,  for  although  the  rivets  when  hot  may 
be  set  with  great  pressure  to  completely  fill  the  rivet 
holes,  there  is  shrinkage  upon  cooling,  and  when  the 
friction  between  the  plates  is  overcome,  some  slip  or  "take 
up"  is  necessary  for  the  rivets  to  come  to  a  bearing  for 
resistance  against  shearing. 

Removing  Soot  from  Water-Tube  Boiler — Is  it  a  good 
idea  to  clean  soot  from  the  tubes  and  baffles  of  a  water- 
tube  boiler  by  washing  down  with  water  from   a  hose  ? 

R.  P. 

Washing  with  water  should  be  done  only  when  the 
boiler  is  cold  and  will  be  injurious  to  the  brickwork  of 
the  setting  and  cause  firebrick  baffles  to  crumble  if  the 
boiler  is  used  before  the  setting  has  been  slowly  dried 
out.  It  is  better  and  also  more  convenient  to  remove  soot 
by  blowing  it  off  with  dry  steam,  which  can  be  done  while 
the  boiler  is  in  use  and  when  there  is  good  draft  for 
carrying  off  the'  lightest  particles  of  soot. 

Point  of  Suspension  of  Stephenson  Link — WViat  deter- 
;^mines  the  location  of  the  point  of  suspension  for  a  link 
"of  a  Stephenson  link-motion  valve  gear?  S.  D. 

'  The  complex  motion  of  the  link  and  constrained  mo- 
tion of  the  block  give  rise  to  a  slippage  or  rubbing  of 
'the.  link  upon  the  block.  The  nearer  the  block  is  to  the 
point  of  suspension  the  less  there  is  of  this  slippage,  and 
the  link  usually  is  suspended  nearer  the  end  connected 
with  the  forward  eccentric  rod  to  reduce  the  wear  for  the 
more  common  working  position.  The  slippage  in  back- 
ward gear  is  thereby  increased;  but  when  equal  efficiency 
is  required  in  both  forward  and  backward  gears,  the  link 
is  suspended  from  the  center. 

Connecting  Live-Steam  Heating  to  a  Condenser— Is  there 
any  benefit  in  connecting  a  condenser  on  heating  coils 
supplied  by  high-pressure  steam  direct  from  the  boiler 
except  for  the  purpose  of  collecting  the  condensation  for 
return  to  the  boiler?  S.  C. 

Any  form  of  condenser  for  continuous  operation  would 
be  provided  with  means  for  discharge  of  air,  and  that 
feature  of  operation  would  be  beneficial  to  any  system 
of  steam  heating  to  prevent  formation  of  air  pockets  and 
thereby  increase  activity  of  the  circulation  of  the  steam. 
The  heat  that  is  imparted  to  the  condenser  is  lost  if  the 
condensing  water  is  discharged  as  waste  or  is  of  no  benefit 
in  increasing  the  temperature  of  the  boiler-feed  water.  But 


for  most  purposes  of  live-steam  heating,  and  especially 
where  the  steam  is  used  at  reduced  pressure,  a  condenser 
and  air-pump  connection  is  of  benefit  for  at  least  occa- 
sional removal  of  air  without  extravagant  waste  of  steam, 
as  by  blowing  out  returns  and  leaving  air  vents  open  to 
the  atmosphei-e.  It  should  be  borne  in  mind,  however, 
that  condensation  is  necessarily  accompanied  by  a  drop  in 
pressure  and  temperature  in  the  heating  system,  and  dur- 
ing operation  of  the  condenser  it  deprives  the  heating 
system  of  steam  that  must  be  made  up  in  the  supply,  and 
the  heat  thus  absorbed  by  the  condenser  is  lost  unless 
utilized. 

Negative  Part  of  Indicator  Diagram — What  is  meant  by 
the  negative  part  of  an  indicator  diagram?  W.  R. 

A  negative  portion  of  a  diagram  is  any  part  in  which 
the  pressure  during  the  forward  stroke  of  the  piston  is 
less  than  the  counterpressure  indicated  for  the  same  part 
of   the    diagram    during   the    return    stroke    of  the   piston. 


D1.A.GK.\.M  WITH  NKGATIVE  AREAS  SHADED 

When  an  engine  is  underloaded,  the  fraction  of  stroke  at 
cutoff'  may  be  so  small  that  expansion  during  part  of  the 
forward  stroke  goes  below  the  back  pressure  during  the 
return  of  the  piston  over  the  same  part  of  the  stroke, 
forming  a  loop  like  BCDEB  shown  in  the  sketch;  or  the 
compression  line  FG  may  rise  above  the  admission  line, 
forming  a  loop  like  GHJ.  The  areas  contained  within  such 
loops  are  said  to  be  negative  because  they  represent  work 
opposed  to  the  useful  work,  and  in  determining  the  m.e.p., 
the  whole  length  of  the  diagram  is  taken  and  the  negative 
areas  are  to  be  deducted  from  the  area  of  the  rest  of  the 
diagram. 

Pressure  of  Compressed  Air  for  Air-Lift  Pump — What 
pressure  of  compressed  air  will  be  necessary  for  raising 
water  by  an  air  lift  from  a  well  140  ft.  deep  where  the 
air  pipe  is  submerged  to  a  depth  of  60  ft.?  T.  S. 

For  operation  cf  an  air  lift  it  is  best  to  supply  the  com- 
pressed air  at  no  higher  pressure  than  necessary  to  inject 
the  air  through  the  footpiece  or  air  nozzle  of  the  lift, 
for  v/hich  purpose  the  receiver  air  pressure  needs  to  be 
only  great  enough  for  overcoming  pipe  friction  of  the  air 
and  the  pressure  of  water  due  to  the  depth  of  submergence. 
A  submergence  of  60  ft.  would  require  an  injection  air 
pressure  of  60  x  0.433  =  25.98,  or  practically  26  lb.  per 
sq.in.  The  loss  of  air  pressure  from  pipe  friction  would 
depend  on  the  size  and  length  of  pipe  and  quantity  of 
air  to  be  delivered.  Allowing  this  loss  to  be  5  lb.  per  sq.in., 
the  receiver  pressure  would  need  to  be  26  -f  5  =  31  lb. 
per  sq.in.  If  the  submergence  of  60  ft.  becomes  less  from 
a  drop  of  the  level  of  water  in  the  well,  then  the  air 
pressure  should  be  reduced  to  the  pressure  for  which  the 
greatest  discharge  is  obtained. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  io  necessary  to  guarantee  the  good  faith  of  the  com- 
munications and  for  the  inquiries  to  receive  attention.^ 
Editor.] 
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Aniiiinl  Hcporl  of  ihe  Secretary 
<»f  the  Interior 

The  annual  report  of  Secretary  Franklin  K.  Lnno  for 
the  fiscal  year  ended  June  30,  1918,  is  an  exceedingly  in- 
teresting: document,  because  there  is  reference  to  some  of 
the  problems  produced  by  the  war.  Two  important  recom- 
mendations made  by  Secretary  Lane  in  the  report  have 
to  do  with  the  returninR  soldier  and  the  thorough  Ameri- 
canization of  the  many  foreigners  now  living  in  the  United 
States.  Speaking  of  a  fitting  welcome  to  the  returning 
soldiers,  he  says: 

What  shall  that  welcome  be?  Is  it  to  be  merely  one  of 
glad  greetings,  the  emotional  outburst  of  a  moment,  or 
shall  it  take  on  a  more  permanent  form,  one  which  will  be 
adequate  in  its  largeness  and  lasting  in  its  nature?  Being 
Americans  and  being  young,  they  will  not  ask  or  expect 
pensions.  They  will  want  work.  They  will  want,  if  pos- 
sible, a  chance  for  a  home  of  their  own.  Now,  these  hopes, 
reasonable  and  manly  as  they  are,  can  be  met  in  a  fashion 
that  will  not  weaken  the  fiber  of  the  man  by  making  him 
an  object  of  bounty  and  that  will  add  permanently  to  the 
strength  and  the  wealth  of  the  nation. 

He  would  do  this  by  making  it  possible  for  the  returned 
soldier  to  obtain  a  home  on  land  that  now  lies  unutilized, 
such  as  swamp  land,  cut-over  land  left  by  logging  opera- 
tions and  land  needing  irrigation  to  make  it  productive. 
There  are  in  the  United  States  at  the  present  time  at  least 
200,000,000  acres  that  can  be  converted  into  farms  by  irri- 
gation, drainage  or  clearing,  and  if  the  Government  under- 
took the  work  of  making  this  vast  area  productive  there 
would  be  no  need  of  anxiety  as  to  what  to  do  with  the  re- 
turned soldier.     Quoting  the  language  of  the  report  again: 

The  energy  and  the  talent  which  he  has  been  expending 
for  an  ideal  and  $30  a  month  he  can  now  use  to  make  a 
home  for  himself.  There  would  be  laid  before  him  a  num- 
ber of  projects  which  the  Government  had  undertaken  in 
different  sections  of  the  country.  Let  us  assume  an  irriga- 
tion scheme,  a  drainage  project,  and  the  development  of  a 
body  of  cut-over  lands.  The  one  would  need  to  have  great 
dams,  a  hydro-electric  plant,  miles  of  canal  and  tunnel, 
perhaps,  thousands  of  acres  to  be  cleared  and  leveled, 
fenced  and  broken.  This  would  mean  years  of  work  at 
good  wages,  work  in  the  open,  and  at  the  end  a  piece  of 
land  on  which  would  be  erected  a  house  and  barn,  a  farm 
home  in  a  group  of  farm  homes.  For  this  he  must  pay. 
But  already  he  has  received  wages  out  of  which  he  can 
have  saved  the  necessary  first  installment  on  his  place  of 
10  or  15  per  cent.  The  balance  with  interest  he  can  pay 
in  40  yearly  installments,  or  earlier  if  he  can.  If  the  life 
in  Arizona  is  not  to  his  liking,  he  can  have  the  same  op- 
portunity after  building  the  Arizona  irrigated  project  to 
take  up  a  farm  upon  another  Government  enterprise  in 
South  Carolina  where  men  have  drained  the  old  rice  swam_ps, 
or  in  Wisconsin  on  a  tract  of  what  once  was  swamp  but 
has  been  converted  into  rolling  prairie  farms. 

As  to  the  cost  of  such  an  enterprise,  the  Secretary  has 
this  to  say: 

How  great  will  be  the  cost?  As  much  as  we  wish  to 
spend;  as  much  as  we  need  to  spend.  Less  than  many  a 
strike  has  cost  this  country.  Would  it  be  unreasonable  to 
ask  for  as  much  as  we  will  spend  this  year  for  pensions  to 
the  veterans  and  their  dependents  of  wars  that  ended  20 
and  50  years  ago?  Would  it  be  unreasonable  to  ask  that 
we  spend  in  the  next  two  years  on  these  veterans  of  the 
great  war  as  much  as  it  cost  us  to  conduct  that  war  for 
a  single  week?  Would  a  people  that  gave  out  of  hand,  out 
of  a  noble  sense  of  charity  to  quasi-public  organizations, 
$500,000,000  for  the  entertainment  and  care  of  these  boys, 
hesitate  to  buy  the  bonds  of  this  country  for  a  like  amount 
to  provide  peace  work,  home  work,  and  homes  for  these 
same  boys?  Canada  with  less  than  7,000,000  people  is  of- 
fering to  each  man  160  acres  of  land  and  $2500  with  which 
to  improve  it.  Surely  the  United  States,  which  has  es- 
caped with  so  slight  a  comparative  loss  in  life,  will  not  do 
less. 

Regarding  the  pressing  need  of  Americanizing  the  large 
numbers  of  foreign-speaking  people  in  this  country,  Secre- 
tary Lane  remarks: 

The  draft  revealed  the  astonishing  percentage  of  those 
in  this  country  who  were  unable  to  speak  our  language  or 
to  read  or  write  any  language.     Yet  there  is  no  one  thing 


50  Huprcmoly  cfisentinl  in  a  government  Huch  ns  ours  ai 
that  every  man  and  woman  und  child  shall  know  one 
tongue — that  each  may  hpcak  to  every  other  and  that  all 
Mhall  be  informed.  There  can  be  neither  national  unity 
in  ideals  or  in  purpose  unless  there  is  some  common  method 
of  communication  through  which  may  be  conveyed  the 
thought  of  the  nation.  All  Americans  must  be  taught  to 
nad  and  write  and  Ihiiilc  in  one  language. 

What  should  be  said  of  a  democracy  which  sends  an  army 
to  preach  democracy  wherein  there  was  drafted  out  of  the 
first  2,000,000  men  a  total  of  200,000  men  who  could  not 
read  their  orders  or  understand  them  when  delivered,  or 
read  the  letters  sent  them  from  home?  What  should  be 
said  of  a  democracy  in  which  one  of  its  sovereign  states 
expends  a  grand  total  of  $6  per  year  per  child  for  sua- 
taming  its  public-school  system?  What  should  be  said  of  a 
democracy  which  is  challenged  by  the  world  to  prove  the 
superiority  of  its  system  of  government  over  those  dis- 
carded, and  yet  is  compelled  to  reach  many  millions  of  its 
people  through  papers  printed  in  some  foreign  language? 
What  should  be  said  of  a  democracy  which  expends  in  a 
year  twice  as  much  for  chewing  gum  as  for  .schoolbooks, 
more  for  automobiles  than  for  all  primary  and  secondary 
education,  and  in  which  the  average  teacher's  salary  is 
less  than  that  of  the  average  day  laborer?  What  should 
be  said  of  a  democracy  which  permits  tens  of  thousands 
of  its  native-born  children  to  be  taught  American  history 
in  a  foreign  language — the  Declaration  of  Independence 
and  Lincoln's  Gettysburg  speech  in  German  and  other 
tongues? 


The  Utilization  of  War-Time  Coal 

It  is  estimated  that  New  England  steam-coal  consumers 
had  in  storage  on  Dec.  1,  1918,  between  four  and  five  mil- 
lion tons  of  coal  in  excess  of  their  supply  on  hand  a  year 
ago,  according  to  a  paper  by  Perry  Barker,  consulting  fuel 
engineer,  Boston,  Mass.,  presented  at  the  Boston  meeting 
of  the  A.  S.  M.  E.  Mr.  Barker  pointed  out  that  the  source 
of  coal  supply  for  New  England  has  not  been  materially 
different  than  in  former  years,  but  that  the  quality  has 
been  lower  owing  to  the  urgent  need  for  increased  produc- 
tion. The  factors  that  affect  the  net  utilization  of  coal 
for  steam  generation  as  expressed  in  the  cost  of  evaporating 
a  unit  quantity  of  water  are:  (1)  Cost  per  ton,  including 
fixed  price  at  the  mine,  freight  and  handling  charges  to  the 
boiler  furnace;  (2)  increased  percentage  of  noncombusti- 
ble;  (3)  increased  percentage  of  volatile  matter  in  fuel 
delivered  to  plants  not  having  properly  designed  equipment 
for  burning  coal  of  such  character;  (4)  decreased  efficiency 
in  burning  coals  not  containing  excessively  high  percentages 
of  moisture,  volatile  matter  or  ash,  but  which  have  very 
low  heating  values  due  to  "weathering"  or  heating  in 
storage;  (5)  increased  cost  of  evaporation  due  to  poor 
efficiency  and  excessive  labor  and  repair  charges  caused 
by  using  coal  containing  ash  of  a  low  fusing  temperature. 

The  effect  of  increased  percentages  of  ash  is  shown  by 
the  data  presented  in  Tables  I,  II  and  III.  These  figures 
represent  from  15  to  20  shipments  of  coal  in  each  case  and 
are  typical  fuels  used  by  New  England  manufacturing  com- 
panies. The  average  difference  in  heating  value  between 
the  normal  fuel  and  deliveries  for  the  last  year  to  a  mill 
using  low-volatile  West  Virginia  coal  was  3.6  per  cent. 
This  difference  represents  very  nearly  the  actual  decrease 
in  evaporation  per  pound  of  coal,  as  the  addition  of  this 
amount  of  impurities  should  have  no  material  effect  on 
the  efficiency  with  which  the  coal  is  burned.  The  com- 
paratively small  change  in  quality  of  the  fuel  from  this 
district  is  due  to  the  fact  that  it  is  all  subject  to  rigid 
inspection  for  navy  and  bunkering  purposes. 

The  average  of  deliveries  given  in  Tables  II  and  III 
shows  much  greater  increases  in  noncombustible  material. 
These  impurities  increased  the  cost  of  delivering  a  unit 
of  combustible  to  the  point  of  consumption,  affect  the  dis- 
tribution of  air  in  burning  the  coal,  cause  excessive  loss 
of  combustible  in  cleaning  the  fires  and  entail  extra  labor 
charge  for  handling  the  ashes. 

It  has  been  estimated  that  the  average  increase  in  im- 
purities in  fuel  delivered  is  as  high  as  5  per  cent.,  which 
would  represent  1,250,000  tons  of  additional  noncombustible 
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that  has  been  transported  with  the  25,000,000  tons  sup- 
plied to  New  England  this  year.  In  one  plant  burning 
about  10,000  tons  of  coal  per  year,  the  cost  due  to  handling 
ashes  alone  was  increased  to  more  than  $2.50  per  ton,  which 
[represented  an  additional  charge  of  $3S00  for  the  year. 

Table  IV  shows  the  results  of  tests  of  three  deliveries  to 
iplants  normally  using  fuel  of  the  quality  given  in  column 
1.  The  coal  in  column  2  was  used  in  a  hand-fired  plant 
■having  return-tubular  boilers  with  low  settings.  The  fire- 
jmen  reported  that  the  coal  was  "flashy"  and  made  steam 
[quickly,  but  with  a  firing  interval  of  20  to  30  minutes"  a 
'  large  loss  due  to  incomplete  combustion   resulted. 

The  figures  in  column  3  of  Table  IV  illustrate  a  type  of 
'  fuel  that  has  been  delivered  to  New  England  during 
the  past  year.  This  "outcrop"  coal  is  loaded  from  seams 
that  have  been  exposed  and  has  lost  a  part  of  its  com- 
bustible volatile  matter.  Coal  of  this  character  will  not 
coke  in  the  boiler  furnaces,  causing  uneven  distribution  of 
air  and  excessive  loss  of  combustible  to  the  ashpits.  The 
shipment  of  "outcrop"  coal  has  been  stopped  by  the  Fuel 
Administration  and  about  200  mines  responsible  for  such 
fuel  have  been  closed. 

The  coal  shown  in  column  4  of  Table  IV  is  of  the  most 
troublesome  character,  due  to  the  low  fusing  temperature 
of  the  ash.  It  will  be  noticed  that  this  figure  is  430  deg. 
F.  below  the  coal  used  prior  to  1918.  The  low  fusing  tem- 
perature caused  excessive  clinkering,  particularly  at  the 
high  rates  of  combustion  necessitated  by  the  overloaded 
condition  of  the  boilers. 

TABLE  I.     WEST  VIRGINIA  LOW-VOLATILE  COAL 


Average  High   Ash 

1918.  1918, 

Per  Cent.  Per  Cent. 

3   II  2  48 

17  91  18  42 

70.83  68  98 

8   15  10   12 


Normal 
Per  Cent. 

Moisture 2  50 

Volatile  matter 17. 50 

Fixed  carbon 74. 00 

Aah 6  00 

100  00 

Sulphur 0  65 

B.t.u.  per  pound 1 4, 4 1 0 


TABLE  II.  PENNSYLVANIA  LOW- VOLATILE  COAL 

Average  High  Ash 

Normal  1918,  1918, 

Per  Cent.  Per  Cent.  PerCent. 

Moisture 2  50  4  74  6  82 

Volatile  matter 18  50  26  09  26  00 

Fixed  carbon 7150  57   19  44  67 

Ash 7  50  1198  22  51 

100  00      100  00      100  00 

Sulphur 140  112  147 

B.t.u.  per  pound 14,125  12,554  10,047 

TABLE  III.     PENNSYLVANIA  STEAM  SIZES  OF  ANTHRACITE 

Avrrage  High  Ash 

Normal  1918,  1918, 

PerCent.  PerCent.  PerCent. 

Moisture 4. 50  6  92  6  77 

Vohtile  matter 5  00  5  74  4  40 

Fixedcarbon 74.50  67   12  57  50 

Aah 16  00  20  22  3133 

100  00  100.00  100  00 

Sulphur 0  80  0  52  0  42 

Bt.u.  per  pound 11,775  10,440  8,635 

TABLE   IV.     TYPICAL   CHANGES   IN   CHARACTER   OF   COAL    FOR 
NEW   ENGLAND   STEAM    PLANTS 

Normal 

Coal  War-Time  Fuel  Supply • 

Per  Cent.  Per  Cent.  Per  Cent.     Per  Cent. 

12  3  4 

Moisture 2  50  4  28  16.87  0  62 

Volatile  matter 18  50  34   12  28.00  19  36 

Fixed  carbon 71    50  47   16  44  50  67  90 

.\sh 7  50  14  44  10.53  12    12 

100  00           100  00  100  00  100.00 

Sulphur 120               194  0  46  3  61 

B.tu.  per  pound     14,150            12,074  8,990  13,543 

Fusing  temperature 2550  deg.  F  2120  deg   F. 

Electric  Welding  in  Shipbuilding 

On  the  evening  of  Dec.  30,  Comfort  A.  Adams,  president 
of  the  American  Institute  of  Electrical  Enerineers,  gave  an 
interesting  talk  on  "Electric  Welding  in  Shipbuilding"  be- 
fore a  joint  meeting  cf  the  Chicago  section  of  the  society 
and  the  electrical  section  of  the  Western  Society  of  Engi- 


neers. Mr.  Adams  outlined  the  activities  of  the  committees 
of  the  American  Institute  of  Electrical  Engineers  which 
had  assisted  in  the  development  of  electric  welding  practice 
in  the  shipbuilding  industry.  He  compared  briefly  arc  and 
spot  welding,  giving  interesting  data  on  the  cost  of  the 
equipment,  the  electrical*  energy  required  and  the  strength 
of  the  welded  joints.  The  speaker  was  optimistic  as  to 
the  success  of  electric  welding  in  shipbuilding.  The  sav- 
ings over  riveted  construction  are  considerable.  This  is 
evidenced  by  the  comparative  cost  figures  for  constructing 
American  and  English  ships.  At  the  present  time  the  cost 
to  American  shipbuilders  is  about  $200  per  dead-weight 
ton,  while  the  English  yards  have  recently  oflfered  to  pro- 
duce all  the  ships  America  desires  at  a  cost  of  $100  per 
dead-weight  ton  for  the  completed  ship.  As  electric  weld- 
ing requires  the  use  of  less  steel,  produces  vessels  of  less 
weight  and  hence  a  greater  carrying  capacity,  and  effects 
a  considerable  saving  in  labor,  it  offers  an  excellent  op- 
portunity for  reducing  the  cost  of  ships  made  in  America. 
At  a  business  session  of  the  electrical  engineering  sec- 
tion of  the  Western  Society  of  Engineers,  during  the  eve- 
ning the  following  officers  were  elected:  Chairman,  J.  R. 
Cravath;  vice  chairman,  Harold  Almert;  director  for  three 
years,  M.  M.  Fowler. 

Personal  Mention 

Osborn  Monnett,  who  has  just  returned  from  Washing- 
ton, where  he  has  been  serving  as  assistant  advisory  engi- 
neer. Bureau  of  Conservation,  U.  S.  Fuel  Administration, 
has  opened  offices  at  1785  Old  Colony  Building,  Chicago, 
for  the  practice  of  consulting  engineering.  He  is  specializ- 
ing in  combustion,  boiler  settings  and  general  power  plant 
problems.  Mr.  Monnett  will  be  associated  with  the  Com- 
mercial Testing  and  Engineering  Co.,  chemists  and  coal 
specialists.  The  combination  is  a  good  one  as  the  services 
rendered  will  fully  cover  all  chemical  and  mechanical  prob- 
lems from  the  time  the  coal  is  purchased  to  the  delivery 
of  the  energy  at  the  switchboard.  Mr.  Monnett  has  had 
broad  experience  which  should  be  invaluable  in  his  new 
work.  Formerly,  he  was  consulting  combustion  engineer 
for  the  American  Radiator  Co.,  chief  smoke  inspector  for 
the  City  of  Chicago,  associate  editor  of  Power,  and  back 
of  this  he  has  had  many  years  of  practical  experience  in 
the  operating  steam  engineering  field,  both  stationary  and 
marine. 


Angus  Sinclair 


Angus  Sinclair,  D.  E.,  founder  and  for  the  last  32  years 
editor-in-chief  of  Railway  and  Locomotive  Engineering ,  died 
Jan.  1,  1919,  at  his  home  in  Millburn,  N.  J.  He  was  born 
at  Forfar,  Scotland,  began  his  railroad  career  as  a  tele- 
graph operator  and  learned  engineering  at  the  shops  of 
the  Scottish  Northeastern  Ry.  at  Arbroath.  After  some 
service  as  a  marine  engineer,  he  came  to  America  and 
again  took  up  railroading,  first  with  the  Erie,  and  later 
as  a  locomotive  engineer  on  the  Burlington,  Cedar  Rapids 
&  Northern.  He  attended  the  chemistry  classes  of  the  Iowa 
State  University  and  was  later  appointed  chemist  on  the 
railway,  combined  with  the  duties  of  roundhouse  foreman. 
It  was  during  this  period  that  he  first  gave  serious  atten- 
tion to  the  problem  of  fuel  economy  and  smoke  prevention. 
His  methods  met  with  considerable  opposition  at  first,  but 
are  now  universally  approved. 

In  1883  he  joined  the  editorial  staff  of  the  American 
Machinist  and  later  became  proprietor  and  editor  cf  Rail- 
way and  Locomotive  Engineering.  In  a  short  time  this 
paper  became  a  leading  authority  in  its  field  and  has  main- 
tained its  high  character  and  standing  ever  since.  Dr. 
Sinclair  was  the  author  of  many  popular  books  on  engi- 
neering subjects.  In  1908  he  received  the  honorary  degree 
of  Doctor  of  Engineering  from  Purdue  University.  He 
was  closely  identified  with  the  work  of  many  of  the  lead- 
ing engineering  societies  in  America  and  with  some  of  the 
same  kind  in  Europe.  He  was  elected  a  member  of  the 
American  Railway  Master  Mechanics  Association  in  1873. 
He   served  as  secretary  of  the  association   from   1887   to 
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1M)6,  was  oli'ctcd  treasurer  in  1900  iiiul  siTvod  continuouHly 
until  tlif  tinu"  of  lis  dcatli.  He  bocanif  a  tiicmbcr  of  tlu' 
MastiT  Car  Huildcr.s'  Association  in  lH7;i  and  tlio  Anicrican 
Society  of  Mt'chanical  Knjrincers  in  IHH.'t.  lie  was  the  first 
president  of  tlu-  New  Jersey  Automobile  and  Motor  Club. 
Ho  was  n  delegate  to  the  Interni^tional  Railway  (Jonjrrcss 
held  ut  Washington,  D.  C,  St.  Louis,  Mo.,  and  Berne, 
Switzerland.  . 

Amonjr  the  societies  which  he  aided  in  establishing  was 
the  Travelinj:  Knjrineers  Association,  foun<k'd  in  his  office 
in  1892.  He  was  a  Knight  Templar  in  the  .Masonic  fra- 
ternity, a  povernor  in  the  St.  .-Vndrew's  Society,  ex-president 
of  the  Burns  Society  and  also  of  the  St.  Andrew's  Society 
of  Newark,  besides  beinjr  a  member  of  the  .-Vmerican  Rail- 
way Guild,  Lawyers  Club,  New  York  Railroad  Club,  and 
numerous  other  railway,  Scottisli  and  other  societies. 


New  Eii«;Iaii(l  Fin'l  ( j-isis  EiuUmI  :   Mr. 
Storrow  Rosi«;iis  Post 

James  J.  Storrow  of  Boston.  Federal  Fuel  Administrator 
for  New  England,  has  offered  his  resignation  to  Dr.  Gar- 
field with  the  statement  that  both  hard  and  soft  coal  con- 
ditions are  now  satisfactory.  Mr.  Storrow  stated  in  an- 
nouncing: his  resijrnation  that  for  several  weeks  New  Enjr- 
land  has  been  well  stocked  with  soft  coal  and  needed  no 
further  attention  on  his  part.  The  domestic  hard  coal  sit- 
uation is  now  satisfactory  and  can  safely  be  left  to  the 
regular  trade  channels  to  carry  the  market  through  the 
balance  of  the  winter. 

From  Apr.  1  to  Dec.  1,  1918,  New  England  received  20,- 
187,670  tons  of  soft  coal  as  compared  with  16,469,866  tons 
in  the  corresponding  period  of  1917.  The  conservation  work 
is  estimated  to  have  saved  New  England  at  least  a  million 
tons  of  coal,  and  in  addition  a  large  increase  hns  been 
brought  in  in  the  steam  sizes  of  anthracite.  Mr.  Storrow 
said  that  counting  all  these  factors,  the  steam-coal  users 
of  New  England  are  33  per  cent,  better  off  this  year  than 
a  year  ago.  More  soft  coal  could  have  been  brought  in 
during  the  past  thirty  days  if  needed,  but  the  district  is  now 
thoroughly  supplied  and  from  now  on  will  need  considerably 
less  than  normal  current  shipments.  During  the  entire 
twelve  months  of  the  coal  year  which  ended  Apr.  1,  1917, 
the  last  practically  normal  year,  New  England  received 
9,893,000  net  tons  of  domestic  sizes  of  hard  coal.  During 
the  first  eight  months  of  the  present  coal  year  8,108,000 
tons  have  been  received.  As  a  result  of  this  large  increase 
in  the  movement  of  hard  coal  into  New  England,  aided 
by  the  mild  weather  and  the  cooperation  of  householders 
in  conserving  fuel,  domestic  users  can  now  look  forward 
without  fear  of  any  repetition  of  the  experience  of  a  year 
ago.     Mr.  Storrow  said: 

New  England  owes  a  debt  of  gratitude  to  Harry  A. 
Garfield,  a  man  of  high  moral  purpose,  eager  to  stand  fast 
for  the  right.  When  he  saw  that  New  England,  due  to 
the  long  distance  from  the  mines,  the  tremendous  war  pres- 
sure of  our  industries,  the  blockading  of  our  railroads,  the 
loss  of  our  tugs,  the  taking  of  our  colliers  and  the  difficul- 
ties of  winter  movement  along  the  coast,  must  be  given  an 
offsetting  consideration,  he  never  hesitated  to  go  to  the 
point  where  he  felt  the  equilibrium  cf  equal  justice  for  all 
sections  was  established.  Beyond  this  we  believe  we  never 
asked  him  to  go.  Beyond  this  his  character  made  it  im- 
possible for  him  to  go. 

At  the  very  worst  and  most  critical  day  of  last  winter's 
danger  and  distress  William  G.  McAdoo  was  appointed 
director  general  of  railways.  On  Sunday  afternoon,  at  his 
home,  within  forty-eight  hours  of  his  appointment,  he  gave 
us  effective  aid.  If  this  had  not  come  on  that  day,  New 
England  would  have  been  in  a  plight  which,  fortunately, 
no  one  but  the  New  England  fuel  administrator,  sitting  in 
his  office,  to  which  all  the  threads  from  all  New  England 
ran,  could  know,  and  which,  indeed,  we  think  New  England 
can  never  know  or  realize. 

The  local  fuel  committee  of  Massachusetts  has  performed 
a  signal  public  service.  The  work  has  been  anxious  and 
laborious.  Our  Massachusetts  cities  and  towns  were  face 
to  face  with  one  of  the  most  menacing  situations  ever  en- 
counterd  in  their  history.  I  believe  every  state  in  the  Union 
outside   of   Massachusetts  contented   itself  with   merely   a 


r :)unty  iidminifttrutor.  We  reached  down  into  every  town 
and  city,  wliere  a  hanlworking  chairman  and  nn  elficicnt 
rtiinniittee  have  done  their  eomrnunity  patriotic  Jjublie 
service  probal)ly  hut  little  understood,  but  without  which 
there  would  have  been  ^,'reat  anxiety  and  distresH.  If  the 
Massachusetts  adniinistral  ion  had  not  r<'sted  on  the  firm 
basis  provided  oy  these  'M2  chairmen  and  committees,  our 
efforts  would  have  been  largely  unavailing  and  (luite  inef. 
fective.  May  I  say  Hint  it  has  been  to  me  a  great  .satii- 
faction  and  pride  to  be  working  with  such  a  body  of  men? 
As  I  have  come  to  know  tlieni,  to  realize  the  unselfish  way 
in  which  they  h.-ive  assuiiie<l  their  hard  task,  how  they 
kept  their  heads  during  anxious  <lays,  what  sound  judge- 
ment they  have  over  and  over  displayed,  and  how  they 
have  commanded  the  res|)ect  and  confidence  of  their  com- 
munities, I  have  said  to  myself,  "These  men  are  the  pith 
and  sinew  of  New  England.  They  are  the  kind  of  men  who 
have  made  the  proud  and  successful  history  of  this  com- 
paratively bleak  and  sterile  little  corner  of  this  great 
country." 


Professor  Rateau  Honored 

Professor  Augusle  ('.  K.  Kateau,  inventor  of  the  Rateau 
turbine,  has  been  named  a  member  of  the  Academic  des 
Sciences.  The  recipient  of  this  well-deserved  honor  was 
born  in  1865.  He  was  authorized  by  the  French  govern- 
ment, at  the  age  of  18,  to  compete  for  admission  to  the 
fecole  Polytechnique  of  Paris.  This  authorization  was 
necessary  on  account  of  his  being  under  age  for  such  a 
competition.  He  was  admitted  and  left  the  school  after 
the  examination  carrying  the  number  "one."  This  honor 
is  held  very  high  in  France  and  is  very  dear  to  Professor 
Rateau.  From  this  school  were  graduated  Joffre,  Foch, 
Castelnau  and  Petain.  Professor  Rateau  then  went  to  the 
ficole  Superieure  des  Mines,  where  he  followed  the  post- 
graduate course,  and,  at  the  age  of  23,  was  named  pro- 
fessor of  higher  mathematics  at  the  6cole  des  Mines  at 
St.  Etienne.  Later  on  he  was  named  professor  in  the 
ficole  des  Mines  de  Paris,  where  he  held  in  succession  all 
the  chairs  referring  to  mathematics,  mechanics  and  elec- 
tricity. 

Some  twenty-five  years  ago  Professor  Rateau  completed 
tests  on  the  flow  of  steam  and  investigated  the  technical 
problems  involved  in  the  design  of  steam  turbines.  He 
patented  the  resulting  designs  and  placed  on  the  market 
the  type  of  steam  turbine  bearing  his  name.  This  type  of 
machine  has  been  adopted  partly  or  entirely  by  practically 
all  of  the  manufacturers  in  this  country  and  abroad. 

Rateau  was  the  first  to  realize  the  great  savings  to  be 
obtained  by  the  use  of  low-pressure  steam  in  turbines.  His 
inventions  and  designs  in  this  field  are  steam  regenerators, 
permitting  the  use  of  intermittent  exhaust  steam  from  re- 
versing engines  to  be  used  in  condensing  steam  turbines, 
mixed-pressure  turbines,  turbine  regulators,  etc.  There  are 
over  two  million  horsepower  of  steam  regenerators  in  this 
country  and  abroad,  and  over  three  million  horsepower  of 
mixed-pressure  turbines. 

The  work  of  Professor  Rateau  on  the  theory,  design  and 
operation  of  rotary  fans  and  pumps  is  well  knowti.  He 
was  the  first  to  develop  the  centrifugal  turbo-compressor. 
The  first  hundred-pound  compressor  was  built  by  him  in 
1889.  These  machines  have  since  come  into  general  use, 
many  being  used  in  steel  works  and  copper  works,  to  pro- 
duce the  blast  for  blast  furnaces,  converters,  smelters,  etc. 

In  naval  work  Professor  Rateau  has  done  a  great  deal, 
and  a  number  of  battleships,  destroyers,  torpedo  boats,  etc., 
are  equipped  with  his  machines.  In  this  country  three 
electrically  driven  tank  boats  of  the  Mexican  Petroleum 
Co.  are  equipped  with  Rateau  turbines.  Among  the  firms 
manufacturing  in  this  country  under  Rateau  licenses  are 
Westinghouse  Electric  and  Manufacturing  Co.,  General  Elec- 
tric Co.,  Ingersoll  Rand  Co.,  Ridgway  Dynamo  and  Engine 
Co.,  Southwark  Foundry  and  Machine  Co.  and  Terry  Tur- 
bine Co.;  in  Canada,  the  Dominion  Bridge  Co.;  in  England, 
Eraser  &  Chalmers  Co.,  British  Westinghouse  Co.  and 
Adamson  &  Son. 

In  airplane  work  Professor  Rateau  has  not  been  idle. 
He  has  studied  the  resistance  of  planes  in  the  air,  and  dur- 
ing the  war  designed  and  placed   in  .operation,  on  board 
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'airplanes,  an  apparatus  which  has  not  yet  been  disclosed  to 
the  public,  which  gave  new  possibilities  in  airplane  pro- 
pulsion. 

As  an  industrial,  Professor  Rateau  is  the  founder  of  the 
jSociete  Rateau  in  Paris,  havi..g  shops  in  France  and  Bel- 
gium. He  has  always  been  directly  connected  and  asso- 
ciated with  the  Rateau  Steam  Regenerator  Co.  and  the 
Rateau  Battu  Smoot  Co.  in  this  country. 


I  The  hydro-electric  works  at  Lake  Coleridge,  New  Zea- 
;land,  have  been  so  successful  that  not  only  is  the  Govern- 
ment convinced  by  their  success  of  the  practicability  of 
'developing  other  schemes,  but  the  general  public  is  pre- 
pared to  press   the  authorities  to   proceed   with   the   large 


program  which  has  been  drawn  up.  The  program  provides 
for  a  series  of  schemes  designed  to  supply  the  whole  of  the 
-•forth  Island  with  hydro-electric  power  from  three  sources, 
eventually  to  be  linked  together.  The  Chief  Electrical  Engi- 
neer to  the  Government,  in  a  report  on  the  possible  develop- 
ment of  hydro-electric  schemes  in  the  North  Island,  sug- 
gested the  utilization  of  waters  of  the  Mangahao  River,  the 
Waikato  River  and  Lake  Waikaremoana;  the  first  to  supply 
the  southeast  and  southwest,  the  second  the  center  and  north- 
west, and  the  third  the  northeast  of  the  North  Island.  It 
was  suggested  that  the  first  two  should  be  proceeded  with 
at  the  earliest  possible  moment,  and  that  the  third  should 
be  deferred  until  railway  communication  in  the  Hawkes 
Bay  and  Poverty  Bay  districts  had  been  improved. — The 
Engineer. 


New  Publications 


ELECTRICAL.  BLUE  BOOK— Published 
by  the  International  Trade  Press,  Inc., 
Chicago.  111.  1918.  Cloth,  9  x  12  in.; 
274  pages  ;  Illustrated.  Price.  $2. 
This  book,  which  has  become  so  well 
known  to  those  in  the  electrical  industry, 
is  now  published  in  its  eighth  edition.  The 
text  is  divided  into  seven  parts:  Catalog 
Exhibits  of  Electrical  Apparatus  and  Ma- 
terials ;  List  of  Underwriters'  Laboratories, 
Branch  Offices  and  Inspection  Stations  ;  List 
of  Inspected  Electrical  Apparatus  and  Ma- 
terial, as  examined  and  approved  by  the 
National  Board  of  Fire  Underwriters,  up 
to  Apr.  1,  1918;  The  National  Electrical 
Code.  Explained  and  Illustrated  ;  List  of 
Members  of  the  Electrical  Supply  Jobbers' 
Association ;  Directory  of  Electrical  Asso- 
ciations ;  and  Complete  Buyers'  Guide  of 
Electrical  Apparatus  and  Material.  The 
National  Electrical  Code  for  1918  is  pub- 
hshed  in  full,  with  explanatory  notes  and 
illustrations  showing  simple  and  practical 
methods  for  fulfilling  these  official  require- 
ments. The  Book  as  a  whole  is  a  compre- 
hensive source  of  practical  electrical  infor- 
mation as  well  as  a  buyers'  encyclopedia. 


yiiiiiiiiiiiiiniiiiiuitiiiiiiii 


Obituary 


John  E.  WUliftiiM,  formerly  fuel  admin- 
istrator for  Illinois,  and  widely  known  as 
an  arbitrator  in  industrial  disputes,  died  at 
his  home  in  Streator,  111.,  on  Jan.  2,  after 
an  illness  of  several  months.  In  addition 
to  his  duties  as  fuel  administrator,  he  was 
United  States  administrator  for  the  pack- 
ing industry  and  labor  arbitrator  for  Hart, 
Schaffner  &  Marx.  He  was  65  years  old. 
He  is  survived  only  by  his  widow. 


Personals 


Lieut.  Louis  O.  Monroe  has  returned  to 
the  Clarage  Pan  Co.,  Kalamazoo,  Mich., 
as  manager  of  sales  and  chief  engineer. 
Mr.  Monroe  was  in  charge  of  the  Chicago 
office  of  the  company  before  entering  the 
service. 

C.  W.  Bell,  formerly  assistant  chief  en- 
gineer, Hauto  Power  Station,  Lehigh  Navi- 
gation Electric  Co.,  is  now  superintendent 
of  power  plants,  Northumberland  County 
(Penn.)  Gas  and  Electric  Co.  and  the  Co- 
lumbia and  Montour   Electric   Co. 

W.  L.  Bigelow  is  now  Eastern  salesman 
for  the  Sanford  Riley  Stoker  Co.,  of  Wor- 
cester, Mass.,  and  the  Murphy  Iron  Works 
of  Detroit,  Mich,,  directing  sales  and  serv- 
ices of  the  Riley  underfeed  stoker  and  the 
Murphy  automatic  furnace,  with  offices  at 
1226  Woolworth  Building,   New   York  City. 


Engineering  Afifairs 


The  American  Society  of  Heating  and 
Ventilatine  Engineers  will  hold  its  annual 
meeting  in  New  York  City,  Jan.   28-30. 

The  Marine  Engineers'  Beneficial  Asso- 
ciation will  hold  its  annual  convention  at 
Buffalo,  N.  Y.,  during  the  week  beginning 
Jan.  20.  The  Hotel  Statler  is  the  head- 
quarters. 

The  American  Society  of  Mechanical  En- 
gineers  announces   that   the   following   sec- 


tions will  hold  meetings:  At  the  Engineers' 
Club,  Philadelphia,  Jan.  28 ;  at  the  Hotel 
Statler,  Buffalo,  N.  Y.,  Jan.  29. 


Business  Items 


Tlie  Vanadium-Alloys  Steel  Co.,  of  Pitts- 
burgh, Penn.,  has  leased  offices  and  ware- 
rooms  at  566-568  West  Randolph  St.,  Chi- 
cago, in  order  to  carry  a  larger  stock  to 
meet  the  growing  demands  of  customers  in 
this   territory. 

The  Penberthy  Injector  Co.  has  produced 
its  oni'-millionth  injector.  In  days  when 
the  talk  is  in  billions,  a  million  makes  little 
impression.  Yet.  it  is  one  thousand  thous- 
ands. Hence,  for  the  30  years  during  which 
the  Penberthy  company  has  been  manufac- 
turing injectors  the  average  production  was 
about  3000  per  month.  Something  like  6.- 
000.000  lb.  of  copper  was  melted  to  make 
them  and  they  would  feed  50,000,000  boiler 
horsepower.  The  Penberthy  company  be- 
gan to  make  injectors  in  1886  at  Detroit, 
Mich.,  in  a  one-room  plant  of  about  144 
sq.ft.  of  floor  space  and  equipped  with  one 
small  lathe.  "Today,  the  company's  plant 
covers  2J  acres  and  is  one  of  the  best- 
known  and  equipped  in  the  high-grade  brass 
specialty  field. 


Trade  Catalogs 


The    Hess-Bright    Manufacturing    Co.,    of 

Philadelphia^  has  issued  a  108-page  cata- 
log (Form  881)  entitled  "The  History  and 
Development  of  Ball  Bearings."  It  is  fully 
illustrated,  contains  numerous  tables  and 
much  useful   information. 

A.  S.  Cameron  Steam  Pump  Works,  11 
Broadway,  New  York,  have  issued  a  twelve 
(12)  page  bulletin  on  pumps  for  marine 
service.  This  bulletin  shows  sectional  and 
complete  views,  as  well  as  description  and 
tables,  that  will  be  of  service  to  anyone 
interested  in  the  subject  of  marine  pumps. 


New  Construction 


PROPOSED    WORK 

Conn.,  Bridgeport — The  city  plans  to 
build  Black  Rock  Intercepting  sewer  and 
laterals  and  an  auxiliary  pumping  station 
at  Harborview  Ave.  and  Oilman  St.  Esti- 
mated cost,  J160,000.  J.  A.  l.IcElroy,  City 
Engr. 

Mass..  New  Bedford — The  Whitman  Mills 
Corporation,  Coffin  Ave.,  plans  to  build  a 
1-story.  12  x  30  ft.  transformer  house.  Z. 
B.  Davis,  Corporation.  668  Acushnet  Ave., 
Arch. 

Conn.,  Hartford — S.  Z.  Pole,  24  Church 
St.,  New  Haven,  will  install  a  steam 
heating  system  in  the  3-story,  120  x 
158  theater  which  he  plans  to  build  on 
Main  St.  Total  estimated  cost,  $125,000. 
T.  W.  Lamb,  644  8th  Ave.,  New  York  City, 
Arch. 

N.  v.,  Cohoes — The  Board  of  Education 
will  install  a  steam  heating  system  in  the 
2-story  high  school  building  which  it  plans 
to  construct  in  the  spring.  Total  estimated 
cost  $210,000.  Tooker  &  Marsh.  101  Park 
Ave.,  New  York  City,  N.  Y.,  Engr. 

N.  Y.,  Fulton — The  Oswego  Falls  Pulp 
&  Paper  Co.  plans  to  install  a  heating  and 
ventilating  system  in  Its  plant.  Estimated 
cost.  $40,000.  Elmer  E.  Palmer.  Snow 
Bldg.,  Syracuse,   Consultg.  E^ngr. 


V.  Y.,  Ithaca — The  Ithaca  Traction  Co., 
113  East  State  St.,  plans  to  rebuild  its 
power  house  recently  distroyed  by  fire, 
entailing  a   loss  of  $75,000. 

N.  Y.,  Little  Falls — H.  P.  Snyder  Manu- 
facturing Co.  plans  to  remodel  its  heating, 
ventilating  and  power  plant.  Estimated 
cost,  $10,000.  Elmer  E.  Paimer,  Snow 
Bldg.,    Syracuse,    Consultg.    Engr. 

N.  Y.,  Long  Island  <'ity--The  White  Co., 
Park  Ave.  and  57th  St.,  New  York  City, 
will  install  a  steam  heating  system  m  the 
IJ-story,  200  x  600  ft.  factory  building 
which  it  plans  to  construct  on  Thompson, 
Nott.  Mound  and  School  St.  Total  esti- 
mated cost,  $500,000.  Watson  Engineering 
Co.,  1101  Hippodrome  Bldg.,  Cleveland, 
Ohio,   Engr. 

N.  Y.,  Rockaway — The  Bureau  of  Yards 
&  Docks,  Navy  Department.  Washington, 
D.  C,  will  receive  bids  until  January  20, 
for  the  construction  of  a  heating  plant  in 
the  Navy  Yard  here.     C.   W.   Parks.   Chief. 

N.  Y.,  South  Colton — Tlie  Aluminum  Co. 
of  America,  Oliver  Bldg.,  Pittsburgh,  Penn., 
has  purchased  flowage  rights  and  site  at 
Three  Palls  Power,  just  above  here  and 
plans  development. 

N.  Y.,  atark — The  Aluminum  Co.  of 
America,  Oliver  Bldg.,  Pittsburgh,  Penn., 
plans  to  develop  the  power  on  the  Racquette 
River. 

N.  Y.,  Utica — The  State  Hospital  Com- 
mission, Capitol,  Albany,  will  soon  receive 
bids  for  installing  boilers,  piping,  etc.,  in 
the  Utlca  State  Hospital.  Estimated  cost, 
$75,000. 

N.  J.,  Asbury  Park — The  First  Methodist 
Episcopal  Congregation  plans  to  install  a 
steam  heating  system  in  the  2-story,  70  x 
190  ft.  church  which  it  plans  to  build. 
Total  estimated  cost,  $150,000.  Lucian  E. 
Smith,  2  West  47th  St.,  New  York  City, 
N.  Y.,  Arch. 

Md„  New  Windsor — The  B.  F.  Shriver 
Co.  is  having  plans  prepared  by  J.  P.  Roy- 
stone  Engineering  Co.,  Times  Bldg.,  West- 
minister, for  the  construction  of  power 
house  and  canning  factory. 

Ga.,  Atlanta — R.  C.  Turner,  City  Electri- 
cian, recommended  that  city  build  an  elec- 
tric plant  for  the  purpose  of  utilizing  the 
steam  which  is  going  to  waste  at  the  crema- 
tory. Estimated  cost,  $70,000.  H.  L.  Col- 
lier,  City   Engr. 

Tenn.,  Bristol — A.  L.  Womack  &  Co. 
plans  to  build  a  refrigerating  plant  in  con- 
nection with  the  poultry  plant  which  it 
plans  to  construct. 

Tenn.,  Memphis — The  City  Commission 
will  soon  award  the  contract  for  the  in- 
stallation of  a  heating  plant  at  the  North 
Memphis  pumping  station. 

Ohio,  Ashtabula  —  The  city  plans  to 
double  the  capacity  of  its  lighting  plant. 
Plans  include  the  installation  of  another 
1000  h.p.  boiler  as  well  as  some  minor 
equipment. 

Ohio,  Sulphur  Springs — The  Central  Pow- 
er Co.,  Canton,  plans  to  extend  its  mains 
from  the  line  north  of  Sulphur  Springs 
where  the  new  main  will  cut  across  from 
New  Washington  to  Crestline,  into  the  city 
to  serve  the  people.  F.  H.  Qoldlng,  Canton, 
Gen.  Mgr. 

Ind.,  Richmond — The  Board  of  PubUo 
Works.  City  Hall,  plans  to  improve  the 
hydroelectric  light  plant.  D.  B.  Davis, 
City  Engr. 

Mich.,  Ford  (Wyandotte  P.  O.) — The  vil- 
lage Is  in  the  market  for  an  8-in.  pump 
having  a  capacity  of  4000  gallons  per 
minute,  driven  by  a  25  hp.  gasoline  en- 
gine   as    auxiliary,    to    be    installed    in    the 
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!n'xv«>r:im<  puniplnic  nlntlon.  ^f.  L.  TJrown  & 
Sun.  S'.M  ('linintwr  of  t'oiiimcrcc  nidir.,  Uo- 
nolt.    Knitr. 

Mlrh.,  (Irnnil  KapliU — Tin-  l>otnliilran 
Slitlera  pliui  to  IiihIiiII  a  Htcniii  hnillnic 
|>lniit  In  tho  4-Hturv  convrnl  which  thry 
pliin  to  build.  Toliil  ■•Htliimliil  cost,  lafiO,- 
iiiiO.  K.  Hrl<<in\uli'r  ^t  Soiih.  Ill  MnHoii  St.. 
Mllwnukrr.    WIh  .   Anh. 

lU..  rhir«Bo— Tho  K.rohcr  IIoti>l  &  Biilh 
Co..  BOG  .South  Wiiliawh  Av<- .  )ihini<  to  In- 
dlail  11  hlcli  iiri'SMuri"  Kleiim  hcalliiK  nystenj 
In  the  U'-Mtoiv,  80  X  ITii  ft.  hoti'l  which  II 
pliins  to  iMilld  lit  4  14  South  Wabash  Ave 
Tolnl  cstlniatcil  cost  will  run  over  ll.diio.- 
000.  Waller  W  AhlsohluBcr.  133  WosI 
WashluKton  St.,  Arch. 

III..  ."^prhiKOrld— Tho  city  votod  a  IfiO.- 
000  bond  Issue  for  tho  construction  of  a 
liKhtlnR  eystem  In  tho  business  centre  and 
(lo\M\  town  section.  Wade  Seeloy,  City  lOnsT. 

WIm..  Mllwnukro — The  Robert  A  .Johns- 
ton Co..  :;70  Kloriila  .\ve..  plan.s  to  Install  a 
steam  heatInK  system  in  the  7-story.  135  x 
310  ft.  candv  anil  biscuit  factory  which  It 
will  build  oil  National  Ave.  and  34th  St 
Plans  Include  the  construction  of  a  power 
house.  Total  estimated  cost.  J500.000.  H. 
J.   Ksser.   40i  Camp  Bldp..  Arch. 

Wlii,.  Oconto  Fall* — Frank  P.  Becker 
and  C.  H,  Hartle.v  plan  to  build  a  hydro- 
electric plant  and  dam  between  Oconto 
Falls  and  Uillett.  Mead  &  Seastone.  Madi- 
son, Kngr. 

Wis..  Prairie  Du  Chlen — The  Mid-Con- 
tinental Utilities  has  applied  to  the  City 
Council  for  a  franchise  to  build  trans- 
mission line  from  the  city  limits  to  the 
power  plant.     C.  Grelle.  Pres. 

Minn.,  HIbbine — The  villaRC  plans  to 
build  an  electric  lipht  and  power  plant. 
Kstim.ited  cost.  $500,000.  Charles  Foster, 
MgT. 

S.  D.,  Brrefiford — C.  H.  Green  has  ap- 
plied to  the  City  Council  for  a  franchise  to 
build   an   electric    light   plant. 

S.  D.  Burke — The  city  voted  a  bond  issue 
for  the  construction  of  an  electric  light 
plant. 

Wye,  Sheridan — The  Sheridan  County 
Electric  Power  Co..  controlled  by  the  Fed- 
eral Light  &  Traction  Co.,  plans  to  im- 
prove  its   local  plant.      Judson    Hibbs,   Mgr. 

Mo.,  Kansas  Cit.v — Swift  &  Co.,  Union 
Stock  Yards.  Chicago,  III.,  will  soon  award 
the  contract  for  the  construction  of  a  3- 
story,  75  x  100  ft.  addition  to  its  boiler 
house  on  Adams  and  Btrger  St.  S.  A. 
Middaugh.   Purchasing  Agent. 

Mo.,  Macon — Frank  L.  Wilcox,  Engr., 
Syndicate  Trade  BIdg.,  St.  Louis,  made 
examinations  and  submitted  report  to  the 
City  Council  recommending  the  following 
improvements  to  the  electric  light  plant : 
The  installation  of  unaflow  engine.  125  lbs. 
steam  pressure,  26  vacuum,  164  r.p.m.,  di- 
rect connected  to  350-400  k.v.a.  generator 
with  belted  exciter.  $27,500  ;  above  unit  de- 
livered and  erected  complete,  including 
foundation,  piping  connections  and  elec- 
trical connections,  the  said  piping  con- 
nections to  include  steam  and  exhaust 
pipe,  suction  and  discharge  piping  for 
condenser  with  atmospheric  exhaust  stack. 
automatic  relief  valve,  exhaust  head,  steam 
separator,  trap  and  oil  separator  with  nec- 
cessary  valves  and  fittings.  $35,000;  sur- 
face condenser  for  250-400  k.v.a.  unit  with 
combination  circulating  and  vacuum  pump, 
including  spray  system,  cast  iron  piping 
and  connections  for  same,  delivered  and 
erected  ready  for.  but  not  including  steam 
exhaust,  suction  and  discharge  piping 
(same  being  included  in  above  $35,000 
item)  $6,350  ;  combination  exciter  and  vol- 
tage regulator  panel.  $750  ;  concrete  spray 
pond  60  X  80.  120  cuyds.  Reinforced  con- 
crete at  $21.  $2,520  :  other  incidentals  bring- 
mg  total  cost  to   $55,000. 

Mo.,  Richmond — The  City  Council  plans 
to  install  2  new  boilers  and  other  ma- 
chinery in  the  water-works. 

Mo..  St.  I.ouis — The  Hussmann  Refrig- 
erator Co..  911  Xorth  Broadway,  will  in- 
stall steam  heating  plant,  sprinkler  sys- 
tem and  electric  motors  in  the  1-story.  130 
X  200  ft.  factory  which  it  plans  to  build 
on  Leffingwell  Ave.  and  North  Market  St 
Total    estimated    cost.    $50,000. 

Tex.,  Cisco — The  Cisco  Gas  &  Electric 
Co.  plans  to  remodel  its  plant  and  build 
power  and  ice  plants. 

Tex..  Mr.MIen — The  Rio  Grande  Public 
Service  Corporation  plans  to  improve  and 
enlarge  the  electric  light  plant,  water  sys- 
tem, and  ice  plant.  Plans  include  the  in- 
stallation of  machinery  which  will  more 
than   double  the  present  capacity. 

Okla.,  Covington  —  The  city  plans  an 
election  to  vote  on  a  $40,000  bond  issue  for 
the  installation  of  an  electric  plant,  water- 
works and  sewerage  system.  Address  the 
Mayor. 


C'lili..,  Itrnvrr — Tho  fit  Ins  aon'leo  Co..  O" 
Wall  SI  .  Now  York  «"ltv.  N  Y.,  Huh  pur 
chiiHliiK  Ihi'  ronlriillInK  Int.  rent  In  the  \V<  nI 
i>rii  I.IkIiI  Ac  I'ower  <'i>  iin<l  phitiH  liii 
priivoinontH  iCijuliiMii-iit  to  rimt  )l.'jr>0  (imi 
will  b.'  Iimtallod  III  Huiiio  Kriink  W.  I-Yu- 
cauff.    New    York,    Vico  I'reM. 

I'luh,  (iKilen — The  city  pInnH  to  build  ii 
power  and  IlKhl  p'linl  ICHllmutod  cost, 
iriO.iKMi.      J.    M.   Tracy.   City    lOngr. 

I'ul.,  Calexloo — Tho  City  TrUMtoi-s  lilan 
to   build   nil    ebvlrlc-llKht   and   power   plant. 

Uiio.,  Voriliiii — .1  V  lUipiilH,  r>;rj  Cliureh 
St..   IS   In   the  iiiarkei    for  a  sawmill   with  60 

to    70    h  p,    ellKllli'. 

On»..  AlvlnHtoii  —  Tho  Uydroiloitrlc 
CoiiiinlHslon  of  Ontario,  I'nlverMlty  Ave, 
Toroiilo.  plans  to  remodel  the  electric  ll({hl 
plant  here.  Ksllmated  cost,  $40,000.  F. 
A    Gaby.    lOngr. 

Ont..  GiHlerlrh — The  National  Shipbuild- 
ing Co.  Is  In  tho  market  for  .i  6  ft  radial 
drill  for  boiler  shop;  l.ithe  to  lake  In  12  ft 
between  cinters  ;  air  hoists  10  In.  cylinder, 
4  ft.  lift  with  trolley;  verlle:il  air  receiver. 
44  In.  Inside  diameter  by   14  ft.  high. 

Ont.,  Owen  Sound — The  North  American 
Bent  Chair  Co.  Is  in  tho  market  for  several 
electric  motors. 

Ont.,  Smith  Fall*  —  The  Hydroelectric 
Power  Commission  plans  to  install  two 
1000  imperial  gallon  centrifugal  pumps  and 
one  800  imperial  gallon  boo.ster  pump  for 
the  watLT  system,  both  to  be  electrically 
driven  by  hydro  power. 

B.  C,  New  WpstminlNtrr — The  New 
\Vestminister  Co-Operative  Association 
plans  to  build  a  cold-storage  plant.  ICsti- 
mated  cost.   $70,000. 

B,  v.,  Vancouver— The  Pacific'  Great 
Eastern  Railway  Co.  plans  to  develop  elec- 
tric power  along  its  line  in  the  province. 
George  L.  Courtney.  Gen.  Mgr. 

CONTRACTS     AWARDKU 

Vt.,  Bellows  Fulls — The  Bellows  Falls 
Power  Co..  c/o  Charles  Harriman,  Inc.,  50 
Congress  St.,  Boston,  Mass..  has  awarded 
the  contract  for  the  construction  of  a 
hydroelectrc  plant  on  Bridge  St.,  to  the 
Power  Construction  Co.,  35  Harvard  St.. 
AVorcester.  Mass. 

Mass.,  Chatham — The  Bureau  of  Yard? 
&  nocks.  Navy  Department.  Washington. 
D.  C.  has  awarded  the  contract  for  the  con- 
struction of  a  boiler  house,  heating  system, 
etc.,    here,    to    Coleman    Bros.,    Chelsea. 

N.  Y.,  Thiells  —  L.  F.  Pilcher.  State 
Architect,  has  awarded  the  contract  for 
installing  a  heating  plant  in  the  attendants 
home  and  service  building,  at  Letchworth 
Village,  to  Miller-Gradv,  210  East  38th 
St.,  New  York  City.  $4477;  electric  work, 
to  the  W'.  H.  Strant  Co.,  14  New  Main  St., 
Haverstraw,   $2000. 

N.  J..  North  Bergen — The  Board  of  Edu- 
cation has  awarded  the  contract  for  install- 
ing a  heating  and  ventilating  system  in 
P.  S.  No.  7.  to  Edward  Beck,  716  Bergen- 
line  Ave.,  West  New  York.  Estimated  cost, 
$8148. 

Penn.,  PottsvUle — Bernard  Schmidt.  13th 
and  Walnut  St..  has  awarded  the  contract 
for  the  construction  of  a  1-story.  134  x 
134  ft.  bakery  to  include  a  boiler  house, 
to  E.  N.  Lebo,  1922  Berrvhill  St..  Harris- 
burg.      Estimated  cost.    $30,000. 

Wis.,  :Maiiitowoc — The  Burger  Boat  Co. 
has  awarded  the  contract  for  installing 
motor  and  power  transmission  equipment, 
including  a  185  h.p.  motor,  to  the  L.  J. 
Anderson  Electric  Co. 

Mo..  St.  .loseph — Swift  &  Co..  Union  Stock 
Yards.  Chicago.  111.,  has  awarded  the  con- 
tract for  the  construction  of  a  3-story,  51 
X  52  ft.  addition  to  its  power  house,  to 
the  Lehr  Construction  Co.,  1712  Frederick 
Ave.      Estimated  cost,   $40,000. 

Cal.,  Afartinez — The  city  received  lowest 
bid  for  furnishing  pumping  and  electrical 
etiuipment  for  the  water-system,  from  Fair- 
banks-Morse Co.,  651  Mission  St.  San  Fran- 
cisco, at  $6015. 

Cal.,  San  Pedro — The  Union  Ice  Co..  660 
South  .A.lameda  St.,  Los  Angeles,  has  award- 
ed the  contract  for  the  construction  of  a 
1-story,  50  x  100  ft.  cold  storage  and  ice 
making  plant  on  Mesa  Ave.,  to  C.  M.  Grav 
&  Sons,  2650  Santa  Fe  Ave.  Estimated 
cost,    including   equipment,    $30,000. 

Que.,  Temiskaming — The  Kippewa  Fibre 
Co.  has  awarded  the  contract  for  the  con- 
struction of  twenty  l-.^tory.  concrete  build- 
ings to  be  used  as  sulphite  paper  mills,  to 
George  A.  Fuller  Co..  45  St.  Alexander  St., 
Montreal.  A  steam  htating  system  will 
be  installed  in  same.  Total  estimated  cost, 
S3. 000. 000. 

B.  C,  Vanconver — The  Foundation  Co.. 
Ltd;,  has  awarded  the  contract  for  furnish- 
ing marine  boilers,  to  the  Vulcan  Iron 
Works.  Granville  Island.  Estimated  cost, 
51.000.000. 


I     TIIK    COAL    MARKKT 

llualiin — Current  guulatluMs  |irr  uruaii  (uii  f  o  b 
niiiiel    uro    an    (ullow« 

.\STimACITE 

Cinuliir  Cir'-luUi 

Current  Ciirraiil 

Uuekwhonl    ...    >:!  41)  Holler    fiW 

itico    •;  1(0  Hurley     Z.il 

Allruil  ruto  (o  Iio«toii  is  t'i.80 

HITI  MINOU8 
Bilunilnous.  •»  to  SH  76. 
Pocahontas  and  New  lllver,  f.o.b.  BorUm 

»M..I,-)    to   Jh  1)0. 

Nmv  \orU — Curiiiil  (luoluliuii*  per  Erosi  tOB 
fob  Tidewater  ul  the  lower  ports*  ara  m  fat 
lows: 

Clr-       Indi  Cir-      Indk 

eular  vi.lual  eular  vldoil 

Pea    ...  .SO. ■'>■''>  »7.:)0  broken     .J7H0  f k  M 

Huck.      ..    0  10      .->  1)U  KUK    ....    7.70      HIS 

Kiec    ....    4(1.1      5  10  Slove    ...    7  0.'',      h  70 

iiarley      .    4.15      4.30  Chestnut.    «,0o      «  Mt 

UlTUMINOl  S 

Current  <i  iiot.il  Ions,  cross  tons,  based  on  Got- 
urnment  prices  at  the  niiiies.  net  ton;  fob., 
Tittewaler.    at    the    lower   ports,    are    as    followt: 

Mine  FOn    N.T. 
Central     Pennsylvania              Gross  Gross 

(Mine      run.      Prepared      or 

Slack)     f3.30  S5  46 

Upper  Potomac.   Cumberland 
&  Piedmont  Fields: 

Run    of    Mine 3.08  6.23 

I'repared      3.36  6.51 

Slack      2.80  4.B6 

Quotations  at  the  upper  ports  for  both  bl- 
tuminuus  and  anthracite  are  5e  higher  on  ac- 
•  ounl  of  the  difference  in  freieht  rates,  and  an 
exclusive  of  the  3  7o   war  freight  tax 

•The  lower  iiorta  are:  Elizabethport.  Port  John 
son.  Port  Readme  Perth  Aniboy  and  South  Am 
hoy.  The  upuer  ports  are:  Port  Liberty.  Hol>o 
ken.  Weehawken.  Edgewaler  or  Cliffside  and  Gut 
teiibert.  St  George  is  in  between  and  sometime! 
a  special  boat  rate  is  made.  Some  bituminout 
IS  shipped  from  Port  Liberty.  The  rate  to  th« 
upper  ports  is  5c.  higher  than  to  the  lower  porlii 

Philadelphia — Prices  per  cross  ton  f.o.b.  cars 
at  mines  for  line  shipment  and  fob.  Port  Rich 
mond  for  tide  shipment  are  as  follows: 

. Line > , Tide . 

Cur  One  Yr.  Cur  One  Vr 

rent          Ago  rent          Ago 

Pea     $4.80  $3.40  »6.05  $4.30 

Barley    2.40          1.90  3.30  2  15 

Ituckwheat          3.40           'i.ao  4.45  3  60 

Rice     2.90          2.40  3.80  3.40 

Boiler     2.70          2.20  3.70  3.30 

Chicago — Steam  coal  prices  f.o.b.  mines: 
Illinois  Coals    Southern  Illinois  Northern  Illinois 
Prepared    sizes..  .$2.55 — 2.70  $3.25 — 3.40 

Mine-run     2.35 — 2.50  3.00 — 3.15 

Screenings     2.05 — 2.20  2.75 — 2.90 

Birmingham — Current  prices  per  net  ton  f.o.b. 

mines  are  as  follows: 

Pre-  Slack  or 
Mine-  pared  Screen- 
Run     Sizes        ings 

Big  Seam.  Mary  Lee,  New 
Castle.  Blue  Creek.  Brook- 
dale.  Milldale.  Henry  Ellen 
or   Acmar     $2.46   $2.75      $2.40 

Cahaba.  Black  Creek.  Mill- 
dale.  Carter  and  Durie 
seams,  and  Underwood 
seam  iu  Etowah  and 
Blount  Counties.  Jefferson 
seam  in  Marion  Walker 
and  Winston  Counties.  ...    3.46     3.76        3.10 

Pratt.  Brookwood.  Nickel 
Plate.  America.  Jagger. 
Coal  City.  Jefferson  (ex- 
cept in  Walker.  Marion 
and  Winston  Counties). 
Mt.  Carmel  seam  or  upper 
branch  of  Big  Seam  on 
Birmingham  Mineral  south 
of   Bessemer    2.85     3.05        2.46 

Helena  and  Harkness  seams 
and  coal  mined  by  No.  2 
Belle  Helen,  and  Young- 
blood    seam     2.90      3.20        2.70 

Climax  seam  near  Maylene. 

St.    Louis — Prices    per    net    ton    bituminous    coal 
fob.    mine   today   as  compared   with 
a  year  ago  are  as  follows: 
Williamson  and 
Franklin  Coun- 
ties. Mt.  Ohve 
and  Staunton     Standard 
Prepared     sizes     ( lump. 

egg.    nut,   etc.) $2.55@2.75   $2.40(82.70 

Mine-run 2.35@2.50      2.20@2  30 

Screenings     2.17(g2.32      1.50'?1.50 

Wiliiamsr^n-Frankliprate  to  St.  Louis  is  $1.10 
other  rates  p.  95. 
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No  steam-plant  owner  would   permit  his  Yet  there  are  many  who  view  this  state 

money  to  be  burned  up  in  this  fashion—  of  affairs  with  complacency. 
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25,000-KW 

By- 


A  MOST  interesting  and  difficult  piece  of  work  that  operation  was  so  satisfactory,  that  it  provided  a  stin- 

reo.uired  .turning  the  generator  to  a  vertical  po-  ulus  that  led  American  manufacturers  to  design   ma- 

sition  to  receive  the  new  laminations  was  greatly  chines  that  now  surpass  the  record  of  this  unit, 

complicated  by  the  fact  that  the  machine,  who.^e  total  Continued  operation   brought   out  the   fact  that   the 

weight  exceeds  200  tons,  had  to  be  up-ended  within  the  turbine  had  capacity  in  excess  of  rating,  the  indications 


space  of  its  own  foundation, 
which  necessitated  raising  it  a 
distance  of  4V  ft.  before  turn- 
ing  it. 

Readers  of  Power  will  re- 
member that  early  i".  1914  the 
English  Parsons  unit  for'  the 
Commonwealth  Edison  Co.,  of 
Chicago,  was  put  into  commis- 
sion in  Fisk  Street  Station.  At 
the  time  the  unit  created 
marked  interest  for  two  reasons 
— the  generator  was  the  largest 
that  had  been  built,  and  the 
steam-rate  guarantee  was  the 
lowest  ever  offered.  It  was 
rated  at  25,000  kw.  and  at  four- 
fifths  load  was  designed  to  de- 
liver a  kilowatt-hour  on  11.25 
lb.  of  steam,  based  on  steam 
conditions  of  200-lb.  gage  and 
200  deg.-  F.  superheat  at  the 
throttle,  and  an  absolute  back 
pressure  equivalent  to  1  in.  of 
mercury.  In  practice  the  tur- 
bine is  reported  to  have  bet- 
tered   the    guarantee,    and    its 


"lO.    1.      A-FR.\ME   PEDESTAL  AXD   TRUXXION 
BOLTED  TO  SHELL  OF  GENERATOR 


being  that  it  was  capable  of 
developing  30,000  kw.  The  ur- 
gent necessity  for  additional 
generating  capacity  and  of  a 
higher  efficiency  than  that  to 
be  obtained  from  the  older  gen- 
erators in  the  station  made  it 
advisable  to  utilize  the  full 
power  cf  the  turbine  by  provid- 
ing it  with  a  larger  and  more 
efficient  generator.  Whether  to 
install  a  new  30,000-kw.  gen- 
erator or  to  rewind  the  older 
one  for  that  capacity  was  an 
interesting  problem,  which  was 
finally  decided  in  favor  of  the 
latter  alternative.  The  two 
prim.e  factors  affecting  the  de- 
ciricn  were  time  and  cost.  With 
the  electrical  industries  crowded 
with  war  work  and  transporta- 
tion f  a  c  i  1  i  t  i  e  overloaded, 
prompt  delivery  of  a  new  ma- 
chine could  not  be  expected. 
Current  quotations  for  a  gen- 
erator of  this  sizo  were  nearly 
double  those   of   1914.   so   that 
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Fig.  2 — Tur 
clamping  ring 
time.     Fig.   6 


K,0«.  2  TO   7      VlV,WS  OF,HOW  MACHINE  WAS  H'^^DLKD   WHi^N  BE  NO  RF^UU^^        laminations  and 
ning  armature  to  vertical  ■position.  Jig    S-Ar-a^^^^  „„,,are    one    side    at   a 

^arn°g%hr^o'fgh*lrrtre^tt'°e°n'^tfa.'"be^a'^rg  T  ^^nit^^^Fig.   T-Armature  winding,  n,  place. 
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here  niso  it  wns  estimated  that  the  navantnpe  lay  in 
favor  of  revanipinjr  tlie  old  nuuhino,  and  as  a  matter 
of  fact  the  cost  per  i<il()\vatt  of  increased  capacity  proved 
to  be  less  than  the  unit  price  for  a  new  machine. 

To  rebuild  a  penerator  of  this  size  with  the  facilities 
available  in  the  plant  proved  to  be  a  very  interestinff 
task,  but  also  a  dillicult  one.  The  contract  was  accepted 
by  the  General  Electric  Co.,  with  the  stipulation  that 
the  handling  and  placing  of  the  machine  was  to  be  done 
by  the  Commonwealth  Edison  Co.  The  method  of  pro- 
cedure was  suggested  by  the  engineers  of  the  General 
Electric  Co.  and  was  worked  out  by  the  engineering  de- 
partment of  the  operating  company,  who  designed  the 
handling  rig  and  arranged  for  providing  the  necessary 
equipment.  The  execution  of  the  work  was  carried  out 
under  the  supervision  of  this  department,  and  the  Gen- 
eral Electric  Co.  supplied  the  necessary  men  familiar 
with  this  class  of  work. 


the  armature  windings  and  the  laminations.  The  head- 
piece shows  the  general  outline  of  the  laminations  and 
the  openings  in  them  for  ventilation  and  gives  sonu;  in< 
dication  of  the  immense  number  that  had  to  be  handled. 
The  total  weight  of  these  stampings  was  over  58  toin, 
and  in  addition  to  them  eight  ton^  of  copper  and  two 
tons  of  brass  were  also  removed. 

As  the  initial  step  in  the  reconstruction  work  the  top 
part  of  the  armature  casting  was  refitted  to  the  bottom 
half  of  the  frame  and  secured  by  dowel  pins  and  addt 
tional  bolts.    A  cast-steel  ring  on  each  end,  secured 
the  frame  by  twenty-eight  2*-in.  bolts,  served  to  bim 
the  two  halves  more  firmly  and  hold  the  new  laminatio: 
in  position.     To  place  and  secure  the  latter,  new  dove^ 
tail   strips   on   the   inner  surface   of  the   frame  were 
essential. 

Before  the  new  iron  could  be  stacked  in  the  arma- 
ture, it  was  necessary  to  turn  the  frame  on  end,  and 


f>:^'^ 


PIGS.   8   TO    11.      DIFFERENT   OPERATIONS   IN   THE   REASSEMBLING  OF  THE  ALTERNATOR 
Fig.  8 — Moving  field  into  armature.     Fig.   9 — Field   in  poFition.   machine  ready  to  lower.    Fig.  10 — Oil  jacks  supporting  armature. 

Fig.  11 — Generator  lowered  on  its  foundation 


As  is  common  with  large  units,  the  generator  is  of  the 
revolving-field  tji^e.  It  was  originally  a  three-phase  25- 
cycle  4500-volt  machine  delivering  through  auto-trans- 
formers to  a  9000-volt  bus.  The  armature  was  of  the 
closed-slot  type  and  the  frame  was  split  on  the  hori- 
zontal diameter.  The  new  design  called  for  a  9000-volt 
generator  delivering  directly  to  the  bus,  for  a  frame  in 
one  piece,  open  armature  slots  and  a  different  arrange- 
ment of  ventilating  ducts.  A  noteworthy  feature  is 
that  the  General  Electric  Co.'s  engineers  were  able  to 
so  design  the  rebuilding  of  the  armature  that,  the  re- 
volving field  required  no  remodeling,  and  the  direct- 
connected  exciter  required  only  to  have  its  field  re- 
wound. 

To  rebuild  the  armature  it  was  necessary  to  take  off 
the  top  half  of  the  frame,  remove  the  field  and  tear  out 


owing  to  limitations  in  floor  space  this  had  to  be  done 
on  the  generator's  own  foundation.  The  shape  of  the 
casting  was  such  thst,  to  obtain  clearance  for  turning 
it,  the  frame  had  to  be  raised  4J  ft.  above  the  foun- 
dation. 

The  turbine  room  is  equipped  with  two  traveling 
cranes,  one  rated  at  50  tons  and  the  other  at  60  tons; 
of  these  only  one  could  be  brought  into  play  during  the 
greater  part  of  the  work.  The  weight  of  the  armature 
with  the  new  laminations  in  place  was  estimated  at  132 
tons  and  it  was  therefore  necessary  to  provide  a  special 
rig  on  which  to  turn  the  frame  from  the  horizontal  to 
the  vertical  position  and  back  again.  This  consisted  of 
two  double-A-frame  pedestals,  one  of  which  is  clearly 
shown  in  Fig.  1,  the  other  being  in  position  at  the  oppo- 
site side  of  the  generator.    The  vertical  legs  were  pro- 
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ided  with  holes  at  various  distances  above  the  base  for 

,  4-in.  steel  pin  to  carry  a  bearing  block  through  which 

n  turn  passed  the  journal  of  a  cast-steel  trunnion  that 

kad  been  bolted  to  the  frame  of  the  machine.     At  the 

Joor  level  these  pedestals  were  bolted  to  cast-iron  brack- 

[ts  rigidly  secured  to   the  cast-iron  foundation  of  the 

I  generator.     The  pedestals  and  the  supporting  brackets 

fjveighed  16  tons,  and  the  trunnions  one  ton  each.     The 

'latter  were  secured  to  the  frame  by  22  two-inch  steel 

>  bolts,  and  back  of  them  inside  of  the  frame  were  placed 

i|-cinforcing  plates  to  distribute  the  strain  as  much  as 

■bossible.    The  metal  of  the  legs  through  which  the  pins 

Ijassed  was  3  in.  thick.     To  insure  a  fair  bearing  for 

he  immense  weight  to  be  supported  the  holes  were  care- 

'ully  ground. 

When  the  empty  shell  of  the  generator,  weighing  62 
ons.  was  ready  to  be  turned,  it  was  raised  to  an  eleva- 
ion  of  4  ft.  6  in.  above  the  floor  by  the  60-ton  crane. 
The  supporting  pins  were  then  inseited  in  the  pedestals 
under  the  bearing  blocks,  and  the  frame  was  turned  on 
the  trunnions  to  a  vertical  position  by  means  of  one  of 
the  cranes,  which  had  been  hitched  to  the  bottom  of  the 
asting,  as  shown  in  Fig.  2.  As  indicated  in  Fig.  4, 
it  was  then  held  in  this  position  by  heavy  timbering  and 
lilocking.  The  new  laminations  were  placed  and  pressed 
into  position  in  the  usual  manner.  Including  the  spac- 
ino:  blocks,  bolts,  ?tc.,  the  new  iron  added  70  tons  to 
the  weight  of  the  frame,  making  a  total  weight  of  132 
tons  to  be  supported  by  the  pedestals.  Later  the  arma- 
ture windings,  consisting  of  96  coils,  which  were  placed 
when  the  armature  was  turned  back  to  the  horizontal 
position,  added  another  6^  tons,  so  that  the  total  weight 
of  the  armature  exceeded  188  tons. 

Lowering  the  Frame  One  Side  at  a  Time 

When  the  stampings  were  in  place,  the  frame  was 
again  turned  on  the  trunnions  until  it  once  more  oc- 
cupied a  horizontal  position,  the  crane  being  used  for 
this  operation,  as  showm  in  Fig.  3.  As  its  weight  was 
now  132  tons,  or  double  the  capacity  of  the  larger 
crane,  the  frame  had  to  be  lowered  one  side  at  a  time. 
The  crane  was  hitched  to  one  trunnion,  taking  one-half 
the  weight  of  the  machine.  The  pin  on  that  side  was 
removed  and  transferred  to  the  next  hole,  9  in.  below, 
and  the  machine  was  lowered  until  the  trunnion  bear- 
ing block  rested  on  it.  The  operation  is  indicated  in 
Fig.  5.  The  hitch  was  then  changed  to  the  opposite 
side,  the  frame  being  lowered  in  the  same  way,  first 
to  a  level  position  and  then  to  one  step  below.  Alternate 
transfers  were  made  until  the  stator  was  lowered  to 
within  15  in.  of  the  floor.  Blocking  of  this  height 
had  been  provided  and  the  frame  was  lowered  upon  it, 
thus  releasing  the  pins  under  the  bearing  blocks  from 
service  and  allowing  their  removal.  A  stop  at  this  ele- 
vation was  necessary  in  order  that  the  coupling  on  the 
shaft  of  the  revolving  field  would  pass  over  the  center 
bearing  of  the  unit  when  the  field  was  later  replaced 
within  the  armature.  This  will  be  made  clear  from  an 
inspection  of  Fig.  6.  With  the  frame  in  this  posi- 
tion the  armature  windings  were  put  into  place,  where- 
upon it  appeared  as  in  Fig.  7. 

The  insertion  of  the  field  was  the  next  step.  It  is 
6  ft  in  diameter,  the  over-all  length  of  its  shaft  is  29 
ft.  and  its  aggregate  weight  65  tons.  Fig.  8  shows  the 
rotor  as  it  appeared  suspended  from  the  60-ton  crane 


preparatory  to  being  inserted  into  the  armature.  It  was 
carefully  guided  into  the  armature  bore  as  far  as  the 
hitch  would  allow,  which,  as  had  been  determined  by 
previous  calculation,  was  enough  to  permit  the  coupling 
to  project  on  the  other  side  of  the  frame.  It  was  then 
blocked  temporarily  while  the  60-ton  crane  was  being 
transferred  to  the  coupling  end  of  the  shaft  and  the  50- 
ton  crane  hitched  to  the  exciter  end.  With  the  two 
cranes  in  use  the  rotor  was  carried  through  into  its 
proper  position  within  the  armature.  At  this  stage  the 
machine  appeared  as  shown  in  Fig.  9.  After  the  out- 
board bearing  had  been  slid  into  place,  the  reassembled 
generator  was  ready  to  be  lowered  the  remaining  15  in. 
to  its  foundation. 

Lowering  the  Generator  to  Its  Foundation 

Although  the  distance  was  small,  this  task  was  the 
mo.st  difficult  of  the  entire  operation,  requiring  delicate 
manipulation  of  the  facilities  at  hand.  The  blocking 
upon  which  the  frame  was  resting  consisted  of  pieces 
one  and  two  inches  in  thickness.  By  placing  an  oil 
jack  under  each  trunnion  bearing  block,  as  shown  in 
Fig.  10,  the  weight  on  the  blocking  was  relieved  and  it 
was  removed  piece  by  piece  as  the  frame  was  lowered  by 
means  of  the  jacks.  The  dowTiward  movement  of  the 
armature,  now  weighing  138  tons,  was  thus  under  com- 
plete control  and  could  be  effected  very  gradually.  It 
was  necessarj"-  to  coordinate  this  operation  with  the 
lowering  of  the  revolving  element  by  the  cranes.  As 
the  1-in.  air  gap  between  the  stator  and  the  rotor  gave 
a  maximum  clearance  of  only  2  in.,  the  work  had  to  be 
done  step  by  step,  and  there  was  need  of  unusual  pre- 
cautions to  prevent  damaging  the  field  or  armature. 
Notwithstanding  the  difficulties  involved,  the  machine 
was  lowered  safely  to  its  foundation  and  in  this  posi- 
tion may  be  seen  in  Fig.  11. 

In  accordance  with  the  standard  practice  of  the  com- 
pany six  exploring  coils  were  placed  in  the  slots  between 
the  coils,  for  the  purpose  of  obtaining  temperature 
measurements.  The  three  hottest  coils  were  located  by 
test  and  connected  to  indicating  instruments  in  the 
operating  gallery,  thus  giving  the  attendants  constant 
visual  evidence  of  temperature  conditions  in  the  gen- 
erator. 

Giving  the  Unit  the  Drying-Out  Run 

Before  putting  the  unit  in  commission  the  usual  dry- 
ing-out run  on  short-circuit  was  made,  12.5  per  cent,  in 
excess  of  the  normal  full-load  current  being  required  to 
give  the  necessary  heating  effect.  A  heat  run  at  25,000 
kw.  showed  a  maximum  temperature  rise  of  only  33  deg. 
C.  above  the  incoming  air,  and  the  temperature  differen- 
tial between  incoming  and  outgoing  air  was  10  degrees. 

The  results  obtained  with  the  rebuilt  generator  and 
the  successful  accomplishment  of  this  work  reflect  credit 
upon  the  designing  engineers  of  the  General  Electric 
Co.  and  upon  the  engineers  who  carried  out  the  work 
of  handling  and  rebuilding. 

The  rebuilding  of  the  armature  was  done  under  the 
supervision  of  A.  F.  Riggs,  district  engineer,  and 
Charles  M.  Norman,  superintendent  of  repair  shops,  for 
the  General  Electric  Co.  W.  F.  Sims,  field  engineer  in 
charge  of  work  at  generating  stations,  supervised  the 
work  of  handling  the  machine  and  was  in  general  charge 
for  the  operating  company. 


80 


POWER 


Vol.  49.  No.  H 


Instructions  for  llic  Fireman 

Hy  ASA   I'.   HYDE 


The  folloiving  rules  are  in  substance  those  which 
hare  been  prepared  for  the  guidance  of  the  fire- 
men employed  in  the  plant  of  which  the  author 
is  chief  engineer.  Observance  of  these  rules  and 
suggestions  tvill  enable  the  fireman  to  save  much 
coal  that  is  wastefully  burned. 


THERE  is  a  right  time  for  covering  furnace  fires; 
determine  it  and  fire,  so  far  as  possible,  while  the 
damper  is  closed.  Cover  only  one  side  at  a  time, 
and  that  lightly,  not  so  heavily  that  a  bright  fire  can- 
not be  seen  through  the  new  fuel.  Do  this  as  quickly 
and  evenly  and  with  as  few  scoopfuls  as  possible  and  do 
not  overload  the  scoop.  It  is  a  knack  to  so  handle  the 
scoop  that  the  coal  will  be  evenly  and  easily  scattered 
and  cover  the  fire  without  bunching  it  and  leaving  it 
uneven.  This  requires  practice,  but  it  must  be  acquired. 
From  four  to  six  scoopfuls  is  enough  to  cover  one  side. 
Do  not  putter  by  throwing  several  half-scoopfuls  in, 
thus  keeping  the  furnace  doors  open  an  unnecessary 
time.  Size  up  the  fire  quickly,  then  the  quicker  and 
neater  the  firing  is  done  the  more  satisfactory  the  work 
and  the  results  will  be.  The  inrush  of  cold  air  through 
an  open  door  at  firing  or  cleaning  times  is  ruinous  to 
the  entire  apparatus,  besides  lowering  the  percentage  of 
CO,.  This,  by  proper  managing,  can  be  largely  avoided, 
and  it  must  be  done. 

Except  under  extreme  conditions  always  have  the  ash- 
pit doors  open ;  this  preserves  the  grates  and  pits.  It  is 
well  to  carry  some  water  in  the  pit,  but  not  enough  to 
make  a  nuisance  in  the  ashes. 

Keep  the  fires  back  to  the  inner  edge  of  the  dead- 
plate  and  allow  no  fire  or  coal  to  accumulate  on  it  under 
any  circumstances.  This  must  be  observed  as  it  saves 
the  plates,  doors,  brick,  fronts,  etc.  Furthermore,  coal 
lying  there  is  simply  wasted.  Keep  the  floor  clean  at 
all  times,  and  allow  no  coal  to  stand  either  in  front  of 
the  arches  or  on  the  floor  of  the  bin,  to  be  tracked  in 
on  the  floor.  This  will  serve  to  lessen  the  work  of  clean- 
ing up  in  the  plant.  All  firing  is  to  be  done  from  the 
coal  car. 

Burning  Fires  Low  or  Out 

Do  not  allow  the  fire  to  burn  out  or  too  low  or  holes 
to  form  in  it.  By  so  doing  more  fuel  will  be  consumed, 
as  such  conditions  allow  an  inrush  of  cold  air  through 
the  dead  or  low  spots  into  the  furnace,  resulting  in 
more  ash,  which  causes  clinkers,  and  a  lowering  of  the 
CO,;  it  is  bad  practice  generally.  Study  the  conditions 
and  cover  when  the  fire  is  ready,  generally  when  it  is 
near  or  at  a  white  heat,  at  which  time  a  fine  white  ash 
begins  to  rise;  that  is  usually  the  proper  time,  but  not 
always,  so  watch  out.  Never  do  this  in  a  hit-and-miss 
fashion  that  may  suit  the  convenience.  The  fires  and 
the  results  are  the  first  condition.  Results  cannot  be  ob- 
tained in  any  other  way,  and  results  are  what  we  must 
have. 

Raking,  digging  and  fussing  vdth  a  fire  are  gen- 
erally unnecessary  and  must  not  be  done  except  in  ex- 
tremes.    Neglect  will  largely  cause  the  extremes  and 


Ihey  must  be  accounted  for.    Raking  and  then  covering 
will  not  be  allowed.     Th(Me  is  no  excuse  for  it. 

Leveling  is  practically  the  .same  as  raking.     Keep  the 
fires  level  by  handiiuK  the  shovel  properly.    You  can  do 
it.    The  leveling  bar  and  rake  arc  a  lazy  man's  tools,  and 
he  simply  docs  with  them  what  he  is  too  slack  or  in>j^ 
competent  to  do  otherwise. 


I 


Shaking  and  Cutting  Fires 

There  can  be  no  fixed  rule  for  shaking  and  cutting 
fires,  but  it  .should  be  done  only  when  actually  neces- 
sary, and  this  does  not  mean  to  make  up  for  neglect. 
Shake  or  cut  down  when  judgment  shows  it  is  best  to  do 
so,  but  if  the  fires  are  properly  handled  it  is  not  best 
except  at  cleaning  time.  With  a  heavy  fire  caused  by 
hard  running  or  poor  fuel,  it  is  best  and  proper.  Let- 
ting a  fire  die  down  and  then  heavily  covering  it  with 
fuel  will  make  it  necessary  to  shake  and  cut  the  fire, 
but  this  must  not  be  done. 

Carry  as  thin  a  fire  as  practice  indicates  is  best,  tak- 
ing into  consideration  the  fuel,  both  as  to  its  quality  and 
the  quantity  used.  The  percentage  of  CO,  obtained  will 
be  a  good  indication,  also  the  load  and  weather  condi- 
tions, which  will  influence  the  draft  and  the  length  of 
time  the  damper  will  remain  open.  The  heavier  the 
fire  the  longer  the  damper  will  remain  open  and  the 
more  ashes  will  be  made.  A  heavy  load  will  usually  re- 
quire a  correspondingly  heavy  fire.  Too  light  a  fire  will 
permit  excess  air  to  enter  the  furnace;  too  heavy  a  fire 
will  prevent  enough  air  from  reaching  the  fire.  Study 
the  conditions  first  and  fire  accordingly.  A  fire  requires 
study  and  thought  as  well  as  fuel.    Give  it  both. 

Cleaning  the  Fires 

Do  not  raise  the  steam  pressure  because  you  expect 
to  drop  it  again  or  cannot  hold  it.  It  is  bad  ijractice 
and  it  is  no  credit  to  a  fireman,  and  as  the  steam  chart 
shows  all  of  this,  it  is  either  a  credit  or  a  black,  mark. 
To  clean,  burn  the  fire  down;  this  o{  course  depends  on 
the  fire  and  other  conditions.  Do  not  load  up  the  fur- 
nace first  with  a  large  quantity  of  fresh  fuel  to  be 
handled  all  over  and  wasted  while  cleaning.  Burn  the 
fire  down  close,  coal  lightly  and  as  soon  as  it  is  well 
ignited,  cut  as  experience  dictates. 

This  is  generally  done  by  pushing  the  grate  lever 
back  as  far  as  it  will  go ;  then  rock  it  ahead  to  or  near 
the  central  position  and  then  back  again,  doing  this  once 
or  twice,  depending  on  the  condition  of  the  fire.  This 
will  help  to  break  up  the  fire  and  clinkers  if  there  are 
any.  Then  pull  the  lever  to  the  front  or  to  the  cutting 
position  and  push  it  back  to  the  center  position  for  drop- 
ping the  ashes  into  the  pit.  Repeat  the  latter  operation 
if  necessary.  Do  all  this  quickly  with  the  furnace  doors 
closed  and  the  damper  blocked  slightly  open  to  carry 
off  the  dust.  Do  not  cut  too  close,  as  the  fresh  fire  wall 
come  down  on  the  gratas.  which  is  ruinous  as  well  as 
wasteful.  Level  the  fires  quickly  with  the  hoe  or  rake, 
but  it  is  not  best  to  be  too  particular  at  this  time.  Cover 
very  lightly  all  over  with  fresh  coal  and  close  the  doors 
as  quickly  as  possible.  Then  when  the  fire  has  burned 
up  and  the  damper  is  again  closed,  level  with  the  level- 
ing bar  or  rake  as  needed. 
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In  all  cases  avoid  fussing  or  digging  at  the  fire.  Be 
juick.  It  is  not  the  mark  of  a  good  or  profitable  fire- 
nan  to  be  always  at  work  at  the  fires  or  to  have  the  hoe 
and  poker  red  hot  and  burned  up  halfway  to  the  handles, 
rhe  one  who  sees  and  works  quickly  and  then  lets  his 
jire  alone  to  do  its  part  is  the  successful  fireman. 

Be  continually  on  the  watch.  Study  your  work  and 
.he  results  obtained.  It  will  vary  and  what  will  do 
^oday  may  not  work  at  all  tomorrow.  Avoid  continually 
)pening  your  doors  to  look  in.  If  you  watch  the  condi- 
lons,  you  should  know  what  is  taking  place  inside  with- 
)ut  having  to  continually  look  in.  Do  not  be  bothered 
3y  anyone  when  the  fires  or  apparatus  need  your  atten- 
;ion;  to  do  so  will  cose  us  money. 

Generally,  the  wastes  in  or  around  the  boilers  are 
jqual  to  or  more  than  all  other  plant  losses  combined, 
[n  our  case  help  to  cut  them  out. 

The  Damper  Regulator 

So  manage  the  fires  as  to  keep  the  damper  closed  as 
nuch  as  possible.  It  was  not  put  on  to  see  how  many 
;imes  it  will  open  and  close.  Help  it  out  by  doing  your 
part.  It  alone  cannot  do  the  work.  Use  your  head, 
ind  the  regulator  will  make  your  work  less.  In  con- 
lection  with  the  main  damper  and  regulator,  use  the 
[land  uptake  damper  on  each  boiler,  depending,  of 
;ourse,  on  conditions  as  to  how  much — but  use  it.  Hold 
;he  heat  in  the  arches,  so  that  the  boiler  may  absorb 
it.  The  combination  of  yourself,  damper,  water  level 
ind  fire  produces  the  steam  chart  and  the  results  we 
tvant. 

Wet  the  ashes  in  the  pit  just  enough  to  hold  the  dust, 
but  not  enough  to  be  sloppy.  Take  them  up  as  soon 
ifter  cleaning  as  possible.  Fill  the  cans  full,  but  do  not 
pound  the  ashes  in  or  overload.  What  you  may  save  in 
this  way  will  be  taken  cut  of  the  cans  in  handling,  and 
ihey  cost  money.  Be  fair  in  loading  them  evenly  so  as  to 
get  as  even  an  ash  percentage  as  possible. 

Always  have  a  regular  and  continuous  feed,  not  on 
md  off,  which  produces  poor  results.  Carrj'  about  four 
inches  of  water  in  the  glass  and  keep  it  in  there — not 
by  continually  changing  of  the  water  valve,  but  by  so 
graduating  it  that  it  will  carry  at  a  fixed  point.  A 
steady  feed  is  economy. 

Rememlier  that  your  boilers,  if  neglected,  are  as 
ieadly  as  dynamite  to  you  and  to  the  building.  Blow 
l:he  water  columns  and  glass  regularly  and  know  they 
are  all  right.  Watch  the  entire  apparatus — boilers, 
ivalls,  arches,  grates,  steam  and  water  lines,  etc. — 
ind  report  if  anything  is  needed  or  irregular. 


Carry  the  steam  pressure  steady.  Uniform  pressures 
are  economy.  Variations  are  expensive  as  to  fuel  and 
ruinous  to  the  apparatus.  The  continual  expansion  and 
contraction  on  the  apparatus  both  in  the  plant  and  in 
the  building  will  in  the  end  cause  trouble.  Positively, 
it  must  be  avoided. 

Providing  the  best  and  cheapest  fuel  for  the  plant 
requires  your  cooperation,  both  in  the  use  of  the  fuel 
and  in  carefully  and  understandingly  handling  and 
checking  it  up.    Let  all  work  together. 

Preventing  Smoke  and  Gases 

Smoke  and  gases  can  be  largely  if  not  almost  entirely 
prevented  by  using  good  judgment  in  handling  the  fires. 
Fire  only  when  a  fire  is  ready  and  conditions  tell  you 
it  is  the  time — one  side  only  at  a  time,  so  far  as  pos- 
sible, always  lightly,  when  the  damper  is  closed  if  pos- 
sible and  not  just  as  it  is  about  to  open.  In  this  way 
the  gases  from  the  fresh  fuel  will  be  ignited  by  the  live 
fire  and  burned  in  the  combustion  chamber.  The  boiler 
will  absorb  the  heat,  and  no  gases  (CO)  will  escape  un- 
consumed. 

No  one  can  tell  you  all  the  kinks  that  go  to  make  suc- 
cessful firing  possible.  You  must  study,  read  and  watch 
for  results.  Note  carefully  what  results  each  change  or 
method  produces.  Different  boilers,  different  conditions 
and  especially  different  fuels,  require  different  handling. 
Carefully  study  them  and  determine  what  is  best.  Have 
a  system,  then  follow  it. 

General  Attention 

The  management  has  a  right  to  expect  the  men  in 
charge  of  the  boilers  or  plant  to  be  careful,  conscien- 
tious and  saving  in  all  ways,  both  in  labor  and  materials, 
to  give  the  entire  apparatus  their  careful  and  strict  at- 
tention, live  up  to  the  rules,  and  to  work  for  the  inter- 
ests of  the  men  who  employ  them.  Read  books  and 
papers  in  the  engineering  line.  Firing,  as  well  as  run- 
ning, is  a  trade,  and  it  is  so  considered  by  the  best 
engineers. 

Do  not  be  content  to  be  a  mere  "coal  shoveler." 
Be  a  fireman  on  your  way  up  to  a  better  position.  Make 
room  for  yourself  at  the  top.  It  is  up  to  you.  Then 
your  services  will  be  in  demand.  The  company  will  do 
the  best  it  can  by  you  and  treat  you  like  men.  In  turn 
do  your  best  by  them  and  do  not  expect  to  stay  and  give 
them  95  cents'  worth  of  work  or  knowledge  for  a  dollar, 
any  more  than  you  accept  it  as  your  pay.  With  our  com- 
bined efforts  we  can  make  our  plant  profitable  and  a 
credit  to  all.    I  know  that  you  will  help  to  do  it. 
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/// — Egan  goes  into  the  details  of  rebabbitting 
worn-out  bearings,  advises  against  peening  the 
metal,  but  urges  that  the  bearings  be  scraped  to 
fit  the  shaft  sjiugly,  unless  the  condition  of  the 
shaft  makes  this  a  icaste  of  time. 

AT   THE   next   session   of   the   Deisel-engine   study 
U\    class  Kelly  was  the  target  for  a  broadside  of 
-*-  -^  inquiries  as  to  how  he  was  making  out  with  the 
erection  of  the  second-hand  engine. 

"Well,"  said  he,  "I  got  the  frame  onto  the  foundation 
and  grouted  in  dead  easy ;  but  when  I  started  to  put  the 
cylinders  on  the  frame  I  sure  ran  smack  up  against  a 
hard  one.  They  had  a  pair  of  half-ton  duplex  hoists, 
and  I  was  afraid  that  a  cylinder  would  be  too  much  for 
one.  So  I  fastened  a  chain  around  two  of  the  studs 
and  hooked  the  two  hoists  to  the  ends.  It  was  a  tough 
job  to  get  the  men  to  pull  alike  so  that  the  load  would 
be  the  same  on  each  hoist,  but  we  did  it  and  saved  them 
from  having  to  buy  a  larger  hoist." 

He  turned  to  Egan,  who  had  been  a  silent  listener 
to  his  story. 

"One  thing  does  bother  me,  J.  R.,"  he  said,  "and  that 
is,  the  main  bearings.  I  haven't  lined  up  the  engine 
or  put  in  the  bearings,  but  I  unpacked  them.  Two  of 
the  middle  ones  are  in  bad  shape.  It  looks  like  I'll 
have  to  run  them  over.  The  worst  thing,  though,  is 
that  the  bearings  are  shorter  than  the  distance  between 
the  crank  throws.  I  can't  see  how  I  can  fix  that  without 
running  all  the  boxes  again.  If  I  don't,  there  is  go- 
ing to  be  a  lot  of  side  play." 

"Well,  Kelly,  the  running  of  a  new  bearing  oughtn't 
to  be  hard  for  you.    I'd  suggest,  however,  that  in  mak- 
ing the  new  bearings,  you  change  them  from  the  style 
now  on  the  engine.     You  un- 
derstand that  on  a  vertical  en- 
gine  the   pressure    is   always 
downward.    The  upper  half  of 
the  bearing  has  practically  no 
pressure  on  it  and  so  it  needs 
only  a  small  surface  in  contact 


with  the  .shaft.  Some  builders  make  the  upper  hall 
along  the  lines  of  this  sketch  (Fig.  1).  You  will  note 
that  the  babbitt  metal  is  placed  at  the  ends  only,  re- 
sulting in  a  saving  of  some  twenty  dollars  per  bearing. 
"In  running  a  new  bearing,  get  a  large  ladle  (if  you 
can't  find  a  large  one,  get  a  cast-iron  kettle),  place  the 
cast-iron  bearing  in  the  ladle  over  a  hot  forge  and  melt 
out  the  old  babbitt.  After  the  cast  iron  has  cooled, 
clean  it  thoroughly  and  tin  it.  The  idea  of  the  tin- 
ning is  to  make  a  good  bond  between  the  babbitt  and 


ns.  I 
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METHODS    OF  BABBITTING   BEARING  CAPS^ 


Next  week  Egan  will  describe  various  types  of 
connecting-rods  and  the  methods  used  in  ad- 
justing them.  He  will  also  explain  to  the  class 
how  piston  pins  should  be  ground  and  lapped. 


the  cast  iron.  Many  a  bearing  is  ruined  because  of  thi 
neglect  to  do  this.  Then  get  a  steel  plate  or  a  heavy 
smooth  timber,  lay  a  sheet  of  asbestos  on  top  of  this 
timber,  set  the  bearing  on  end,  as  I  have  shown  in 
Fig.  2,  and  seal  the  lower  edge  with  moist  fireclay. 
Next  get  a  piece  of  pipe  from  the  scrap  pile.  In  this 
case  the  shaft  is  9  in.  in  diameter,  so  a  short  length  of 
8-in.  pipe  will  do  fine.  After  centering  this  in  the  box, 
you  are  ready  to  run  the  bearing.  If  you  decide  to  save 
some  babbitt  on  the  upper  half,  all  you  need  do  is  to 
fill  in  the  box  with  fireclay,  leaving  the  ends  clear." 
"What  about  heating  the  bearing  before  running  the 
babbitt?"     Kelly  asked. 

"If  you  want  to  make  a  real  bearing,  you  certainly 

want  to  heat  the  cast-iron  housing  before  you  run  in 

the    babbitt.      If   you    get    it 

good    and    hot,    it    will    hold 

enough  heat  to  let  you  set  it 
on  the  asbestos  sheet  and  cen- 
ter the  pipe.  Heating  helps 
the  babbitt  to  get  a  better 
grip.      A^s   you    have    noticed 
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)n  our  jobs  here,  the  babbitted  box  is  next  bolted  to  the 
:arriage  of  the  lathe  and  bored  out  with  a  boring  bar. 
A  serviceable  one  can  be  made  of  IJ-in.  cold-rolled  shaft- 
ing with  a  single-ended  tool  held  in  a  slot  by  a  setscrew. 
[t  is  easy  to  level  the  box  on  the  carriage  so  that  the 
bore  will  be  true. 

"Another  important  detail,"  continued  Egan,  "is 
Ithe  radius  or  chamfer  at  the  ends.  I  always  feel  that 
[this  chamfer  can  best  be  made  with  a  scraping  tool. 
Make  it  uniform  around  the  bearing  and  get  the  radius 
big  enough  so  that  the  fillet  will  not  scrape  on  the  crank 
|throw.  Notice  that  I've  made  no  mention  of  peening 
ithe  babbitt.  I  have  noticed  that  many  peened  bearings 
Ishow  a  tendency  to  leave  the  cast  iron  and  the  surfaces 
show  fine  cracks.  The  hammer  evidently  compresses  the 
surface  and  causes  the  hardened  or  compressed  .por- 
tion to  expand  at  a  rate  different  from  that  of  the  bab- 
bitt nearer  the  cast  iron.  Even  though  engine  manufac- 
turers are  practically  unanimous  in  this  peening  prac- 
tice, you'd  better  avoid  it." 

"I've  examined  the  shaft  and  I  don't  believe  it  will 
pay  to  scrape  the  new  bearing  to  fit  the  shaft,"  Kelly 
broke  in. 

"I  dropped  by  the  refinery  at  noon  today,"  said  Egan. 
"That  shaft  is  so  worn  you'd  never  get  results  by 
scraping.  But  I  believe  that  every  bearing  should  be 
scraped  to  a  nice  fit,  if  the  shaft  condition  doesn't  make 
this  impossible.  In  my  opinion  it's  a  poor  engineer  who 
will  not  take  this  trouble  when  there  is  so  much  in- 
vested in  the  Diesel  engine. 

"Now,  as  to  the  end  play,  since  the  faces  of  the  bear- 
ings are  worn,  I'd  suggest  you  clean  all  the  bearings 
thoroughly.  Get  some  muriatic  acid  and  swab  the  en- 
tire box,  tin  the  faces  and  run  a  thick  ridge  of  good 
solder  on  the  faces,  covering  the  cast  iron,  as  in  Fig. 
'6.  Take  the  bearing  to  the  lathe,  bolt  the  halves  to- 
gether, and  true  up  the  faces.  Be  sure  to  leave  enough 
solder  so  that  the  clearance  between  crank  thi'ow  and 
bearing  face  is  correct." 

"You  have  me  there,  chief,"  confessed  Kelly.  "What 
is  the  correct  clearance?" 

"That  depends  on  the  make  of  engine.  In  the  one 
you  are  erecting,  since  it  is  pretty  well  worn,  a  clear- 
ance between  the  crank  and  bearing  of  fifteen-thou- 
sandths on  each  side  would  not  be  too  much.  But  bear 
in  mind  that  it  is  only  necessary  to  correct  the  clear- 
ance on  one  bearing.  One  is  enough  to  take  up  all  side 
thrust.  If  it  were  new,  I  would  think  that  five-thou- 
sandths clearance  on  each  side  would  be  about  right.  If 
it  were  a  four-cylinder  engine,  such  as  the  one  we  have 
here  with  the  A  frame,  you  could  allow  7i-thousandths 
and  still  be  safe.  On  the  other  hand,  I  notice  that  on 
some  two-cylinder  horizontal  engines  the  clearance  is 
around  a  hundredth  of  an  inch.  One  erector  who  was 
here  claimed  that  all  the  clearance  necessary  was  a  run- 
ning contact,  say  two-thousandths;  but  I'd  not  care 
to  work  so  close,  for  I  hate  to  repair  bearings." 

Again  Kelly  interrupted.  "What  I  don't  see  is  why 
there  is  side  play  at  all.  It  looks  to  me  as  if  the  con- 
necting-rods can't  move  sideways  and  so  the  shaft  must 
stay  in  one  place." 

"That  sounds  all  right,"  admitted  the  chief,  "and  I 
can't  tell  you  why  there  should  be  side  play.  But  I  do 
know  that  I've  never  seen  a  direct-connected  generat- 


ing set  of  this  kind  that  didn't  have  a  sideways  motion. 
I  always  thought  that  the  harmonic-wave  form  of  the 
current  and  its  inductive  effect  on  the  rotor  produced 
the  side-to-side  movement,  but  I  wouldn't  want  to  say 
that  that's  the  right  explanation." 

A  reminiscent  look  suddenly  flooded  his  gray  eyes.  He 
arose,  threw  away  the  stub  of  his  cigar  and  concluded 
the  session  by  saying: 

"I  remember  a  case  where  we  had  a  generating  set 
that  developed  this  side  play,  and  one  of  the  electricians 
suggested  we  move  the  stator  frame  sideways  an  inch, 
so  as  to  bring  all  the  thrust  or  pull  on  one  side  of  the 
bearing.  It  worked  all  right;  in  fact,  it  worked  too 
well,  and  as  a  result  I  had  a  bearing  face  to  build  up. 
The  best  plan  is  to  allow  some  play." 

Gate  Valve  Exploded 

The  illustration  shows  a  2  J -in.  gate  valve  that  ex- 
ploded while  two  workmen  were  attempting  to  remove 
a  close  nipple  from  one  end.  The  valve  had  been 
stored  in  the  warehouse,  for  nearly  a  year.  In  order 
to  remove  the  nipple  without  damaging  the  valve  the 


PIECES  OF  EXPLODED  VALVE 

mechanic  and  his  helper  put  the  valve  in  a  portable 
forge  fire  and  proceeded  to  heat  it,  the  mechanic  holding 
the  valve  by  the  end  of  the  stem  with  a  pair  of  tongs 
while  the  helper  turned  the  blower.  Without  any  warn- 
ing the  valve  exploded,  the  two  pieces  of  the  body  and 
one  disk  going  in  opposite  directions  to  the  right  and 
to  the  left  and  away  from  the  workmen,  one  part  carry- 
ing away  the  hood  of  the  forge.  The  bonnet  and  stem 
blew  toward  the  workmen,  striking  the  helper  on  the 
arm,  and  a  sliver  of  brass  entered  his  eye,  causing 
the  loss  of  the  sight.  The  explosion  also  turned  the 
forge  over. 

The  valve  was  tightly  closed  and  the  pressure  built 
up  within  the  body  was  prevented  from  escaping  by 
the  two  disks  and  the  stem  packing.  It  is  not  known 
whether  there  was  any  moisture  trapped  in  the  body 
of  the  valve  before  heating. 


Considerable  has  been  said  recently  about  fabricated 
ships,  and  perhaps  with  not  a  very  clear  idea  as  to 
the  meaning  of  the  term.  A  fabricated  ship  is  one  on 
which  the  work  of  punching  and  shaping  the  plates 
and  shapes,  and  to  some  extent  assembling  and  riveting, 
is  done  at  the  works  before  they  are  forwarded  to  the 
shipyards. 
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By  r.  J.  DOL'(;HKUTY 


I'hv  tibjtrt  iif  this  article  is  to  slioiv  that  llir  rules 
in  general  use  for  deterwinitin  and  comparing 
the  rating  or  capacity  of  high-pressure  boilers 
are  not  applicable  to  low-pressure  or  so-called 
heating  boilers,  and  irhij.  Almost  all  conditions 
of  design  and  operation  are  different. 

F~\E\\  hijrh-pre.^^suri'  iMiKini'i'r.-^  concern  Iheni.selves 
with  the  rules  by  which  they  can  compare  the 
tapacitie.s  of  different  types  of  heating  boilers. 
Heating  engineers  had  no  reliable  rule  until  recently, 
when  the  American  Society  of  Heating  and  Ventilating 
Engineers  established  its  Heating  Boiler  Code.  While 
the  same  principles  apply  to  both  heating  and  power 
boilers,  their  design  and  the  conditions  under  which 
they  operate  differ  radically,  hence  their  requirements 
as  to  capacity  and  operation  vary  greatly.  Funda- 
mentally, each  type  consists  of  a  furnace  and  a  boiler 
proper;  the  furnace  generates  heat  from  the  fuel,  and 
the  boiler  generates  steam  from  the  heat  and  water. 
The  importance  of  a  dome  or  a  space  in  which  the 
steam  and  water  are  separated  is  often  overlooked  in 
heating-boiler  design,  and  some  cast-iron  boilers  re- 
quire an  expensive  pipe  header  to  do  this  separating. 
^Modern  cast-iron  and  power  boilers  separate  the  steam 
f'.om  the  water  within  the  boiler  itself  irrespective  of 
the  number  and  size  of  the  flow  outlets  or  whether  the 
velocity  of  the  steam  is  high  or  low,  provided  there  is 
n.-j  extreme  and  sudden  drop  in  pressure. 

A  Heating  Boiler's  Capacity  Cannot  Be  Determined 
ON  A  Grate-Area  Basis 

Unless  the  engineer  realizes  wherein  the  require- 
ments of  a  heating  boiler  differ  so  radically  from  those 
of  a  power  boiler,  he  will  frequently  do  a  great  injustice 
to  his  friends  who  seek  his  advice  as  to  the  best  boiler 
to  buy.  It  is  a  simple  matter  to  determine  the  capacity 
of  a  power  boiler.  According  to  Kent,  "It  is  a  general 
practice  among  builders  to  furnish  from  10  to  12  sq.ft. 
of  heating  surface  per  horsepower,  and  not  less  than 
J  sq.ft.  of  grate  surface  should  ordinarily  be  furnished 
per  horsepov/er."  A  rated  boiler-horsepower  is  con- 
sidered equivalent  to  138  sq.ft.  of  direct  steam  radia- 
tion, but  no  such  rule  can  be  applied  to  heating  boilers 
because  there  is  no  such  uniformity  in  "general  prac- 
tice among  builders"  of  heating  boilers.  In  fact,  there 
is  such  a  wide  difference  in  the  numbers  of  square  feet 
of  heating  and  grate  surface  per  hundred  feet  of 
radiator  capacity  among  the  leading  makes  of  heating 
boilers  that  in  comparing  their  relative  capacities  one 
may  as  well  compare  the  relative  areas  of  their  fire- 
doors  or  smoke-pipes  as  their  relative  grate  areas  cr 
heating  surface,  as  will  be  seen  by  Table  I,  of  grate 
areas,  compiled  from  the  current  literature  and  catalogs 
of  prominent  heating-boiler  manufacturers.  It  proves 
that  it  is  a  waste  of  time  and  effort  *-:  attempt  to  deter- 
mine a  heating  boiler's  capaci*^;*  on  a  grate-area  basis, 
and  the  following  list  n.Ight  be  extended   indefinitely. 


'Iioiiiil    M<  .lU'i    ('(iiMiiiiny 

The  sizes  full  into  three  group.s,  averaging  practically 
5,    10  and    18   .sq.ft.    respectively.      In    the   first   groi 
there  is  le.s.s  than  one  square  foot  difference  of  grai 
areas  between  the  DOO-ft.  and  the  2000-ft.  boilers 
the  second  group  the  480()-ft.  boiler  has  a  .smaller  grff 
than  the  one  rated  at  227.5  sq.ft.     In  the  third  grouj 
the  800-ft.   boiler  has   a   smaller  grate  area   than   thf' 
4200-ft.   boiler,   nearly  all  of  the  boilers   being  widel; 
known  and  in  general  use. 

TABLE  I.   (;RATK  AREA  VERSUS  CAPACITY 
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C'.ratf. 

Ratiiiie, 

Gr.t., 

KatiiiK. 

Crut)', 

llallllB 

.S,  K. 

S<|.Ft 

.S<|.|-t 

.S.|.Kt 

,S.|  Ft. 

-  .  1  ■ 

4  90  . 

1,100 

9  36      .. 

1,950 

17  SO 

4  90       . 

1,200 

9   50 

3,600 

17  50 

■•90       .. 

1.400 

10  00 

2,900 

18  00 

>..'/  > 

4  98 

900 

10  00 

3,250 

18  00 

').  till] 

5  6}       ... 

.         1.200 

10  00 

4,800 

18  00 

i.Ann 

5  63    .      . 

1,400 

10  50 

2,800 

IS  00 

j,«ji) 

5  65 

1,500 

10   50 

3,250 

18  00 

6,  iOO 

5  65 

1,650 

10   50 

3,500 

18  00 

6.81)0 

5  85 

2,000 

(0   50 

3.600 

18  00 

8.000 

S  84 

1.575 

10  92 

2,275 

18  24 

4,201) 

Lack  of  definite  relation  between  grate  area  and 
rated  capacity  does  not  necessarily  indicate  improper 
ratings.  It  merely  proves  that  the  grate-area  rule 
borrowed  from  power  practice  never  had  and  never 
will  have  any  practical  value  or  application  to  low- 
pressure  boilers,  as  a  study  of  the  table  shows.  The 
grate-area  rule  does  not  even  apply  to  all  boilers  made 
by  the  same  company,  much  less  to  tho.se  made  by 
different  companies.  Many  magazine  articles  and  books 
on  heating  and  ventilation  contain  elaborately  worked- 
out  rules  and  equations  to  determine  a  heating  boiler's 
capacity  by  its  grate  area.  Such  rules  are  not  only 
worthless  but  misleading,  since  they  are  based  on 
wrong  principles  and  cannot  be  made  right.  The  new 
Heating  Boiler  Code  has  superseded  all  such  rules. 

Only  Actual  Tests  Will  Determine  the  Relative 
Merits  of  Different  Heating  Boilers 

Books  and  articles  also  contain  elaborate  rules  and 
equations  for  the  amount  of  heating  surface  boilers 
should  contain.  Such  rules  are  generally  based  on 
power  practice  that  a  square  foot  of  heating  surface 
develops  about  three  pounds  of  steam  per  horr.  It  is 
anything  but  scientific  to  attempt  to  establish  a  rule 
or  law  on  such  flim.sy  premises  as  assumption  and 
analog}-,  which  have  been  the  only  foundation  for  these 
rules  when  applied  to  heating  boilers.  Because  the 
factors  and  conditions  operating  in  each  case  vary 
so  widely,  what  a  square  foot  of  heating  surface  in  a 
B.  &  W.  or  a  Scotch  marine  does  is  no  criterion  as  to 
what  a  square  foot  of  heating  surface  in  heating  boilers 
may  do,  and  what  a  square  foot  of  heating  surface 
does  in  one  heating  boiler  is  no  criterion  as  to  what  a 
square  foot  of  heating  surface  will  do  in  another  one 
if  designed  along  radically  different  lines.  The  onl.v 
way  to  determine  the  relative  merits  of  any  two  heating 
boilers,  irrespective  of  their  relative  grate  or  heating- 
surface  areas,  is  by  actual  tests,  according  to  the  boiler 
code  of  the  A.  S.  H.  and  V.  E.  conducted  by  a  compe- 
tent and  impartial  research  bureau  such  as  it  is  hoped 
this  society  will  succeed  in  establishing.  Until  such  a 
time  the  public  m.ust  depend  upon  the  capacities  given 
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by  the  manufacturers,  which  in  some  cases  are  reliable 
and  in  accord  with  the  new  boiler  code. 
I  It  may  be  a  surprise  to  many  who  have  had  no  prac- 
tical experience  in  designing  heating  boilers  to  learn 
ithat  the  amount  of  heating  surface  in  a  modern  cast- 
liron  boiler  is  of  such  secondary  importance  that  the 
.engineer  who  designs  it  sometimes  does  not  even  know 
jits  area.  It  is  the  design  or  rather  location  of  the 
heating  surface  and  not  so  much  the  amount  of  the 
[heating  surface  that  produces  efficiency.  The  engineer 
who  designs  a  cast-iron  boiler  can  mold  or  place  the 
I  heating  surface  where  it  will  be  the  most  effective  as 
freely  as  an  artist  molds  his  clay  in  producing  his 
masterpiece.  Not  so,  however,  with  the  designer  of  steel 
boilers.  He  is  so  cribbed  and  confined  in  the  use  of 
shapes  because  of  pressure  conditions  that  he  has  little 
or  no  chance  to  assert  his  individuality  or  make  prac- 
tical application  of  the  latest  results  of  experimental 
research.  Hence  very  little  improvement  has  been 
made  in  the  efficiency  or  capacity  of  a  square  foot  of 
heating  surface  in  power  boilers  during  the  last  cen- 
tury. The  progress  made  along  those  lines  in  cast-iron 
boiler  design  is  so  rapid  that  some  of  the  modern 
boilers  show  a  higher  efficiency  and  capacity  with  only 
one-half  to  one-fourth  of  the  amount  of  heating  sur- 
face of  those  designed  ten  to  twenty  or  more  years  ago. 

Heating  Surface  and  Rated  Evaporation  Capacity 

The  evaporation  capacity  in  relation  to  heating  sur- 
face in  power  boilers  averages  about  three  pounds- 
of  steam  per  hour,  which  is  far  below  that  of  a  modern 
cast-iron  boiler.  It  is  evident  that  too  much  of  the 
heating  surface  in  a  power  boiler  lies  too  near  the  zero 
end  of  the  scale  and  very  little  up  toward  the  100 
per  cent,  end,  while  almost  any  heating  boiler  is  re- 
quired to  develop  its  rated  capacity  while  evaporating 
about  nine  or  ten  pounds  of  water  per  square  foot  of 
heating  surface.  Fifty  square  feet  of  heating  sur- 
face in  a  boiler  averaging  eight  pounds  of  steam  per 
hour  is  far  superior  to  two  hundred  square  feet  aver- 
aging two  pounds  of  steam  per  hour,  there  being  so 
much  less  chance  for  soot  pockets,  high  draft  resistance, 
short-circuits,  less  metal  to  heat  up,  etc.  The  excess 
iron  placed  in  the  heating  surface  of  a  boiler  because 
of  faulty  design  is  so  much  junk  sold  at  finished-product 
prices.  The  less  heating  surface  required  to  produce 
the  required  results  the  more  efficient  the  design. 

The  power-boiler  heating-surface  rule  grafted  on 
low-pressure    boiler   practice   has    even    less    practical 

TABLE  II.     HE.iTING  SURFACE  VERSUS  RATED  CAPACITY 


Heating  Rated 

Surface,  Capacity, 

Sq.Ft.  Sq.Ft. 

83  900 

89  1,625 

91  1,125 

98  700 

107  2,100 

114  1,400 


Heating 
Surfai  e, 
Sq.Ft. 

116 

117 

122 

177 

185 

190 


Rated 

Capacity, 

Sq.Ft. 

900 

2,400 

1,575 

2,300 

3675 

1,400 


Heating  Rated 

Surfa  c,  Capacit>, 

Sq.Ft.  dq.Ft. 

223  5,375 

224  1,700 
330  4,400 
340  8,350 
340  4,550 
344        3,000 


lvalue  in  determining  a  heating  boiler's  capacity  than 
the  grate-area  rule,  as  an  examination  of  Table  II 
will  convince  the  most  skeptical.  Like  the  grate-area 
table,  this  heating-surface  table  is  compiled  from  the 
current  literature  and  catalogs  of  some  of  the  most 
prominent  heating-boiler  manufacturers  and  the 
number  might  be  greatly  extended. 

Notice  that  the  1700-ft.  boiler  has  nearly  three  times 
as   much   heating   surface   as   the   1625-ft.   boiler;    the 


3000-ft.  boiler  has  more  heating  surface  than  the  8350- 
ft.  boiler;  the  4550-ft.  boiler  has  the  same  amount  of 
heating  surface  as  the  one  for  8350  sq.ft.,  although 
both  are  made  by  the  same  company  but  of  different 
design. 

The  reason  high-pressure  boiler  rules  have  no  ap- 
plication whatever  to  low-pressure  practice  is  due  not 
only  to  the  difference  in  design,  but  also  to  conditions 
of  operation,  such  as  length  of  firing  period,  kind  of 
fuel  used  and  different  draft  conditions.  In  the  A.  S.  H. 
and  V.  E.  Boiler  Code  the  available  fuel,  the  evapora- 
tive power  and  the  length  of  firing  period  are  factors 
considered.  With  hard  coal  not  less  than  20  per  cent, 
of  the  boiler's  coal  capacity  is  for  continuing  the  fire, 
the  remainder  being  considered  as  available,  as  per 
code  test.  Because  of  the  great  difference  in  the 
nature  and  quality  of  soft  coals  no  such  percentage  basis 
can  be  applied.  The  coal  capacity  may  be  determined 
by  actual  measurement.  The  evaporative  power  or 
efficiency,  however,  can  be  determined  only  by  actual 
test  according  to  the  boiler  code.  The  available  fuel 
times  the  evaporative  power  gives  the  total  boiler 
capacity  in  pounds  of  steam. 

Length  of  Firing  Period  Important  Factor  in 
House  Heating 

The  length  of  the  firing  period,  while  a  negligible  fac- 
tor in  power  practice,  is  the  mo.st  important  factor  in 
house  heating.  The  total  capacity  divided  by  the  length 
of  firing  period  gives  the  hourly  rated  capacity.  House- 
heating  practice  demands  an  8-  to  12-hour  firing  period 
with  hard  coal.  Large  boilers  for  apartments  and 
public  buildings  are  usually  rated  on  a  4-  to  6-hour 
period  with  hard  coal.  Soft-coal  boilers  are  rated  on 
an  hourly  basis  because  of  the  nature  of  soft  coal. 
The  available  fuel  in  pounds  times  the  evaporative 
power  in  pounds  divided  by  the  length  of  the  firing 
period  in  hours  gives  the  hourly  rated  capacity  in 
pounds  of  steam.  The  hourly  capacity  in  pounds  of 
steam  times  4  gives  the  rated  capacity  in  square  feet 
of  direct  steam  radiation,  since  four  square  feet  of 
direct  steam  radiation  condenses  one  pound  of  steam 
per  hour. 

The  A.  S.  H.  and  V.  E.  in  establishing  the  fore- 
going excellent  rule  complied  with  the  golden  rule  in 
doing  unto  the  manufacturer  as  they  expect  their 
clients  to  do  unto  them.  They  tell  the  manufacturer 
what  results  they  expect  from  his  boilers,  but  refrain 
from  telling  how  he  should  design  his  boiler  in  order  to 
produce  those  results,  the  number  of  square  feet  of 
grate  or  heating  surfate,  etc.  They,  as  engineers, 
likewise  look  to  their  clients  to  teil  them  what  results 
they  expect  to  get,  but  insist  that  the  owner  keep  "hands 
off"  as  to  how  the  heating  or  ventilating  system  shall 
be  designed  in  order  to  produce  those  results. 


It  is  not  beyond  the  bounds  of  reason  to  foresee  a 
condition  whereby  a  householder,  in  the  place  of  the 
ton  of  anthracite  that  he  now  welcomes  for  $11,  will 
receive  a  ton  of  smokeless  coal  without  slate,  a  month's 
supply  of  cooking  gas,  40  miles  of  motor  fuel,  enough 
fertilizer  to  start  a  small  garden,  and  tar  sufficient  to 
lay  the  dust  in  front  of  his  house — all  for  far  less 
money  than  he  now  pays  for  inferior  coal. 
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The  author  gives  charts  showing  the  relation^ 
ship  between  superheat  and  the  factors  that  influ- 
ence it.  One  of  the  charts  enables  the  engineer 
to  determine  the  square  feet  of  superheating  sur- 
face 2vhen  the  superheater  location  and  degrees 
superheat  are  known,  or  to  obtain  the  degrees 
superheat  when  the  location  and  surface  are 
given;  or  if  the  surface  and  superheat  are  speci- 
fied, to  determine  the  location.  This  chart  is 
of  size  suitable  for  tise  in  an  engineer's  loose- 
leaf  data  book. 

THE  present  tendency  for  higher  steam  pressures 
forces  the  superheater  into  greater  prominence, 
since  the  degree  of  superheat  must  be  increased 
proportionately  with  the  pressure  to  insure  the  same 
degree  of  dryness  of  the  steam  in  the  turbine  as  with 
the  lower  pressures.  Present 
turbine  design  will  not  admit 
of  higher  temperatures  than 
650  deg.  F.  to  700  deg.  F.,  and 
maximum  power-station  econ- 
omy must  be  realized  with 
these  figures  as  a  limit.  There- 
fore, when  the  pressure  is 
fixed,  the  degree  of  superheat 
is  confined  to  comparatively 
narrow  limits.  Superheaters 
designed  by  the  rule  of  thumb 
occasionally  meet  their  guar- 
antees, but  experience  has 
shown  that  they  usually  fall 
below,  which  may  be  due  to 
one  of  many  reasons,  but  since 
superheaters  are  usually  sold 
on  horsepower  instead  of  a 
square-foot  basis,  the  usual 
reason  is  lack  of  sur-face.  The 
simplest  and  obviously  cheap- 
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est  remedies  are  to  improve  the  heat  transfer  in 
the  given  surface  by  readjusting  the  boiler  or 
superheater  baffles,  thus  increasing  the  velocity  or 
temperature  of  the  gas,  as  the  case  may  be,  at  the  super- 
heater, with  a  consequent  reduction  in  capacity  or  over- 
all efficiency;  or  increase  the  steam  velocity  by  in- 
serting cores  in  the  superheater  tubes,  which  give  an 
increased  pressure  drop  through  the  superheater  and  a 
decrease  in  the  life  of  the  tube.  The  pressure  drop 
through  the  superheater  also  has  the  effect  of  cutting 
down  the  turbine  capacity  unless  the  turbine  is  de- 
signed to  carry  full  load  at  the  reduced  pressure.  It 
seems  a  waste  of  money  to  purchase  a  high-pressure 
boiler  when  the  pressure  cannot  be  utilized  at  the 
turbine  on  account  of  the  pressure  drop  through  the 
superheater  and  piping. 

Although  superheaters  haveobeen  manufactured  for 
fully  sixty  years,  available  data  and  literature  for  pur- 
poses of  design  are  meager.  Several  empirical  formulas 
appeared  in  both  the  Ameri- 
can and  foreign  press  some 
ten  years  ago,  of  which  J.  E. 
Bell's  formula  in  the  Transac- 
tions A.S.M.E.,  29-267,  1907, 
is  typical  of  all  forms  and  is 
as  follows: 


1 0.2 
^0 


i 

1 

1 

1', 

y 

\\ 

i\\ 

-w 

\ 

^ 

\\ 

f^ 

s 

^ 

^ 

"-~- 

-- 

^^ 

^ 

^^ 

=- 

— 

s  = 


IQt, 


2(r  - 1)  -u 


where 


•Engineering'  Department,  Public 
Service  Electric  Co.,  Newark,  N.  J. 


d   Z   A    (5    8    10  12   14  1(0   16  20  22  24  26 
Hundred  Deg.  Tempera+uce   Difference 

I'IG.   1.     RESULTS  WITH  VARIOUS  FORMULAS 
COMPARED  WITH  BELL'S 


S  =  Square  feet  of  super- 
heating surface  per 
boiler   horsepower ; 

tg  =    Superheat,  deg.  F.; 

T  =  Temperature  of  gas  en- 
tering the  superheater, 
deg.  F.; 

t  =  Temperature  of  dry  and 
saturated  steam  at  boil- 
er pressure,  deg.  F. 

The  required  superheating 
surface  is  governed  by  the  re- 
quired superheat,  the  temper- 
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ature  of  the  entering  gas  and  steam,  the  velocity  of  the 
gas  and  steam  through  the  superheater,  the  quality  and 
quantity  of  the  entering  steam  and  the  conductivity  and 
cleanliness  of  the  superheater  material. 

If  there  is  no  heat  lost  to  radiation,  the  heat  balance 
for  the  heat  taken  up  by  the  steam  may  be  expressed: 

SUt,„  =  WCt,  (1) 

where 

S  =  Square    feet   of   superheating   surface   per   boiler 
horsepower ; 
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Per  Cent  Water   Heating  Surface  Traversed  by  Flue  Gas 

FIG.   2.      RELATIONSHIP    OP    BELL'S    AND    BUREAU    OF 
MINES  FORMULA 

U  =  Heat  transfer  per  square  foot  per  hour  per  de- 
gree mean  temperature  difference,  B.t.u. ; 

t,„  =  Mean  temperature  difference  between  the  gas  and 
steam,  deg.  F. ; 

W  =  Pounds   of  steam  per  boiler  horsepower  passing 
through  the  superheater; 

C:=  Mean  specific  heat  of  the  superheated  steam,  B.t.u. ; 

tg  =  Superheat,  deg.   F. ; 

T  -=  Temperature  of  gas  entering  superheater,  deg.  F. ; 

t  =  Temperature  of  saturated  steam  at  boiler  pressure, 
deg.    F. 
If  T  is  assumed  to  be  the  average  temperature  of  the 

ts 


tm=T 


t+- 


substituting    this    value    of    t,,,    in    equation     (1)    and 
transposing, 


s^^'^Px 


U 


U        2{T -t)  -ts 


located  at  the  top  of  the  first  pass,  are  given  below. 
Boiler  Data: 

1375  hp.  boiler,   12-foot  setting. 
1711  sq.ft.  superheating  surface. 
16-  retort  underfeed  stoker. 
62  ratio  heating  to  grate  surface. 
Test  Data: 

220  lb.  =  average  boiler  pressure  during  test. 

t  =  369  deg.  F.  average  temperature  steam  en- 
tering superheater. 
U  =    95  deg.  F. ;  r  =  700  deg.  F.  at  100  per  cent. 

rating. 
ts  =  124  deg.  F. ;  T  =    890  deg.  F.  at  200  per  cent. 

rating. 
t,  =  140  deg. ;  T  =  1030  deg.  F.  at  300  per  cent, 
rating. 
Square  feet  of  superheating  surface  per  boiler  horse- 
power generated: 

S  =  1.25  sq.ft.  per  b.hp.  at  100  per  cent,  rating. 
S  =  0.625  sq.ft.  per  b.hp.  at  200  per  cent,  rating. 
S  =  0.417  sq.ft.  per  b.hp.  at  300  per  cent,  rating. 

2WC 
Let  A   represent  the  quantity     jy-  that  is  contained 

in  equation  (2)  or  the  value  of  10  in  Bell's  formula  for 
surface.  Then  A  represents  a  quantity  that  varies  with 
specific  heat  and  weight  of  steam,  heat  transfer,  and 
steam  and  gas  velocities;  all  of  which  fluctuate  with  the 
rate  of  forcing. 

Introducing  the   test   values   at   the   various   forcing 
rates  in  the   formula, 

(2(r  -t)  -  ts)S 

ts 


A  = 


we  have  for  the  three  forcing  rates, 

A  =  6.75  at  100  per  cent,  rating, 

A  =  4.35  at  200  per  cent,  rating, 

A  =  3.35  at  300  per  cent,  rating, 
and  the  revised  formulas  for  superheating  surface  then 


,22 


gas  at  the  superheater  and  t  +  k    the  average  tempera-        5  ?o 


ture  of  the  steam  in  the  superheater,  the  arithmetical 
mean  temperature  difference,  which  is  sufficiently  ac- 
curate, may  be  expressed  as  follows : 
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Bell   assumed   the   value  of   W' =    30,   C  =  0.5,   and 
[7  =  3,  which  values  were  sufficiently  accurate  in  the     become 
early  days  of  low  boiler-forcing  rates  and  low  steam 
pressures. 

Bell  also  gives  a  formula  of  the  logarithmic  form  for 
determining  the  value  of  the  unknown  quantity  (T  ~  t) 
where  the  superheater  is  to  be  designed  for  a  new  boiler, 
as  follows: 


"^     0         10        20        30       40         50       60        70        60        90        100 
Per  Cent  Water  Heating  Surface  between  Superheater  and  Furnace 

FIC.    3.      TEMPERATURE  DIFFERENCE  OF  STEAM  A.VD  GAS 
AGAINST   PERCENTAGE   OF    HEATING    SURFACE 


S  =  2(T  ^  t)'~-  t  •^"*  ^^^  ^^^  ^^^^'  '"^^'"^ 

S  =  iiim^  ^v^ — 7  for  200  per  cent,  rating 
^(1  —    )  —  ts 

S  =  2(T  —  t)^^n  ^^^  ^^^  ^^^'  ^^^^  rating 


{T  -  00.16 


O.nm  +  0.294 


Comparison  of  tests  on  a  modern  horizontal  water- 
tube  boiler  with  these  formulas,  with  the  superheater 


Fig.  1  shows  the  comparative  results  from  these 
formulas  with  Bell's  for  100  deg.  F.  superheat. 

The  flue-gas  temperatures  were  taken  in  the  furnace, 
at  the  top  of  the  first  pass   or  superheater  entrance, 
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FIG.  4.   CHART  FOR  DETERMINING  THE  REQUIRED  SUPERHEATER  SURFACE 


at  the  top  of  second  pass  or  superheater  exit,  at  the 
top  of  third  pass  and  flue.  The  average  values  were 
plotted  against  heating  surface  for  the  various  forcing 
rates  and  replotted  against  percentage  of  heating  sur- 
face, as  shown  in  Fig.  2,  for  comparison  with  Bell's 
and  the  Bureau   of  Mines  values.     The  relationships 


of  Bell's  and  the  Bureau  of  Mines  values  with  the  300 
per  cent,  curve  are  almost  identical  around  30  to  40 
per  cent,  heating  surface  traversed,  which  is  the  usual 
location  for  a  superheater  at  the  end  of  the  first  pass. 
The  test  curves  were  then  replotted  in  Fig.  3,  showing 
the  temperature  difference  of  gas  and  steam  against 
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percentage  of  water-heating  surface  and  formulas  de- 
rived for  the  various  forcing  rates. 

General  Application  of  Superheater  Formulas 

Fig.  4  is  a  compilation  of  the  test  curves  and  is 
dravk^n  up  to  facilitate  the  vi^ork  of  obtaining  the  square 
feet  of  superheating  surface  when  the  superheater  loca- 
tion and  degrees  of  superheat  are  given ;  or  if  location 
and  surface  are  given,  to  obtain  the  degrees  of  super- 
heat; or  if  surface  and  superheat  are  specified,  to  de- 
termine the  location. 

Problem:  Given  a  500-hp.  water-tube  boiler  with 
a  superheater  to  be  located  in  the  first  pass.  There  is 
35  per  cent,  water-heating  surface  in  the  first  pass,  and 
the  superheater  must  generate  steam  at  200  deg.  F. 
superheat  at  300  per  cent,  rating.  What  should  be  the 
square  feet  of  superheating  surface  and  what  would 
be  the  superheat  at  100  per  cent,  and  200  per  cent, 
rating? 

Solution:  In  the  upper  left-hand  quadrant  read  up 
from  the  35  per  cent,  to  the  800  per  cent,  curve, 
then  to  the  right  horizontally  (noting  670  deg.  tempera- 
ture difference  of  gas  and  saturated 
steam)  to  the  200-deg.  F.  superheat 
line,  then  down  to  the  300  per  cent, 
line  in  the  third  quadrant,  then  hori- 
zontally to  the  left  to  the  1500  hp. 
line,  which  is  300  per  cent,  rating  of 
a  500-hp.  boiler;  now  project  ver- 
tically down  and  note  that  the  re- 
quired surface  should  be  900  sq.ft., 
nearly.  Required,  the  degrees  super- 
heat at  100  per  cent,  rating:  Project 
vertically  up  from  900  sq.ft.  surface 
in  the  quadrant  to  the  500-hp.  line, 
then  to  the  right  to  100  per  cent, 
rating  in  third  quadrant,  then  ver- 
tically up  to  the  intersection  with 
a  line  from  a  point  on  the  200  per 
cent,   curve 


directly  over 
35  per  cent, 
water  -  heat- 
ing surface 
in  first  pass 
and  note  145 
deg.  F.  super- 
heat.  Simi- 
larly, t  0  find 
the  degrees 
o  f  superheat 
for  2  0  0  per 
cent,  rating 
read  up  from 
900  sq.ft.  in 
the  fourth 
quadrant  to 
1000  hp.,  or 
200  per  cent. 
load,  and  note 
by  following 
the  line  that 
it  shows  180 
deg.  F.,  sup- 
erheat. 


DETAILS  OF  SMOKE  PREVENTER  AND  APPLICATION  TO  FURNACE 


Kosel  Smoke  Preventer 

With  the  enactment  of  municipal  smoke-nuisance  laws 
attention  was  diverted  to  the  perfecting  of  apparatus 
that  would  assist  in  the  smokeless  combustion  of  fuel. 
Many  such  devices  have  been  invented,  one  of  the  latest 
being  the  Kosel  smoke  preventer,  patented  by  Henry 
G.  Kosel,  of  405  East  168th  St.,  New  York  City. 

In  this  particular  arrangement,  shovra  in  the  illustra- 
tion, the  boiler  setting  is  similar  to  the  ordinary  method 
employed,  with  the  exception  that  the  bridge-wall  is 
supplemented  by  a  second  one  built  behind  the  usual 
bridge-wall,  but  so  arranged  that  an  air  space  is  left 
between  them.  The  opening  at  the  top  of  the  bridge- 
wall  is  such  as  to  direct  the  escaping  air  toward  the 
combustion  chamber.  Through  this  chamber  the  addi- 
tional air  necessary  to  carry  on  smokeless  combustion 
is  admitted  to  the  furnace. 

Control  of  the  air  passing  through  the  bridge-wall  is 
by  means  of  a  damper  hinged  on  the  front  face  of  the 
bridge-wall,  operated  by  a  bell-crank  lever  and  cylinder 
placed  at  the  front  of  the  boiler  setting.  This  cylinder 
contains  a  leather  piston,  and  the  upper  end  of  the 
hollow  piston  rod  is  connected  to  a 
weighted  bell-crank  lever  which  is 
in  turn  connected  to  the  rod  that  ex- 
tends to  the  hinged  damper,  as 
shown. 

Just  above  the  piston  the  piston 
rod  is  made  with  a  number  of  ports 
that  communicate  with  the  hollow  in 
the  rod.  A  valve  closes  the  lower  end 
of  the  piston  rod,  and  a  valve  stem 
is  fitted  with  a  pair  of  crossarms 
which  project  into  the  shortest  slots 
in  the  piston  rod  so  as  to  limit  the 
up-and-down  movement  of  the  valve. 
The  cylinder  is  also  provided  with 
a  bypass  arrangement.  The  cylinder 
is  filled  with  glycerin  or  oil  so  as 
to  retard  the 


d  0  w  n  w  a  rd 
movement 
of  the  piston, 
thus  acting  as 
a  check  on 
the  closing  of 
the  bridge- 
wall  damper. 
The  operation 
of  the  ar- 
rangement is 
as  follows : 
At  the  time 
of  ad  d  i  n  g 
fresh  fuel  to 
the  furnace 
the  fireman 
lifts  the 
we  i  gh  ted 
lever,  which 
permits  the 
glycerin  in 
the  cylinder  to 
flow  through 
the  port  open- 
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injrs  ill  till'  piston  rod  ajiainst  the  valve  and  into  >:,. 
lower  part  of  the  cylinder.  This  lifting;  of  the  lever 
also  opens  the  damper  in  the  l)rid>te-\vali,  and  air  is 
thus  admitted  to  the  air  space  between  the  liridj^e-walls. 
As  the  weight  of  the  lever  forces  the  piston  down,  the 
resistance  of  the  jf'yt'eri"  seats  the  valve,  and  the  i 
trlycerin  can  escape  to  the  upper  side  of  the  piston  only      i 

Hiiriiiiijj   Powdered 


ilirouf-'h  the  bypass;  and  as  this  is  fitted  with  a  valve| 
the  flow  of  tfiycerin  to  the  top  part  of  the  cylinder 
can  be  adjusted  so  as  to  cause  a  lonjfer  or  shorter  lime 
for  closing  the  air  damper.  By  this  means  the  suppl. 
of  air  to  the  combustion  chamber  can  be  regulated  ^o 
as  to  maintain  smokeless  combustion  in  accordance 
with  the  amount  of  fuel  that  is  fired  at  one  time. 


Coal  Successfully 


Thr  a'Iflitiotitt!  ('(iiiipniviit  )iece'if!ary  cinisists  of 
crushing  and  pulverizing  mills,  driers,  inclosed 
storage  bins  together  -urith  conveyors  and  ele- 
vators. 


AN  EXPERIMENT  in  the  hurninp  of  powdered  coal 
l\  was  carried  out  recently  by  the  Pui^ret  Sound 
X  A.  Traction,  Light  and  Power  Co.  For  this  test  a 
300-hp.  water-tube  boiler  at  the  Wes*:2rn  Avenue  steam 
heating  station  in  Seattle  was  equipped  with  a  "dutch 
oven."  The  powdered  coal  was  delivered  to  an  inclosed 
bunker  by  bucket  elevators.  From  the  bunker  the  coal 
was  fed  by  air  pressure  through  pipes  and  a  locally  de- 
signed burner  to  the  furnace. 

Various  difficulties  were  experienced  at  first,  one  of 
the  most  annoying  being  the  formation  of  slag  on  the 
boiler  tubes.  This  was  due  to  insufficiency  in  space 
between  the  burners  and  the  tubes,  with  the  result  that 
combustion  of  the  solid  matter  of  the  coal  was  not 
completed  in  the  firebox,  but  was  still  going  on  among 
the  tubes,  the  stream  of  burning  coal  being  from  12 
to  14  ft.  long.  Two  means  were  found  for  correcting 
this  evil,  one  by  furnishing  a  longer  path  for  the  flame 
and  the  other  by  introducing  steam  into  the  fire.  The 
effect  of  the  latter  was  quite  remarkable,  resulting  in  ? 


TWO  OF  THE  PULVERIZING  MILLS  UNDER  ERECTION. 

STEPPED  CONE  PULLEYS  ARE  FOR  SCREW  FEED — 

DRIVE  PULLETS  CAN  BE  SEEN  AT  BASE 

decrease  in  flame  length  of  about  50  per  cent.,  the 
amount  of  s^eam  required  being  less  than  that  used  for 
atomization  with  an  oil  burner  of  good  design. 

With  the  shortened  flame  length,  the  fused  portion  of 
the  ash  is  deposited  on  the  furnace  walls  before  reach- 
ing the  tubes  and  flows  down  into  the  ashpit,  leaving 
a  glazed  coating  about  ^'^v  in.  thick  on  the  brickwork. 
Some  difticultj-  was  experienced  from  accumulation  of 
slag  in  the  ashpit  in  a.  solid  block  which  required  the 
use  of  bars   to  break  up.     This   difficulty   was   finally 


overcome  by  constructing  the  throat  of  the  slag  pit 
that  the  molten  slag  was  forced  to  drop  from  the  fur*j 
nace  in  semifluid  masses,  and  by  using  a  water  spray  I 
which  prevented  successive  droppings  from  sticking  to- 
gether. Under  this  treatment  the  slag  accumulates  in 
the  pit  in  chunks  about  the  size  of  a  large  potato  and  is 
easily  removed  with  a  rr.ke  through  the  usual  clean- 
out  door. 

This   boiler   had   previously    been    used   with   an   oil 


cyclone  dust  collector— frame  of  housing  fuk 

belt  conveyor  being  erected  on  top  of 

crushp:d-coal  bunker 

setting.  When  fired  with  oil,  it  began  to  show  dis- 
tress at  an  overload  of  50  per  cent.  With  powdered 
coal  as  fuel,  overloads  of  more  than  100  per  cent,  were 
carried  without  visibly  affecting  either  the  brickwork 
or  the  tubes.  Sub-bituminous  coals  which  give  an  evap- 
oration of  about  6!  lb  of  water  per  pound  on  chain 
grates  gave  better  than  8^  lb.  evaporation  per  pound  of 
pulverized  product  when  burned  in  powdered  form,  cor- 
responding to  an  increase  of  20  to  25  per  cent,  in  the 
evaporative  performance  of  the  raw  coal. 

Almost  perfect  control  of  the  fire  was  possible  by 
regulating  the  speed  of  the  supply  fan  by  means  of  -a 
rheostat  controlling  a  variable-speed  motor.  The  boiler 
was  equipped  with  an  indicating  steam-flow  meter,  and 
its  responses  to  changes  in  fan  speed  were  almost  like 
those  of  an  ammeter  on  an  electric  generator. 

After  three  months  of  operation,  during  which  time 
all  obtainable  grades  of  coal  were  burned,  from  high- 
grade  bituminous  to  the  poorest  lignites,  it  was  demon- 
strated conclusively  that  coal  of  the  character  obtainable 
in  this  region  could  be  successfully  burned  in  powdered 
form  under  steam  boilers.  It  was  shown  also  that  the 
performance  of  all  grades  when  burned  in  this  way  was 
superior  to  any  other  method  of  firing,  the  improve- 
ments in  the  case  of  the  lower  grades  being  relatively 
greater  than  for  bituminous  coal. 

As  a  result  of  these  experiments,-  it  was  decided  to 
equip  the  entire   Western   Avenue  plant  for  burning 
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powdered  coal.  As  the  station  was  equipped  for  burn- 
ing oil,  it  was  necessary  to  provide  coal  and  ash-han- 
dling equipment  and  storage  facilities  and  to  change 
the  furnace  design  as  well  as  to  supply  the  equipment 
required  for  drjing  and  pulverizing  the  coal. 

The  New  Building  and  Its  Equipment 

The  pulverizing  plant  will  be  housed  in  a  new  con- 
crete building  adjacent  to  the  station.  Coal  will  be  de- 
livered from  the  bunkers  and  fed  by  gravity  onto  a 
rubber  belt  conveyor,  which  will  carry  it  to  a  crusher  of 
the  single-roll  type.  This  belt  will  deliver  the  coal  to 
a  vertical  elevator  of  the  two-strand  chain  and  bucket 
type  just  inside  the  pulverizing  plant.  After  being 
crushed  the  coal  will  be  raised  to  the  roof  and  distrib- 
uted to  the  crushed-coal  bunker  by  a  flight  conveyor. 

The  crushed-coal  bunker  will  extend  the  width  of  the 
building  and  have  a  capacity  of  300  tons.  From  two 
openings  in  the  bottom  of  this  bunker  the  coal  will 
be  fed  by  apron-tj-pe  feeders  to  chutes  communicating 
with  the  driers  on  the  floor  below.  The  spill  from 
the  apron  feeders  will  be  picked  up  by  screw  conveyors 
and  delivered  to  the  chutes,  which  are  to  be  so  ar- 
ranged that  coal  can  be  fed  from  either  end  of  the 
bunkers  to  either  of  the  two  driers. 

The  driers  will  consist  of  two  steel  cylinders,  55  ft. 
long,  one  5  ft.  and  the  other  6  ft.  in  diameter.  They 
will  be  slightly  inclined  to  the  horizontal  and  arranged 
for  rotation  about  the  longitudinal  axis.  Steel  baffles 
will  be  arranged  longitudinally  inside,  which  will  suc- 
cessively raise  the  coal  and  drop  it  as  the  cylinder  ro- 
tates, thus  forcing  the  coal,  because  of  the  pitch,  grad- 
ually to  pass  through  the  drier. 

Heat  for  drying  will  be  supplied  by  furnaces  which 
will  inclose  the  driers  for  the  greater  part  of  their 
length.  The  furnaces  will  be  fired  with  powdered  coal 
and  the  gases  of  combustion  will  pass  into  the  driers 


from  these  mills  by  screw  conveyor  to  the  north  side  of 
the  building,  raised  to  the  roof  by  bucket  elevators  and 
distributed  by  screw  conveyors  to  steel  bins  in  the 
boiler  plant. 

The  powdered  coal  will  be  taken  from  the  bottom  of 
the  steel  storage  bins  by  short  screw  conveyors  driven 
by  variable-speed  motors  and  delivered  into  down  pipes 
communicating  with  the  burners.  The  passage  of  the 
coal  through  the  down  pipes  is  facilitated  by  air. 

Dutch  ovens  have  been  constructed  in  front  of  each 
boiler  and  the  floor  cut  away  to  provide  the  necessary 
furnace  volume  and  slag  pits.  The  clean-out  doors  for 
the  slag  pits  are  at  the  basement  floor  level  under  the 


DRIEB  BEFORE  PLACING  BRICKWORK,  WITH  DRIER 
FURNACE  IN  BACKGROUND 

boiler  room,  and  slag  will  be  handled  in  wheelbarrows 
to  a  bucket  elevator  which  will  raise  it  to  the  top  of 
a  concrete  ash  bunker.  This  bunker  is  arranged  to  dis- 
charge into  railroad  cars  or  auto  trucks. 

Further  details  of  this  installation  are  given  in  an 
article  by  G.  E.  Quinman  in  the  July  issue  of  the  Puget 
Sound  Electric  Journal. 


RAW    COAi.   BUNKERS    EXTEND    BELOW    STREET    LEVEE 
WITH    BELT    CONVETOR   BENEATH   THEM 

at  the  discharge  ends  and  be  sucked  through  the  shell, 
together  with  the  moisture  and  dust  from  the  coal, 
by  fans  at  the  opposite  ends.  These  fans  will  discharge 
into  cyclone  dust  collectors  installed  on  the  roof. 

After  drying,  the  powdered  coal  will  be  delivered  to 
the  dry-coal  bunker  on  the  roof  by  means  of  a  bucket 
elevator.  From  the  dry-coal  bunker  the  coal  will  feed 
through  chutes  to  four  pulverizing  mills.  These  will 
grind  the  dry  coal  to  a  fineness  permitting  95  per  cent. 
to  pass  a  100-mesh  screen  and  85  per  cent,  to  pass  a 
200-mesh  screen.     The  powdered  coal  will  be  carried 


Government  a  Large  Owner  of 
Machine  Tools 

Last  year  under  the  stimulus  of  war  demand  the 
machine  tool  industry  of  the  country  reached  a  produc- 
tive capacity  of  around  $400,000,000  a  year,  equivalent  at 
pre-war  prices  to  $250,000,000.  Of  so-called  standard 
lines,  the  annual  output  is  placed  at  about  $100,000,000 
now,  compared  with  $50,000,000  in  1914. 

After  cancellations  of  war  contracts,  about  $300,000,- 
000  worth  of  government-owned  machine  tools  were 
turned  over  to  the  salvage  committee  of  the  War  Depart- 
ment to  be  placed  on  the  market  again.  Of  this  total 
approximately  $200,000,000  worth  are  standard  machine 
tools  in  new  or  prime  condition. 

As  a  means  of  disposing  of  this  large  stock  of  govern- 
ment-ovvTied  tools,  it  has  been  suggested  that  the  ma- 
chine-tool builders  dispose  of  one  government  machine 
for  each  one  sold  from  their  current  manufacturing 
stock.  It  will  probably  require  about  four  years  to  clean 
up  the  government  stock.  It  is  possible  that  the  surplus 
of  machine  tools  will  be  used  to  rehabilitate  the  indus- 
tries of  Belgium  and  northern  France.  This  particular 
subject  will  be  investigated  by  Chairman  Baruch  of  the 
War  Industries  Board  and  Director  Replogle  of  the 
steel  division  while  they  are  in  Europe — Boston  News 
Bureau. 
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riir  Kh Mliical    Sliidy  Course — Paiallel  Operalioii 

of  Generators — II 


I'oiitinius  the  {tixnitmion  of  the  prccedijui  lesson, 
h'jplai'is  uhii  shunt  generators  operate  in  parallel 
satisfactorilii,  and  poes  on  to  give  the  theory 
applying  to  the  eutting-in  and  cutting-out  of 
such  machines. 


IN  THK  precediiiR  lesson  it  was  shown  that  a  study 
of  the  external  characteristic  curves  of  generators 
led  to  the  conclusion  that  shunt  generators  would 
operate  successfully  in  parallel  and  that  compound  ones 
would  likewise  do  so,  but  that  the  conclusion  in  regard 
to  the  latter  type  was   erroneous   and   that  an  extra 


I'lO.    1.      TWO    SHUNT-AVOITND    GENERATORS    CONNECTED 
IN  PARALLEL, 

connection,  called  the  equalizer,  had  to  be  used  to  keep 
the  loads  upon  them  balanced.  The  reasons  for  the 
failure  of  the  compound  type  to  operate  together  satis- 
factorily without  an  equalizer  were  explained,  and  it 
was  shown  how  the  equalizer  overcame  the  difficulty 
encountered. 

The  next  subject  to  be  investigated  is  why  shunt 
generators  exhibit  no  tendency  to  unbalance  when  con- 
nected in  parallel.  In  reality  the  explanation  was  given 
in  the  course  of  the  discussion  on  compound  machines. 
It  was  found  that  their  instabiHty  was  due  entirely  to 
the  influence  of  the  series-field  currents.  When  this 
was  corrected  by  means  of  the  equalizer,  the  generators 
worked  without  any  hitch  although  no  change  whatever 
had  been  made  in  the  manner  of  using  the  shunt  fields, 
and  consequently  it  is  to  be  presumed  that  if  the  series 
fields  were  removed  entirely,  the  machines  would 
continue  to  run  as  shunt  generators  without  any 
disturbance.  To  investigate  the  behavior  of  shunt 
generators  in  parallel,  reference  will  be  made  to  Fig.  1. 
Assume  that  the  two  generators  Nos.  1  and  2  are 
delivering  current  to  a  load  L,  and  that  the  load  is 
equally  divided  between  them.  Suppose,  now,  that,  due 
to  some  cause,  such  as  a  slight  increase  in  speed,  the 
generated  voltage  of  generator  No.  1  is  augmented. 
The  result  will  be  to  increase  the  current  delivered  by 

it  since  I  =       ^-p ,    where  7  represents  armature 

current,  E.,  generated  voltage,  E  terminal  voltage,  and 
R  armature  resistance.  However,  an  increase  of  current 
in  a  shunt  generator  tends  to  decrease  the  terminal 
voltage,  which  in  turn  would  decrease  the  current. 
We  therefore  have  the  condition  that  the  very  increase 


of  the  current  acts  as  a  check  upon  itself  to  prevent 
any  further  growth,  which  is  the  exact  reverse  of 
what  was  found  to  be  the  ca.se  with  compound  gen- 
erators. 

Having  found  the  effect  upon  generator  No.  1,  let 
us  investigate  what  happens  in  No.  2  during  the  same 
period.  Since  the  load  upon  the  machines  remains 
practically  the  same,  the  part  supplied  by  No.  2  must 
decrease  if  anything  occurs  to  increase  that  delivered 
by  No.  1.  A  reduction  of  current  in  a  shunt  machine 
tends  to  increase  its  terminal  voltage,  which  would 
cause  an  increase  of  current.  Hence  we  have  a  con- 
dition just  opposite  to  that  found  in  machine  No.  1: 
namely,  that  a  decrease  in  current  automatically  oper- 
ates to  cause  an  increase  and  thereby  prevents  the 
cumulative  action  found  in  the  case  of  compound 
machines.  The  net  result  of  the  actions  in  the  two 
generators  is  an  effort  to  make  themselves  continue  to 
share  any  joint  load  upon  them  equally,  once  they 
have  been  adjusted  for  that  condition,  in  opposition  to 
any  influence  tending  to  unbalance  the  equal  distribu- 
tion. Of  course  it  is  understood  that  they  must  have 
identical  external  characteristic  curves  if  they  are  to 
maintain  the  correct  division  of  the  load  when  it 
changes,  as  was  explained  in  the  previous  lesson. 

It  is  apparent  from  the  foregoing  that  the  satis- 
factory behavior  of  shunt  generators  in  parallel  is  a 
result  of  the  fact  that  the  terminal  voltage  falls  with 
increase  of  current  and  rises  with  decrease  thereof, 
a  condition  indicated  graphically  by  their  external 
characteristic  curves,  of  which  A  in  Fig.  2  is  a  typical 
example.  On  the  other  hand,  generators  whose  terminal 
voltage  rises  with  increase  of  current — that  is,  over- 
compounded  ones — refuse  to  operate  in  parallel  without 
the  use  of  an  equalizing  connection,  as  shown  in  the 
previous  lesson.  A  typical  example  of  the  external 
characteristic  of  such  machines  is  B  of  Fig.  2.     The 
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behavior  of  generators  in  parallel  is  therefore  seen  to 
depend  upon  the  shapes  of  their  external  characteristic 
curves.  If  these  are  of  the  "rising"  type,  as  B,  the 
machines  will  not  parallel  without  an  equalizer,  but  if 
of  the  "drooping"  type,  as  A,  they  will  do  so.  Conse- 
quently, we  find  that  as  the  steepness  of  the  curve  B 
decreases,  the  violence  of  the  unbalancing  previously 
described  becomes  less  pronounced,  until,  when  flat- 
componding,  as  illustrated  by  curve  C,  is  attained,  there 
is   no   serious    unbalancing,   and   finally,   when   under- 


to  a  switch  T  for  obtaining  the  voltage  at  the  busbars 
M  and  the  generator  respectively,  an  ammeter  A  for 
measuring  the  current  output  of  the  machine;  and 
circuit-breakers  CC  to  protect  it  against  overload.  We 
will  assume  that  while  the  set  is  at  rest  it  becomes 
necessary  to  place  it  in  service,  and  follow  the  steps 
necessary  to  accomplish  this. 

The  first  thing  to  do  is  to  start  the  unit  and  bring 
it  up  to  normal  speed,  after  which  switch  T  is  thrown 
to  position  b  and  the  field  current  is  adjusted  by  means 
of  the  rheostat  R  until  the  voltmeter  V  indicates  ap- 
proximately normal  voltage.  The  switch  T  is  then 
thrown  to  position  a  and  the  reading  of  voltmeter  V 
is  noted,  upon  which  T  is  throwm  back  to  b  and  the 
voltage  of  the  generator  adjusted  to  exactly  the  same 
value  by  further  manipulation  of  rheostat  R.  Switch 
T  is  then  thrown  from  6  to  a  and  back  again  to 
assure  the  operator  that  the  two  voltages  are  of  like 
values,  and  if  they  are  not  quite  so  the  rheostat  R  is 
manipulated  until  they  have  been  made  equal.  The 
switch  S  is  then  closed,  thereby  connecting  the  generator 
to  the  mains  M.  If  the  voltage  of  the  generator  has 
been  carefully  adjusted  to  the  same  value  as  that  of 
the  mains,  the  ammeter  A  will  indicate  no  current. 

If  the  voltage  of  the  generator  was  a  little  lower 
than   that   of   the   mains,    the   ammeter   will   show   a 
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DIAGRAMS  OF  CONNECTIONS  FOR  OPERATING   SHUNT-WOUND   GENERATORS   IN   PARALLEL 


compounding  is  reached,  there  is  none.  The  ultimate 
step  in  undercompounding  is  the  complete  elimination 
of  series-field  effect,  which  is  equivalent  to  straight 
shunt  operation  as  in  A,  and  which  is,  as  just  shown, 
entirely  successful. 

There  are  a  number  of  points  that  require  attention 
when  cutting-in  a  generator  to  operate  in  parallel  with 
others  and  also  when  cutting-out  one  that  is  so  oper- 
ating. In  the  main  the  procedure  for  shunt  and  compound 
generators  is  the  same,  but  there  is  some  difference, 
and  the  two  will  therefore  be  treated  separately. 

In  Fig.  3  are  shown  the  connections  of  a  self-excited 
shunt  generator  G  that  is  part  of  a  system  of  other 
generators  connected  to  the  busbars  M.  Within  the 
outline  0  are  represented  the  devices  on  the  switchboard 
used  in  controlling  it.  They  consist  of  the  main  switch 
S,  which  is  of  course  open  when  the  machine  is  not 
in  service,  the  field  rheostat  R  for  adjusting  the  cur- 
rent through  the  field  coils  F,  a  voltmeter  V  connected 


reversed  deflection,  showing  that  current  is  being  taken 
from  the  mains  by  the  machine;  and  if  the  generator 
voltage  was  somewhat  greater  than  that  of  the  mains, 
the  ammeter  would  indicate  in  the  correct  direction 
and  its  reading  would  be  the  current  delivered  to  the 
system  by  the  machine.     These  conditions  follow  from 

Eg  —  E 


the  relation  / 


R 


where  /  is  the  generator 


armature  current,  Ep  the  open-circuit  voltage  of  the 
generator,  E  the  voltage  of  the  mains,  and  R  the 
resistance  of  the  generator  armature.     From  this  it  is 

seen  that  when  E  equals  Eg  we  have  I  =^  j.  =  0, 

when  E  is  greater  than  E,j  the  value  of  /  will  be 
negative,  and  that  when  E  is  less  than  Ej  the  value 
of  /  will  be  positive.  When  7  is  negative  it  means 
that  the  machine  is  taking  current  instead  of  delivering 
it;  that  is,  it  is  running  as  a  motor  and  Eg  is  really 
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I  he  counter-eni.f.  Frovidwl  7  in  smull,  no  disturbunce 
will  be  crented  by  the  fact  that  the  Renerator  is  run- 
iiinpr  ns  a  motor,  since  the  direction  of  rotation  of  a 
shunt  machine  is  the  same  irrespective  of  whether  it 
is  runninp  as  a  motor  or  as  a  generator.  When  7 
is  positive,  it  of  course  indicates  that  the  machine  is 
operating  as  a  generator  and  delivering  current  to  the 
system.  Having  connected  the  generator  to  the  mains, 
it  is  then  made  to  assume  its  share  of  the  load  by 
cutting  out  resistance  in  the  rheostat  R,  thereby  in- 
creasing the  current  through  the  field  7^,  which  in 
turn  increases  the  magnetic  field  of  the  generator  and 
so  increases  the  generated  voltage,  thereby  increasing 
the  current.  The  resistance  of  the  rheostat  is  reduced 
until  the  ammeter  .4  indicates  that  the  generator  is 
delivering  the  current  required  of  it. 

When  it  is  desired  to  remove  a  generator  from  the 
system,  the  resistance  of  the  rheostat  R  is  increased 
until  the  ammeter  A  reads  zero  current,  showing  that 
the  voltage  generated  by  the  machine  is  exactly  equal  to 
the  voltage  of  the  mains.  The  switch  S  is  then  opened, 
disconnecting  the  generator,  whereupon  its  prime  mover 
is  shut  down  and  the  unit  is  dead. 

A  slightly  different  arrangement  of  control  is  shown 
in  Fig.  4.  Instead  of  using  the  double-pole  switch  S 
of  Fig.  3,  two  single-pole  switches  S,  and  S,  are  used, 
and  the  side  b  of  voltmeter  switch  T  is  connected  across 
the  terminals  of  switch  S^  instead  of  as  shown  in  Fig.  3. 
When  it  is  desired  to  place  the  generator  into  service, 
it  is  started  and  switch  S,  is  closed  but  not  S,.  Switch 
T  is  thrown  to  position  b  and  the  field  rheostat  is 
manipulated  until  the  voltmeter  indicates  zero  voltage, 
when  switch  5,  is  closed.  In  this  method  it  is  not 
necessan-  to  throw  switch  T  from  a  to  6  and  back  to 
compare  the  generator  and  service  voltages.  When 
the  voltmeter  reading  is  reversed,  it  indicates  that  the 
generator  voltage  is  too  low,  and  conversely,  when  it 
shows  a  reading  in  the  correct  direction  it  is  an  in- 
dication that  the  voltage  of  the  generator  is  too  high. 
After  switch  S,  has  been  throve  in,  the  load  is  adjusted 
in  the  same  manner  as  previously  described,  and  to 
remove  the  machine  from  service  the  procedure  out- 
lined before  is  likewise  followed,  except  that  there  are 
two  main  switches,  S,  and  S,,  to  open  instead  of  the 
one  switch  S  of  Fig.  3. 

Often  the  double-pole  double-throw  switch  T  is  re- 
placed by  a  special  plug  switch.  It  is  necessary  to  use 
a  switch  of  that  kind  when  a  single  voltmeter  is  in- 
stalled on  a  switchboard  that  controls  a  number  of 
machines.  It  is  usual  practice  to  install  two  voltmeters, 
as  shown  in  Fig.  5,  one  of  which,  Vm,  is  connected 
directly  to  the  mains  and  the  other  of  which,  V;,,  can 
be  connected  to  any  one  of  the  generators  controlled 
from  the  switchboard  by  means  of  the  plug  switch 
provided  for  the  purpose.  There  would  be  a  set  of 
switch  contacts  for  each  generator,  such  as  P,  and  P, 
for  generators  G,  and  G,  in  Fig.  5,  and  the  voltmeter 
circuit  would  be  completed  as  indicated  by  the  dotted 
lines  when  the  plug  was  inserted  into  the  contacts. 
There  being  only  one  plug,  only  one  generator  at  a 
time  could  be  connected  to  the  voltmeter  Vg,  thus  ob- 
viating the  possibility  of  connecting  any  of  the  machines 
together  through  the  contacts  P,  and  Py  which  would 
cause  serious  consequences  if  the  machines  were  not 
of  equal  voltages. 


Thi'  (ielailH  of  paralleling  (onipound  generators  will 
be  taken  up  in  the  next  lesson  in  the  Hame  manner  as 
shunt  generators  have  been  treated  of  in  the  foregoing. 

In  the  problem  of  the  preceding  le.s.son  it  was  required 
to  determine  the  value.s  of  the  currents  delivered  by  the 
generators  whose  external  characteristics  were  repre- 
.sented  in  Fig.  1  of  that  lesson,  when  the  total  load 
was  such  as  to  cause  the  machines  to  deliver  a  terminal 
voltage  of  110  volts.  The  curves  are  reproduced  in  Fig. 
6,  and  to  answer  the  question  we  follow  the  line  cor- 
responding to  110  volts  until  it  crosses  the  curves; 
from  the  points  of  intersection  we  drop  vertical  lines 
and  find  at  what  number  of  amperes  they  cut  the 
scale  of  load  currents.  These  processes  are  indicated  in 
the  figure  and  give  results  of  about  41.5  amperes  for 
generator  A  and  22  amperes  for  B, 
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FIG.    6.      EXTERNAL,  CHARACTERISTIC   CURVES   OF  TWO 
SHUNT  GEXERATORS  OF  UNLIKE  DESIGN 

The  second  part  of  the  problem  was  to  show  the 
position  the  curves  would  have  to  occupy  in  order  that 
they  should  divide  a  load  of  100  amperes  at  120  volts 
between  them  equally.  Since  the  total  load  is  100 
amperes,  each  of  the  machines  would  have  to  deliver 

-p-   =  50  amperes.     In  order  that  they  should  do  so 

at  120  volts,  their  curves  would  have  to  pass  through 
the  point  corresponding  to  50  amperes  at  120  volts, 
which  is  shown  at  a  in  Fig.  12.  The  curves  would 
therefore  occupy  the  positions  of  A,  and  B,  as  shown. 
Two  100-kw.  230-volt  shunt  generators  are  operated 
in  parallel.  The  armature  resistance  of  each  is  0.01 
ohm.  If  the  generated  voltage  of  one  was  234  volts 
and  that  of  the  other  233  volts,  what  would  be  the  value 
of  the  current  delivered  to  the  load  provided  the  busbar 
voltage  is  230  volts? 


Pat  had  got  a  job  as  a  stoker  on  a  ship,  and,  before 
starting,  asked  for  a  bucket  of  whitewash  and  brush. 

"For  what?"  asked  the  chief  stoker. 

"Well,"  said  Pat,  "these  submarines  can  see  smoke  a 
long  way  off,  so  I  am  up  to  them,  for  I  always  whitewash 
my  coal  before  starting." 
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Making  the  CO2  Recorder  Pay  Dividends 


By  M.  a.  SALLER 


The  CO,  indicator  or  recorder  does  not  of  itself 
improve  the  efficiency  of  the  plant,  but  merely 
shows  what  is  being  accomplished;  hence,  every 
engineer  should  be  acquainted  with  the  operation 
of  the  instrument,  so  that  he  may  use  the  in- 
formation it  gives  to  aid  in  the  economical  com- 
bustion of  coal. 

TO  SHOW  the  possibility  for  saving  by  more 
careful  attention  to  combustion,  take  a  set  of 
operating  conditions  under  which  15  per  cent, 
of  CO2  is  obtained,  or  practically  perfect  results.  The 
loss  in  this  case,  assuming  that  the  flue-gas  tempera- 
ture is  425  to  500  deg.  F.,  is  about  12  per  cent.,  which 
is  accepted  as  unpreventable  because  of  the  necessary 
heating  of  the  flue  gases  to  produce  draft.  However, 
if  only  a  10  per  cent.  CO,  reading  is  obtained,  the  heat 
loss  would  amount  to  17*  per  cent.,  representing  an 
excess  over  the  unpreventable  loss  of  over  5  per  cent., 
while  with  only  a  5  per  cent.  CO,  reading  the  loss  of 
heat  in  the  flue  gas  would  amount  to  35  per  cent.,  or 
a  preventable  loss  of  almost  25  per  cent. 

Causes  of  Low  CO,  Readings 

Low  COj  reading  may  be  caused  by  excess  air, 
insufflcient  air  or  improper  mixture  of  air  and  gases. 
Excess  air  may  be  caused  by  leaks  in  the  boiler  setting, 
carrying  too  thin  a  fire,  holes  in  the  fire  bed  or  too 
strong  a  draft. 

Leaks  permitting  the  infiltration  of  air  into  the  set- 
ting through  the  brickwork  or  doors  can  be  readily 
detected  by  means  of  the  old  candle  method.  A  lighted 
candle  is  passed  slowly  over  the  brickwork  and  door 
joints,  and  at  those  places  where  the  leakage  of  air 
into  the  furnace  is  going  on  the  flame  will  be  drawn 
or  sucked  in.  All  these  places  should  be  chalk-marked 
and  should  then  receive  immediate  attention.  The  holes 
and  cracks  should  be  plugged  and  calked  with  asbestos 
twine  mixed  with  fireclay  or  some  of  the  other  com- 
mercial furnace  calking  materials  or  plastic  cements. 
After  the  leaks  have  all  been  stopped,  the  whole  setting 
should  be  plastered  or  painted  with  a  thin  coating  of 
plastic  airproof  material.  Leaks  are  particularly 
troublesome  where  door  frames  or  supporting  beams 
join  the  setting,  and  these  points  should  have  fre- 
quent attention. 

Detecting  Air  Leaks  by  Smoke  Method 

Another  method  of  showing  up  air  leaks  is  to  start 
a  brisk  fire  with  green  fuel  while  the  dampers  are  open. 
Suddenly  closing  the  dampers  will  result  in  confining 
large  volumes  of  smoke  within  the  setting,  which  will 
penetrate  the  larger  cracks  and  crevices  and  show  itself 
on  the  outside  of  the  setting.  This  method  will  probably 
show  up  only  the  larger  leaks  and  is  not  so  effective 
as  the  candle  method,  though  it  is  useful  where  a  quick 
test  is  desired. 

The  next  most  important  cause  is  the  carrying  of 


too  thin  a  fire,  which  permits  large  quantities  of  air 
to  pass  through  the  fire  and  up  the  stack  without 
participating  in  the  complete  scheme  of  combustion. 
This  condition  can  be  remedied  either  by  reducing  the 
amount  of  draft  or  by  carrying  a  thicker  fuel  bed. 

Importance  of  an  Even  Fuel  Bed 

Holes  in  the  fire  will  naturally  permit  the  infiltra- 
tion of  large  quantities  of  air.  This  is  usually  due  to 
careless  or  ignorant  firing  and  the  men  should  be  in- 
structed to  carry  a  level  and  even  fuel  bed.  Spotty 
fires  are  often  caused  by  too  frequent  stirring  and 
use  of  the  fire  tools.  Where  a  clinker  is  caught  in 
the  grate  and  holds  it  open,  the  fire  is  liable  to  be 
burned  through  in  advance  of  the  other  portions  of 
the  bed.  If  the  clinker  or  ash  clogs  the  grate  and 
stops  the  passage  of  air,  the  combustion  is  reduced 
in  the  immediate  vicinity  while  the  inrush  of  air  in 
other  portions  will  quickly  burn  through  the  fire  in 
spots.  Even  firing,  with  the  minimum  of  shaking  and 
handling,  and  the  avoidance  of  clinkers  will  usually 
eliminate  trouble  of  this  nature. 

It  will  be  found  sometimes  that  excess  air  is  the 
result  of  using  grates  that  contain  air  spaces  too  large 
for  the  size  of  fuel  used,  allowing  the  bed  to  fall  through 
at  some  points,  or  else  resulting  in  an  uneven  distribu- 
tion of  the  fuel,  through  which  thin  spots  the  air  will 
rush  without  being  completely  broken  up. 

Excess  air  may  be  caused  by  too  strong  a  draft.  This 
should  be  reduced  or  else  the  fire  bed  should  be  car- 
ried thicker.  Often  what  appears  to  be  excess  draft 
is  caused  by  the  use  of  coal  of  uneven  quality,  the 
large  lumps  usually  forming  in  such  a  way  as  to  allow 
the  air  to  pass  too  freely  through  that  portion  of 
the  fire. 

Insufficient  Air  or  Draft  Causes  Low  CO, 

Low  CO,  is  also  caused  by  insufficient  air  or  too  little 
draft.  The  fuel  bed  may  be  too  thick  or  the  air  spaces 
in  the  grate  may  be  clogged  with  clinker  or  slag.  Again, 
the  air  spaces  in  the  grate  may  be  clear  but  may  still 
be  too  small  or  insufficient  in  number  to  pass  all  the 
air  needed  for  proper  combustion  in  the  fuel  bed. 
Leaks  in  the  setting  or  flues  beyond  the  combustion 
chamber  help  to  cut  down  the  draft.  Dirty  or  clogged 
boiler  tubes  or  flues  and  dampers  retard  the  draft. 
If  the  chimney  or  flue  is  overloaded  or  too  small  for 
the  volume  of  gases  it  is  called  upon  to  handle,  there 
will  naturally  be  a  restriction  of  the  draft.  Where 
draft  is  insufficient  the  use  of  an  auxiliary  blower  often 
solves  the  problem. 

One  of  the  most  common  causes  of  insufficient  draft 
is  the  clogging  of  the  grates  with  clinker  or  melted 
ash.  Portions  of  the  fire  that  have  been  turned  over 
v/hen  the  slice  bar  is  being  used  are  often  so  stirred 
up  that  ash  finds  its  way  to  the  top  of  the  burning 
bed  and  under  the  intense  heat  melts  and  runs  down 
on  the  grate,  where  it  cools  and  forms  hard  clinker. 

Excessive  fusing  of  the  ash  depends  on  the  quality 
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of  the  conl.  If  the  coal  is  high  in  sulphur,  iron, 
alumina  or  silii-a,  the  fusing;  of  the  ash  will  usually 
he  noticed. 

InsuMuient  air  follows  when  the  fires  are  charged 
with  too  thick  a  layer  of  fresh  fuel.  When  the  thick 
cover  of  fresh  coal  is  thrown  on  the  fire,  the  air  supply 
is  momentarily  restricted  and  the  volatile  gases  driven 
otr  leave  the  fuel  so  rapidly  that  the  supply  of  air 
is  not  sulhcient  to  burn  them  completely.  For  this 
reason  the  fuel  should  he  added  in  thin,  even  charges. 
In  some  cases  it  is  desirable  to  arrange  an  auxiliary 
;iir  inlet  above  the  fire  for  admitting  extra  air  to  take 
ti-.re  of  these  periods  of  probable  shortage  through 
the  fuel  bed. 

Removable  Truck  Safety-First 
Switchboard  Units 

For  use  in  electric-power  plants  the  removable-truck 
type  safety-first  switchboard  units  shown  in  Figs.  1  and 
2  can  be  obtained  for  the  control  of  generators,  motors 
and  feeder  circuits,  and  are  particularly  adapted  to 
plants  where  electrical  distribution  to  various  buildings 
is  made  from 


economical  1  y 
located  dis- 
tribution cen- 
ters. The  con- 
struction is 
such  that  ex- 
tensions to 
the  switch- 
board can  be 
made  readily 
or  the  units 
removed  to 
other  loca- 
tions to  meet 
changed  or 
new  condi- 
tions. All  live 
parts  are  in- 
closed, and 
the  opportu- 
nity for  an 
operator  to 
come  in  con- 
tact with  the 
circuit  is 
pract  i  c  a  11  y 
eliminated.  A 
spare  remova- 
ble unit  can 
be  used  to  re- 
duce the  time 
of     shutdown 

for  inspection  or  repairs.  Busbars  need  not  be  killed, 
disconnecting  switches  need  not  be  opened,  leads  and 
small  wirings  are  not  disturbed.  The  design  of  the  unit 
is  in  accordance  w^ith  the  best  engineering  prac- 
tice. The  oil  switches,  busses  and  all  live  parts 
are  in  compartments.  This  tends  to  reduce  fire  hazard 
and  limits  disturbances  to  a  single  point. 

The  stationary  member  S,  Fig.  2,  of  the  removable- 
truck  switchboard  carries  current  and  potential  busses. 


FIG.  1.     KEMOVABLE  ELEMENT 
OF  SWITCHBOARD 


and  their  disconnerting  switch  studs  and  barriers  be- 
tween the  current  studs  to  prevent  accidental  contact 
by  anyone  who  enters  the  compartment. 

The  rear  end  of  the  current  di.sconnecting-switch  studs 
in  the  compartment  run  to  bus.ses  li  and  to  incoming  or 
outgoing  leads;  the  potential  bus  wires  to  small  contact 
studs  near  the  top  of  the  compartment.  The  side  walls 
of  the  compartments  are  provided  with  handholes,  so 
that  the  busbars  and  bus  wires  can  be  continued  from 
unit  to  unit.  On  the  exposed  wall  of  the  end  units  these 
openings  can  be  closed  by  removable  covers.  Access  to 
the  rear  of  a  compartment  can  be  had  by  means  of 
hinged  sheet-steel  doors  provided  with  means  for  pad- 
locking in  the  clo.sed  position. 

The  removable  truck.  Fig.  1,  also  shown  in  the  fore- 
ground of  Fig.  2,  is  mounted  on  wheels.  The  fore  part 
carries  a  sheet-steel  panel,  on  which  are  mounted  the 
instruments,  oil  switches  and  other  appliances  usually 
mounted  on  the  ordinary  slate  switchboard  panel.  The 
current  transformers,  when  used,  are  mounted  on  steel 
brackets  back  of  the  instrument  panel.  The  rear  of  the 
truck  carries  the  movable  parts  of  the  disconnecting 
switches,  the  potential  transformers  and  small  wire  ac- 
cessories. The 
disconnecting 
switch  to  the 
busbar  is 
shown  at  S, 
Fig.  1,  and 
those  from 
the  outgoing 
circuit  at  A. 
The  potential 
transformers 
P  are  mount- 
ed at  the  top 
of  the  rear  of 
the  truck, 
with  their 
leads  connect- 
ing to  small 
disconnecting 
switches  T. 
To  center  the 
truck  and  to 
assist  in  plac- 
ing it  in  or 
removing  it 
from  the 
compartment 
rails  fastened 
to  the  side  of 
the  compart- 
ment are  fur- 
nished. The 
0  i  I  switches, 

instruments,  transformers  and  all  adjunct  parts  are 
removed  entirely  from  the  installation  by  wheeling  out 
the  truck.  To  remove  or  replace  a  switch  unit,  the  oil 
switch  must  be  opened,  and  therefore  the  load  discon- 
nected. This  is  provided  for  by  an  interlocking  attach- 
ment to  the  oil-switch  operating  toggle  which  engages 
cast  lugs  on  the  walls  of  the  stationary  unit.  With  the 
oil  switch  closed  it  is  impossible  to  remove  or  insert  the 
truck.     The  value  of  this  feature  needs  no  discussion. 


PIG.  2.     SAFETY-FIRST  SWITCH- 
BOARD UNIT  COMPLETE 
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The  panels  are  manufactured  in  a  variety  of  styles 
and  capacities  by  the  General  Electric  Co.,  of  Schenec- 
tady, N.  Y.,  varying  from  the  smallest  size  up  to  and 
including  1200  amperes,  and  to  operate  at  voltages  up 
to  15,000.  In  the  larger  sizes  the  housings  are  usually 
of  reinforced  concrete,  and  all  capacities  are  designed 
for  use  with  either  solenoid  or  manually  operated  oil 
circuit-breakers. 

Drilling  a  Well  by  Hydraulic  Pressure 

By  W.  S.  Heckendorn 

Our  experience  in  drilling  a  well  with  hydraulic  pres- 
sure may  be  of  interest  to  others.  We  first  obtained  an 
18-in.  well-drilling  outfit  and  put  down  a  test  hole,  in 
which  we  found  fine  sand  and  water  at  a  depth  of  6  ft. 
Then  we  con- 
nected a  3-in. 
centrifugal  pump 
to  the  well  and 
ran  it  for  an 
hour  without 
lowering  the 
water.  From  the 
indications  there 
was  plenty  of 
water,  and  we 
began  to  look 
for  someone  to 
put  in  a  12-ft. 
well  down  to 
coarse  gravel, 
but  the  lowest 
bid  was  $1200. 
I  advocated  put- 
ting in  points  if 
we  could  get 
them,  although 
it  would  require 
quite  a  number 
for  a  165-gal. 
per  minute 
pump.  We  finally 
got  a  price  of 
$  3  0  0  on  12 
points.  A  5-in. 
pipe  was  ob- 
tained for  a  cas- 
ing, also  a  5-in. 
tee.  The  pipe 
was  cut  so  as  to 
put  a  coupling 
12  ft.  from  the 
tee.  The  tee  was 
attached  to  the 
casing  with  the 

side  outlet  horizontal,  and  the  top  outlet  was  reduced 
from  5  in.  to  2  in.  A  long  thread  was  cut  on  a  12-ft. 
piece  of  2-in.  pipe  so  as  to  screw  through  the  bushing 
from  the  under  side.  A  tee  was  then  screwed  to  the 
top  end  of  the  2-in.  pipe  with  a  close  nipple  on  each 
s'.de,  to  which  was  screwed  an  ell  and  a  nipple  turned 
down  for  connecting  two  lines  of  2-in.  hose  from  the 
pump. 

When  all  was  ready,  we  ran  two  lines  of  2-in.  pipe 
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from  the  pump  to  the  derrick  and  attached  the  hose.  A 
man  was  stationed  on  top  of  the  discharge  pipe  from  the 
side  outlet  of  the  5-in.  tee  that  was  used  to  carry  the 
water  away  from  the  well,  and  two  pairs  of  chain  tongs 
were  used  to  turn  the  pipe  from  right  to  left  and  back, 
so  as  to  give  a  cutting  action  in  the  ground.  The  idea 
is  shown  in  the  illustration.  Then,  dressed  in  a  rubber 
suit  to  keep  dry,  the  operator  started  the  water.  At 
first  the  water  refused  to  run  through  the  pipe,  and  the 
latter  was  lifted  and  the  end  cleaned  out  and  then  let 
down  easily.  When  the  water  was  turned  on  the  pipe 
sank  into  soft  black  dirt  at  a  rate  of  about  a  foot  at 
a  time.  When  sand  was  reached,  we  stopped  to  add 
another  12-ft.  section  of  pipe.  This  was  done  by  re- 
moving the  4-ft.  length  of  discharge  pipe  and  the  hose, 
and  the  tee  head  was  then  unscrewed  from  the  5-in. 

pipe,  and  it,  with 
the  2-in.  length 
of  pipe,  was 
taken  out,  after 
which  another 
12-ft.  length  was 
added  to  both 
the  5-  and  the 
2-in.  pipe,  and 
all  was  screwed 
together  again. 
With  this  ar- 
rangement the 
stream  of  water 
from  the  hose 
washed  out  sand 
and  gravel  as 
fast  as  the  pipes 
could  drop  to  the 
hard  ground, 
which  was  from 
12  to  23  ft.  be- 
low the  surface. 
Some  of  the 
stones  thrown 
out  weighed  as 
much  as  7  oz. 
each.  We  put  in 
eleven  4-in.  by 
6-ft.  well  points 
with  sawed  op- 
enings at  each 
end  for  very  fine 
sand  and  larger 
openings  for 
coarse  gravel  in 
the  3-ft.  length 
above  the  center 
of  the  points. 
They  furnish  all 
can  handle.  The 
within    18    in.   of 


the  water  that  a  165-gal.  pump 
pipe  line  is  placed  in  a  trench  to 
the  water  direct  from  the  pump,  with  the  crosses  6  ft. 
apart  and  the  points  4  ft.  from  the  line  on  each  side, 
making  them  8  ft.  apart.  The  water  is  clear  and  cold 
all  the  year  round,  and  tests  98  per  cent,  pure,  although 
the  city  water,  taken  from  the  river,  tests  only  75 
per  cent.  pure. 

When  the  well  had  been  drilled  as  far  as  was  desired, 
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wo  stripped  the  inside  pipinjr  nnd  uncoupled  the  5-iii. 
tee,  nu'asurcd  tin-  wIidIo  icnjith  insido  with  u  I'-in.  pipe 
and  doduited  the  dilToroiue  from  the  top  of  the  casinK 
to  the  ri^ht  heijrht  of  the  i)ipe  leadinjr  out  from  the 
cross  connectinjr  the  strainer  to  the  iron  pipe,  and  then 
cut  a  thread  for  an  ell.  We  ne.vt  lowered  the  whole  into 
the  casing,  then  pulled  the  casing,  leaving  the  strainer 
in  the  gravel,  which  we  connected  up  with  a  llange  fitting. 

"Alco"  Power  and  Lighting  Plant 

There  are  many  places  in  which  a  small  pas-engine- 
driven  power  and  lighting  unit  can  be  used  to  advantage 
where  steam  is  not  available;  such  as  for  lighting  build- 
ings at  a  distance  of,  say,  1000  or  2000  ft.  from  the 
power  plant,  for  small  shops  and  for  country  and  farm 
use.  Such  a  power  unit,  known  as  the  "Alco,"  is  built 
■by  the  Automatic  Light  Co.,  Inc.,  Minneapolis,  Minn., 
and  is  illustrated  herewith. 

A  single-cylinder  four-cycle  water-cooled  engine  is 
directly  connected  to  a  direct-current  generator.  The 
generator  is  duplex  wound,  having  110  volts  on  the 
power  and  lighting  winding,  and  7  J  volts  on  the  other, 
which  is  used  as  a  motor  for  a  6-volt  battery  for  start- 
ing the  plant.  When  the  engine  is  nearly  up  to  speed, 
the  110-volt  winding  supplies  current  for  light  and 
power  and  the  low-voltage  winding  acts  as  a  generator 
and  charges  the  starting  battery. 

Upon   a   switchboard   is   mounted   a    relay   and   two 

electromagnets.       An 

automatic  cutout  pro- 
tects the  battery  when 
the  engine  is  stopped. 
When  power  or  lights 
are  used,  the  circuit  of 
the  relay  is  closed,  and 
this  in  turn  closes  the 
switch  on  the  starting 
motor    which     starts 
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the  engine.  When  90  volts  are  reached,  the  6-volt  current 
cuts  out,  and  the  110-volt  cuts  in.  The  operation  rever.ses 
when  the  last  light  or  power  motor  is  turned  ofif,  and 
the  plant  then  stops.  Voltage  regulation  is  accomplished 
by  an  electric  solenoid  governor  that  acts  directly  on  the 
throttle  of  the  carburetor,  opening  and  closing  it  to  take 
care  of  the  slightest  variation  in  voltage. 


(^nirkly  Drtarhable  C^lamp 

A  quickly  removai)le  tlimp  which  can  be  used  any- 
where about  the  place  where  l-bei'.mH  are  used  is  shown 
in  the  illustration,  taken  from  ('oal  Age.  The  clamp  is 
made  of  two  .><ections  of  machine  .steel  A,  each  being 
slotted  to  receive  the  taper  key  B.  In  operating  the 
sections  A  are  clamped  tightly  again.st  the  lower  part 
of  the  beam  by  means  of  the  wedge.    The  hanging  ring 


DETAILS  OF  EASILY   DETACHABLE  CLAMP 

is  welded  after  passing  through  the  lower  holes  of  the 
sections.  The  holes  should  be  large  enough  to  allow 
free  motion  of  the  ring  in  order  to  permit  setting  and 
removing  the  hangers  from  the  beam.  For  the  sake  of 
keeping  all  parts  together,  the  key  may  be  fastened 
to  one  of  the  sections  by  means  of  a  small  metal  chain, 
D,  as  shown. 


After  all,  what  caused  the  war,  or  at  least  created 
conditions  making  it  necessary  for  Germany  to  do  some- 
thing desperate,  if  it  was  not  her  vaunted  foreign-trade 
policy  of  subsidies,  credits,  etc.?  Any  policy  or  transac- 
tion that  is  not  in  itself  mutually  profitable  or  beneficial 
to  buyer  and  seller  is  bound  to  end  disastrously  if  per- 
sisted in,  and  the  more  extensive  the  scale  the  greater 
will  be  the  disaster.  Germany  for  years  had  been  guilty 
of  "crooked"  dealing  and  attempted  to  maintain  her 
false  position  by  a  grand  military  campaign  to  ward 
off  the  inevitable  commercial  catastrophe.  "Dumping," 
or  selling  goods  below  cost,  cannot  be  carried  on  profit- 
ably, subsidies  notwithstanding. 
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Metering  the  Air  Supply  to  the  Furnace 

FROM  the  point  of  view  of  the  fireman  it  is  un- 
fortunate that  atmospheric  air  is  invisible  and  so 
difficult  to  measure  or  to  weigh  accurately.  It  takes  an 
active  imagination  to  make  a  mental  picture  of  air 
sweeping  up  into  the  furnace  through  the  fuel  bed, 
slyly  slipping  past  the  openings  in  the  fire-door  or 
sneaking  stealthily  through  random  chinks  and  porous 
brickv/ork. 

Think  of  the  simplicity  of  the  problem  of  combustion 
if  air  could  be  as  easily  seen  and  handled  as  sawdust, 
and  as  readily  weighed  and  measured !  There  would  be 
no  trouble  at  all  in  furnishing  just  the  exact  amount 
needed  to  burn  each  pound  of  coal  to  the  best  advantage, 
and  if  some  of  it  tried  to  get  inside  the  boiler  setting  in 
any  way  except  through  the  approved  channels,  any- 
one but  a  blind  man  would  be  able  to  detect  it. 

But,  as  a  former  President  once  remarked,  "It  is  a 
condition  and  not  a  theory  that  confronts  us."  Air 
must  be  recognized  by  its  effects  and  not  by  its  color 
or  form  or  weight.  No  satisfactory  method,  applicable 
to  the  average  boiler  plant,  has  been  devised  whereby  a 
definite  quantity  of  air,  by  volume  or  by  weight,  can  be 
metered  on  its  way  into  the  furnace.  But  though  it  is 
such  a  tricky,  elusive  gas  before  it  combines  with  the 
fuel,  it  becomes  fairly  tractable  and  meek  after  it  has 
been  changed  into  carbon  monoxide  and  carbon  dioxide; 
for  then  it  can  be  captured,  put  through  the  third  degree 
and  forced  to  reveal  the  information  that  is  needed. 

All  this  is  accomplished  by  means  of  the  flue-gas 
analyzer.  That  very  useful  instrument  will  take  a  gas 
sample  and  split  it  up,  showing  just  what  percentages 
of  COj,  0  and  CO  it  contains;  and  from  such  data  it  is 
possible  to  tell  just  how  much  air  per  pound  of  fuel 
has  been  admitted  to  the  boiler  setting.  If  the  amount 
is  excessive,  that  fact  is  at  once  apparent  and  the 
remedy  can  be  applied. 

Of  course  this  method  makes  it  necessary  for  the 
fireman  to  know  how  to  handle  the  analyzer  and  in- 
terpret its  readings;  but  that  is  a  simple  task  as  com- 
pared with  the  difficulty  of  trying  to  measure  the  air 
in  pounds  or  cubic  feet.  And  as  the  analyzer  is  destined 
to  become  more  and  more  popular  as  a  part  of  the 
equipment  in  the  boiler  room,  firemen  who  neglect  or 
refuse  to  learn  the  how  and  why  of  its  action  are 
blind  to  their  own  best  interests. 

It  is  not  feasible  to  approach  the  air-supply  problem 
from  the  front  of  the  boiler,  but  it  yields  to  an  attack 
from  the  rear.  It  is  practically  impossible  to  measure 
air  accurately  and  determine  how  much  is  going  into 
the  furnace;  but  after  it  has  entered  there  is  little 
difficulty  in  determining  the  quantity  and  the  kind  of 
associations  it  has  formed  and  from  them  deducing 
the  original  amount  of  air  that  must  have  been  ad- 
mitted. This  may  seem  like  a  roundabout  way  of  get- 
ting the  information,  but  it  is  the  best  that  has  yet 
been  suggested  and  it  produces  the  desired  results. 


More  than  once  we  have  been  called  upon  to  calculate 
the  weight  of  air  required  for  the  complete  combus- 
tion of  coal  of  a  given  composition,  in  order  to  satisfj- 
some  engineer  or  fireman  who  has  been  wrestling  with 
the  problem  of  burning  coal  economically.  That  in- 
formation is  readily  obtainable;  but  we  have  always 
harbored  a  certain  degree  of  curiosity  as  to  what  prac- 
tical use  was  made  of  the  figures  thus  furnished  to  the 
inquirer,  and  we  have  felt  the  temptation  to  ask  him, 
in  the  language  of  a  certain  well-known  cai-toonist, 
"Now  that  you've  got  it,  what  are  you  gonna  do 
with  it?" 

The  Wage  Problem 

CONSIDERABLE  newspaper  criticism  has  appeared 
regarding  Henry  Ford,  especially  since  his  campaign 
for  the  United  States  Senate,  and  most  of  his  motives 
and  actions  have  been  imputed  to  self-advertising.  One 
item  insists  that  this  is  so  regarding  the  increase  from 
five  to  six  dollars  a  day  in  the  wages  of  employees  in 
his  shops,  to  say  nothing  of  his  retirement  from  the 
presidency  of  the  company  in  favor  of  his  son  Edsel, 
with  a  salary  of  one  hundred  and  fifty  thousand  dollars 
a  year.  The  item  goes  on  to  say  that  "only  the  Ford 
plant  can  afford  to  pay  workers  a  uniform  wage  of  six 
dollars  a  day." 

Most  men  are  misjudged  when  others  reap  some  bene- 
fit from  their  actions,  and  it  is  difficult  for  the  average 
business  man  to  understand  that  there  is  reason  or 
justice  in  paying  men  a  wage  of  six  dollars  per  day 
when  their  places  can  be  filled  with  cheaper  labor.  The 
Ford  plant  is  not  the  only  one  that  can  afford  to  pay  a 
uniform  wage  of  six  dollars  a  day,  although  it  may  be 
the  only  one  that  realizes  that  the  laborer  is  worthy  of 
his  hire.  The  average  business  man  has  not  come  to 
that  way  of  thinking  as  yet,  but  the  workingman  has. 

Wages  and  working  hours  are  two  great  problems  that 
will  confront  business  in  the  future,  and  both  will  have 
to  be  recognized  and  satisfactorily  settled.  The  recent 
strike  of  marine  workmen  in  New  York  harbor  may  be 
cited.  These  men  demand  an  eight-hour  day  and  a 
twenty-five  per  cent,  wage  increase.  After  waiting  for 
months  for  a  settlement  of  their  demands,  they  struck, 
and  a  complete  suspension  of  river  and  harbor  traffic 
was  the  result. 

That  the  boat  owners  believe  their  men  have  been 
treated  fairly  is  evidenced  by  the  statement  by  one 
who  spoke  of  a  man  who  had  been  in  his  employ  for  a 
long  period :  "Why,  we  have  taken  care  of  Mr.  Blank 
for  about  twenty  years,  and  he  has  saved  one  thousand 
dollars."  In  other  words,  because  Mr.  Blank  has  worked 
for  this  boat  owner  twenty  years  he  has  been  taken 
care  of,  and  because  he  has  been  able  to  scrape  together 
one  thousand  dollars,  he  has  been  receiving  fair  wages. 
If  Mr.  Blank  had  not  been  "taken  care  of"  for  the  past 
twenty  years,  he  might  now  be  chief  engineer  of  an 
ocean  steamer,  receiving  a  good  salary. 
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Tho  question  of  wnpes  is  here  to  stny.  Durinpr  the 
war  workmen  were  able  to  command  hitrher  waKes  than 
had  ever  been  paid  before  in  this  or  any  other  country. 
Power-plant  engineers  have,  of  course,  been  benefited 
by  H  greater  or  less  increase  in  pay,  but  not  commen- 
surate with  what  has  been  received  by  munition  work- 
ers, carpenters  and  other  trades,  nor  in  proportion  to 
the  rise  in  the  cost  of  the  necessities  of  life. 

The  employer  and  employee  must  arrive  at  a  wage 
basis  before  a  satisfactory  settlement  can  be  had.  The 
employer  must  recognize  the  fact  that  low  wages  are  a 
thing  of  the  past  and  that  his  employees  are  entitled  not 
only  to  enough  to  live  on  but  enough  to  live  on  in  com- 
fort and  with  something  to  put  by  for  a  "rainy  day." 
On  the  other  hand,  the  employee  must  realize  that  he  is 
in  justice  bound  to  give  one  hundred  cents'  worth  of 
labor  for  each  dollar  received  in  wages.  When  both 
parties  get  to  the  point 
where  each  recognizes  that 
the  other  is  entitled  to  fair 
and  honest  dealings,  the 
problem  of  wages  will  be 
largely  settled. 

Doubtless  the  realization 
of  this  condition  will  be 
slow.  But  the  fact  remains 
that  if  a  man  is  worth  five 
or  six  dollars  a  day  to  the 
employer  he  should  get  it, 
and  the  employee  should 
realize  that  if  he  is  getting 
that  amount  he  should 
make  an  equivalent  return 
in    labor. 


A  few  month.s  ago  thousands  of  men  left  their  jobs 
to  fight  for  their  flag  and  ours.  Most  companies  put 
out  .service  flags  with  a  star  for  each  man  who  left 
their  employ  to  enter  the  service.  Now  when  the  men 
are  coming  back,  how  about  their  jobs?  Do  they  get 
them,  or  will  they  have  to  walk  the  streets  looking 
for  others?  At  the  least,  a  star  should  be  removed 
from  the  service  flag  for  each  man  who  does  not  get 
his  job  back,  as  an  employer  has  no  right  to  di.splay 
them  and  the  men  will  not  thank  him  for  so  doing. 


With  the  war  over  and 
marine  transportation  get- 
ting back  to  normal,  one 
wonders  how  many  of  those 
ten  million  rounds  of  am- 
munition the  Mexicans 
want  us  to  release  to  them 
will  be  used  to  shoot  up  the 
oil  wells  whose  product 
American  consumers  are 
willing  to  pay  well  for. 


Electricity 

The  wish  has  often  been  expressed  for  a  paper 
xvhich  would  be  to  the  practical  electrician  what 
"Power"  has  been  to  the  operating  engineer. 

"Power"  has  made  its  success  by  telling  the 
story  of  the  power  plant  in  everyday  language 
that  could  be  read  and  understood  by  the  busy 
practical  man  who  knows  more  about  mechanics 
than  he  does  about  mathematics. 

The  power-plant  engineer  has  become  to  a 
greater  or  less  extent  a  practical  electrician. 
"Power"  is  going  to  tell  the  story  of  electricity 
to  him  in  the  same  practical,  helpful,  easily  under- 
standable ivay  that  it  has  talked  steam  engineer- 
ing to  the  steam  engineer;  and  practical  electri- 
cians will  find  in  it  the  paper  which  they  have 
been  needing. 

Look  at  the  electrical  pages  in  this  number. 
And  there  are  just  as  many  articles  of  other 
kinds  as  before.  The  number  of  reading  pages 
has  been  increased  to  accommodate  the  greater 
amount  of  electrical  matter. 

If  it  is  not  just  what  you  would  ask  for  if  you 
were  writing  the  specifications,  let  us  know  how 
it  can  be  made  to  suit  you  better. 


Just  what  volume  of  air  and  what  strength  of  draft 
must  be  used  to  burn  any  particular  fuel  in  any  given 
furnace  can  be  determined  only  by  actual  trial  and,  be- 
ing once  determined,  should  be  maintained  as  long  as  the 
particular  fuel  is  used.  Unfortunately,  there  are  many 
engineers  who  pay  no  attention  to  the  matter  of  draft 
and  fuel,  but  are  contented 
to  maintain  steam  at  the 
required  pressure,  regard- 
less of  how  much  draft  is 
used  or  how  much  fuel  is 
consumed  in  .so  doing. 


One  of  our  friends  who  is 
chief  engineer  for  a  large 
public-utility  corporation 
was  explaining  to  the  com- 
pany's chief  counsel  some 
of  the  principal  things 
about  certain  engineering 
practice  in  power  plants. 
"But,"  interrupted  the 
counsel,  "I  cannot  remem- 
ber air  that.  Won't  you  get 
me  a  little  book  on  engi- 
neering that  will  tell  all 
about  it?"  "Certainly — on 
one  condition,"  said  the  en- 
gineer; "that  you  get  me 
one  telling  all  about  the 
law."  Now  there  are  some 
engineers  just  like  that 
lawyer. 


Including  in  the  cost  of  production  or  operation  the 
interest  on  the  total  investment  whether  in  use  or  not 
is  unfair  to  the  business  and  those  carrying  it  on,  both 
management  and  employees,  as  it  always  includes  a  lot 
of  "bonehead"  expenditures  that  have  no  legitimate  place 
on  the  books  as  assets.  If  a  plant  has  been  poorly  de- 
signed, the  equipment  ill  chosen  or  some  personal  fad 
has  caused  abnormal  expenditure,  it  should  be  charged 
off  the  books  or  the  engineer  should  not  be  accused  of 
incompetence  if  he  fails  to  make  a  satisfactory  showing. 
Idle  machinery  is  idle  money  and  should  not  be  ex- 
pected to  produce  revenue.  There  is  also  a  withholding 
of  money  or  investment  that  is  not  only  unprofitable  in 
itself,  but  keeps  the  capital  already  invested  from  being 
more  profitable.  A  thoroughly  well  balanced  plant, 
exactly  suited  to  the  purpose  for  which  it  is  to  be  used, 
not  too  elaborate  in  its  appointments  or  too  scantily 
equipped,  is  indeed  a  rarity. 


When  boiler-feed  water  is 
heated  by  exhaust  steam,  a 
saving  is  made  of  about  one  per  cent,  of  fuel  for  each 
eleven  degrees  Fahrenheit  rise  in  the  temperature  of 
the  feed  water.  One  would  not  suppose  that  this  is 
really  knov/n,  judging  from  the  volume  of  steam 
escaping  from  exhaust  heads,  and  feed  water  going  to 
the  boiler  at  around  one  hundred  and  eighty  degrees. 
A  larger  heater  in  such  instances  would  be  a  money- 
saving  investment. 


With  the  passing  of  the  emergency  created  by  the 
war  situation,  water-power  legislation  in  Congress 
should  not  be  shelved;  the  need  of  hydro-electric  de- 
velopment is  little  less  than  during  the  active  period  of 
the  war. 


I 


Being  in  love  with  your  work,  outside  of  the  mere 
matter  of  making  it  produce  your  daily  bread,  marks 
the  difference  between  a  weary  grind  and  a  fine  job. 
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Trouble  with  Belt  Tighteners 

We  wish  to  thank  you  for  publishing  our  belt- 
tijrhtener  problems  in  Power  and  to  say  that  we  have 
overcome  the  difficulty  by  turning  off  the  crown  of  the 
pulleys.  Using  the  straight-faced  pulleys,  which  we 
now  have,  makes  the  belt  run  true. 

Belt  manufacturers  also  told  us  that  part  of  the 
trouble  was  due  to  light  belting.  The  wide  belting  is 
48  in.  wide  and  S  in.  thick,  and  the  manufacturers 
think  the  belt  stretches  unevenly,  making  it  run  off, 
but  as  stated,  since  we  have  used  straight-faced  pulleys 
the  trouble  has  disappeared.  J.  S.  Eckert, 

Blissfield,  Mich.  Continental  Sugar  Co. 

Pump  Valves  Do  Not  Wear  Well 

In  reply  to  Mr.  Larsen  in  the  issue  of  Jan.  7,  page 
30,  I  would  suggest  that  the  temperature  of  the  heating 
returns  varying  from  60  to  180  deg.  is  the  chief  cause 
of  the  rubber  valves  warping  and  breaking.  Rubber 
valves  will  not  stand  such  variation  in  temperature  and 
if  Mr.  Larsen  will  have  the  valve  seats  ground  dov/n  or 
faced  and  will  put  in  a  set  of  brass  valves,  the  cost  will 
be  more  but  it  will  surely  pay  in  the  end;  that  is,  pro- 
vided the  other  parts  of  the  pump  are  kept  in  good 
condition.  Patrick  Molloy. 

New  York  City,  N.  Y. 

Boiler  Horsepower  from  Metered 
Condensation 

The  first  question  answered  on  page  965  in  the  issue 
of  Dec.  31  may  be  good  engineering  and  strictly  correct, 
but  it  is  not  what  we  find  in  actual  practice  or  what 
would  appeal  to  the  average  operator.  Manufacturers 
of  condensation  meters  are  continually  brought  up 
against  this  question,  and  steam  is  not  sold  on  the  B.t.u. 
basis  except  in  rare  instances  (we  have  never  had  one) 
as  there  are  too  many  factors  that  may  be  in  dispute. 
[The  writer  of  the  inquiry  asked  to  have  the  horse- 
power figured  and  that  it  be  based  on  the  B.t.u. — 
Editor.] 

The  question  generally  is  brought  up  as  to  whether 
they  should  use  30  lb.  or  34]  lb.  of  water  as  the  basic 
horsepower  unit,  and  this  is  generally  settled  on  the 
basis  of  the  temperature  of  the  returns  and  the  actual 
boiler  conditions  as  to  feed-water  heaters,  and  sufficient 
waste  exhaust  steam  to  produce  the  highest  feed-water 
temperature  at  atmospheric  pressure,  with  the  result 
that  33  lb.  is  frequently  called  a  boiler  horsepower  and 
agreed  to  as  an  arbitrary  figure.  Under  usual  condi- 
tions we  would  figure  the  boiler  horsepower  given  in  the 
question  as  follows:  1240  X  SA  -4-  34.5  =  299.5  boiler 
horsepower-hours,  the  weight  of  the  water  being  con- 
sidered as  8:\  lb.  per  gal.,  owing  to  heat  losses  in  returns 
and  for  which  the  steam  producer  is  not  willing  to  extend 
credit.     We  find  few  installations  where  measurement 


in  gallons  will  be  accepted  [In  this  case  the  meter  read 
gallons. — Editor  I,  the  approved  form  of  meter  dial  reg- 
istering in  pounds  and  eliminating  the  heat  factor.  In 
order  to  get  a  reasonable  value  from  the  steam  pur- 
chased, we  recommend  that  a  separator  of  ample  size  be 
installed  to  take  out  entrained  water  just  before  deliv- 
ering to  the  consumer's  premises  and  that  piping,  up 
to  consumer's  first  take-oflf,  be  pitched  back  to  this  sepa- 
rator, which,  combined  with  well-insulated  steam  lines, 
will  eliminate  losses  to  a  considerable  extent. 

New  York  City.  Theodore  Haight. 

[We  are  always  glad  to  publish  discussion  letters  giv- 
ing various  views  on  engineering  subjects.  The  fore- 
going, however,  deals  with  a  matter  that  has  been  con- 
sidered established  ever  since  the  Centennial  Exposition 
in  1876,  when  the  standard  boiler  horsepower  i-ating 
was  fixed  as  equivalent  to  the  evaporation  of  34.5  lb. 
of  water  from  a  feed  temperature  of  212  deg.  F.  to 
steam  at  atmospheric  pressure,  or  an  equivalent  such  as 
evaporating  30  lb.  of  water  from  a  feed  temperature  of 
100  deg.  F.  to  steam  at  70  lb.  gage  pressure.  Tables 
of  factors  of  evaporation  have  been  worked  out  for  a 
wide  range  of  conditions  of  temperature  and  pressure, 
all  based  on  the  B.t.u.  transmitted  to  the  fluid  as:  970.4 
X  34.5  =  33,478.8  B.t.u.  =  one  so-called  boiler  horse- 
power. It  is  best,  however,  to  avoid  the  term  horse- 
power, except  as  a  generality,  as  an  expression  of 
boiler  capacity  or  output,  since  the  output  of  a 
boiler  is  heat  energy  that  may  or  may  not  be  con- 
verted into  power,  dependent  on  the  use  to  which  it 
is  put. — Editor] 

Saving  by  Lower  Trap  Discharge 
Temperature 

In  a  plant  in  which  there  were  several  indirect  heat- 
ers of  seven  sections  each,  two  of  the  sections  were  ar- 
ranged to  be  supplied  with  live  steam,  four  with  ex- 
haust steam  from  the  main  engines,  etc.,  and  there  was 
also  a  cross-connection  by  means  of  which  live  or  exhaust 
steam  could  be  supplied  to  the  entire  six  sections,  but 
the  seventh  section  was  supplied  with  exhaust  steam 
from  the  engine  driving  the  fan.  The  fan  engine  was 
discarded  and  a  motor  installed,  and  this  seventh  sec- 
tion was  left  "dead."  To  enable  the  heater  to  deliver 
enough  heat  when  no  exhaust  steam  was  available,  more 
steam  at  boiler  pressure  was  used,  but  still  confining  it 
to  the  live-steam  sections.  At  100  lb.  pressure  the  con- 
densate left  the  trap  at  about  338  degrees  F.  and  was 
lost. 

A  change  was  made  by  which  live  steam  was  ad- 
mitted to  all  sections,  the  greater  iieating  surface 
permitting  it  to  be  used  at  about  atmospheric  pressure. 
The  condensate  was  discharged  at  about  212  deg.,  in- 
dicating a  saving  of  about  126  heat  units  per  pound 
of  water.  R.  McLaren. 

Toronto,  Ont.,  Canada. 
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Generator  Heats  Kxeessively 

A  12f)-volt  ICO-ampiTL-  direcl-iiinont  ^'iierator  in  our 
plant  hoats  oxces.sively  when  loaciod  to  only  90  amperes 
after  a  two  hours'  run,  and  the  voltatce  drops.  Is  it  pos- 
-il)lo  that  hiK'h-rosistance  brushes  are  the  cause  of  the 
trouble?     The  brushes  do  not  heat  excessively. 

I  would  like  to  hear  an  expression  of  opinion  from 
I'oircr  readers  as  to  the  cause  of  this  heating. 

Gladstone,  Mich.  Peter  Burkard. 


Motor  Suddenly  Reversed 

in  the  electroplating  department  of  our  plant  there 
IS  a  3-hp.  110-volt  2200  to  2800  r.p.m.  direct-current 
shunt-wound  motor  without  interpoles,  driving  a  buffer. 
One  morning  after  the  motor  had  been  running  at  full 
speed  for  about  ten  or  fifteen  minutes  it  suddenly 
stopped,  reversed  and  ran  in  the  opposite  direction.  A 
similar  thing  happened  about  two  years  ago.  After 
shutting  the  motor  down  and  making  an  inspection,  the 
machine  appeared  to  be  in  good  condition  and  when 
again  started  operated  without  any  furrher  trouble. 

I  would  like  to  know  if  any  of  the  Power  readers  have 
had  similar  experiences,  and  to  have  an  explanation  as 
to  what  caused  the  motor  to  act  as  it  did. 

Pittsburgh,  Penn.  JOHN  R.  Steeska. 

Boiler  Settings  for  Multiple-Retort 
Underfeed  Stokers 

It  has  just  been  called  to  my  attention  that  Mr.  Brom- 
ley in  illustrating  his  artich  on  "Boiler  Settings  for 
Multiple-Retort  Underfeed  Stokers"  in  the  July  23, 
1918,  issue  of  Poicer  used  the 
form  of  setting  which  was  de- 
signed by  Viele,  Blackwell  &  Buck 
for  the  1232-hp.  marine  type  Bab- 
cock  &  Wilcox  boilers  at  the  new 
plant  of  the  Appalachian  Power 
Co.,  at  GlenLyn.Va.  Although  Mr. 
Bromley  did  not  acknowledge  the 
responsibility  for  this  design,  he 
was  good  enough  to  state  that  the 
design  illustrated  the  most  recent 
practice  in  boiler  settings  for  un- 
derfeed stokers.  In  connection 
with  this  it  might  be  interesting 
to  call  further  attention  to  some 
of  the  features  of  the  design 
which  are  considered  to  be  some 
advance  on  prevailing  methods. 
The  illustration  is  from  Mr. 
Bromley's  article.  The  boiler 
proper  is  set  quite  a  little  higher 
than  has  been  common  practice. 
The  stoker  was  moved  back 
toward  the  bridge-wall  several 
inches  so  that  the  inside  line  of 
the  front  furnace  wall  would  be 
plumb.  The  bridge-wall  also 
was  made  massive  and  as  closely 
as  possible  a  straight  batter  from 
bottom  to  top.  A  desirable  im- 
provement, we  also  believe,  wa? 


the  carrying  of  a  double  row  of  bonding  tile  at  mid- 
height  of  the  furnace  walls  around  both  the  side  and 
front.  This  design  was  worked  out  after  con.sultation 
with  the  representatives  of  tlie  Babcock  &  Wilcox  Co. 
and  the  Westinghouse  Electric  and  Manufacturing  Co. 
and  the  examination  of  several  similar  settings  which 
liad  developed  weaknesses. 

The  installation  of  duplicate  continuous  spiral  convey- 
ors over  the  hoppers  distributing  coal  from  a  bunker 
outside  at  the  end  of  the  building  and  in  this  way  avoid- 
ing the  usual  overhead  bunker,  is  a  feature  of  the  de- 
sign. ViELt,  Blackwell  &  Buck, 

Consultinjf  Engineers, 

New  York  City.  By  E.  L.  Broome. 
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Observations  of  a  Fuel  Administration 

Inspector 

I  accepted  the  position  of  fuel  administration  in- 
spector with  some  misgivings,  as  I  had  enough  work  of 
my  own  to  do  without  bothering  with  other  plants,  but 
I  am  now  glad  that  I  did  accept,  because  the  knowl- 
edge gained  was  well  worth  the  effort. 

About  the  first  plant  that  I  visited  was  that  of  a 
large  institution.  The  engine  room  was  neat  and  the 
engines  were  running  noiselessly.  I  first  looked  at 
the  feed-water  heater,  the  thermometer  of  which  in- 
dicated a  feed-water  temperature  of  210  deg.,  but  when 
I  put  my  hand  on  the  feed  pipe  I  found  a  considerable 
leduction  in  temperature.  Upon  looking  the  piping 
over  to  learn  the  cause,  I  discovered  a  2 -in.  water  pipe 
with  the  valve  full  open  and  cold  water  going  into 
the  feed-pump  suction  pipe.  The  engineer  said  that  he 
had  to  feed  cold  water  so  as  to  prevent  the  pump  from 
getting  steambound.  I  suggested  changing  the  con- 
dition so  that  the  pump  would  not  get  steambound, 
either  by  raising  the  heater  (there  was  plenty  of  room) 
or  b;^  lowering  the  pump. 

TKe  engineer  was  of  the  opinion  that  open  heaters 
were  "no  good,"  claiming  that  he  never  had  seen  one 
that  did  not  give  trouble.  He  said  that  he  could  not 
keep  packing  or  valves  in  the  pump  for  any  length 
of  time.  I  invited  him  to  come  to  my  plant  where 
he  would  see  a  pump  handling  water  at  214  deg.  tem- 
perature, in  which  the  piston  packing  and  valves  had 
not  been  touched  for  nearly  a  year,  and  cold-water 
injection  is  not  used  at  that.  Packing  and  valve 
troubles  are  largely  caused  by  the  changes  of  tempera- 
ture to  which  they  are  subjected. 

In  the  ice-machine  room  I  noticed  steam  coming  out 
of  a  well  in  one  corner,  and  the  engineer  in  answer 
to  my  inquiry  said  that  it  came  from  the  generator 
steam  trap.  When  I  asked  him  why  he  did  not  return 
it  to  the  feed-water  heater,  he  replied  that  it  was  too 
long  a  run  of  pipe.  He  said  that  the  generator  operated 
at  11  lb.,  the  steam  being  supplied  through  a  reducing 
valve.  I  then  asked  why  he  did  not  use  the  exhaust 
steam  from  these  pumps,  and  he  replied  there  was  no 
grease  extractor  or  back-pressure  valve.  As  a  conse- 
quence the  exhaust  went  to  the  roof. 

Going  into  the  boiler  room  I  found  12  boilers  in 
operation;  a  mixture  of  soft  coal  and  No.  3  buckwheat 
was  being  used  in  the  furnace.  Opening  the  fire-door, 
I  saw  that  the  fire  was  about  18  in.  thick  and  burning 
poorly.  I  called  the  engineer's  attention  to  the  condi- 
tion, and  he  replied  that  he  did  not  push  them  much 
on  "days  like  this." 

To  regulate  the  feed  pump  the  firemen  had  to  go  out 
in  the  cold  and  walk  about  25  ft.  to  the  pumproom. 
One  can  imagine  the  kind  of  regulation  the  pump  got 
under  the  circumstances. 

The  soft  coal  was  not  broken  up  finely  enough  to 
mix  intimately  with  the  No.  3  buckwheat,  and  as  the 
large  lumps  when  thrown  into  the  furnace  lay  there 
and  did  not  burn  evenly,  the  fuel  bed  was  full  of  holes 
that  required  frequent  raking  to  keep  even.  I  will 
warrant  that  the  plant  was  fosing  money  instead  of 
saving  it  burning  that  fuel  under  those  conditions. 

Brooklyn,  N.  Y.  W.  F.  Remliw. 


Switching  Lighting  Load  from  Two-Wire 
to  Three- Wire  Supply 

A  flour  mill  several  blocks  away  from  our  power  lines 
desired  breakdown  electrical  service  for  use  when  the 
mill  was  shut  down  or  at  other  times  when  the  lighting 
generator  might  be  out  of  order.  The  lighting  system 
in  the  mill  was  two-wire  110-volt. 

At  first  it  was  proposed  to  install  a  transformer  near 
the  plant,  because  the  mill  was  a  considerable  distance 
from  the  nearest  secondary  line;  also,  the  load  would 
heavily  unbalance  the  three-wire  secondary  system,  as 
well  as  necessitate  running  heavier  wires  than  if  the 
high  voltage  was  used.  As  the  service  would  be  required 
only  a  few  times  each  month,  a  primary  pole-top  switch 
was  to  be  installed  so  that  by  disconnecting  it  when  not 
in  use  the  transformer  losses  could  be  eliminated.  It 
was  finally  decided  to  bring  in  the  110-220-volt  three- 
wire  secondary  line  from  the  street  and  change  the  wir- 
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diagra:m  op  connections  for  changing  from  two- 
■\vire  to  three-wire  service 

ing  in  the  mill  from  two-wire  to  three-wire  by  running 
an  extra  feec!;  wire  from  the  switchboard  to  the  differ- 
ent distributing  boxes  and  distributing  the  load  equally 
on  each  side  of  the  three-wire  feeder.  A  three-pole  dou- 
ble-throw switch  was  installed,  as  shown  in  the  figure, 
and  the  three-wire  110-220-volt  service  was  connected 
from  the  city  secondaries  as  indicated.  When  the  switch 
is  thrown  to  the  street  service  a  three-wire  110-220-volt 
system  is  obtained,  and  when  thrown  to  the  plant  gen- 
erator the  three-wire  system  is  cut  over  to  a  three-wire 
110-volt  distribution.  As  will  be  seen,  the  voltage  is 
110  from  each  outside  to  the  center  conductor,  but  zero 
volts  between  the  two  outside  conductors  when  the  switch 
is  thrown  to  the  generator. 

There  are  no  doubt  many  installations  where  this 
method  could  be  used  to  advantage,  saving  the  cost 
of  a  transformer  installation  and  possibly  primary  line 
extensions  as  well.  G.  M.  Hardy. 

Fort  Monroe,  Va. 

Should  Boilermakers  Be  Licensed? 

On  page  893  in  the  issue  of  Dec.  17,  1918,  there  ap- 
pears an  interesting  letter  by  Mr.  Sawyer,  the  opening 
paragraph  of  which  states  that  in  many  localities  plumb- 
ers are  compelled  to  undergo  examination  and  secure 
licenses  and  that  the  same  rule  should  apply  to  boiler- 
makers.  Any  boiler  inspector  of  extensive  experience 
can  recall  numerous  instances  of  poor  boiler  repairs.    In 
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the  country  as  a  whole,  nearly  all  insurable  boilers  are 
insured,  and  it  is  gratifying  to  note  chat  there  is  a  grow- 
ing disposition  among  boiler  men  doing  repair  work  to 
insist  that  an  inspector  precede  or  accompany  the  repair 
man  on  a  job.  This  is  to  the  interest  of  the  owner  of 
the  boiler  in  that  it  often  guards  against  unnecessary 
mutilation  of  the  boiler,  and  to  the  boilermaker  it  in- 
sures against  later  adverse  criticism  of  his  work  when 
the  inspector  sees  it.  Boiler  inspectors  are  not  "infalli- 
ble," but  they  have  not  only  their  own  judgment  and  ex- 
perience to  guide  their  decisions,  but  also  the  records  of 
their  companies  and  the  advice  of  superiors. 

The  first  step  to  be  taken  when  repairs  are  needed, 
is  to  call  for  an  inspector,  and  any  reliable  boiler  in- 
surance company  is  glad  to  answer  such  calls  for  special 
service.  It  seems  hardly  practicable  to  require  boiler- 
makers  to  secure  licenses  before  being  permitted  to  do 
repair  work.  The  technical  side  of  boilermaking  is  an 
extensive  study  in  itself;  therefore,  to  compel  the  boiler- 
maker  to  master  all  the  intricate'  technical  details  of  the 
subject  would  seem  to  be  quite  too  rigid  a  requirement. 
A  short  and  effective  way  out  of  it  would  be  to  require 
that  no  repairs  be  permitted  without  investigation  by  a 
qualified  state,  municipal  or  insurance  inspector.  As  an 
example,  the  best  boiler  repair  man  I  have  met  is  a  man 
who  can  barely  write  his  name — the  simplest  computa- 
tion would  defeat  him — yet  he  has  had  many  years'  ex- 
perience as  a  repair  man  and  has  made  good  use  of  his 
opportunity  to  observe  cause  and  effect.  He  has  carefully 
taken  advantage  of  every  opportunity  to  absorb  prac- 
tical ideas  from  all  with  whom  he  has  come  in  contact; 
moreover,  he  refuses  to  touch  a  job  on  an  insured  boiler 
until  the  inspector  has  seen  it.  As  a  consequence  he 
has  a  good  reputation  over  a  large  part  of  four  states 
and  his  services  are  in  great  demand. 

There  are  many  cases  of  "boiler  mutilation"  called 
necessary  repairs,  most  of  which  are  due  to  the  penny- 
wise  and  pound-foolish  ideas  of  the  boiler  owner,  whose 
whole  desire  is  to  accept  the  lowest  bid.  The  ability  to 
answer  technical  questions  would  be  no  guarantee,  but 
there  can  be  no  doubt  that  boiler  work  would  be  vastly 
improved  provided  none  but  licensed  men  worked  at 
the  job.  Boilers  would  undoubtedly  be  made  safer  and 
some  of  the  unnecessary  repairs  would  be  avoided,  but 
the  easiest  and  best  way  to  secure  maximum  safety  is 
to  call  in  the  inspector  and  abide  by  his  decision. 

Atlanta,  Ga.  C.  S.  Regan. 


One  will  find  poor  workmen  in  all  branches  and  trades, 
but  that  should  not  condemn  all  of  them.  If  the  engi- 
neers on  the  jobs  referred  to  by  Mr.  Sawyer  were  li- 
censed and  let  a  boilermaker  go  ahead  and  do  such  re- 
pair jobs,  then  what  good  does  licensing  a  trade  do? 
An  engineer  certainly  ought  to  know  that  a  boiler  with 
a  lap  crack  on  the  longitudinal  seam  should  be  con- 
demned at  once  and  not  let  the  boilermaker  attempt  to 
repair  it.  I  have  seen  a  IJ-in.  pop  safety  valve  connected 
to  a  boiler  with  a  1-in.  nipple  between,  and  the  job  was 
done  by  a  licensed  engineer.  Unsafe  repairs  are  some- 
times made  by  engineers  when  in  a  hurry,  that  have 
nothing  on  the  unlicensed  boilermaker's  worst. 

I  am  not  in  favor  of  licensing  boilermakers.  Not  that 
I  think  licensing  them  would  do  any  harm,  but  because 
the  work  would  not  be  any  better  than  it  has  been  in 


some  cases  whore  engineers  are  licensed.    I  certainly  be- 
lieve  in  good   repairs  and   better  workmanship,   but  1 
think  unsafe  and  improper  repairs  would  be  fewer  if 
engineers  would  use  good  judgment. 
Olean,  N.  Y.  Charles  \V.  Carter,  Je. 

Using  a  Small  Twist  Drill 

When  drilling  a  hard  surface  and  using  a  fine  drill, 
there  is  danger  of  breaking  the  drill,  especially  if  it  is 
high-speed  and  "wabbly"  like  a  portable  electric  or  air 
drill.  To  prevent  breaking,  take  a  small  block  of  wood 
as  thick  as  the  length  of  the  drill  will  allow  and  bore  a 
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hole  through  it  the  size  of  the  drill  or  a  little  larger  anct' 
place  this  over  the  drill.  There  is  much  less  chance  of 
buckling  and  breaking.  WiLUAM  H.  Watson. 

Norristown,  Penn. 

Determiniiig  Polarity  of  an  Electric 
Circuit 

When  it  is  necessary  to  find  the  polarity  of  any  part 
of  a  circuit,  the  following  method  is  simple  and  the 
means  generally  at  hand,  since  most  electrical  men 
carry  a  blueprint  of  one  kind  or  another  in  their 
pockets : 

Wet  a  small  portion  of  the  print  and  hold  the  two 
ends  of  the  wires  about  0.25  in.  apart  on  the  wetted 
surface.  The  negative  will  show  a  decided  white  mark. 
It  is  advisable  to  take  the  current  through  a  lamp  in 
order  to  prevent  a  short-circuit,  although  I  have  often 
made  the  test  without  its  use  by  separating  the  two 
ends  of  the  wires  by  means  of  a  piece  of  wood,  then 
taping  them  securely  together  before  turning  on  the 
current.  H.  Wilson. 

Toronto,  Canada. 


Steam  is  generally  used  as  a  source  of  power  for 
drilling  oil  wells,  but  pumping  is  usually  done  by  gas  or 
gasoline  engines. 
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Removing  Lime  Scale  from  Injector — How  may  an  in- 
jector be  cleaned  when  it  becomes  clogged  with  lime  scale? 

T.  E. 

The  scale  can  be  removed  by  soaking  the  injector  in  dilute 
muriatic  acid,  using  about  one  part  of  acid  to  ten  parts  of 
water.  If  the  injector  cannot  be  cleaned  in  this  manner 
sufficiently  to  make  it  operative,  it  will  be  necessary  to 
take  it  apart  and  cleanse  the  parts  separately. 

Measuring  Lead  Opening — What  is  the  best  method  of 
measuring  the  amount  of  lead  of  a  slide  valve?  J.  L. 

Place  the  engine  on  a  center.  The  lead  is  most  easily 
measured  by  pushing  a  wedge-shaped  piece  of  soft  wood 
in  the  valve  opening.  The  edges  of  the  valve  and  port 
will  mark  the  distance  and  the  thickness  of  the  wedge  at 
the  marks  is  readily  measured.  If  the  valve  and  port 
edges  are  irregular  or  not  parallel  to  each  other,  the  aver- 
age of  a  number  of  measurements  should  be  taken. 

Smoother  Running  by  Cushioning  on  Exhaust — How  is 
smoother  running  of  a  slide-valve  engine  obtained  by 
cushion  on  the  exhaust?  W.  T.  R. 

Cushioning  on  the  exhaust  results  from  closing  the  ex- 
haust valve  before  the  end  of  the  stroke.  The  exhaust 
steam  thus  trapped  in  the  cylinder  is  gradually  compressed 
and  acts  like  a  cushion  in  gradually  reversing  the  pressure 
on  the  crosshead  pin  and  the  crankpin,  and  thereby  reduces 
pounding  that  may  be  caused  by  admission  of  live  steam 
for  the  return  stroke  of  the  piston.  The  exhaust  valve  is 
made  to  close  earlier  by  moving  the  eccentric  farther  around 
the  shaft  in  the  direction  of  the  rotation.  All  valve  events 
are  thus  made  earlier  in  the  stroke,  and  obtaining  more 
compression  of  the  exhaust  is  necessarily  accompanied  by 
more  lead,  earlier  cutoff  and  earlier  release. 

Control  of  Lighting  Circuit  from  Three  Stations — What 
arrangement  of  switches  is  necessary  to  control  a  lamp 
circuit  from  three  different  stations?  J.  C.  L. 

To  control  an  electric  circuit  from  three  stations,  use  two 
three-way  and  one  four-way  switches  connected  as  in  dia- 
gram A.    The  circuit  may  be  controlled  from  any  number 


UVPS-y^  ^  ^ 


r 


<    ^^~t  *.       J  SWITCH  *        ,*  SWITCH^         ♦  I «.        * 

•— *     '         ■'    ^  >     \i .-"". — I     .   ^    smrcit 

I  III  '  TOLINl 

UHPS^  ^  ^  B  I 

3-WAT  AND  4-WAY  SWITCH  CONNECTION  DIAGRAM 

of  stations  by  using  two  three-way  switches  at  the  end 
stations  and  four-way  switches  at  the  intermediate  sta- 
tions. Diagram  B  shows  the  connections  for  controlling  a 
circuit  from  five  different  stations. 

Saturated  and  Superheated  Steam — When  is  steam  said 
to  be  saturated  and  when  superheated?  W.  R.  K. 

By  saturated  steam  is  meant  steam  that  is  at  the  evap- 
oration temperature  corresponding  to  its  pressure.  When 
steam  is  formed  in  a  boiler  and  rises  from  the  surface  of 
the  water,  it  is  "saturated"  and  will  remain  so  as  long  as 
it  is  in  contact  with  the  water;  and  any  attempt  to  heat  the 
steam  to  a  higher  temperature  will  fail,  as  the  heat  so  added 
is  transmitted  to  the  water  and  merely  causes  evaporation. 
Saturated  steam  may  be  perfectly  dry,  and  when  it  holds 


particles  of  water  in  suspension  it  is  said  to  be  "wet."  Un- 
less otherwise  specified,  the  quality  is  understood  to  be 
"dry  saturated."  To  effect  superheating,  or  raising  the 
steam  to  a  higher  temperature  than  the  temperature  of 
saturated  steam  at  the  same  pressure,  the  steam  must  be 
removed  from  close  communication  with  water.  The  num- 
ber of  degrees  by  which  the  temperature  exceeds  the  tem- 
perature of  the  boiling  point  of  water  corresponding  to  the 
pressure  is  called  the  "degrees  of  superheat,"  and  this  term 
is  used  to  designate  the  amount  of  superheat.  For  example, 
if  steam  at  a  pressure  of  100  lb.  gage,  or  115  lb.  per  sq.in. 
absolute,  is  found  to  have  a  temperature  of  420  deg.  F., 
then,  as  the  temperature  of  the  boiling  point  of  water  and 
of  saturated  steam  at  the  given  pressure  is  338.1  deg.  F., 
there  would  be  420  —  338.1  =  81.9,  or  practically  82  de- 
grees of  superheat. 

Reversing  a  Two-Phase  Four- Wire  Motor — In  a  two-phase 
four-wire  induction  motor,  which  connections  are  changed 
to  reverse  its  direction  of  rotation?  Is  there  any  difference 
in  the  way  that  a  squirrel-cage  type  motor  is  reversed  and 
reversal  of  the  wound-rotor  type?  J.  O.  R. 

Any  two-phase  motor  can  be  reversed  by  interchanging 
the  connections  on  either  phase  of  the  stator  winding.    This 
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is  indicated  in  Figs.  1  and  2.  The  connections  of  phase  A, 
Fig.  2,  are  interchanged  from  that  in  Fig.  1,  consequently 
will  give  an  opposite  direction  of  rotation.  In  reversing  a 
two-phase  wound-rotor  type  induction  motor,  change  the 
stator  winding  connections  as  with  the  squirrel-cage  type 
and  do  not  change  any  of  the  rotor  connections. 

Pressure  of  Hydraulic  Elevator  Pressure  Tank. — The 
pressure  tank  of  a  hydraulic  elevator  has  a  capacity  of 
1000  gallons  and  when  two-thirds  filled  with  water  the 
pressure  is  160  lb.  per  sq.in.  The  hydraulic  cylinder  is  18 
in.  diameter  by  10  ft.  stroke.  How  much  pressure  should 
the  gage  show  after  one  full  stroke?  K.  E. 

Before  the  stroke  takes  place  there  would  be  1000  -^ 
3  —  333.3  gal.  or  333.3  -^  8.3  =  40.16  cu.ft.  of  space  filled 
with  air  at  the  initial  pressure  of  160  lb.  gage  or  160  -f 
15  =  175  lb.  per  sq.in.  absolute.  Without  any  leakage  one 
stroke  of  the  hydraulic  cylinder  would  remove  from  the  tank 
\l  X  II  X  0.7854  X  10  =  17.67  cu.ft.  of  water,  and  the  initial 
volume  of  air  would  be  expanded  to  40.16  -f  17.67  =  57.83 
cu.ft.  Assuming  constant  temperature,  the  absolute  pres- 
sure would  be  inversely  as  the  volume  and  after  expansion 
of  the  air  to  the  new  volume  the  absolute  pressure  would 
be  175  X  40.16  -^  57.83  =  121.5  lb.  absolute,  or  121.5  ~ 
15  =  106.5  lb.  gage  pressure. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the 
communications  and  for  the  inquiries  to  receive  atten- 
tion.— Editor.] 
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Ammonia  Condenser  J)ala' 
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I'ri'nldi-nl,    CiirbiitKliili'    Machini' 


Co. 


This  paper  is  to  shoir  that  both  thr  flooded  at- 
mospheric and  the  flooded  injector  tapes  of  con- 
densers   are    vront/     in     theory     and     practice. 


IN  THK  sunimcr  of  l;)l  1  the  writor  decided  to  test  the 
vahu'  of  the  .so-called  Hooded  aninioiiia  condenser,  in 
which  the  annuoiiia  vapor  entered  at  the  bottom  and  the 
liquid  ammonia  was  drawn  oil'  at  the  top;  also  to  ascertain 
if  two  coils  in  series,  each  with  independent  water  supply, 
pave  a  still  lower  head  pressure;  that  is,  two  coils  were 
80  connected  that  in  one  the  ammonia  vapor  entered  at  the 
top  and  flowed  downward,  while  in  the  other  it  entered  at 
the  bottom  and  flowed  upward. 

In  Table  I  '"flooded  operation"  means  liquid  taken  off 
the  top  on  both  coils;  "parallel  operation"  means  liquid 
taken  off  the  bottom  on  both  coils,  and  "series  operation" 


type  of  ntmoHpheric  condenser  consistini;  of  twelve  runs  of 
2-in.  pipe,  20  ft.  lonu,  total  If.O  sq.  ft.  surface  and  rate  it  at 
20  tons  refrifrerntiniT  effect.  The  lir|uid  must  be  cooled  suffi- 
ciently low  80  that  when  it  strikes  the  vapor  it  will  con- 
dense It. 

Thus,  20  tons  at  21  lb.  per  hr.  -  480  lb.  per  hr.  ;  60-8 
lb.  to  condense  per  minute,  at  .WO  B.t.u.  r=  4400  B.t.u.  per 
min.  to  be  absorbed  from  ammonia  vapor  by  the  circulatinu 
lifjuid.  If  in  doinir  this  the  liquid  is  raised  5  dep.,  the 
quantity  of  li(|uid  circulating'  through  the  coil  must  be 
4400  -  5  =  «80  lb.  per  min.  _  170  yal.,  but  we  know 
17G  Kal.  could  not  flow  throufrh  a  2-in.  pipe  under  these 
condition;;.  Hence  its  temperature  either  rises  considerably 
over  5  dejc.  or  it  docs  not  condense  all  the  vapor  and  carries 
much  of  it  throu(j:h  the  coil  to  condense  pradually  as  in 
the  ordinary  condenser. 

A  paper  was  read  before  the  Western  Ice  Manufacturers 
Convention  at  Kansas  City  on  the  "Economical  Ice  Plant  of 
Today"  and  published  in  Ice  and  Refrigeration  of  April, 
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FIG.    1.      DRIP-PIPE   AMMONIA   CONDENSER,   CARBOXDAT.E   TYPE 


means  liquid  do\\Ti  one  coil  and  up  the  other.  The  neces- 
sarily poor  performance  of  the  second  coil  cut  down  the 
results  averaged  over  the  two  coils. 

An  inspection  of  Table  I  shows  that  it  made  no  difference 
how  the  ammonia  ran,  so  long  as  the  quantity  of  water  and 
ammonia  remained  the  same. 

In  November,  191.5,  the  writer  tested  out  the  flooded 
injector  condenser  and  found  that  the  injector  gave  no  ap- 
preciable advantage.     See  Table  II. 

Atmospheric  Drip  or  Bleeder  Type  Condenser 

We  concluded  to  test  a  drip  condenser  in  which  the  liquid 
ammonia  was  drained  off  as  fast  as  formed.  We  put  a 
bleeder  on  each  i-eturn  bend  and  a  valve  on  each  bleeder. 
The  coil  tested  was  2-in.,  12  pipes  high,  20  ft.  long,  and 
is  illustrated  by  Fig.  1.  The  di-ip  pipes  were  sealed  as 
shown,  so  vapor  could  not  bypass  through  the  header,  but 
would  be  obliged  to  pass  up  through  the  coi!  maintaining 
its  velocity  and  efficiency. 

We  then  made  a  comparative  test  of  this  drip  condenser 
and  the  flooded  injector  condenser,  which  gave  the  results 
shown  in  Table  III  and  Fig.  2. 

From  Table  III  and  Fig.  1  it  is  apparent  that  with  the 
same  conditions  of  water  supply  and  surface  the  drip  con- 
denser is  decidedly  better  than  the  flooded  injector  type. 

The  theory  of  these  flooded  condensers,  as  the  writer 
understands  from  their  advocates,  is  that  the  water  cools 
the  pipe,  the  pipe  cools  the  liquid  ammonia,  and  the  liquid 
cools  and  condenses  the  vapor.     Let  us  consider  the  injector 


•From   tlif   .luly   Journal    (delayed), 
frigerating  Engineers. 


Ameiican    Society   of   Re- 


1915.     In  this  the  theory  of  this  condenser  was  explained 
in  the  following  words,  leferring  to  Fig.  3. 

"The  principle  upon  which  these  condensers  are  based 
is  the  condensation  of  a  gas  by  introducing  it  into  a  body 
of  its  own  liquid,  and  then  cooling  this  liquid  by  passing 
it  through  apparatus  where  it  comes  in  contact  with  a 
cool  surface." 

It  does  not  seem  possible  that  this  theory  is  true,  be- 
cause the  flooded  system  involves  a  triple  cooling,  the  water 
has  to  first  cool  the  pipe,  the  pipe  cools  the  liquid,  and  the 
liquid  should  cool  the  vapor.  Surely,  if  the  pipe  cooled  the 
vapor  direct  it  were  better.  We  all  know  that  ammonia 
under  direct  expansion  gives  a  colder  temperature  in  the 
room  (provided  the  pipe  contains  no  superheated  gas)  than 
first  cooling  brine  and  having  the  brine  cool  the  room. 

Furthermore,  the  argument  that  the  heat  transmission 
between  liquid  and  liquid  is  better  than  between  a  vapor 
and  a  liquid  (as  advanced  by  these  advocates  of  flooded  con- 
densers) is  not  necessarily  trae.  If  liquid  has  a  poor  cir- 
culation, its  heat  transmission  may  be  as  slow  as  10  B.t.u., 
per  hr.  per.  sq.  ft.  per.  deg.  difference  in  temperature. 

Test  of  Shell  Type  Condenser :  These  two  reasons  con- 
vinced us  that  the  above  flooded  system  would  be  poorer,— 
not  better,  so  we  put  up  in  a  test  plant  in  Carbondale,  al- 
shell  condenser.  Fig.  4,  connected  so  as  to  run  empty,  or 
flooded  with  an  injector.  We  ran  this  condenser  first  empty, 
then  flooded  and  found  as  theory  would  indicate,  that  the 
flooded  system  was  worse,  in  fact  very  much  worse,  as 
shown  in  Table  IV. 

It  does  not  take  an  expert  to  tell  the  difference;  any  one 
can  see  it  with  half  an  eye.    Mr.  Ophuls  first  pointed  out  to 
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the  writer  that  condensers  should  run  empty,  and  the  above 
experiments  amply  prove  the  theory.  Mr.  Greene  sub- 
stantiated the  same  thing  and  the  discussion  is  given  in 
A.  S.  R.  E.  Transactions,  1913,  pages  71  to  74,  which  all  in- 
terested should  read  again. 

The  flooded  condenser  is  wrong  in  both  theory  and  prac- 
tice.    The  flooded  brine  cooler  is  correct  in  theory  because 
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FIG.   2.   CARBONDALE   TESTS   OF  FLOODED   INJECTOR 
TYPE  CONDENSER  AND  OF  DRIP  CONDENSER 

the  liquid  to  be  evaporated  should  touch  the  pipe.  This 
flooded  condenser  theory  was  first  brought  to  the  notice 
of  the  Society  at  the  December  meeting,  1912,  and  was 
accepted  as  correct,  and  the  false  theory  has  been  propa- 
gated all  over  the  United  States.  The  writer  believes 
that  it  is  time  people  should  understand  that  the  theory  is 
fallacious,  that  the  results  per  squai-e  foot  of  surface  are 


FIG.  3.   FLOODED  INJECTOR  EXPERIMENTAL  CONDENSER. 
SHIPLEY  TYPE 

poorer  than  in  the  ordinary  type  and  considerably  poorer 
than  the  drip  type,  besides  requiring  more  ammonia. 

In  the  discussion,  Louis  Block,  inventor  of  the  Block 
condenser,  laid  stress  upon  the  value  of  high  rates  of 
heat   transfer.     Replying   to    Mr.    Block.    Fred    Ophuls,    of 


Ophuls,  Hill  &  McCreery,  consulting  engineers,  pointed 
out  that  the  coefficient  of  heat  transfer  is  not  necessarily 
the  most  important  factor  in  condenser  design  and  oper- 
ation, as  regards  efficiency. 

Unfortunately,  lack  of  space  makes  it  impossible  to  give 
verbatim  the  discussion;  some  of  the  chief  points  are  given, 
however. 

Louis  Block — To  obviate  the  necessity  of  regulating  (the 
gas  flow  to  the  condenser)  I  now  build  the  condenser  as 
shown  in  Fig.  5.  The  friction  due  to  the  lowest  three  pipes 
with  their  return  bends  is  enough  so  that  I  can  now  leave  the 
valve  on  the  inlet  pipe  wide  open,  the  hot  gas  header  dis- 
tributing the  gas  to  all  the  condensers  equally.  At  the 
fourth  pipe  from  the  bottom  the  pull  begins,  due  to  the 
counter-current.  The  gas  wants  to  rush  up  to  the  top  pipe 
of  the  condenser,  and  at  the  fourth  pipe  it  begins  to  pull. 
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PIG.  4.  EXPERIMENTAL,  VERTICAL  SHELL  CONDENSER 

A.— Ammonia  gas  inlet     B. — Injector.     C.-^Liquid  outlet     D. — 
Water  supply. 

but  now  the  gas  must  overcome  the  friction  in  the  three 
lowest  pipes  and  their  return  bends.  A  li-in.  inlet  pipe  is 
just  sufficient  to  supply  to  a  condenser  all  the  gas  it  can 
condense. 

In  1914  I  tested  a  condenser,  Fig.  6,  which  was  provided 
with  thermometers  on  the  return  bends.     The  condenser 
was  22  pipes  high;  the  thermometer  indications  show  what 
takes  place  inside  the  pipes.     This  condenser  was  built  by 
the  Vilter  Company  in  1910.     The  temperature  of  hot  gas 
was  180  deg.;  the  temperature  of  the  liquid  was  80  deg. 
the  temperature  of  the  water  to  the  condenser  was  72  deg. 
the  temperature  of  the  water  off  the  condenser  was  90  deg. 
the  temperature  in  the  third  pipe  was  92  deg.  and  it  con- 
tinued 92  deg.  all  the  way  up  to  the  sixth  pipe  from  the  top; 
there  it  was  91  deg.    In  the  fourth  pipe  from  the  top  it  was 
90  and  at  the  top  it  was  80  deg.     So  you  see  there  is  a 
condensing   zone   which   stretches   over    14   pipes   in   which 
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the  temperature  is  exactly  the  same,  while,  of  course,  the 
temperature  of  the  water  changes;  so  there  may  be  a 
heat  transfer  in  some  of  these  pipes  which  is  still  higher 
than  the  average  heat  transfer  which  I  previously  men- 
tioned. Tliis  condenser  at  the  time  did  56  tons  of  work  per 
stand,  and  that  perhaps  accounts  for  the  rather  high  tem- 
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FIG.  5.  CONNECTION'S  TO  THE  PRESENT  BLOCK 
CONDENSER 

perature  of  the  discharged  liquid,  because  it  was  forced 
some.  There  were  two  stands  of  condensers  going  with 
150  gal.  of  water  per  minute  showered  over  the  two,  and 
the  water  was  heated  18  deg.;  the  machine  was  a  Vilter 
compressor,  17  by  32  in.,  running  at  60  r.p.m.  with  21  lb. 
back  pressure,  doing  112  tons  of  work.  The  head  pressure 
was  172  lb.,  which,  according  to  Macintire,  corresponds 
exactly  to  92  deg.  F.,  giving  18  deg.  difference. 

Mr.  Block  said  that  later  experience  has  shown  that  it  is 
unnecessary  to  make  a  condenser  so  high  as  22  pipes. 

F.  L.  Fairbanks — We  have  gone  over  our  tests  in  the  past 
year  with  three  different  types  of  condensers.  One  was 
the  1000-ton  jet,  another  the  injector  shell,  another  was 
the  so-called  double-pipe  flooded  injector.  The  immediate 
effect  in  every  case  of  introducing  liquid  was  to  run  the 
head  pressure  up  until  enough  had  been  injected  to  con- 
dense all  of  the  gas,  when  it  began  to  come  down  again. 
By  figuring  the  difference  in  heat  and  allowing  a  reason- 
able temperature  rise  of  the  liquid,  one  would  find  that  it 
took  about  50  to  1.  Our  tests  corroborate  Mr.  Torrance's 
results.  In  no  case,  even  when  pumping  the  liquid 
anhydrous  ammonia  through  the  coils  at  any  velocity  and 
in  any  knowii  quantity,  were  we  able  to  reduce  the  head 
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^80'  Liquid 


PIG.  6.     MR.  BLOCK'S  22-PIPES  HIGH  CONDENSER 

pressure  to  that  obtained  with  the  di-y  type.  In  all  three 
types  of  condensers,  it  went  up  from  8  to  20  lb.  invariably, 
and  we  had  all  facilities  for  getting  velocities  and  measur- 
ing quantities  that  it  is  possible  to  have,  pumping  the 
liquid  with  a  double-acting  Christine  pump. 

We  have  found  that  at  the  ammonia  condenser  a  foot  of 
surface  is  the  cheapest  thing  we  have  in  our  plant;  it  is 
the  one  thing  that  produces  economy,  particularly  on  large 


machines,  so  that  we  do  not  try  to  get  the  wide  range 
Mr.  Block  speaks  of.  We  keep  our  water  temperature  range 
between  5  and  10  deg.,  or  6  deg.  usually.  We  find  that 
when  we  get  an  increased  range  on  the  suction  and  the 
discharge  side,  we  pay  for  it  in  the  coal  pile.  The  heat 
transfer  per  square  foot  of  pipe  can  be  made  anything. 
If  you  increase  the  transmission  per  square  foot  of  surface, 
you  pay  for  it  through  the  compressor  to  the  coal  pile. 
Power  is  a  continuous  process,  and  the  investment  in  surface 
is  an  initial  one.  We  make  it  a  practice  in  our  plant,  and 
find  it  excellent  economy,  to  use  every  foot  of  condenser 
surface  available  to  secure  the  lowest  possible  head  pressure. 
The  result  is  that  our  compressors  are  much  more  efficient, 
require  less  horsepower,  and  operate  with  a  more  favorable 
volumetric  efficiency,  etc.  In  these  respects  we  have  not 
found  any  way  of  using  the  jet  condenser  so  it  will  take  the 
place  of  a  surface  condenser.  In  using  a  centrifugal  wheel 
type  of  condenser,  we  found  that  the  more  nearly  a  dry 
surface  and  a  high  gas  velocity  is  obtained,  the  greater  will 
be  the  transmission  per  square  foot  and  the  more  efficient  is 
the  condenser.  Any  collection  of  liquid  on  the  condensing 
surface  decreases  directly  the  transmission  of  heat,  because 
it  acts  as  a  blanket  between  the  gas  and  the  metal. 

At  this  point  Mr.  Block  mentioned  that  the  high  velocity  in 
the  Block  condenser  was  responsible  for  its  efficiency,  where- 
upon Mr.  Fairbanks  and  others  contended  that  the  high 
velocity  was  not  had  without  cost  in  power  and  coal,  inas- 
much as  velocity  was  had  because  pressure  was  converted 
to  velocity.  The  discussion  ended  by  Mr.  Block  inviting  Mr. 
Fairbanks  to  set  up  a  Block  condenser  and  test  it  under  Mr. 
Block's  direction.    Mr.  Fairbanks  accepted. 

American  Institute  of  Electrical  Engineers 

The  American  Institute  of  Electrical  Engineers  held  its 
345th  meeting  in  the  auditorium  of  the  Engineering  So- 
cieties Building,  New  York  City,  Friday  evening,  Jan.  10, 
1919.  Comfort  A.  Adams,  president  of  the  institute,  opened 
the  meeting  by  introducing  Major  General  George  0. 
Squires,  Chief  Signal  Officer  of  the  United  States  Army. 
General  Squires  presented  his  paper  "Aeronautics  in  the 
United  States,  1918,"  in  which  he  reviewed  the  develop- 
ment of  military  aeronautics  in  this  country  up  to  the  date 
of  signing  the  armistice,  Nov.  11,  1918.  Some  of  the  signifi- 
cant features  brought  out  in  this  paper  are  as  follows : 

The  War  Department's  first  heavier  than  air  flying  ma- 
chine was  produced  approximately  ten  years  ago,  but  for 
the  eight  years  that  followed,  less  than  $1,000,000  was  ap- 
propriated for  aeronautics.  Up  to  June,  1918,  approxi- 
mately 1000  Liberty  engines  had  been  produced.  By  Dec. 
31,  1918,  more  than  16,000  of  these  engines  were  manu- 
factured. Up  to  the  date  of  the  signing  of  the  armistice, 
Nov.  11,  1918,  more  than  14,000  Liberty  engines  had  been 
produced,  totaling  5,700,000  hp.  So  well  recognized  did 
the  value  of  the  Liberty  engine  become  that  at  the  time  of 
the  signing  of  the  armistice  the  Allies  had  on  order  16,741 
Liberty  engines  and  were  constantly  endeavoring  each  to 
increase  their  rate  of  monthly  delivery. 

The  experimental  development  of  the  Liberty  engine  has 
been  in  charge  of  a  department  entirely  separate  from  that 
dealing  with  its  production.  The  work  of  this  department 
has  resulted  in  a  continuous  improvement  of  the  power 
output  and  performance  characteristics  of  the  Liberty 
twelve-cylinder,  to  such  an  extent  that  526  hp.  have  been 
obtained  with  special  fuel  and  detail  changes;  certainly 
a  remarkable  increase  from  the  335  hp.  which  the  original 
design  was  intended  to  yield.  While  the  weight  of  the 
service  engine  per  horsepower  has  remained  at  approxi- 
mately 2  lb.,  the  maximum  present  development  had  re- 
duced this  figure  to  I3  lb. 

In  closing  General   Squires   said: 

"The  Liberty  engine  stands  today  as  an  achievement 
which  for  daring,  constructive  imagination  and  farsighted- 
ness will  ever  be  a  cause  of  pride  to  the  American  people." 

After  General  Squires  presented  his  paper  Captain  Albro, 
of  the  Signal  Corp,  United  States  Army,  gave  a  talk  on 
the  production  of  Liberty  motors  and  airplanes  in  this 
country,  which  was  illustrated  with  lantern  slides  and 
moving  pictures. 
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The  Eii«j;inornii«ij  Iiulrx   Now  (IoihIucUmI 
Uy  Ihc  A.  S.  M.  E. 

The  Fiipiiii-rriiip  litde.r,  publishod  for  25  years  in  the 
Engiueeriiip  Mai/azine  iiml  its  successor,  Induntrial  A/an- 
agemeitt,  iiiul  universally  reKurded  as  the  standard  index 
to  enjrineerinj:  periodical  literature,  has  been  acquired  by 
the  American  Society  of  Mechanical  P'.njrineers,  and  here- 
after will  be  compiled  and  published  by  that  society.  The 
first  issue  of  the  liulcr  uniier  the  new  management  appears 
in  tlie  January  number  of  the  Journal. 

As  heretofore,  the  Engineering  Index  will  be  regularly 
issued  in  three  different  forms:  (1)  As  a  part  of  the  Jour- 
nal of  the  society;  (2)  as  a  separate  monthly  publication 
for  libraries  or  individuals  desiring  to  clip  the  items  for 
indexing  purposes;  (3)  as  an  annual  volume  in  which  all 
the  items  for  the  year  are  collected. 

The  Engineering  Index  originated  with  Prof.  J.  B.  John- 
son, of  Washington  University,  St.  Louis,  Mo.,  in  1883  and 
for  12  years  was  prepared  under  his  direction  and  pub- 
lished by  the  Association  of  Engineering  Societies.  It  was 
then  taken  over  by  the  Engineering  Magazine  Co.  of  New 
York  and  has  since  had  the  personal  attention  of  John  R. 
Dunlap,  the  president  of  that  company,  who  has  found  it 
to  be  a  widely  appreciated  undertaking  by  engineers 
throughout  the  world.  The  development  of  his  magazine 
in  the  specialized  field  of  industrial  management,  however, 
made  it  seem  desirable  to  place  the  Index  in  the  hands  of 
an  engineering  organization  covering  a  broader  field  and 
serving  engineers  engaged  in  more  varied  activities.  The 
society  immediately  recognized  the  opportunity  extended 
and  purchased  the  Index,  thus  bringing  to  the  Journal  the 
prestige,  name  and  other  rights  and  privileges  of  what 
has  been  regarded  as  the  leading  index  in  the  field.  This 
establishes  the  Engineering  Index  on  a  secure  and  non- 
competitive basis  as  a  logical  society  activity. 

Through  the  facilities  afforded  by  the  magnificent  library 
of  the  Engineering  Societies,  which  regularly  receives  1100 
periodicals  from  all  parts  of  the  world,  the  society  has 
unlimited  possibilities  in  publishing  the  Index.  These  peri- 
odicals comprise  one  of  the  most  complete  collections  of 
current  engineering  literature  in  the  world — in  not  less 
than  ten  languages  and  received  from  37  countries.  The 
indexing  of  engineering  articles  can  be  best  accomplished 
by  a  professional  organization,  and  the  society  will  con- 
sider it  one  of  its  greatest  services  to  place  at  the  disposal 
of  engineers,  through  the  Engineering  Index  in  the  Journal, 
the  means  for  using  the  wealth  of  data  and  general  in- 
formation published  from  month  to  month  in  the  world's 
technical  press. 

The  plan  of  classification  to  be  used  is  as  follows:  The 
articles  are  listed  in  the  general  field  of  engineering  to 
which  they  belong,  and  are  then  grouped  together  under 
the  particular  branch  of  the  general  subject.  The  follow- 
ing classifications  give  an  adequate  idea  of  the  scope  of 
the  Engineering  Index  as  it  will  be  carried  in  the  Journal: 
Mechanical  Engineering,  31  subheads;  Electrical  Engineer- 
ing, 11  subheads;  Civil  Engineering,  9  subheads;  Mining 
Engineering,  14  subheads;  Metallurgy,  7  subheads;  Aero- 
nautics, 19  subheads;  Marine  Engineering,  4  subheads; 
Organization  and  Management,  13  subheads;  Industrial 
Technologj',  Railroad  Engineering,  15  subheads;  Munitions 
and  Military  Engineering;  General  Science,  3  subheads. 

One  Combined  Engineering   Society 

Practically  all  engineers  are  agreed  that  the  engineering 
profession  should  be  organized  more  closely  than  at  present. 
Only  by  organized  and  combined  efforts  can  tangible  results 
be  accomplished.  It  is  now  divided  into  civil,  mechanical, 
electrical,  chemical,  mining  and  "what  not"  societies  work- 
ing independently. 

A  solution  of  the  problem  is  that  all  of  the  present  recog- 
nized societies  get  together  and  form  one  combined  engi- 
neering   society,    keeping    the    following    points    in    mind: 

(1)  Do  not  destroy  the  identity  of  the  present  societies; 

(2)  take  the  good  points  of  the  present  societies,  add  what 
is  new  and  desirable,  and  get  rid  of  the  undesirable  features. 


Tiie  work  of  the  coniliincd  urganizalion  xhould  be  to  Hup- 
plement  the  work  of  the  separate  HocictieH  now  exinting, 
taking  up  (luestions  that  they  are  too  busy  to  accompliiih, 
and  centralize  others  thai  can  be  accomplished  belter  by 
combined  efforts.  Technical  work,  advancement  of  the  art* 
and  sciences,  would  be  accomplished  in  each  individual  so- 
ciety as  at  present.  The  general  society  would  tJike  care 
of  such  subjects  as  status  of  the  engineer,  general  welfare, 
professional  ethics,  employment  agencies,  relation  of  the 
engineer  to  the  general  public,  social  benefit. 

There  is  now  no  organization  in  existence  to  do  such 
work.  Such  organizations  as  were  and  are  in  existence 
were  for  winning  the  war.  They  have  accomplished  their 
purpose,  but  they  are  not  organized  and  useful  to  do  the 
work  which  the  engineer  needs  and  should  demand.  The 
time  to  do  this  is  now.  The  reconstruction  period  is  on. 
The  engineer  ought  to  be  a  large  factor  in  this.  He  did 
well  during  the  war,  showing  what  could  be  done  by  coop- 
eration. The  momentum  that  has  been  gained  should  not 
be  lost. 

The  Duluth  Engineers'  Club,  after  ascertaining  the  sen- 
timent of  various  engineering  societies  and  finding  that  an 
urgent  desire  in  line  with  the  foregoing  exists,  has  unani- 
mously passed  a  resolution  favoring  such  organization  and 
has  appointed  a  committee  to  further  that  end  and  to 
compile  complete  data  regarding  the  sentiment  of  the  pro- 
fession throughout  America  on  the  subject. 

A  request  is  made  that  engineering  societies  in  general 
bring  up  this  matter  at  their  next  meetings  for  a  favorable 
expression  in  the  form  of  a  vote  on  the  question  and  advise 
the  Duluth  Engineers'  Club  of  the  results.  The  committee 
consists  of  0.  H.  Dickerson,  member  of  the  American  So- 
ciety of  Civil  Engineers;  F.  S.  Heald,  member  of  the 
American  Institute  of  Electrical  Engineers;  J.  A.  Graves, 
member  of  the  American  Chemical  Society;  P.  H.  Linley, 
member  of  the  American  Society  of  Mechanical  Engineers; 
D.  E.  Woodbridge,  member  of  the  American  Institute  of 
Mining  Engineers. 

Soft-Coal  Output  Increased  Six  per  Cent, 
in  1918 

The  lowest  weekly  production  of  bituminous  coal  re- 
ported in  the  last  three  years  was  brought  about  by  the 
time  lost  on  account  of  the  Christmas  holidays  during  the 
week  ended  Dec.  28,  according  to  the  Geological  Survey. 
Estimates  for  this  week  place  production  at.  6,385,000  net 
tons,  3,746,000  net  tons,  or  37  per  cent,  behind  production 
of  the  week  ended  Dec.  21,  and  3,352,000  net  tons,  or  34  per 
cent,  behind  production  of  Christmas  week  of  last  year. 
The  average  daily  production  (five  days)  is  estimated  at 
1,277,000  net  tons  as  compared  with  1,913,000  net  tons  for 
this  coal  year  to  date  and  1,763,000  net  tons  for  the  same 
period  of  1917. 

Total  production  of  bituminous  coal  for  the  period  Apr. 
1  to  Dec.  28  is  estimated  at  447,748,000  net  tons,  as  against 
412,561,000  net  tons  during  the  period  Apr.  1  to  Dec.  28, 
1917,  or  an  increase  of  35,187,000  net  tons. 

The  production  of  bituminous  coal  and  lignite  in  the 
calendar  year  1918  is  estimated  at  585,883,000  net  tons, 
an  increase  compared  with  1917  of  34,092,000  net  tons,  or 
6.2  per  cent.  Four  states  reported  decreases — Georgia, 
Iowa,  Missouri  and  Texas.  The  most  important  increases 
were:  Pennsylvania,  11,264,000  tons;  Ohio,  5,715,000  tons; 
Illinois,  5,064,000  tons;  West  Virginia,  4,908,000  tons.  The 
estimates  indicate  that  West  Virginia  still  retains  second 
place  as  a  coal  producer,  but  the  lead  is  so  small  that  final 
returns  may  place  Illinois  in  this  position,  which  was  as- 
sumed by  the  State  of  West  Virginia  in  1908. 

The  loss  of  time  brought  about  by  the  Christmas  holi- 
days caused  anthracite  production  during  the  week  of  Dec. 
28  to  decrease  more  than  500,000  net  tons,  compared  with 
the  production  of  the  week  preceding,  and  was  approxi- 
mately 200,000  net  tons  lower  than  the  production  during 
the  corresponding  week  of  1917.  For  the  period  Apr.  1  to 
Dec.  28  the  production  of  anthracite  is  estimated  at  73,- 
830,000  net  tons  which  is  1,606,000  net  tons  or  slightly  more 
than  2  per  cent,  below  the  production  of  a  similar  period 
of  the  previous  year. 
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Report  of  Fuel  Administration  on 
Liberty  Fuel 

Repeated  requests  for  information  regardins  Liberty  fuel 
have  resulted  in  the  issuance  of  the  following  statement 
by  the  Fuel  Administration: 

Tests  made  in  the  al-ronautic  laboratories  of  the  United 
States  Army  i-esulted  in  information  that  the  fuel  was 
made  up  of  approximately  85  per  cent,  of  benzol,  25  to  30 
per  cent,  of  kerosene,  and  the  remainder  of  a  small  percent- 
age of  amyl  acetate  and  probably  naphthalene  and  alcohol, 
together  with,  perhaps,  small  quantities  of  dissolved  solids 
and  other  volatile   liquids   as   yet  undetei-mined. 

On  this  analysis  the  available  supply  of  the  fuel  must 
depend  on  the  available  supply  of  benzol,  its  chief  con- 
stituent. Investigation  showed  that  if  the  total  production 
of  benzol  (3500  bbl.  a  day)  were  so  used,  the  total  produc- 
tion of  Liberty  fuel  would  be  about  2  per  cent,  of  the 
present  output  of  gasoline,  which  is  approximately  90,- 
000,000  bbl.  a  year.     Benzol,  however,  has  other  uses. 

A  gumming  and  corrosion  test,  also  conducted  in  the 
aeronautic  laboi-atories  of  the  army,  showed  no  perceptible 
corrosion,  but  a  tremendous  amount  of  gumming;  that  is, 
0.4  per  cent.,  accompanied  by  extensive  fuming  and  pene- 
trating odor.  The  tendency  of  the  gummy  residue  in  the 
fuel  would  be  to  plug  up  carburetors,  Fuel  Administration 
experts  said. 

In  the  same  army-laboratory  test,  crystallization  was 
found   to   be   set   in   at    18   deg.    F.    and   to   be   practically 


complete  at  15  deg.  F.  Boiling  started  at  175  deg.  F. 
as  against  an  initial  boiling  point  of  not  more  than  140 
deg.  for  motor  gasoline  indicating  better  starting  qualities 
for  motor  gasoline. 

The  Bureau  of  Standards  stated:  "The  results  of  tests 
in  an  aviation  engine  indicated  that  Liberty  fuel  compared 
with  gasoline  fulfilling  the  export  specifications  for  avia- 
tion gasoline,  will,  when  consuming  10  per  cent,  greater 
weight  of  fuel  per  horsepower,  develop  about  3  per  cent, 
greater  horsepower.  The  spark  plug  used  in  Liberty  fuel 
showed  a  slightly  greater  carbon  deposit  than  the  plugs 
used  in  the  run  of  export  gasoline. 

Information  furnished  the  Fuel  Administration  by  the 
Navy  Department  stated  that  a  flight  of  forty  minutes 
was  made  with  the  fuel,  and  that  no  observations  were 
made  which  would  show  that  the  fuel  would  accomplish 
any  other  results  than  to  operate  the  engine  in  a  manner 
similar  to  the  aviation  fuel  which  had  been  used.  Arrange- 
ments were  made,  the  Navy  Department  reported,  for 
sufficient  quantities  of  the  fuel  to  make  fuel  tests,  but  the 
fuel  was  not  supplied. 

A  letter  from  Benedict  Crowell,  Assistant  Secretary  of 
War,  said:  "The  situation  has  not  reached  such  a  stage 
that  this  office  feels  that  any  definite  announcement  can 
be  made,  or  that  it  can  express  a  definite  opinion  as  to 
the  true  merits  of  the  fuel. 

The  Bureau  of  Mines  reported  that  it  was  approached, 
but,  on  asking  for  the  formula  in  order  to  compound  the 
material  and  being  refused,  dropped  the  matter,  declining 
to  act  under  the  circumstances. 


Personals 


.  E.  B.  Mead,  who  for  the  last  five  years 
has  been  acting  as  salesman  and  efficiency 
engineer  for  the  Vacuum  Oil  Co..  has  re- 
signed and  has  accepted  a  position  as  as- 
sistant to  the  chief  steam  engineer  at  the 
plant  of  the  Cambria  Steel  Co. 

H.  K.  Gowdy,  for  many  years  chief  en- 
gineer of  the  Pittsburgh  Railways  Co.  and 
for  the  past  three  years  in  charge  of  the 
technical  department  of  the  Pittsburgh  of- 
fice of  the  Vacuum  Oil  Co.,  has  been  ap- 
pointed chief  steam  engineer  of  the  Cam- 
bria Steel  Co. 


Business  Items 


The     Walworth     Manufacturing     Co.,     of 

Boston,  has  recently  purcha.sed  the  business 
of  Hunter  &  Dickson  Co.  at  241-247  Arch 
St.,  Philadelphia,  and  will  operate  it  as  one 
of  its  branches. 

The    Quigley    Furnace    Specialties    Co.   has 

opened  a  branch  ortice  in  Providence,  R.  I., 
at  302  Turks  Head  Building,  in  charge  of 
V.  W.  Reisman.  who  has  been  the  Quigley 
Compa:ny's  eastern  New  England  represen- 
tative for  "Hytempite"  (high  temperature 
firebrick  cement)  and  insulating  brick  as 
well  as  the  air-transport  system  for  dis- 
tributing and  burning  powdered  coal  and 
oihe?  fuels. 


Trade  Catalogs 


Tlie    Walter    A.    Zelnioker    Suppl.v    Co.,    of 

St.  Louis,  Mo.,  has  issued  its  Bulletin  No. 
250  for  January,  containing  a  full  refer- 
ence list  of  its  supplies. 

Tar  Cameras  for  Colorimetric  Tar  Peter- 
niination.  Steere  Engineering  Co.,  Detroit, 
Mich.  Bulletin  No.  35.  Pages  11.  8 J  x  11 
in.  Illustrating  and  fully  describing  the 
process.  Copy  of  bulletin  free  upon  appli- 
cation. 

Giant  Semi-Diesel  Fuel  Oil  Kngine.  Chi- 
cago Pneumatic  Tool  Co.,  Chicago.  111.  Bul- 
letin 34-W.  Pages  31,  6  X  9  in.  Describing 
and  illustrating  this  type  of  engine  ;  horse- 
power ratings  and  general  dimensions  given 
ill  tables. 

Space  and  Speed  in  Steel  Buildings.  Mil- 
liken  Bros.  Manufacturing  Co..  Inc..  New 
York.  Pages  23,  61  x  9",  in.  Describing  the 
standardized  truss  unit  system  of  building 
eonstruetirn  as  designed  and  manufactured 
by  this  company. 


Tlie    Tide    Water    Oil    Co.,    of   New    York 

City,  has  recently  issued  a  100-page  Veedol 
book  on  the  ■'Lubrication  of  Internal  Com- 
bu.stion  Engines."  This  is  the  fourth  edi- 
tion of  this  book,  revised  and  brought  up 
to  date,  with  additional  chapters  on  air- 
plane engines,  farm  tractors,  grease  and 
gasoline,  as  well  as  actual  facts  about  lub- 
ricating oils  for  the  layman  and  technical 
engineer.  It  is  copiously  illustrated  and  a 
copy  will  be  sent  free  upon  request  to  any- 
body interested. 

Leeds  &  Northrup  Co.,  Philadelphia,  has 
issued  a  60-page  illustrated  catalog  No.  87. 
"The  Potentiometer  System  of  Pyrometry 
and  Temperature  Control,"  describing  a  sys- 
tem of  pyrometry  and  temperature  control 
in  which  the  potentiometer  method  is  em- 
ployed for  measuring'  tha  electromotive 
force  of  thermocouples.  This  catalog  also 
gives  a  description  of  potentiometer  indica- 
tors, curve  drawing  recorders,  multiple- 
point  recorders,  temperature  control  ap- 
paratus, transformation  point  apparatus. 
preci."<ion  potentiometers,  thermf\couples 
and    pyrometers. 


New  Construction 


PROPOSED    WORK 

Vt.,  Bellows  Falls — The  Bellows  Falls 
Power  Co.  plans  to  build  a  hydro-electric 
plant  at  Pockhingham.  R.  Y.  Fitzgerald, 
50    Congress   St.,   Boston,    Mass.,    Secy. 

\t..  St.  Johnsbury — The  Twin  State  Gas 
&  Electric  Co..  55  Congress  St..  Boston, 
Mass..  plans  a  water  power  development 
on  the  Passumpsic  River  here.  H.  L.  Olds. 
A'^ice-Pres, 

Mass.,  Campello — .\.  E.  Kieth  &  Co.  will 
receive  bids  about  March  10.  for  the  con- 
struction of  a  power  plant.  Estimated  cost. 
$56,000.  Jenks  &  Ballou.  735  Grosvenor 
Bldg.,   Providence,   R.   I.,   Engr. 

N.  Y..  Baldwinsville — The  Seneca  River 
Power  Co.  has  increased  its  capital  stock 
from  $50,000  to  $100,000  to  provide  for  im- 
provements and  extensions  to  its  plant. 
.1.  R.  Mclntyre,  Supt. 

N.  Y..  Buffalo — J.  B.  Laird,  747  Ellicott 
S<i.,  is  in  the  market  for  three  200  hp.,  150 
lb  pre.^sure  boilers,  or  two  250  hp.  boilers 
of  similar  type,  also  one  200  hp.  motor.  25 
cycle,  3  phase,   2200  volts,   500  r.p.m. 

X  Y.,  Elmer — The  Willys-Morrow  Co. 
n'ans  to  build  a  30  x  40  ft.  addition  to  its 
boiler  house.      Estimated   cost,    $5000. 

X.  Y.,  Hoffman  Island — L.  R.  Coffer. 
Health  Officer,   I'ort  of  New  York,  will  re- 


ceive bids  until  Jan.   25   for  setting  2   boil- 
ers,   etc.,    at   the   Quarantine    Station,    here. 

X.  Y.,  Xew  Yorlt  (Borough  of  Brooklyn) 
— W.  Higgenson.  .Vrch..  21  Park  Row,  Man- 
hattan, will  receive  bids  until  Jan.  27.  for 
the  construction  of  a  1-story.  50  x  55  ft. 
power  house  addition  on  Classen  Ave.,  for 
Julius  Kayser,  45  East  17th  St.,  Manhattan. 
Estimated  cost,  $60,000. 

N'.  Y.,  X'ew  York  (Borough  of  Queens) — 
The  Board  of  Education.  500  Park  Ave.. 
Manhattan,  will  in.stall  a  steam  heating 
system  in  the  3-story,  105  x  108  ft.  school, 
which  it  plans  to  build  on  Colonial  Ave. 
between  Livingston  and  Meteor  St.,  Long 
Island  City.  Total  estimated  cost.  $200,- 
000.  C.  B.  J.  Snyder,  Municipal  Bldg.,  Man- 
hattan,  Arch,    and    Engr. 

N.  Y.,  New  York— The  Beth  Israel  Hos- 
pital. 70  Jefferson  St..  will  install  a  steam 
heating  system  in  the  16-story,  175  x  200 
ft.  hospital  which  it  plans  to  build  on  Liv- 
ingston PI.  between  16th  and  17th  St.  Total 
estimated  cost,  $1,000,000.  Louis  Abrani- 
Kon,   220   5th  Ave.,   Engr. 

N.  Y.,  Thiells — Frank  A.  Vanderlip.  Pres. 
of  Bd.  of  Managers  of  Letchworth  Village, 
will  receive  bids  until  March  4.  for  the 
construction  of  an  additional  power  house 
and  equipment,  consisting  of  new  boilers, 
piping,  feed  water  heaters,  feed  water  fil- 
ter, feed  water  meter,  feed  pump,  steam 
turbine,  valves,  etc.  ;  al.so  underground  pip- 
ing, with  pipe  ranging  from  2  in.  to  20  in. 
Total    estimated    cost,    $300,000. 

X.  J.,  Laurel  Hill — The  Board  of  Chos.n 
Freeholders  of  Hudson  Co..  Jersey  Cily.  has 
had  plans  prepared  for  the  construction  of 
a  100  X  185  ft.  power  plant  here,  to  furnish 
county  with  lighting  service. 

N.  J.,  Linden — The  Transatlantic  Chem- 
ical Co.  will  in.stall  a  steam  heating  sys- 
tem in  the  2-story,  100  x  150  ft.  factory, 
which  it  plans  to  build.  Total  estimated 
cost,  $100,000. 

Penn.,  Harrisburg  —  Bernard  Schmidt. 
13th  and  Walnut  St..  plans  to  build  a 
l)ower  house,  in  connection  with  the  new 
baking    plant. 

INId..  Olenarm — The  F.  H.  Copper  Co.  is 
in  the  market  for  75-hp.  boilers. 

W.  Va..  South  Charleston — The  Bureau 
of  Supplies  and  Accounts.  Xavy  Depart- 
ment, Washington,  D.  C,  will  receive  bids 
until  ,fan.  24  for  installing  3  reversible 
and  variable  motors  in  the  Navy  Yard  here ; 
Schedule   No.   7681 1. 

W.  Va.,  Wheeling — The  Wheeling  Elec- 
tric Co..  controlled  bv  the  American  Gas 
&  Electric  Co.,  30  Church  St.,  New  York 
Citv.  N.  Y..  plans  to  build  a  new  electric 
plant.  Estimated  cost,  $750,000.  John  B. 
Garden,    Gen.    Mgr. 
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Mu..  Ilntilrntown  —  Tho  olty  Ik  In  thi- 
iiiiirki-l  for  II  HI  ••mil  ilrlviii  iilr  <'ompr<n«oi , 
iilr-llft  puinii  mill  two  11  lip  WomIIiikIiouhi- 
iiiotorx  for  opciadiiK  >i  bridgv. 

Ala.,  lllrnilnKlinin — Tin-  Alnlmniii  CnniilnK 
Co.  Ih  III  llif  iiKiiK.'l  for  5(i-hi>,  liollcrn  and 
12-hp-   ciiBlii'."       wmiuni   C.   llal<\   Si-oy. 

Ijk.,  Ilomcr -- <;<orKo  IxmvIh  Ih  In  Ilir 
mnrki-l  for  i'i|iilpnu'iit  for  a  power  pliiiil. 
(TlndlnK  plant,   etc. 

Ohio,  rivvrlnnrt  —  The  Cleveland  Tele- 
phone Co..  West  3rd  St.  and  Champluin 
Ave.,  plans  to  c<HiMtruct  iirw  building.  In- 
BtallinK  duplicates  of  all  apparatuH  (ind 
cutting  ovi-r :  also  switchboard.^  to  handle 
13.000    lines. 

Ohio,  Cleveland — The  Woodmen  of  the 
World,  c/o  W.  S.  KerRiison  Co.,  Arch.. 
1000  Kiiclld  BldK.,  will  Install  a  steam 
heatinK  -sy.stem  In  tho  3-alory.  80  x  1.10 
ft.  club  hou.so,  which  they  plan  to  build  on 
Kast  Tilth  St.  and  Kuclld  Ave.  Total  es- 
timated   co.st.    $200,000. 

Ohio,  Toledo  —  The  Standard  Sanitary 
ManufacturinB  Co.  la  In  the  market  for  a 
band  power  hydraulic  press,  havinK  a  ca- 
pacity of  100  tons,  for  putting  on  and  tak- 
ing off  car  wheels. 

m..  Chicago — The  Acme  Steel  Goods  Co.. 
2324  Archer  Ave.,  plans  to  build  a  1-story 
holler  house,  pump  house,  etc..  In  connec- 
tion with  the  additional  unit  which  It  plans 
to  build  to  its  hoop  mill  on  134th  St.  and 
Indiana  Ave.     Total  estimated  cost.  $30,000. 

111.,  Chlcaico — The  Art  Metal  Manufac- 
turing Co..  514  South  Green  St..  is  in  the 
market  for  a  power  bending  machine  to 
form  tubes. 

III.,  ChlcsKO — The  Trustees  of  the  Uni- 
versity of  Chicago,  134  South  La  Salle  St.. 
plan  to  build  an  addition  to  the  existing 
power  plant,  or  a  new  plant  on  the  Illinois 
Central  R.R.  tracts  rear  58th  St.  Estimated 
cost  of  new  plant,   $2,000,000. 

Wis.,  Ean  Claire — The  Chippewa  Power 
Co.,  Incorporated  with  a  capital  of  $200,000. 
plans  to  build  a  hydro-electric  power  plant 
and  develop  power  on  the  Chippewa  River. 

Wis.,  XJalesvUle — The  Davis  Mill  Co.  plans 
to  build  an  addition  to  its  power  house. 
and  Is  in  the  market  for  a  100  hp.  engine. 
B.  W.  Davis,  Mgr. 

Wis.,  JanesTille — The  Board  of  Super- 
visors of  Rock  County  plan  to  build  a  104 
X  116  ft.  hydro-electric  power  plant  near 
here.  Van  Ryan  &  DeGelleke,  Caswell 
Bldg.,  Milwaukee.   Arch. 

Wis.,  Mllwankee — The  Storage  Battery 
Ser\ice  Co..  137  Oneida  St.,  plans  to  build 
a  1-storv.  60  X  127  ft.  service  station  at 
596  Jefferson  St.  Estimated  cost,  $25,000. 
R.   E.   Oberst,    353   National  Ave.,   Arch. 

Wis..  Portage — The  Water  Commission 
will  receive  bids  until  Jan.  31st.  for  in- 
stalling 1  high  pressure  tire  tube  boiler, 
diameter  60  ft.,  length  16  ft.,  complete 
with  front,  grates,  etc. ;  also  to  repair  and 
re-flue  the  2  boilers  of  the  same  dimen- 
,<;ions  now  installed  in  the  pumping  station. 
H.    V.    Tennant,    Supt 

Wis.,  Wansan  —  The  Wisconsin  Valley 
Electric  Co.  has  had  plans  prepared  for 
the  construction  of  a  power  dam.  M.  C. 
Ewing,   Mgr. 

Iowa,  Cedar  Rapids — The  Iowa  Electric 
Co.  plans  to  bui!d  a  high  tension  line  con- 
necting its  hydro-electric  plant  at  Ana- 
mosa  with  the  steam  generating  plant  at 
Maquokato.     John  I.  Reed,  Gen.  Mgr. 

Ark.,  tittle  Rock — The  Little  Rock  Rail- 
way &  Electric  Co..  115  West  4th  St.,  con- 
trolled bv  the  American  Cities  Co.,  is  in 
the  market  for  a  5000  kw.  turbine,  to  be 
installed  in  its  power  house.  C.  J.  Grif- 
fith,  Gen.    Mgr. 

Mo.,  Excelsior  Springs  —  The  Excelsior 
Springs  Light  &  Power  Co.  plans  to  ex- 
tend its  electrical  system  to  Holt,  Kearney. 
Lawson  and  other  cities.  George  W.  Irey. 
Ch.  Engr. 

Mo.,  Fnlton — The  Board  of  Managers  of 
the  State  Hospital  will  apply  to  the  Legis- 
lature for  an  appropriation  for  the  con- 
struction of  a  new  power  house  and  equip- 
ment.    Estimated  cost,   $67,000. 

Mo..  St.  Lronis — The  American  Packing 
Co.,  Garfield  Ave.,  plans  to  build  a  1-story. 
42  X  70  ft.  boiler  plant. 

Mo.,  Sikestown — The  City  Council  plans 
an  election  in  April  to  vote  on  a  bond  is- 
sue for  the  construction  of  an  electric- 
light   plant. 

Okla..  Kingfisher — The  city  will  soon  re- 
ceive bids  for  electrical  improvements.  Es- 
timated cost,  $50,000.  Black  &  Veatch, 
507  Interstate  Bldg..  Kansas  City.  Mo.. 
Engr. 


nkln.,  MuKltocrr  Tin-  c-|iy  planH  to  In- 
stall new  I'qiilpiiii'iit  In  llu<  puinpinK  xtn 
tloii.  In  roniii-cl  loll  with  tli«  Impiovementii 
It  plikiiH  lo  thu  wulur-workH.  Kullmateil 
fOHt,  $200,000. 

OUIn..  OI<inul«r4> — The  OkmulRPn  Tec  * 
I.lKbt  Co..  conlrollid  lliroiiKh  Htock  owner- 
ship by  lli(>  AmerU-an  I'libllc  Service  Co  . 
Is  In  the  market  for  a  12r>0-kvii.  Kenerntor. 
two  400-hp.  liollerH  and  other  machinery. 
C.    H.   Kretz,    Mgr. 

Oklii.,    TishnmlnKo  —  The    City    plann    to 

build     an     electrlo-llght    plant.       KHtlmatod 
cost,    $18,000.      Address    the    Mayor. 

I'tnh,  Ilclprr — The  city  plans  to  recon- 
struct the  intake  works  and  penstock  for 
the  municipal  hydro-electric  plant  destroyed 
by  tho  recent  flood.  Estimated  coBt. 
$10,000. 

Aril.,  Humboldt — The  Humboldt  Improve- 
ment Co.  has  been  authorized  by  the  State 
Corporation  Comml.sslon  to  take  a  loan  of 
$200,000  for  the  construction  of  electric- 
light  and  water  plants   lo   serve   Humboldt. 

Cal.,  Newport  Beiicli — The  Board  of 
Trustees  plans  to  build  an  electrically  op- 
erated pumping  plant  In  connection  with 
the  new  municipal  sewerage  system.  Total 
estimated  cost,  $173,000. 

Ont.,  Ilolstein^ — Buller  &  Brebnor  plan  to 
install  electrical  equipment  In  their  broom 
and  handle  plant  and  are  in  the  market  for 
motors,  machinery,  wiring  and  all  general 
equipment. 

Ont.,  lyondon — E.  V.  Buchanan.  Gen.  Mgr. 
of  the  Utilities  Comn.,  will  receive  bid^ 
about  March  15,  for  the  construction  of  an 
addition  to  its  hydro-station.  Estimated 
cost,    $60,000. 

Ont.,  Toronto — S.  L.  B.  Lines,  243  Col- 
lege St.,  is  in  the  market  for  a  37  in.  foot- 
power  squaring  shears. 

Alta.,  Grand  Prairie — The  Grand  Prairie 
Electric  Light  Co.  is  in  the  market  for  a 
new  engine  and  will  Install  a  new  alternat- 
ing  current   system. 

Porto  Rico,  San  Jnan — The  Aboy  Vidal 
Co.  plans  lo  build  3  warehouses,  3  stories. 
100  X  150  ft.  each  ;  also  docks  here.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $3,000,000.  J. 
M.  Carver,  29  Broadway,  New  York  City, 
N.  Y.,  Engr. 

CONTRACTS  AWARDED 

N.  Y.,  New  York  (Borough  of  Bronx) — 
The  Board  of  Education,  500  Park  Ave., 
Manhattan,  has  awarded  the  contract  for 
the  installation  of  heating  and  ventilating 
systems  in  P.  S.  32.  to  Daniel  J.  Rice.  103 
Park  Ave.,  Manhattan.  Estimated  cost, 
$62,797.      Noted   Jan.    2. 

N.  Y..  Wards  Island— L.  F.  Pilcher.  State 
Arch.,  Capitol,  Albany,  has  awarded  the  con- 
tract for  installing  coal  and  ash  handling 
equipment,  consisting  of  conveyor,  coal  hop- 
pers, apron  feeders,  coal  crushers,  motors, 
etc..  in  the  Manhattan  State  Hospital,  to 
the  Gilford  Wood  Co.,  Hudson.  Estimated 
cost,  $45,950. 

Md.,  Dickeyville — The  Baltimore  County 
■Water  &  Electric  Co..  100  West  Fayette 
St.,  Baltimore,  has  awarded  the  contract  for 
the  construction  of  a  1-story.  35  x  45  ft. 
pumping  station,  to  the  Price  Construction 
Co.,  Maryland  Trust  Bldg..  Baltimore.  Es- 
timated cost.  Sisnnn 

Md.,  Westminster — The  B.  F.  Shriver  Co. 
has  awarded  the  contract  for  the  construc- 
tion of  a  power  plant,  to  J.  F.  Roystone 
Engineering    Co. 

Ohio,  Cleveland — St.  Casimir's  congrega- 
tion, 8223  Sowinski  Ave.,  has  awarded  the 
contract  for  installing  a  heating  system  in 
the  new  2-story  church  which  it  plans  to 
build  on  East  82nd  St.  and  Pulaski  Ave.. 
to  the  r.ice  &  Welker  Co.,  707  Canal  Rd. 
Total  estimated  cost,  $250,000. 

Mich.,  Detroit  —  The  U.  S.  Lighthouse 
Service.  341  Post  Office  Bldg.,  has  awarded 
the  contract  for  furnishing  2  Scotch  type 
marine  boilers  for  lighthouse  tender  "Ama- 
ranth," boilers  10  ft.  6  in.  in  diameter  and 
10  ft.  10  in.  long,  to  the  Lake  Erie  Boiler 
Works.  254  Perry  St.,  Buffalo,  N.  Y.  Es- 
timated  cost,   $28,000. 

Mich.,  Saginaw — The  city  has  awarded 
the  contract  for  installing  2  electrically 
driven  pumping  units.  3  transformers  and 
accessories  at  the  West  Side  water-works 
station,  to  Allis-Chalmers  Manufacturing 
Co.,  West  Allis,  Wis.  Estimated  cost. 
$5800      Noted  Jan.   7 

N.  D..  Llgin — T.  R.  Atkinson.  Consulting 
Ener..  has  awarded  the  contract  for  build- 
ing 50,000  pal.  steel  tank  on  a  100  ft.  steel 
tower,  to  James  Kennedy.  97  Broadway, 
Fargo.  Pumping  machinery  and  wells  will 
be  installed  in  same.  Estimated  cost, 
$30,000 
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TIIK    COAL   MAHKKT 
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nimtnii — ('iirroiit  iiunlBtlons  tier  crou  (uii  f  o  b 
niiiii-i   ure  at   follow* 

anthhacitb 

Circular  Clrclulkr 

Current  Current 

Buekwheat    ....93.40  Boiler    92.(16 

Rice    3.00  Barley     2.40 

All  rail  rate  to  Boston  Is  9~.8S. 

BITUMINOUS 
Bituminous.  98  to  98.75. 
Pocnhontap  and  New  River,  f.o.b.  Boston. 
98..'I5  lo  $>1.00. 

New  \  iirk — Cum;nl  nuotations  per  ffrosa  I(m 
fob.  Tidewater  at  tb*  lower  ports*  are  as  fol 
lows: 

Cir-      Indi'  CIr-      Indi 

eular   vidual  eular   vidiial 

Pea    ....  90. ,'>.')  97.30  Broken     .97.80  9X  .'■.. 

llucU.    ...    6  10      5.00  Ege    7.70      8  4.. 

Klee    4.65      5.10  Stove    ...    7.06      8.70 

Barley    ..    4.15     4.30  Chestnut.    8.06     8.80 

BITUMINOUS 

Current  quotnlions.  cross  tons,  based  on  Cot- 
ernnicnt  prices  at  the  mines,  net  ton;  fob.. 
Tidewater,    at    the    lower    iiorts.    are    aa    follows: 

Mine  FOB.   N.T. 
Central     Pennsylvania              Gross  Gross 

(Mine      run.      Prepared      or 

Slack)     93.30  95.46 

Upper  Potomac.  Cumberland 
ic  Piedmont  Kields: 

Run    ol    Mine 3.08  6.23 

Prepared     3.38  5.61 

Slack     2.80  4.05 

Quotations  at  the  upper  ports  for  both  bi- 
tuminous and  anthracite  arc  50.  higher  on  ac- 
count of  the  difference  in  freiebt  rates,  and  are 
exclusive  of  the  3%  war  Ireicbt  tax. 

•The  lower  ports  are:  Elizabetbport.  Port  John- 
son.  Port  Keadine.  Perth  Amboy  and  South  Am- 
boy.  The  U|iper  ports  are:  Port  Liberty,  Hobo 
ken,  Weehawken,  Edrewater  or  Cli/fside  and  Qui- 
teiil>eiK.  St.  Georee  is  in  between  and  sometimes 
a  special  boat  rate  is  made.  Some  bituminous 
is  shipped  from  Port  Liberty.  The  rate  to  the 
upper  ports  ib  ."jc.  higher  than  to  the  lower  ports. 

Phllndelphla — Prices  per  gross  ton  f.o.b.  cars 
at  mines  for  line  shipment  and  fob.  Port  Rich- 
mond for  tide  shipment  are  as  follows: 

, Line  ^ , Tide » 

Cur-  One  Tr.  Cur-  One  Yr. 

rent  Ago  rent         Ago 

Pea    94.80  93.40  96.05  9430 

Barley    2.40  1.90  3.-i0          2.15 

Huckwheat     ..   3.40  2.90  4.45           3.50 

Rice     2.90  2.40  3.80           3.40 

Boiler     2.70  2.20  3.70          3.30 

Chicago — Steam  coal  prices  f.o.b.  mines: 
Illinois  Coals    Southern  Illinois  Northern  Illinois 
Prepared    sizes. .  .92.. SS — 2.70  93.25 — 3.40 

Mine-run     2.;i5— 2.50  3.00 — 3.15 

Screeuines     2.05 — 2.20  2.75 — 2.90 

Dirmingham — Current  prices  per  net  ton  fob. 

mines  are  as  follows: 

Pre-  Slack  or 
Mine-  pared  Screen- 
Kun     Sizes        ingi 

Big  Seam.  Mary  Lee.  New 
Castle.  Blue  Creek.  Brook- 
dale,  Milldale.  Henry  Ellen 
or   Acmar    93.45  92.75      92.40 

Cahaba.  Black  Creek.  Mill- 
dale.  Carter  and  Durie 
seams.  and  Underwood 
seam  in  Etowah  and 
Blount  Counties.  Jefferson 
seam  in  Marion.  Walker 
and  Winston  Counties.  .  .  .    3.46     3.75       3.10 

Pratt.  Brookwood.  Nickel 
Plate.  America.  Jaeger, 
Coal  City.  Jefferson  (ex- 
cept in  Walker.  Marion 
and  Winston  Counties). 
Ml.  Carmel  seam  or  upper 
branch  of  Bi^  Seam  on 
Birmingham  Mineral  south 
of   Bessemer    2.85      3.05        2.45 

Helena  and  Harkness  seams 
and  coal  mined  by  No.  2 
Belle  Helen,  and  Young- 
blood    seam     2.90     3.20        2.70 

Climax  seam  near  Maylene. 

St.    Loais — Prices    per    net    ton    bituminous    coal 
f.o.b.    mine   today   as  compared   with 
a  year  agro  are  as  loUows: 
Williamson  and 
Franklin  Coun- 
ties. Mt.  Olive 
and  Staunton     Standard 
Prepared     sizes     (lump. 

egg.    nut.   etc.) 93.55@2.75  92.40(g2.70 

Mine-run 2.35(^2.50      2.20(^2  30 

Screenings    -S.17@2.32      1.50@1.50 

Williamson-Franklin  rale  to  St.  Louis  is  91.10. 
other  rates  p     On 
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Increasing  Efficiency  at  No  Expense 


JUDICIOUS  use  of  commendation  for  work  well 
done  Is  a  powerful  aid  in  maintaining  the 
spirit  and  good  will  of  the  members  of  an  or- 
ganization as  well  as  in  increasing  the  efficiency 
and  the  output;  yet  there  are  literally  thousands 
of  men  in  positions  of  authority  who  are  utterly 
blind  to  the  value  of  this  instrument  in  their 
hands,  if  we  may  judge  by  their  failure  to  use  it. 

The  man  who  is  absolutely  callous  and  un- 
responsive to  a  word  of  praise  for  the  perform- 
ance of  a  good  piece  of  work  has  yet  to  be  dis- 
covered. Natural  modesty  may  prevent  an  indi- 
vidual from  openly  showing  that  he  is  pleased, 
but  there  is  no  way  by  which  he  can  disguise 
or  ignore  the  warm  glow  that  thrills  through  him 
when  he  hears  words  of  approval.  Human  na- 
ture loves  lip-homage. 

No  class  of  worker  is  immune  from  the  effects 
of  a  complimentary  remark.  The  superintendent 
may  wear  a  silk  undershirt  and  the  fireman  may 
cover  his  torso  with  red  flannel,  but  beneath  the 
skin  they  are  both  human  and  therefore  equally 
susceptible  to  the  magic  of  an  appreciative  look 
or  word.  If  the  board  of  directors,  at  the  annual 
meeting,  passes  a  resolution  congratulating  the 
superintendent  on  the  showing  he  has  made  dur- 
ing the  year,  he  carries  that  congratulatory  letter 
around  in  his  pocket  and  shows  it  to  his  intimate 
friends  until  it  becomes  worn  at  the  creases  and 
frayed  at  the  edges;  moreover,  he  goes  at  the 
work  of  the  new  year  with  an  increased  de- 
termination to  improve  on  his  already  good 
record. 

Similarly,  if  that  same  supe»-intendent  pauses 
on  his  way  through  the  plant  to  tell  the  firema:? 
that  he  has  been  right  on  the  job  and  doing  fine 
work,  according  to  the  figures  on  the  daily  report 


sheets,  that  fireman  involuntarily  suffers  an  in- 
crease of  chest  expansion  measurable  in  inches 
and  the  chances  are  that  he  goes  home  and  tells 
his  wife  that  his  boss  has  at  last  discovered  his 
abilities. 

Recognition — that  is  the  whole  matter  in  a  nut- 
shell. To  a  greater  or  less  degree  we  all  like 
to  attract  attention  to  ourselves  or  to  our  achieve- 
ments. One  of  the  most  discouraging  and  de- 
pressing things  in  the  world  is  indifference.  But 
when  to  indifference  is  added  routine  work  of  an 
unattractive  and  oftentimes  laborious  nature, 
we  have  a  plausible  explanation  of  the  lack  of 
interest  and  the  general  low  efficiency  in  many 
branches  of  industry. 

There  are  employers  and  chiefs  who  never 
praise  the  meritorious  efforts  of  subordinates. 
Just  why  they  should  be  so  chary  of  approval  is 
a  mystery.  If  a  few  well-chosen  words  of  tribute 
required  the  spending  of  money  or  involved  a 
lowering  of  prestige  or  influence,  withholding 
them  could  be  understood;  but  they  cost  nothing 
and  their  influence  is  beyond  all  calculation.  To 
many  a  man,  weary  with  repetition  of  the  same 
motions  and  the  same  round  of  duties,  they 
come  like  a  refreshing  breath  of  air  and  they 
act  as  a  pleasing  stimulus  to  better  performance. 

There  may  be  excellent  reasons  why  it  is  im- 
possible to  increase  the  pay  of  an  employee  who 
has  accomplished  praiseworthy  results,  but  there 
is  no  excuse  for  failure  to  show  recognition  of 
his  services  when  they  are  unusual  in  quality  or 
value.  More  than  that,  the  time  to  speak  the 
"Well  done!"  is  now.  If  a  man  deserves  praise 
for  what  he  has  produced,  let  him  know  it  while 
he  can  hear  the  sound  of  your  voice.  Eulogies  do 
not  penetrate  very  far  within  coffin  walls. 


Bt  Rufl'S  T.   Strohm 


114 


POWER 


Vol.  49,  No.  4 


Pviiiipiiig  Plant  and  Electrical  Equipment  at 
Balboa  Shops,  Canal  Zone 


By  R.  D.  GATEWOOD* 


THE  pumping  plant  for  the  1000-ft.  drydock  at 
Balboa,  Canal  Zone,  has  now  been  in  operation 
for  over  two  years  and  has  proved  itself  to  be 
eminently  well-suited  for  the  purpose,  practically  no 
material  changes  having  been  found  necessary  in  the 
original  plans  for  design  and  installation.  The  plant 
consists  of  four  main  pumps  and  two  drainage  pumps 
and  one  bilge  or  seepage  pump  located  in  a  well  near 
the  entrance  of  the  dry  dock.  These  are  installed  in  the 
building  shown  in  Fig.  1,  which  also  houses  both  the 
electric  and  steam  air  compressors. 

The  main  pumps  and  drainage  pumps,  shown  in  Fig. 
2,  draw  water  from  a  suction  chamber  below  the  level 
of  the  dock  floor,  the  latter  through  a  separate  duct  be- 
low the  level  of  the  floor  of  the  suction  chamber.  The 
bilge  pump  draws  water  from  the  pump  well  itself. 
All  these  pumps  are  operated  on  2200-volt  three-phase 
25-cycle  current.  The  main  pumps  have  a  capacity  of 
11,000  cu.ft.  of  salt  w^ater  per  minute  against  a  head  of 
48  ft.  This  head  exists  when  the  pump  is  drawing  from 
the  bottom  of  the  dock,  which  is  at  minus  39,  and  dis- 
charging against  average  high  tide,  or  plus  8.5.  Condi- 
tions may  arise,  however,  when  the  pumps  will  be  re- 
quired to  discharge  against  a  tidal  elevation  of  plus  13. 
The  drainage  pumps  are  supplied  for  unwatering  the 
suction  chamber  of  the  main  pumps  and  for  removing 
leakage,  waste  from  ships  in  the  dock,  etc.  These  pumps 
are  capable  of  discharging  1200  cu.ft.  of  water  per  min. 
against  a  head  of  43.5  ft.  and  are  equipped  with  both 
hand  and  automatic  control,  the  latter  being  arranged 
so  that  whenever  the  water  rises  to  a  depth  of  10  ft.  in 
the  suction  chamber,  the  pumps  will  automatically  start 
and  operate  until  the  chamber  is  empty.  The  bilge  pump 
is  required  to  empty  the  lowest  part  of  the  pump  well 
at  any  stage  of  the  tide  and  has  a  capacity  of  25  cu.ft. 
of  water  per  minute.  This  pump  also  is  fitted  with  hand 
and  automatic  starting  and  stopping  equipment. 


•Xaval    Constructor;    Mechanical    Superintendent    of    Panama 
Canal  Zone. 


The  main  pumps  are  vertical  units  driven  by  1000-hp. 
motors.  The  discharge  opening  as  well  as  the  suction 
is  54  in.  in  diameter.  The  drainage  pumps  also  are  ver- 
tical units  driven  by  200-hp.  motors,  with  discharge  and 
suction  openings  20  in.  in  diameter.  Each  of  the  fore- 
going units  consists  of  a  vertical-shaft,  single  bottom 
suction,  single-impeller  volute  centrifugal  pump  direct- 
connected  to  the  vertical  motor  shaft.  The  bilge  pump 
is  a  3-in.  centrifugal  pump  driven  by  a  25-hp.  motor. 

The  compressed  air  for  use  throughout  the  Balboa 
shops  is  supplied  by  two  electrically  operated  Ingersoll- 
Rand  compressors,  one  40  x  25i  x  30  in.  with  a  capacity 
of  5000  cu.ft.  of  free  air  per  minute,  and  the  other 
28  x  m  x  21  in.  with  a  capacity  of  2252  cu.ft.  of  free 
air  per  minute,  delivered  at  a  pressure  of  105  lb.  These 
machines,  shown  in  Fig.  3,  are  driven  by  direct-con- 
nected synchronous  motors  operating  on  2200-volt  three- 
phase  2.5-cycle  current.  The  larger  machine  has  a 
1016-hp.  motor  and  the  smaller  a  460-hp.  motor.  The 
compressors  are  equipped  with  the  Rogler  plate  valve 
and  therefore  operate  at  considerably  higher  speeds  than 
■has  been  possible  for  machines  of  the  same  size  here- 
tofore. They  make  136  3  r.p.m.  and  185.5  r.p.m.,  respec- 
tively, for  the  large  ajid  small  machine.  Each  machine 
is  two-stage  and  is  fitted  with  an  unloader  by  means  of 
which  it  can  be  operated  at  no  bad,  or  at  one-quarter, 
one-half,  three-quarters  or  full  load.  The  unloader  works 
automatically  so  that  the  motor  takes  only  enough  cirf- 
rent  to  maintain  the  required  pressure  in  the  distribut- 
ing lines.  The  motors  are  operated  at  75  per  cent, 
leading  power  factor  for  improving  the  factor  in  the 
transmission  line. 

The  plant  is  located  in  the  combined  air-compressor  | 
and  pump  plant  on  the  south  side  of  the  dry  dock,  and 
distributing  lines  are  run  aroiind  the  head  of  the  dock 
to  the  shop  mains  as  well  as  along  the  wharves  and  to 
the  coaling  plant. 

The  electric  power  for  the  whole  Canal  Zone  is  gen- 
erated in  the  hydro-electric  station  at  the  spillway  for 
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I'lOS     1    'I'(_J   :;       I':XTKR1ijF<   and  interior  views  of   dry-duck   PUiMI'ING  PL.A.NT  AT  BALBOA  SlUH'.- 

PANAMA   CANAL   ZONE 

Pig.    1 — Building  containing  dry-dock  pumps,  air   compressors   and    switchboard    controlling   power    to    shops.      Pig.    2 — I 
building,   showing  pump  motors  and  control  board.     Pig.   3 — Electrically  driven  air  compressors. 
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Untiiii  Lake  and  is  transniittt'd  across  the  Isthmus  at 
^.4,000  volts  to  the  Halboa  substation,  which  is  along- 
side \ho  Balboa  shops.  In  this  substation  it  is  stepped 
down  to  2200  volta  and  delivered  at  this  voltage  to  small 
substations  located  at  power  centers  in  the  shop  area. 
The  headpiece  shows  the  hydro-electric  .station  at  Gatun, 
with  one  spillway  gate  open  to  allow  excess  water  to  es- 
cj.pc  from  the  lake. 

The  machinery  in  the  shops  is  entirely  electrically 
operated,  e.xccpt  such  machines  as  hammers,  etc.,  which 
are  not  adapted  to  this  type  of  drive.  The  current  used 
is  three-phase  25-cycle  and  is  delivered  to  the  shops  at 
2200  volts.  The  shop  motors  operate  at  220  volts  and 
transformer  rooms  are  located  near  load  centers. in  the 
various  buildings.  The  main  transformer  rooms  are 
placed  in  the  machine  and  erecting  shop,  steel  storage 
shed,  planing  mill  and  foundry  building.  The  machine 
and  erecting  shop  has  two  300-kv.-a.  three-phase  power 
transformers,  one  140-kw.  single-phase  lighting  trans- 
former, two  325-kw.  motor-generator  sets  and  a  7-panel 
switchboard.  This  equipment  serves  this  building  only. 
The  transformer  equipment  in  the  steel  storage  shed, 
planing  mill  and  foundry  building  is  practically  the  same 
in  each,  and  consists  of  two  300-kv.-a.  power  trans- 
formers, one  50,  60  or  125-kw.  single-phase  lighting 
transfomier,  and  one  three-panel  switchboard.  The 
transformers  in  the  planing  mill  suppl>'  that  building 
only,  but  those  in  the  steel  storage  shed  supply  the  forge 
shop  and  the  boiler  and  shipfitters'  shop,  and  those  in 
the  foundry  building  supply  the  car  shop,  galvanizing 
plant,  lumber-storage  shed  and  roundhouse. 

All  distributing  cables  are  run  through  the  shop  tun- 
nel in  ducts  laid  in  that  wall  and  are  then  brought  up 
through  manholes  in  the  floor  of  the  buildings.  From 
the  manholes  cables  are  run  in  galvanized  iron  conduits 
fastened  to  the  roof  trusses  or  carried  on  T-iron  sup- 
ports attached  to  the  steelwork  of  the  buildings  above 
the  lower  chords.  Drops  are  run  down  the  building 
columns  to  controllers,  panel  boxes,  etc.  On  account  of 
limited  space,  the  central  switchboards  were  not  ar- 
ranged to  permit  control  of  all  power  and  lighting  cir- 
cuits at  the  boards;  instead  of  this,  junction  boxes  were 
installed  in  each  section  of  the  shop,  from  which  the 
power  and  lighting  circuits  for  that  section  are  distrib- 


ute<l.  The  transformers  are  connected  to  the  main 
h'ubstation  by  a  siuKle  loop  feeder-circuit  which  has  am- 
ple capacity  to  carry  the  normal  shop  load  on  one  side, 
in  case  of  emergency.  When  the  valve-  and  gate-oper- 
ating machinery  on  the  north  wall  of  the  dry  dock  is 
installed,  it  will  be  connected  to  the  .shop  transformf>r:'. 

Four  types  of  motors  were  adopted  for  power  drivf  : 
Direct-current,  commutating-'pole,  variable-.speed  mo- 
tors; slip-ring  induction  motors;  .squirrel-cage  induc- 
tion motors,  and  synchronous  motors.  Direct-current 
motors  operate  on  220-volt  current,  and  alternating  cur- 
rent motors  on  220-volt  three-phase  25-cycle  current. 
The  direct-current  motors  drive  lathes,  planers,  boring 
machines,  milling  machines  and  other  tools  where  a 
variable  tool  speed  is  desired.  They  have  speed  ranges 
from  350  to  1400,  375  to  1125,  375  to  1500,  450  to  1800, 
and  500  to  1500  r.p.m.  The  slip-ring,  polar-wound  rotor 
inductor  motors  drive  machines  that  require  a  high 
starting  torque  or  that  are  necessarily  reversible;  as, 
for  example,  bending  rolls,  low-pressure  blowers,  the 
2-ton  Tropenas  converter  and  the  transfer  table.  Tlie 
squirrelrcage  induction  motors  are  used  for  all  group 
drives  and  on  all  group  drives  and  all  constant-speed  ma- 
chines. The  synchronous  motors  are  used  for  driving 
direct-current  generators  and  air  compressors  and  are 
arranged  for  operation  at  75  per  cent,  leading  power  fac- 
tor for  correcting  the  load  factor  of  the  plant.  All  motors 
were  purchased  under  specifications  calling  for  specially 
developed  insulation  similar  to  that  used  on  the  lock-ma- 
chinery motors. 

Lighting  for  the  shops  is  obtained  from  tungsten  fila- 
ment lamps,  and  general  illumination  is  used  throughout. 
This  method  was  considered  preferable  to  special  in- 
tensified illumination  at  each  machine  or  in  particular 
sections  of  the  shop  on  account  of  the  fact  that,  as  all 
points  received  approximately  the  same  amount  of  light, 
no  change  in  wiring  or  the  position  of  lamps  is  required 
if  the  arrangement  of  machines  is  changed.  Lighting 
i.T  all  on  110-220-volt  single-phase  circuits.  Feeders 
run  from  the  lighting  transformers  to  panel  boxes 
placed  at  convenient  points  throughout  the  shop,  and 
from  these  boxes  the  lights  in  the  individual  sections 
are  controlled.  Branch  circuits  are  designed  for  a 
maximum  load  of  3000  W'atts,  with  a  drop  of  3  volts. 


Burning  Fine  Anthracite  and  Bituminous  Coal 


FUEL  conditions  during  the  last  two  years  hav2 
been  such  that  the  users  of  coal  for  power  genera- 
tion have  been  glad  to  obtain  any  grade  possible  in 
order  to  k?ep  their  nlnnt?  in  on^r-^^-ion.  In  many  instances 
the  practice  of  mixing  what  is  known  as  anthracite 
screenings  and  bituminous  coal  has  been  employed  by 
operators  of  hand-fired  furnaces  equipped  with  natural 
draft. 

Those  who  have  never  burned  such  a  mixture  might 
imagine  that  the  difficulties  in  burning  anthracite 
screenings  with  a  natural  draft  would  be  such  as  to  pro- 
hibit their  use.  Experience,  however,  has  shown  that 
they  give  satisfactory  results  when  properly  mixed  with 
bituminous  coal.  Anthracite  coals  below  buckwheat 
sizes  are  valuable  for  fuel  as  they  contain  almost  as 
much  carbon  as  the  larger  sizes  and  but  little  more  ash 
and  sulphur.     They  are,  however,  difficult  to  burn  with 


natural  draft  and  should,  therefore,  be  mixed  with  some 
soft  coal. 

When  burning  a  mixture  of  fine  anthracite  and  bitu- , 
minous  coal,  the  percentage  of  screenings  will  vary,  de- 1 
pending  upon  the  grate  and  the  draft.     Six  or  seven  I 
parts   of  anthracite   dust  to   one   of   bituminous   coal 
makes  a  fuel  that  burns  well.    Increasing  the  proportion 
of  soft  coal  makes  a  quick  fire,  but  produces  more  smoke,  j 
Excellent  results  can  be  obtained  with  25  to  30  per  cent, 
of  small-sized  anthracite  and  70  to  75  per  cent,  of  soft] 
coal.    The  mixture  will  give  a  hot  fire,  but  will  produce! 
some  smoke.     A  mixture  of  half-and-half  fine  anthra- 
cite and  bituminous  coal  can  be  successfullj'  burned  in 
a  furnace  having  a  good  draft. 

It  is  important  to  thoroughly  mix  the  coal  before  fir- 
ing. This  is  best  done  by  bringing  it  into  the  boiler 
room   in   a  wheelbarrow  or  by  other  means,   dumping 
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first  one  load  of  one  kind  and  then  one  of  the  other 
kind  in  a  pile  on  the  floor  and  turning  the  pile  over  sev- 
eral times  somewhat  as  concrete  is  mixed.  If  the  mixing 
Ss  done  properly,  the  firing  nlethod  need  not  be  changed 
trom  that  employed  in  burning  soft  coal. 
I  Regardless  of  what  mixture  is  burned,  all  cracks  in 
the  boiler  settings  should  be  stopped  to  prevent  air  from 
leaking  into  the  furnace.  If  a  damper  regulator  is  in- 
stalled, it  should  be  allowed  to  operate  the  damper  in 
the  smoke  connection  to  the  chimney  for  the  control 
'of  the  steam  pressure.  Some  firemen  have  the  habit  of 
opening  the  furnace  doors  to  admit  cold  air  over  the 
fire  to  prevent  the  boiler  from  making  steam  too  fast 
and  at  the  same  time  allow  the  damper  and  ashpit  door 
to  remain  wide  open.  The  furnace  doors  should  never 
be  left  open  for  any  such  purpose.  If  the  damper  is 
not  in  working  order,  it  should  be  put  in  shape  so  that 
the  draft  can  be  controlled  by  it  rather  than  by  means 
of  the  ashpit  doors.  Frequently,  the  damper  regulator 
is  out  of  order.  If  this  is  the  case,  it  should  be  repaired 
and  connected  with  the  damper  so  that  it  will  automatic- 
ally regulate  the  draft  and  steam  pressure.  Arrange- 
ments should  also  be  made  so  that  the  damper  cannot 
close  tight  and  thus  shut  off  the  draft  altogether. 

As  regards  the  furnace,  the  grate  bars  should  contain 
up  to  §-in.  air  space,  which  is  suitable  for  burning  fine 
anthracite  and  soft  coal.  As  the  anthracite  bakes  with 
the  soft  coal  and  forms  into  coarse  particles,  it  will  not 
fall  through  the  grate.  To  obtain  the  best  results  keep 
the  fuel  bed  level  and  not  too  thick ;  between  5  and  10  in. 
is  considered  good  practice.  It  is  well  to  watch  for 
holes  in  the  fire  and  keep  them  filled,  otherwise  an  ex- 
cessive volume  of  air  will  pass  into  the  furnace. 

In  handling  a  fire  the  fireman  should  not  disturb  the 
fuel  bed  too  often,  as  this  mixes  the  ashes  with  the 
fuel  and  causes  clinkering.  If  shaking  grates  are  used, 
the  ashes  can  be  freed  from  the  fire  by  frequent  shaking 
down,  but  it  is  advisable  to  stop  shaking  as  soon  as  live 
coals  begin  to  fall  through  the  grate.  After  firing,  the 
fuel  bed  should  be  left  alone  and  the  fire  tools  should 
be  used  as  little  as  possible. 

It  may  be  necessary  to  employ  a  slice  bar  if  station- 
ary grates  are  used ;  and  if  so,  it  should  be  run  in  under 
ihe  fire  along  the  grate.  Moving  the  bar  back  and 
forth  a  few  times  will  sift  some  of  the  ashes  through  the 
erate.  If  the  soft  coal  is  of  the  coking  kind,  it  may 
be  necessary  to  slice  the  fire  occasionally  so  as  to  break 
the  crust,  but  care  should  be  taken  not  to  mix  the  ashes 
with  the  burning  fuel. 

As  clinkers  and  some  ash  will  not  pass  through  the 
grate,  the  fires  must  be  cleaned  at  intervals.     The  pe- 
riods will  be  governed  by  the  proportion  of  ash  in  the 
coal  and  its  character,  also  by  the  kind  of  grate 
used.  A  stationary  grate  will  require  more  frequent 
cleaning  than  one  of  the  shaking  type.   When  clean- 
ing a  fire,  carefully  remove  all  clinkers  and  ash. 

Various  methods  are  used  in  cleaning  fires.  One 
that  gives  satisfactory  results  is  as  follows: 
Burn  down  one  side  of  the  furnace  as  much  as 
possible  and  still  keep  up  the  steam  pressure 
during  the  cleaning  period;  then  wing  the  live 
coals  to  the  active  side  of  the  grate  and  with  a 


hoe  pull  the  refuse  out  of  the  furnace  and  into  a  wheel- 
barrow. Having  cleaned  one  side,  evenly  spread  some  of 
the  live  coals  from  the  uncleaned  side  of  the  furnace  on 
the  clean  grate  and  cover  lightly  with  fresh  fuel.  When 
the  clean  side  of  the  furnace  has  been  built  up,  the  dirty 
side  is  burnt  down  and  cleaned  in  the  same  manner. 

In  case  a  light  fire  is  being  carried,  it  will  be  neces- 
sary to  build  up  one  side  of  the  furnace  to  have  enough 
live  coals  to  cover  the  grate  on  the  side  that  has  been 
cleaned.  With  a  boiler  that  is  not  being  pushed  hard, 
it  is  possible  to  burn  practically  all  fuel  to  ash  on  the 
sida  that  is  to  be  cleaned. 

Another  method  of  cleaning  fires  with  dumping  grate 
is  as  follows :  The  fire  on  the  side  to  be  cleaned  is  burnt 
down  and  the  live  coals  are  brought  forward  on  the  front 
portion  of  the  grate ;  the  rear  section  is  then  dumped  and 
the  live  coals  are  pushed  back  on  the  clean  part 
of  the  grate;  the  front  portion  is  next  dumped  and 
the  live  coals  are  evenly  spread  and  then  covered  with 
fresh  fuel.  After  building  up  the  clean  side,  the  other 
side  of  the  grate  is  cleaned  in  like  manner.  Experience 
will  determine  the  proper  cleaning  period  for  each  indi- 
vidual plant. 

If  the  grates  are  of  the  shaking  type  and  are  prop- 
erly handled,  there  will  be  less  trouble  from  clinkering 
as  the  ashes  can  be  shaken  into  the  ashpit.  Clinkers 
are  nothing  more  nor  less  than  melted  ash,  and  their 
formation  can  be  controlled  to  a  large  extent  by  the 
manner  in  which  the  fireman  handles  his  fires.  The  more 
excessive  the  heat  in  the  furnace  the  greater  the  prob- 
ability that  qlinkers  will  form.  Furnaces  that  are  run 
at  a  low  rate,  and  therefore  at  a  comparatively  low  tern 
perature,  are  troubled  but  little  with  the  formation  of 
clinkers. 

As  has  already  been  said,  stirring  the  fire  and  mixing 
the  ashes  with  the  live  coals  produces  clinkers  because 
the  ashes,  being  exposed  to  the  intense  heat  of  the  burn- 
ing coal,  are  fused  into  a  large  mass.  Naturally,  the 
grade  and  mixture  of  the  coal  will  have  much  to  do  with 
the  nature  and  formation  of  the  clinker.  Carrying  very 
thick  fires  coupled  with  the  stirring  of  the  burning  fuel 
bed  is  a  sure  way  to  produce  clinkers. 

One  may  ask  why  a  thick  fire  will  cause  clinkers  to 
form.  This  is  because  a  thick  fuel  bed  offers  resistance 
to  the  passage  of  the  air  through  it.  Without  the  free 
passage  of  air  through  the  fuel  bed,  the  ashes  becor.ie 
heated,  and  upon  reaching  the  melting  point,  they  fuse 
together  and  become  a  solid  mass  upon  cooling.  There- 
fore, clinkers  will  be  greatly  reduced  if  thin,  level  fires 
are  carried. 

In  burning  a  mixture  of  anthracite  and  bituminous 
coal,  it  is  generally  not  economy  to  burn  anthracite 
containing  more  than  20  per  cent,  of  bone  and  non- 
combustibles.     Furthermore,    in    many    plants    the 
expense  of  disposing  of  the  ashes  would  offset  the 
gain  made  in  burning  the  mixture.    One  plant  may 
find  that  a  certain  mixture   is   cheaper  than  an- 
other;  the  second  may  find  that  still  another 
mixture  is  less  economical.    Each  engineer  who 
plans  to  burn  mixed  coal  should  try  various  mix- 
tures and  then  stick  to  the  one  that  gives  the 
best  results  with  his  particular  equipment. 
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Testing  Single -Phase  Walt- 
Hour  Meters  Usin^  a 
Rotating  Standard 


P.  B.  Findley 


I 


While  direct  current  is  in  general  use  in  synaller 
plants  and  for  special  service  such  as  adjustable- 
speed  motoi's,  the  grooving  plant  finds  that  alter- 
nating ciofent,  with  its  economical  distribution, 
is  preferable.  Hen.ce  a  knowledge  of  the  cnnsiruc- 
tion,  maintenance  and  testing  of  alternating-cur- 
rent instruments  is  essential  to  the  well-i7i formed 
operator.  This  article  considers  the  single-phase 
watt-hour  meter,  used  on  distributing  circuits  and 
the  method  of  testing  it,  using  an  indicating  watt- 
meter. A  subsequent  article  ivill  discuss  the  test- 
ing of  single-phase  watt-hour  meters  xoith  a  ro- 
tating standard. 


ESSENTIALLY,  the  single-phase  watt-hour  meter 
consists  of  a  light  circular  aluminum  disk  D,  Fig.  1, 
mounted  on  a  shaft  which  turns  in  practically  fric- 
tionle.ss  bearings.  At  one  part  of  its  area  this  disk 
comes  under  the  influence  of  an  electromagnet  P  which 
is  connected  across  the  supply  line  and  is  known  as  the 


FIG.    1.      SCHEMATIC    DIAGR.\M    OF   SINGLE-PHASE   WATT- 
HOUR    METER 

voltage  or  potential  element.  Another  electromagnet 
S  is  connected  in  series  with  the  load  and  is  called  the 
current  element.  As  a  result  there  is  a  turning  force 
upon  the  disk  which  is  proportional  to  the  power  con- 
sumed in  the  circuit.     The  rotation  of  the  disk  is  re- 


tarded, precisely  as  in  the  direct-current  meter,  by  the 
magnetic  "drag"  of  two  permanent  magnets  whose  lines 
of  force  are  cut  by  the  di.^k  at  a  part  of  its  area  other 
than  that  covered  by  the  electromagnets.  The  speed  of 
rotation  is  proportional  to  the  rate  of  power  flow  (kilo- 
watts) through  the  meter,  and  the  number  of  '•evolutions 
in  any  interval  of  time  is 
proportional  to  the  total 
power  (kilowatt- h  o  u  r  s) 
which  has  pas.sed.  The  de- 
tails of  a  typical  single-phase 
watt-hour  meter  can  best  be 
seen  by  reference  to  the 
headpiece  and  Figs.  3  to  5 
which  are  views  of  a  type 
OA  Westinghouse  in.stru- 
ment.  The  headpiece  shows 
the  instrument  complete ;  the 
glass  cover  and  nameplate 
have  been  removed  in  Fig. 
3.  A  side  view  is  given  of 
the  meter  element  in  Fig.  4, 
after  it  has  been  removed 
from  its  case,  and  the  rear 
of  the  meter  element  is 
shown  in  Fig.  5.  Arrange- 
ment of  the  various  parts  is 
.'ihown  in  the  figures.  An 
aluminum  mounting  frame  F 

.erves  as  a  foundation  for  the  meter  element.  To  it  are 
attached  the  iron  punchings  M  which  form  the  magnetic 
circuit  and  carry  the  current  coils  C  and  voltage  coil  P. 
Projections  from  the  frame  also  carrj-  the  upper  and 
lower  bearings  for  the  moving  element.  The  lower  bear- 
ing is  shoAvn  at  B,  Fig.  4 ;  the  register  mechanism  (lo- 
cated at  R)  and  dials  /  are  also  mounted  on  projections 
from  the  frame  F.  The  disk  D  is  made  of  a  circular 
sheet  of  aluminum  fastened  to  its  shaft. 

The  upper  bearing  consists  of  a  steel  wire,  Fig.  2, 
projecting  from  a  screw  S  which  is  held  in  the  mount- 
ing frame.  This  wire  enters  a  bushed  hole  in  the  upper 
end  of  the  disk  shaft,  and  at  the  bottom  of  the  hole  are 
a  number  of  chamois  disks  moistened  with  jewelers'  oil. 

The  lower  bearing  B,  Fig.  4,  whose  permanency  is" 
vital  to  the  accuracy  of  the  meter,  is  shown  in  section 


FH;.    2.      WATT-HOUB 
.METER    BEARINGS 


January  28,  1919 


POWER 


119 


:n  Fig.  2.  This  bearing  consists  of  two  concave  jewels  ,7, 
one  fixed  to  the  disk  shaft,  and  one  in  a  screw  plug  in 
;he  frame.  Between  these  jewels  is  a  steel  ball  B.  This 
type  of  bearing  is  not  liable  to  be  affected  by  long  use 
ftnd  vibration.  The  permanent  magnets  A,  Figs.  3  and  4, 
f;re  fastened  to  L-shaped  punchings,  which  in  turn  are 
Secured  to  the  frame  by  the  clamping  screws  S. 
I  The  adjustment  of  a  modern  watt-hour  meter  is  a 
'job  which  can  be  performed  easily  by  a  careful  man  with 
the  tools  of  an  average  electrician's  kit.  Assuming  that 
we  have  before  us  an  instrument  of  the  types  illustrated, 
the  procedure  would  be  as  follows : 

'  Disconnect  the  meter  from  the  circuit  after  placing 
jumper  wires  to  carry  the  current  load.  This  may  be 
done  on  the  type  of  meter  under  discussion  without 
making  the  line  dead  by  first  connecting  the  wires  B  and 
C  and  then  A  and  D  together  by  jumpers,  as  shown  in 
Fig.  6,  after  which  the  screws  S  are  loosened  one  at  a 


located  at  W,  Fig.  4.  If  the  disk  does  not  turn  freely 
after  the  indicating  mechanism  has  been  removed,  the 
meter  should  be  repaired.  This  is  not  a  difficult  task 
in  a  properly  equipped  shop,  but  detailed  instructions 
should  be  secured  from  the  manufacturer  of  the  meter. 
Sometimes  it  will  be  found  that  the  shaft  rattles  in 
its  bearings  when  the  meter  is  alive.    This  is  due  to  the 
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time  and  the  connections  pulled  out  and  taped  up  as 
shown  in  the  figure. 

After  the  meter  has  been  disconnected  from  the  cir- 
cuit, remove  the  cover  and  spin  the  disk  with  the  finger, 
noting  how  long  it  takes  to  slow  down  and  stop.  Make 
sure  that  the  disk  rotates  freely  and  that  it  or  the  shaft 
has  not  been  bent.  This  might  happen  from  damage 
in  shipment  or  from  a  severe  short-circuit. 

If  it  seems  necessary,  remove  the  register  mechanism 
R  by  taking  out  the  screws  E.  See  that  the  shafts  of 
the  indicators  and  gears  have  a  small  amount  of  longi- 
tudinal play  and  move  easily  in  their  bearing;  make 
sure  that  all  are  straight  and  that  no  oil  is  on  the 
worm   or    its    gear.      The   worm    and   gear    is    shown 


shaft  having  the  same  natural  frequency  of  vibration 
as  the  frequency  of  the  circuit.  Usually,  the  trouble 
can  be  corrected  by  putting  in  a  new  top  bearing. 

The  inside  of  the  meter  and  cover  should  be  thorougli- 
ly  cleaned  before  the  cover  is  replaced. 

After  inspection,  the  meter  is  put  on  full  voltage  with 
no  load  on  the  current  coils.  This  can  be  done  by  con- 
necting up  the  two  line  terminals  as  shown  in  Fig.  7. 
The  "ligh':  load"  adjustment  is  moved  by  turning  the 
square-head  screws  G,  Fig.  3,  until  the  disk  does  not 
"creep"  in  either  direction.  Practically,  this  test  is  made 
by  giving  the  disk  a  very  gentle  push,  first  in  one  direc- 
tion, then  in  the  other,  with  the  finger.  It  should  not 
continue  to  rotate  in  either  case. 
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Tbi'  li}fht-l»i;iil  conipeiisator  in  the  meter  under  rn:i- 
sideration  consists  of  two  metallic  loops  which  pass 
throuRh  the  air  k»P«  i"  the  voltage  coil's  magnetic  cir- 
cuit. They  can  be  seen  at  J  in  Vik.  5,  beinj^  clamped 
under  the  large  hexagonal  nuts  A'  to  right  and  left  of 
the  polepiecc  of  the  voltage  coils.  By  turning  with  a 
screwdriver  the  large  square-head  screws  (7,  Fig.  3, 
these  loops  are  made  to  move  in  the  air  gaps.  If  the 
meter  creeps  forward  or  is  fast  on  light  load,  both 
screws  are  turned  clockwise,  and  if  the  meter  creeps 
backward  or  is  slow  on  light  load,  both  screws  are  turned 
counterclockwise.  Hel'ore  doing  thi.s,  the  round-head 
clamping  .screws  should  be  slightly  loo.sened  and  after- 
ward tightened. 

It  will  generally  be  found  that  if  the  meter  does  not 
creep,  it  will  be  correct  on  light  load;  that  is,  10  per 
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.Many  watt-hour  meters  are  confltructed  and  set  at  the 
factory   to  be   accurate   at   unity   and   at   70   per   cent, 
power   factor  and  rut  adjustment  is  provided.     This   i 
true  of  tie  meter  illustrated. 

The  lag  adjustment,  when  furnished,  consists  of  a 
«mall  coil  of  copper  wire  wound  around  the  voltage- 
coil  polepiece.  This  coil  is  short-circuited  through 
leads  of  variable  length,  which  are  used  to  control  the 
resistance  of  the  coil.  Variation  to  .secure  accuracy  at 
low  power  factor  usually  changes  the  calibration  at  unity 
power  factor  and  hence  a  check  test  should  be  made  at 
full  load  and  unity  power  factor,  with  adjustment  if 
necessary. 

Any  alternating-current  instrument  or  combination 
of  instruments  which  measure  electric  power  and  time 
can  be  used  for  calibrating  alternating-current  watt- 
hour  meters.  The  simplest  combination  is  a  voltmeter, 
ammeter  and  stop  watch,  used  on  a  circuit  of  unity 
power  factor;  that  is,  a  resistance  load  as  indicated  in 
Fig.  8.  The  resistance  may  be  either  a  water  rheostat 
or  a  bank  of  incandescent  lamps.  As  there  are  three 
instruments  to  be  observed,  and  as  unity  power  factor 
is  the  exception  in  alternating-current  work,  this  method 
is  not  always  practical. 

A  satisfactory  arrangement  is  an  indicating  watt- 
meter and  a  stop  watch,  particularly  when  an  accurate 
wattmeter  is  already  part  of  the  electrical  equipment. 
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cent,  full  load.  However,  the  latter  condition  is  the  one 
for  which  adjustment  must  ultimately  be  made. 

The  full-load  adjustment  is  made  by  changing  the 
position  and  hence  the  damping  effect  of  the  permanent 
magnets  A.  By  moving  them  in  toward  the  shaft,  their 
effect  is  decreased  and  the  meter  will  run  faster;  by 
moving  them  out,  the  meter  will  run  slower.  Each  man- 
ufacturer provides  differently  for  this,  but  inspection 
will  show  how  it  should  be  done  in  any  given  meter. 
On  the  meter  shown,  the  full-load  clamping  screws  ,S, 
Fig.  3,  are  loosened  slightly,  and  each  magnet  is  moved  in 
or  out  by  its  adjusting  screw"  L.  The  screws  L  have 
a  shoulder  below  the  plate  through  which  they  pass  that 
pushes  out  this  plate  and  the  attached  magnet;  the 
.^crew-head  pushes  them  in.  After  final  adjustment  the 
clamping  screws  are  tightened.  About  one-half  the 
change  in  adjustment  should  be  made  by  motion  of  each 
magnet. 

It  may  be  desired  to  check  the  full-load  adjustment 
at  low  power  factor  when  the  load  is  one  which  operates 
much  of  the  time  at  low  power  factor.  Such  a  load 
would  be  one  of  induction  motors  running  light  or  of  un- 
loaded transformers.  This  test  is  not  generally  made 
in.  the  field  by  central  stations,  but  only  in  the  shop. 
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A  switchboard  instrument  is  not  considered  sufficiently 
accurate  for  this  purpose.  In  making  the  test  with  a 
wattmeter,  the  potential  coil  of  the  wattmeter  is  con- 
nected across  the  potential  coil  of  the  watt-hour  meter 
under  test,  and  the  current  coil  in  series  with  that  of 
the  watt-hour  meter,  as  in  Fig.  9. 

When  the  desired  load  on  the  watt-hour  meter  has 
been  secured,  the  disk  will  turn  in  the  direction  marked 
by  the  manufacturer.  While  the  helper  holds  the  power 
indication  of  the  wattmeter  constant  by  varj'ing  the 
rheostat,  the  tester  times  a  certain  number  of  revolu- 
tions of  the  watt-hour  meter  disk.  The  time  should 
be  between  30  and  60  sec. ;  since  a  stop  watch  is  accu- 
rate to  only  0.2  sec,  the  longer  the  time  the  less  the  per- 
centage error  in  reading. 

The  formula  for  the  error  of  the  watt-hour  meter  is 
3600A:/,A^  X  100 


E=- 


PT 


100 


where 

E  =  Per  cent,  error; 
3600  =  Number  of  seconds  in  an  hour; 
Kh  =  Watt-hour  constant  of  meter  =  watt-hours  for 

one  revolution  of  disk; 
N  =  Number  of  revolutions  in  T  seconds; 
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P  =  Watts  flowing  through  meter. 

The  watt-hour  constant  Kn  depends  on  the  make,  type 
and  capacity  of  the  meter.  It  is  found  on  a  Westing- 
house  meter  on  the  inside  of  terminal  chamber  cover, 
where  are  marked  revolutions  r  of  the  moving  element 
for  a  given  number  of  kilowatt-hours  P  from  which 

K.=  ^. 

r 

For  a  concrete  example  assume  that  we  have  on  test 
the  meter  shown  in  Fig.  3.  This  instrument  is  rated 
at  60  cycles.  100  volts,  5  amperes  for  two-wire  service. 
On  the  inside  of  the  terminal  chamber  cover  T,  Fig  3, 
we  find,  one  revolution  of  moving  element  =  0.333  kw.- 
hr. ;  that  is,  Ki,  ^-  0.333,  or  13.  Our  first  test,  at  no 
load,  shows  that  the  meter  creeps  slowly  forward.  By 
moving  the  light-load  adjustments  we  correct  this,  and 
then  take  a  set  of  three  readings  at  50  watts,  for  the 
time  of  three  revolutions.  The  average  of  three  read- 
ings is  71.3  sec.    Substituting  in  the  formula,  we  have 

„       3600  X  0.333  X   8  X  100        ^..         .  _^  ,      . 

E  =  CQ  ^  >7i  o —  100  =  0.98,  or  about 

1  per  cent,  fast,  which  is  near  enough. 

The  lead  is  now  set  at  500  watts,  and  the  time  of  20 
revolutions  taken.     The  average  of  three  readings  as- 
sume to  be  46.1  sec,  which  gives 
3600  X  0^333  X  20  X  100 
500 


E  = 


100  =  4.1,  or  4  per 


X  46.1 

cent,  fast;  therefore,  we  move  the  magnets  outv/ard  a 
small  amount  and  take  another  set  of  readings.  This 
time  assume  we  get  47.6  sec.  for  20  rev.  and  E  =  0.84,  or 
less  than  1.  Another  very  small  movement  of  the 
magnet  would  set  the  meter  as  nearly  correct  as  the 
accuracy  of  our  observations  would  justify  attempting. 


There  are  several  points  to  be  noted  in  the  forego- 
ing tests.  The  value  for  P  is  true  watts  flowing.  The 
wattmeter  reading  will  usually  be  different  from  this, 
its  error  being  given  on  a  curve  accompanying  it,  which 
is  corrected  each  time  it  is  calibrated.  Before  making 
the  test,  the  wattmeter  potential  circuit  is  opened,  and 
the  pointer,  if  not  on  zero,  is  set  so.  The  position  of  the 
pointer  for  the  desired  load  is  then  obtained  by  adding 
to  or  subtracting  from  the  scale  reading  the  amount 
of  correction  shown  on  the  calibration  curve,  and  the 
load  is  regulated  to  hold  the  pointer  at  that  mark,  re- 
gardless of  voltage  fluctuations.  This  may  be  done  by 
a  carbon-block  or  slide-wire  resistance  in  parallel  with 
the  "fixed"  part  of  the  load. 

By  solving  the  foregoing  formula  for  T,  putting  E  -■= 

0,  we  find  that  if  the  meter  is  exactly  right  (zero  error) , 

for  a  load  P  =  500  watts,  and  time  T  for  20   revolutions 

^  _  SmKhN  ^  3600  X  0.333  X  20 

P  500 

For  the  preliminary  rough  tests  while  .setting  the 
magnets,  we  can  then  simply  trj-  to  get  T  as  near  48  sec. 
rs  possible  and  work  out  the  actual  error  only  when  sat- 
isfied that  we  can  come  no  closer. 

The  accuracy  of  this  method  depends  on  how  closely 
the  wattmeter  indication  is  held  constant.  This  depends 
on  the  steadiness  of  the  voltage  and  on  the  proficiency 
of  the  helper  in  manipulating  the  rheostat.  Sometimes 
an  isolated  generator  or  a  lightly  loaded  one  can  be  se- 
cured. In  general,  the  diflSculties  of  the  foregoing 
method  have  caused  it  to  be  superseded  by  a  rotating 
standard.  The  use  of  a  rotating  standard  for  testing 
alternating-current  wattmeters  will  be  described  in  a 
subsequent  article. 


=  48  sec. 


Wastes  Due  to  Leaky  Boiler  Settings 


By  HARVEY  G.  HAYS 


There  are  in  most  steam  plants  wastes  that  can 
he  reduced  to  some  extent.  One  source  of  loss  is 
air  leakage  through  the  boiler  settings,  ivhich 
can  be  practically  prevented  if  the  engineer  ivill 
carry  out  the  suggestions  made  in  this  article. 

ERECTING  a  boiler  is  similar  to  erecting  a  steel- 
framed  building.  The  boilermaker  sets  up  his 
iron  supports  and  hangs  the  drums  and  tubes  with 
the  necessary  piping  connections.  When  this  is  done, 
the  brickmason  comes  and  the  boiler  is  inclosed.  The 
purpose  of  this  brickwork  is  to  form  the  inclosing  ducts 
for  the  heated  gases  while  the  boilers  are  absorbing  the 
heat.  It  is  the  office  of  the  chimney  to  furnish  the 
draft  which  causes  the  air  to  flow  into  the  furnace 
through  the  fuel  bed  and  through  the  passages  in  the 
boiler  where  the  heat  generated  by  the  combustion  of 
the  fuel  is  absorbed  by  the  water  and  converted  into 
energy. 

In  order  to  properly  perform  its  function,  two  things 
are  essential  in  the  brick  setting:  It  must  be  tight 
so  that  the  air  will  be  forced  through  the  fuel  bed  and 
cause  it  to  come  into  contact  with  the  combustibles.  It 
must  also  force  the  heated  gases  to  travel  in  the  paths 


laid  out  by  the  boilermakers  so  that  as  much  of  the 
heat  as  possible  may  be  absorbed  by  the  water  within 
or  around  the  tubes. 

When  a  boiler  is  in  service,  the  gases  in  the  boiler 
passes  and  inside  the  chimney  are  heated.  They  are 
accordingly  lighter  than  the  air  surrounding  the  boiler 
setting  and  the  chimney.  The  tendency  is  therefore 
for  the  heavier  cold  air  to  push  into  the  boiler  setting 
through  every  opening,  crack,  crevice  or  pore  in  the 
brickwork,  as  well  as  through  the  grates  and  up  through 
the  fuel  bed,  where  it  was  intended  that  the  draft  should 
cause  it  to  flow.  Regulation  of  the  flow  of  the  air 
through  the  fuel  bed,  important  as  it  is,  will  not  be 
mentioned  here  but  only  the  excess  air  which  gets  in 
through  leaks  or  pores  in  the  brickwork  or  is  not 
properly  "routed"  in  the  boiler  passages. 

Expansion  and  Contraction 
Every  substance  expands  and  contracts  under  changes 
in  temperature.  In  each  180  deg.  iron  changes  one  part 
in  800  approximately,  while  firebrick  changes  only  one 
part  in  2000.  The  result  is,  of  course,  that  when  the 
boiler  is  fired  up,  the  ironwork  expands  more  than  the 
brickwork,  which  is  slightly  moved  when  the  iron  ex- 
pands. When  the  boiler  cools  and  the  ironwork  shrinks, 
the  brickwork  stays  where  it  was  pushed,  and  the  pro- 
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ce.>*a  is  repeated  when  the  boiler  is  fired  apain.  CrncVs 
ftre  developed  in  this  manner,  and  ina.smuch  as  Ihe.sc 
conditions  continue  as  long  as  the  boilers  are  in  service, 
it  is  necessary  that  the  ennineer  or  whoever  Is  in  charge 
be  continually  on  the  watch  to  keep  the  settings  tight. 

Few  engineers  realize  the  loss  for  which  a  leaky  set- 
ting may  be  responsible.  Combustion  engineers  place 
the  average  loss  at  10  per  cent,  and  report  finding  it  as 
high  as  20  per  cent,  in  extreme  cases.  Whatever  the 
loss,  it  is  preventable  and  is  inexcusable,  for  the  air 
which  finds  its  way  into  the  boiler  passages  through  the 
brickwork  does  no  good  as  it  does  not  promote  com- 
bustion, but  serves  to  absorb  the  heat. 

Most  engineers  will  tell  you  that  their  boiler  settings 
are  tight,  in  good  shape  or  fair.  Few  will  admit  that 
they  need  attention.  Occasionally  one  will  own  up  that 
he  knows  they  are  "rotten,"  but  amplifies  by  stating  that 
next  spring  they  are  going  to  reset  the  boilers  and 
there  is  no  use  doing  anything  to  them  now. 

JgOILER-SETTING  LEAKS  MAY  BE  READILY  LOCATED 

It  is  easy  to  locate  the  boiler-setting  leaks  if  they  are 
gone  over  with  a  lighted  candle  and  every  crack  tested 
that  looks  suspicious.  In  most  cases  the  flame  of  the 
candle  will  be  drawn  into  the  crack.  Sometimes  the 
candle  will  be  snuffed  out.  A  leak  of  that  caliber  is 
responsible  for  an  appreciable  waste  of  fuel.  Another 
"eye-opener"  for  the  engineer  is  to  have  him  throw  a 
scoopful  of  green  coal  on  the  fire  and  close  the  boiler 
damper  tightly.  By  watching  where  the  smoke  comes 
out  one  can  be  assured  that  wherever  smoke  issues  air 
enters,  because  the  conditions  have  been  reversed  and 
the  pressure  is  inside  instead  of  outside  the  setting. 

Another  source  of  leakage  commonly  overlooked  is 
in  the  division  walls  between  boilers  set  in  batteries. 
These  walls  are  carelessly  laid  up  many  times.  It  is 
difficult  to  properly  inspect  them,  and  on  the  theory 
that  "what  a  man  doesn't  know  doesn't  hurt  him,"  the 
average  engineer  usually  passes  them  by.  If  the  boiler 
happens  to  be  "down,"  however,  the  leak  is  just  as 
serious  as  if  the  leaks  were  in  an  outside  wall.  The  live 
boiler  will  draw  cold  air  from  the  dead  one,  and  fuel 
will  be  wasted. 

Leaks  Where  Iron  and  Brickwork  Meet 

In  looking  for  leaks,  examine  every  point  where  iron 
and  brickwork  meet.  See  that  the  fronts  are  tight  and 
not  warped  and  sprung  away  from  the  brick  backing, 
and  that  the  clean-out  doors  fit  tightly.  If  the  boiler 
is  of  the  water-tube  type  see  that  the  headers  are  prop- 
erly packed  and  be  sure  that  the  doors  covering  them  are 
closed  tightly.  If  the  headers  have  hollow  stay-bolts, 
make  sure  that  these  are  plugged  and  kept  so.  Ex- 
amine the  "dead  plate"  in  the  fire-door  and  see  that 
there  is  no  passage  to  the  ashpit  below.  Carefully  ex- 
amine every  suspicious  crack  and  test  it  with  the  flame. 
Make  sure  that  all  the  air  drawn  into  the  boiler  is 
drawn  in  through  the  fire  bed.  When  sure  that  all 
leaks  have  been  located,  it  would  pay  to  have  someone 
test  the  flue  gases  with  a  gas  analyzer  if  the  plant  is 
not  supplied  with  the  apparatus  and  make  sure  that 
nothing  has  been  overlooked.  Keep  after  the  leaks  until 
the  gas  analyzer  shows  the  same  percentage  at  the  front 
passages  as  at  the  back  passages,  and  then  it  is  reason- 
ably sure  that  the  settings  are  tight. 


Do  not  conclude  that  because  a  crack  looks  small 
there  is  no  leakage.  Indeed,  there  may  bo  an  appro  i- 
able  infiltration  and  no  crack  at  all  becau.se  dry  Ijr.ck 
work  is  porous.  Throw  a  brick  into  a  pail  of  wat(  r 
and  .see  how  quickly  it  absorlis  the  moisture.  The  only 
safe  way  is  to  cover  the  boiler  settings  and  be  sure  to 
flush  up  to  all  ironwork  and  calk  all  large  cracks  be- 
fore applying  the  coating.  Whitewa.sh  with  glue  dis- 
solved in  it  makes  a  good  covering  and  smokestack  or 
roofing  paint  is  sometimes  used;  coal  tar  answers  the 
purpose  temporarily.  There  are  a  number  of  special 
coverings  made  for  this  particular  purpose,  composed  of 
asphalt,  asbestos  and  certain  drying  oils  and  so  mixed 
as  to  retain  their  elasticity  for  a  longer  time  than  the 
cheaper  substitutes  mentioned.  Anything  that  will  seal 
the  pores  and  stop  the  cracks  will  answer  the  purpose. 

Asbestos  Plaster  the  Best  Covering 

If  the  best  kind  of  a  job  is  desired,  apply  a  good 
quality  of  asbestos  plaster  over  the  setting  and  put  it 
on  at  least  two  inches  thick.  Cover  this  with  a  layer 
of  canvas  and  give  the  canvas  a  good  coating  of  paint. 
The  boiler  will  then  be  insulated  as  well  as  sealed  and 
will  increase  the  efficiency  by  retaining  most  of  the 
heat. 

If  the  boiler  is  of  the  ordinary  return-tubular  type 
and  measures  have  been  taken  as  suggested,  that  is 
about  all  that  can  be  done  in  cutting  out  wastes  from 
leakage.  With  a  water-tube  boiler,  however,  it  will  be 
necessary  to  inspect  the  baffles  to  make  sure  that  the 
heated  gases  are  compelled  to  travel  in  the  paths  laid 
out  for  them.  The  baffle  tiles  are  made  of  fire  clay 
and  are  hung  on  the  tubes  in  a  water-tube  boiler  for  the 
purpose  of  lengthening  the  path  of  the  gases  and  mak- 
ing them  come  into  contact  with  as  large  a  tube  area  as 
possible.  This  gives  the  water  in  the  tubes  an  oppor- 
tunity to  absorb  as  much  heat  as  possible  and  reduces 
the  temperature  of  the  escaping  stack  gases. 

Inspection  of  Baffles 

If  the  baffle  tile  are  broken  or  burned  away,  the 
hot  gases  will  not  travel  by  the  long  path  laid  out  for 
them,  Hut  will  take  the  shortest  route  for  the  chimney 
and  may  miss  more  than  half  the  heating  surfaces.  The 
result  is  that  the  heat  is  not  extracted  from  the  gases, 
but  passes  up  the  chimney  and  fuel  is  wasted.  A  flue- 
gas  thermometer  is  a  handy  instrument  for  detecting 
these  conditions.  A  better  way  is  not  to  allow  them  to 
occur.  This  will  mean  that  somebody  will  have  to  crawl 
into  the  boiler  and  carefully  inspect  the  baffling  when- 
ever the  boiler  is  down,  and  that  somebody  sees  that  a 
supply  of  tile  is  kept  on  hand  with  which  to  make  re- 
pairs. 

Sometimes,  but  not  always,  the  engineer  is  responsi- 
ble for  the  conditions  referred  to  in  the  foregoing. 
Often  the  engineer  is  required  to  do  so  many  things 
around  the  plant  that  he  does  not  find  time  to  look 
after  the  boiler  settings.  He  may  know  it  should  be 
done  and  intend  to  do  it  when  he  has  the  time.  Ordina- 
rily, he  does  not  appreciate  how  expensive  his  delay  is. 


The  shortage  of  coal  in  Denmark  has  led  to  high 
prices  being  paid  to  people  to  work  in  the  peat  bogs. 
It  is  no  unusual  sight  to  see  students,  military  officers 
and  others  digging  industriously  in  such  places. 
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Talks 

on 

DIESEL 

Engines 

by 
.M.  Morrison 


IV — The  chief  describes  various  types  of  con- 
necting-rods and  the  methods  used  in  adjusting 
them.  He  also  explains  how  piston  pins  should 
be  ground  and  lapped. 


WHEN  the  men  came  together  again  for  their 
discussion  of  Diesel-engine  troubles,  Kelly  was 
quiet  and  subdued.  This  mood  was  so  un- 
usual that  J.  R.  twitted  him  about  it.  As  he  had 
expected,  he  got  a  rise. 

"It  begins  to  look  as  though  I'd  have  to  rebuild  the 
whole  engine,"  Kelly  complained.  "It  has  an  old-style 
connecting-rod  like  this" — he  opened  a  dogeared  instruc- 
tion book  and  pointed  to  a  sketch  like  that  shown  in 
Fig.  1.  "The  manager  saw  one  somewhere  with  a  wedge 
adjustment  on  the  piston-pin  end,  and  now  he  wants 
me  to  change  this  one.  It's  a  job  I  can't  do ;  and  what's 
more,"  he  added,  "I  don't  believe  the  machine  shop  can, 
either." 

"It  was  bound  to  come  sooner  or  later,"  Egan  con- 
soled.   "But  begin  early — sit  down  on  him." 

Kelly  looked  relieved,  and  Egan  went  on : 

"As  I  recall,  that  type  of  engine  was  originally  built 
with  the  type  of  rod  shown  in  Fig.  1.  The  big  end  is 
like  that  generally  used  at  the  present  time,  but  the 
little  end  or  piston  end  has  a  modified  marine  box. 
In  later  engines  of  American  make  the  piston  end  was 
fitted  with  a  wedge  adjustment  along  the  lines  of  Fig.  2. 

"In  making  adjustments  I'll  agree  that  the  wedge  is 
handy,  since  the  piston  and  rod  need  not  be  removed 
from  the  engine.  In  fact,  it  is  too  easy  to  adjust,  for 
often  the  engineer  will  draw  up  on  the  bolts  when  it 
is  the  big  end  that  is  knocking.  This  feature  could  be 
overlooked  if  there  wasn't  a  strong  tendency  for  the 
wedge  bolt  to  break.  I  know 
of  a  number  giving  way 
under  heavy  load.  Of  course 
the  wedge  is  common  practice 
on  steam  engines,  but  the 
manner  of  application  i.s  dif- 
ferent.    In    a   steam    engine 


The  next  article  takes  up  the  discussion  of 
the  relative  advantages  of  A  frames  and 
box  frames,  with  some  side  remarks  by 
Egan  on  cooling  hot  bearings 


the  wedge  is  vertical,  and  since  it  can  be  longer,  the 
angle  of  the  wedge  can  be  less.  In  the  oil  engine  the 
wedge  can't  be  placed  at  right  angles  to  the  pin  axis, 
because  there  wouldn't  be  room  for  a  wrench  inside  the 
piston.  Consequently  the  wedge  is  placed  parallel  to  the 
pin.  It  must  be  very  short,  being  only  the  width  of 
the  flat  rod  end,  and  the  wedge  angle  is  steep  to  give 
a  considerable  raising  effect  for  a  small  lengthwise 
movement  of  the  wedge." 

"What  makes  the  wedge  bolt  break?"  one  of  the  men 
asked.  "I  got  the  idea  there  wasn't  any  explosion  in  a 
Diesel  engine." 

"That's  right,"  answered  J.  R.  "The  Diesel  is  not  an 
explosion  engine;  but  still  there's  a  blow  given  to  the 
piston  at  the  beginning  of  the  oil  injection.  This  blow 
is  taken  by  the  piston  pin  and  the  wedge  gets  the  full 
effect  of  it.  Since  the  wedge  angle  is  steep,  a  large 
part  of  the  blow  is  absorbed  by  the  wedge  bolt.  These 
repeated  shocks  cause  crystallization  of  the  bolt  and 
finally  it  fails." 

"I  don't  agree  with  you  that  the  wedge  type  is  easy 
to  adjust,"  Kelly  broke  in.  "It's  darn  hard  to  put  in 
the  shim  between  the  two  brasses." 

"You  are  about  right,"  confessed  Egan.  "However, 
you'll  find  a  good  many  men  who  don't  insist  on  taking 
up  the  play  by  changing  the  shims.  Some  use  the  wedge 
exclusively;  but  it's  these  fellows  who  are  always  break- 
ing wedge  bolts. 

"A  new  design  of  the  wedge  type,  like  this" — Egan 
opened  a  catalog  of  a  horizontal  engine  and  pointed  to 
an  illustration  similar  to  that  in  Fig.  3 — "does  away 
with  shims  by  using  adjusting  screws  to  take  up  the 
wear,  the  wedge  serving  as  a  support." 
~"I  think  the  hardest  part  is  to  judge  just  how  tight 
to  draw  up  on  the  wedge,"  offered  Woods,  the  new  oiler. 
"That  is  one  thing  that  an  operator  can  learn  only 
by  experience,"  replied  the 
chief.  "Each  engine  will  re- 
quire a  different  amount  of 
play.  As  a  rule  I  believe  the 
wedge  should  be  drawn  up 
tight  and  then  slacked  off 
about  an  eighth  turn  of  the 
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wedge  bolt.  There  will  be  enoiiKh  in  the  shims  to 
allow  this." 

"That  applies  to  wedges ;  but  how  about  the  other 
types  without  wedges?" 

"In  the  other  types  the  brasses  should  be  allowed 
enough  play  to  enable  a  man  to  swing  the  connecting- 
rod  with  a  small  effort.  In  adjusting  rods  like  those 
shown  in  Figs.  4  and  5,  drive  out  the  pin,  so  that  the 
rod  can  be  withdrawn  from  the  piston.  Then  fit  the 
pin  to  the  rod  by  removing  the  correct  amount  of  shims. 
If  a  setscrew  is  used,  as  in  Fig.  4,  draw  this  down  snug. 
The  piston,  rod  and  pin  are  then  assembled,  and  the 
connecting-rod  swung  by  hand  to  see  if  the  brasses  are 
too  tight.  Since  all  this  requires  removal  from  the 
cylinder,  it  takes  some  time,  but  you  know  you  have 
the  adjustments  correct. 

"When  you  turn  to  the  big  ends,  you  will  find  every 
up-to-date  manufacturer  using  the  marine  type  with 
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FORMS  OF  CONNECTING-ROD   ENDS 


the  babbitt  cast  directly  onto  the  steel  housing.  If  you 
ever  have  to  rebabbitt  the  big  end,  you'll  find  it  as  easy 
as  running  a  main  bearing,  and  the  procedure  the  same, 
including  heating  the  steel  housing  before  running  the 
babbitt.  Another  thing  worth  remembering  is  to  use 
plenty  of  shims  so  that  the  box  can  be  taken  up  a  good 
deal  before  it  needs  to  be  replaced." 

"What  about  the  clearance  between  the  bearing  faces 
and  the  crank  web?"  inquired  Kelly. 

"Like  all  adjustments,  this  varies  in  different  engines; 
but  around  seven-thousandths  on  each  face  is  about 
right." 

"In  adjusting  one  of  the  big  ends  on  No.  1  engine 
last  Sunday,  I  calipered  the  diameter,  and  it  seemed 
that  the  bearing  was  worn  more  on  one  end  than  on 


the  other.  Why  is  that?"  qunrifd  the  oiler  who  wan 
working   in   Kelly's  place. 

"YouM  host  ask  n  v/iscr  head  than  mine  about  thnt," 
laughed  the  chief.  "I  do  know  that  in  almost  all  vertical 
Diesel  engines  the  wear  on  the  crankbox  is  greater  rm 
one  end  than  on  the  other.  In  fact,  frequently  one  end 
will  show  a  remarkable  wear  immediately  after  being 
adjusted.  More  often  the  ends  wear  faster  than  the 
center,  causing  the  bearing  to  become  bell-mouthed. 
While  we  don't  know  the  reason,  we  do  know  it  exists 
and  should  guard  against  the  consequences.  In  engines 
having  seen  considerable  service,  the  neglect  of  this 
feature  may  cause  extensive  cylinder  wear  on  one  side 
and  require  the  cylinder  to  be  rebored  much  sooner  than 
would  otherwise  be  the  case. 

"While  we  are  discussing  big  ends,  I  might  call  your 
attention  to  the  fact  that  you  should  caliper  the  crank- 
pins  at  least  every  six  months.  There  is  always  a 
likelihood  of  the  pins  wearing  flat.  To  remedy  this 
the  engineer  must  file  the  pin  and  then  finish  up  by 
doing  a  careful  job  of  lapping. 

"Another  detail  you  should  attend  to  each  time  the 
pin  is  calipered  is  to  examine  for  surface  fracture.  The 
majority  of  broken  crankshafts  have  failed  at  the  junc- 
tion of  the  pin  and  the  crank  web.  So  remember  to 
wipe  the  pin  and  web  perfectly  clean  and  examine  the 
entire  circumference  with  a  magnifying  glass." 

"Mr.  Egan,  why  are  the  piston  pins  and  the  bosses 
on  the  piston  ground  to  a  taper  seat?  On  the  hot-ball 
engine  I  ran,  the  pin  wat  straight  and  the  bosses  were 
only  bored."    It  was  Woods  who  put  the  question. 

"Woods,  that  feature  is  one  of  the  many  that  differ- 
entiate Diesel-engine  workmanship  from  that  found  on 
hot-ball  engines.  As  to  why  the  taper  seat  is  used,  let 
us  recall  what  we  discussed  about  the  hammer  blows 
breaking  wedge  bolts.  If  there  is  any  play  between  the 
pin  and  its  seats  in  the  two  bosses,  the  shock  will  cause 
the  pin  to  wear  an  elliptical  seat  in  the  bosses.  If 
a  straight  pin  was  used,  it  would  be  impossible  to  get 
an  absolutely  tight  fit  in  the  bosses;  but  by  using  a 
taper  on  each  end  the  pin  and  the  seats  can  be  ground 
together,  and  if  any  wear  does  occur,  it  can  be  taken 
up  by  regrinding.  In  fact,  regrinding  can  he  done  so 
perfectly  that  it  is  impossible  to  remove  the  pin  without 
using  a  sledge  and  copper  mallet. 

"To  grind  the  pin  without  allowing  it  to  stick,  lay 
the  piston  on  two  6  x  6-in.  timbers,  as  shown  in  Fig.  6, 
with  the  pin  in  a  vertical  position.  Put  a  spring  under 
the  lower  end  of  the  pin,  strong  enough  to  lift  it  from 
its  seat,  yet  allowing  the  operator  to  push  it  back  into 
contact  by  pressure  on  the  pin  wrench.  Coat  each  of  the 
taper  surfaces  of  the  pin  with  emery  paste,  put  the  pin 
into  the  piston,  press  down  hard  enough  on  the  pin  to 
cause  it  to  seat,  and  rotate  it,  making  a  little  more  than 
a  quarter  of  a  revolution.  Gradually  revolve  the  pin, 
at  the  same  time  rotating  it  back  and  forth.  This  vdll 
cause  every  point  on  a  circle  of  contact  to  be  ground  to 
a  perfect  seat.  A  lot  of  engineers  grind  the  pin  by  giv- 
ing it  a  quarter-  or  half-revolution  only,  never  com- 
pletely revolving  it.  This  tends  to  make  the  contact 
surfaces  out  of  round. 

"After  rotating  back  and  forth  a  few  minutes,  re- 
lease the  pressure,  move  the  pin  around  a  little,  apply 
more  paste,  push  the  pin  back  into  contact  and  grind 
away  some  more.     All  the  requirements  for  securing  a 


January  28,  1919 


POWER 


125 


good   taper  fit  are  patience,   a  good   emery   paste   and 

honest  effort." 

"What  grade  of  emery  paste  do  you  recommend?" 
"For  finishing  the  job  always  use  the  finest  of  emery 

|)aste.    Emery  flour  mixed  with  good  machine  oil  is  very 

satisfactory." 

"That's  the  very  kind  I  was  using  last  month  when 


FIG. 7 
FIGS.   6  AND  7.     GRINDING  AND  LAPPING  PISTON  PIN 
Fig.  6 — Rig-  for  grinding-  pin.       Fig.  7 — Sleeve  for  lapping  pin 

the  chief  kicked  so  hard,"  one  of  the  day  oilers 
whispered  in  a  loud  aside  to  Kelly. 

Egan's  sharp  ears  caught  the  remark. 

"Johnson  evidently  failed  to  note  I  said  'for  finish- 
ing,' "  said  the  chief.  "For  starting  the  job,  the  con- 
dition of  the  pin  will  determine  the  grade  of  grinding 
paste.  If  the  pin  and  bosses  are  badly  out  of  shape,  the 
quickest  and  best  way  is  to  rough  out  the  seats  with 
coarse  emery  paste.  This  will  take  out  all  the  lines  and 
bring  the  surfaces  to  their  correct  shape.  Then  the 
finishing  job  requires  the  finer  paste. 

"Sometimes  the  piston  pin  becomes  flattened.  To 
bring  it  back  to  its  original  shape,  first  caliper  it  very 
carefully  to  find  out  where  it  is  out  &f  true.  Then  lap 
the  pin,  using  a  lot  of  patience  with  the  job.  This 
will  reduce  the  pin  diameter,  so  be  sure  to  take  out  the 
pin  brasses  and  scrape  them  to  a  new  fit.  There  are 
cases  where  the  pin  is  so  flat  that  it  can't  be  trued  up 
by  any  amount  of  lapping,  and  the  only  thing  that  can 
be  done  is  to  anneal  the  pin  and  true  it  up  on  a  lathe. 
Then  harden  it,  taking  care  that,  after  quenching  it  in 
water,  the  temper  is  drawn  back  enough  to  prevent  the 
pin  from  being  brittle.  The  pin  is  now  ready  for 
grinding.  In  case  there  is  no  machine  shop  handy  that 
has  a  regular  grinding  machine,  the  best  method  is  to 
use  one  of  these  motor-driven  grinders  which  can  be 
mounted  on  the  lathe  toolpost.  A  good  mechanic  should 
be  able  to  grind  within  one-thousandth  of  an  inch  of 
the  desired  pin  diameter.  This  is  a  job  that  an  ordinary 
operator  should  not  undertake,  and  usually  the  average 
engineer  had  best  purchase  a  new  pin  from  the  manu- 
facturer." 

"Chief,"  Woods  ventured,  "you  say  'lap'  the  pin. 
Now,  that's  a  word  I've  heard  used  a  lot,  but  nobody 
ever  explained  what  it  meant." 

"Lapping  may  be  defined  as  rubbing  to  a  perfect  sur- 
face by  means  of  fine  emery  paste,"  said  Egan.     "For 


an  ordinary  job  of  lapping,  a  good  method  would  be  to 
apply  the  emery  paste  to  a  cloth  and  rub  the  pin  briskly, 
stretching  the  cloth  so  that  it  covers  at  least  half  the 
circumference  of  the  pin.  An  ideal  way  is  to  make  a 
brass  collar  like  that  in  Fig.  7,  as  near  the  pin  diameter 
as  possible,  and  slot  it  at  four  points.  By  placing  this 
on  the  pin  with  a  small  amount  of  emery  paste,  it  can 
be  rotated  and  will  finish  the  pin  in  a  most  approved 
manner." 

Woods  spoke  up  once  more. 

"You  have  been  talking  about  pins  with  taper  ends. 
Now,  I  have  a  number  of  catalogs  of  Diesel  engines,  and 
it  seems  to  me  that  a  lot  of  'em  use  straight  pins." 

"Maybe  I  did  give  you  fellows  the  idea  that  all  Diesel 
builders  use  taper  piston  pins.  Of  course,  that  isn't 
a  fact.  Probably  as  many  use  the  straight  pin  as  use 
the  taper  pin.  But  the  tendency  now  is  to  use  the  taper 
pin,  and  that  is  why  I  thought  it  best  to  make  men- 
tion of  that  type." 

Shunt  and  Series  Windings  Opposed 

By  E.  C.  Parham 

Opposition  of  the  shunt  and  series  windings  of 
a  compound-wound  generator  is  not  likely  to  be  sus- 
pected until  an  attempt  is  made  to  put  on  a  load.  If 
the  shunt  winding  is  connected  across  the  brushes,  as 
in  Fig.  1,  the  no-load  series-field  current  will  be  zero. 
If  the  shunt  winding  is  so  connected  as  to  include  the 
series  winding  in  its  circuit,  as  in  Fig.  2,  the  no-load 
series-field  current  will  be  the  shunt-field  current,  which 
will  be  too  small  to  have  appreciable  effect  through  the 
few  series  turns.  On  applying  a  load,  however,  the 
increasing  value  of  the  series-field  current  increases  the 
opposing  series-field  effect  and  a  load  much  less  than 
full  load  will  be  the  limit  to  which  the  current  can 


FIG.  1.   COMPOUND  GENKR.A.TOR  WITH  SHUNT  WINDING 
CONNECTED  ACROSS  THE  ARMATURE 

be  increased  and  maintain  the  voltage  at  normal  value 
by  adjusting  the  shunt-field  rheostat. 

Complaint  was  made  that  the  voltage  regulator  of 
an  exciter  could  not  maintain  the  alternator's  voltage, 
because  the  exciter  was  too  small.  An  inspector  found 
the  field  regulator  out  of  order.  However,  the  putting 
of  the  regulator  into  shape  did  not  improve  the  volt- 
age conditions.  The  operator  said  that  the  trouble 
could  not  be  in  the  exciter  because  he  had  just  tem- 
porarily removed  it  from  motor  duty  which  it  had  been 
satisfactorily  performing  for  several  years.  This 
statement    proved    to    be    a    clue   to    the    trouble.     On 
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short-circuitinpr  the  .sorie.s-field  windinK  of  the  exciter, 
roKuhitioii  bocamo  much  better,  and  on  reversing  the 
series-field  connections  of  the  exciter,  rcKulation  l>ecamc 
normal. 

The  compound-wound  motor  was  beinji  applied  to 
generator  duty  that  called  for  the  same  direction  of 
rotation  as  when  used  as  a  motor,  and  the  .series-field 
connections  should  have  been  reversed  at  the  time  of 
making  the  change,  but  they  had  not  been ;   therefore 


PIG.    2.      COMPOUND   GENERATOR    AN'ITH    SHCNT    WINDING 
CONNECTED  IX  SERIES  WITH  SERIES  WINDING 

the  shunt-field  windings  and  series-field  windings  were 
opposing  each  other.  The  best  that  the  regulator  could 
do  was  to  hold  the  shunt-field  rheostat  short-circuited, 
thereby  giving  maximum  value  of  shunt-field  current. 
Even  this  maximum  value  was  not  sufficient  to  maintain 
the  voltage  of  the  alternator. 

Comparison  of  Oil  and  Coal  as  Fuel 

Basing  general  statements  on  results  obtained  in  a 
few  isolated  cases  is  a  foolish  policy  and  often  leads 
to  large  mistakes.  For  example,  it  would  be  incorrect — 
in  many  instances  even  absurd — to  say  that  oil  fuel  is 
preferable  to  coal  on  the  grounds  of  smaller  cost  of 
steam  produced.  Such  a  statement  is  true  only  under 
certain  definite  conditions  and  those  qualifying  condi- 
tions should  be  included. 

As  an  illustration,  consider  the  fuel  situation  in 
southern  California.  There  are  no  near-by  coal  fields, 
and  the  cost  of  coal  is  therefore  very  high.  On  the  other 
hand,  there  is  a  plentiful  local  supply  of  petroleum,  and 
as  a  result  oil  fuel  is  commonly  used  under  steam  boilers 
in  that  and  surrounding  regions.  Under  the  circum- 
.stances  it  is  the  cheaper  and  is  therefore  the  logical 
fuel  to  be  used. 

In  the  East,  conditions  are  reversed.  Fuel  oil  must 
be  transported  considerable  distances,  whereas  coal 
fields  are  well  distributed  over  the  entire  territory.  The 
result  is  that  coal  forms  the  almost  universal  fuel,  oil 
being  burned  only  in  a  few  localities  to  which  it  may 
be  carried  cheaply  by  steamers. 

The  whole  question  of  the  relative  values  of  these 
two  kinds  of  fuel  for  steam  generation  narrows  down 
to  the  cost  of  producing  1000  lb.  of  steam  from  and  at 
212  deg.  F.  with  each.  The  solution  in  any  particular 
instance  should  take  into  account  not  only  the  cost  of  the 
fuel  delivered  in  the  boiler  room,  but  also  the  labor 
cost  and  the  heating  value  of  each  fuel. 

One  of  the  advantages  of  using  oil  fuel  is  that  the 
number  of  firemen  may  be  reduced,  but  this  factor 
becomes  appreciable  only  in  the  larger  plants;  for  ob- 


viously, the  small  plant  containing  one  or  two  boilers 
must  have  a  fireman,  no  matter  whether  coal  or  oil  is 
used.  There  is  the  further  advantage  that  oil  leavcH 
no  ash  and  conse<|uenlly  the  problem  of  ash  disposal 
does  not  enter.  Because  of  the  better  mixture  of  air  and 
oil  spray,  the  oil-fired  boiler  may  be  ojjcrated  at  an 
efficiency  from  5  tt)  15  ju-r  cent,  greater  than  that  of 
the  average  coal-fired  boiler. 

As  against  these  advantages  it  must  be  remembered 
that  the  supply  of  oil  is  limited  and  that  any  concerted 
move  to  replace  coal  with  oil  would  at  once  run  the  price 
of  oil  up  to  a  prohibitive  figure,  becau.se  the  demand 
would  far  e.xceed  the  supply. 

It  is  not  possible  to  state,  offhand,  which  of  the  two 
fuels  is  the  more  economical  under  certain  conditions. 
The  proper  thing  to  do  is  to  calculate  the  relative  costs, 
ba.sed  on  the  heat  values  of  the  fuels  to  be  compared. 

At  present  quotations,  fuel  oil  costs  from  7  to  15c.  a 
gallon,  an  average  price  being  10c.  Suppose,  for  the 
sake  of  argument,  that  the  oil  weighs  7.5  lb.  per  gallon, 
that  its  heating  value  is  19,200  B.t.u.  per  lb.  and  that 
the  boiler  efficiency  is  75  per  cent.  The  boiler  would 
utilize  19,200  X  0.75  =  14,400  B.t.u.  for  each  pound  of 
oil  used,  which  would  account  for  the  evaporation  of 
14,400  ~  970.4  =  14.84  lb.  of  water  from  and  at  212 
deg.  F.  To  evaporate  1000  lb.  of  water  from  and  at 
212  deg.  F.  would  require  1000  -^  14.84  =  67.4  lb.  of 
oil;  and  as  the  oil  weighs  7.5  lb.  per  gallon,  it  would 
require  67.4  -^  7.5  =  9  gal,  which  would  cost  90c. 
In  other  words,  it  would  cost  90c.  to  evaporate  1000  lb. 
of  water  with  oil  under  the  assumed  conditions  of  co.st, 
heating  value  and  efficiency. 

Suppose  that  the  coal  to  be  used  has  a  heating  value 
of  14,000  B.t.u.  per  lb.  and  the  boiler  efficiency  is  only 
60  per  cent.  The  boiler  will  then  absorb  14,000  X  0.60 
=  8400  B.t.u.  for  each  pound  of  coal  burned,  and  will 
have  an  evaporation  of  8400  ^  970.4  =  8.66  lb.  of  water 
from  and  at  212  deg.  F.  To  evaporate  1000  lb.  there 
will  be  needed  1000  ^  8.66  =  115.5  lb.  of  coal  of  the 
grade  specified. 

Now,  if  the  oil  and  the  coal  were  of  equal  economic 
value  under  the  assumed  conditions,  the  115.5  lb.  of 
coal  would  be  worth  90c.,  which  corresponds  to  90  -h 
115.5  =  0.78c.  per  lb.,  or  $15.60  per  ton  of  2000  lb. 
Stating  this  in  another  way,  it  may  be  said  that  if  the 
given  coal  costs  $15.60  a  ton  it  will  give  just  as  good 
evaporative  results  as  fuel  oil  at  10c.  a  gallon;  and 
from  this  it  follows  that  oil  would  not  prove  the  more 
economical  unless  the  cost  of  coal  was  greater  than 
$15.60  a  ton.  From  such  figures  as  these  it  will  be  seen 
that  oil  has  no  economical  advantage  over  coal  except 
under  the  most  favorable  circumstances. 


Natural  gas  carries  with  it  the  vapors  of  gasoline 
and  other  hydrocarbons  that  may  be  recovered  in  liquid 
form  by  the  absorption  process.  Briefly,  this  process 
consists  in  spraying  an  absorbing  oil  downward  through 
a  tower  and  forcing  the  natural  gas  upward  through 
the  spray.  The  oil  absorbs  the  gasoline  from  the  gas, 
which  passes  out  and  can  be  used  for  fuel.  The 
gasoline  is  then  driven  off  from  the  absorbing  oil  by 
steam  heating  and  the  vapors  are  condensed,  producing 
liquid  gasoline.  The  absorbing  oil,  freed  of  the  gasoline, 
is  cleaned  and  used  again  a.-;  an  absorbent. 
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Some  Tests  with  Flow  Meters 

By  JOSEPH  A.  MAGUIRE 


In  order  to  increase  plant  eijiciency  actual  facts 
must  be  known.  The  flow  meter  furnishes  means 
for  readily  obtaining  the  actual  consumption  or 
output  of  a  steam  generating  or  consuming  appa- 
ratus. The  tests  here  described  resulted  in  the 
elimination  of  wastes  that  were  unsuspected. 

PRESENT  world  conditions,  necessitating  conserva- 
tion of  all  resources,  have  brought  to  a  deserved 
prominence  many  pieces  of  apparatus  heretofore 
incorrectly  looked  upon  as  luxuries.  Some  years  ago  the 
flow  meter  was  in  this  class,  but  of  late  power  plants  in 
all  industries  have  been  straining  to  their  utmost  in  an 
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CHARACTERISTIC  CURVE  OF  DUPLEX  COMPOUND 
COXDEXSIXG   PUMP 
Steam  end,  19  x  36  x  3fi  in.:  water  end.  21  x  36  in.;  head.  248 
ft. ;  suction.  10  ft.  ;  steam  pressure.  125-140  lb.  ;  Scranton  jet  con- 
denser vacuum.   22-24  in.     Stiam  curve  includes  losses  in  1460  ft. 
of  8-in.  main  and  68  ft.   of  .5-in.  main. 

endeavor  to  raise  efficiencies  and,  consequently,  the  real 
value  of  this  device  has  been  gradually  realized. 

Considerable  prominence  has  been  given  to  the  use 
of  the  flow  meter  in  boiler  rooms  of  manufacturing 
industries,  central  stations,  etc.,  but  its  application  to 
mine  power  plants  is  practically  an  untouched  subject. 
The  present  article  is  an  account  of  operations  in  this 
field. 

A  short  time  ago  a  number  of  collieries  operating  36 
boiler  and  power  plants  were  thoroughly  investigated 
by  their  owTiers  and  engineers.  These  men  had  fore- 
seen the  coming  coal  shortage  and  were  preparing  to 
meet  it  not  only  through  increased  production,  but  by 
conservation  in  their  own  plants.  Flow  meters  were 
installed  as  a  means  of  obtaining  the  required  informa- 
tion. 

The  testing  equipment  at  first  consisted  of  four  flow 
meters,  the  necessary  mechanisms  and  an  assortment 
of  nozzle  plugs  and  pipe  reducers.  Later,  eight  more 
meters  of  the  same  kind  were  added.  After  a  pre- 
liminary survey  of  the  entire  layout  it  was  evident  that 
the  pumping  situation  was  the  most  serious  and  needed 
immediate  attention.  The  first  pumping  plant  investi- 
gated, located  250  ft.  underground,  consisted  of  four 
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simple  duplex  direct-acting  noncondensing  pumps,  each 
of  2000  gal.  per  min.  rated  capacity,  and  two  duplex 
compound  condensing  punip.s,  each  of  4000  gal.  per 
min.  capacity.  The  condensing  pumps  were  equipped 
with  low  vacuum  jet  condensers.  These  six  pumps  were 
located  in  three  adjoining  pumprooms,  two  of  which 
were  partly  submerged  during  periods  of  high  water. 

Steam  was  supplied  from  a  modern  boiler  plant  on  the 
surface,  at  a  distance  of  2500  ft.  The  steam  main  was  a 
10-in.  pipe  for  a  distance  of  600  ft.,  then  branching  to 
two  8-in.  mains  to  the  pumps.  Bypass  connections  at 
the  pumps  allowed  any  set  of  pumps  to  be  operated  from 
either  8-in.  line,  and  connections  at  the  foot  of  the  bore- 
hole, w^here  the  10-in.  pipe  branched,  allowed  either 
8-in.  pipe  to  be  supplied  from  an  old  boiler  plant. 

It  was  decided  that  the  required  information  could 
best  be  obtained  by  determining  the  characteristic 
curves  of  the  various  pumps  separately  and  in  com- 
bination. For  this  purpose  three  meters  were  installed 
on  the  steam  lines  to  the  pumps.  A  double-end  con- 
tracted weir  was  built  on  the  surface  to  measure  the 
discharge  of  the  pumps,  and  engine  indicators  were  used 
to  determine  the  indicated  horsepower,  mean  effective 
pressure,  length  of  stroke,  etc. 

One  of  the  three  meters  was  connected  on  the  surface 
to  the  10-in.  steam  line.  The  other  two  were  located 
inside  the  mines,  on  the  8-in.  lines,  1600  ft.  from  the 
pumps.  Each  instrument  had  a  calorimeter  and  record- 
ing pressure  gage  connected  near-by.  In  order  to  meet 
accurately  the  wide  range  of  flow  necessary  for  the  tests, 
one  of  the  meters  inside  was  connected  to  two  nozzle 
plugs,  one  an  8-in.  and  the  other  an  8  x  5J-in.  reducer. 

In  order  to  get  the  meters  installed  it  was  necessary 
to  load  them  in  mine  cars,  lower  them  down  a  slope  to 
a  gangway,  haul  them  by  mule  to  the  airway  where 
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FIG.    2.      CHARACTERISTIC    CURVE    OF    DUPLEX    X'OX- 

COXDEXSIXG  PUMP 
Steam  end,   24  x  36  in.;  water  end,  14  x  3G   in.;  head,  254   ft.; 
suction,  6  ft. ;  steam  pressure,  125-134  lb. 

they  were  to  be  installed  and  finally  carry  them  to  the 
points  chosen  for  their  location.  There  the  meters 
were  unpacked,  assembled  and  adjusted. 

The  accompanying  curves  are  some  of  those  taken 
during  this  investigation.  Fig.  1  was  taken  from  tests 
on  a  duplex  compound  condensing  pump  and  Fig.  2 
from  a  test  on  a  duplex  noncondensing  pump.     These 
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test."*,  it  should  ho  horno  in  mind,  were  taken  after  the 
pump.s  had  heen  installed  sovt'ial  years.  The  steam- 
ronsumption  riirvos  also  include  condensation  lo.s.ses  in 
pipe,  etc.  The  tests  were  made  with  the  steam  lines 
and  pumps  in  the  condition  in  which  they  were  found 
and  as  ordinarily  operated.  They  were  in  fairly  j^ood 
repair. 

An  analysis  of  the  curves  showed  several  important 
facta.  The  difference  in  .steam  consumption  per  water- 
horsepower  between  the  compound  condensing  pumps 
and  the  simple  noncondensintr  pumps  was  particularly 
noticeable.  It  was,  of  course,  recojjrnized  that  one  type 
was  more  efficient  than  the  other,  but  the  large  differ- 
once  in  economy  was  more  easily  seen  by  obtaining  defi- 
nite figures  under  similar  operating  conditions.  This 
one  item  has  been  of  much  value  in  numerous  other 
pumping  installations,  since  it  emphasized  the  facts  in  a 
way  that  no  estimated  figures  have  been  able  to  do. 

Another  point  demonstrated  by  the  test  was  the  lack 
of  capacity  of  the  pumps.  The  condensing  pumps  were 
rated  at  4000  gal.  per  min.  at  22  r.p.m.,  but  they  could 
not  be  safely  operated  above  3000  gal.  per  min.  Their 
best  operating  capacity  from  a  standpoint  of  repairs  and 
upkeep  was  at  1700  to  2000  gal.  per  min.,  while  their 
best  efficiency  was  obtained  at  about  3500  to  4000  gal. 
per  min.,  a  rating  at  which  they  could  not  be  operated. 
This  not  only  explained  the  difficulty  experienced  in 
caring  for  floods,  but  also  showed  a  wastage  of  about 
3000  tons  of  coal  per  year  due  to  the  necessity  of  using 
the  noncondensing  pumps  even  in  low-water  periods. 

As  a  result  of  these  tests  two  2500  gal.  per  min.  elec- 
trically driven  centrifugal  pumps  have  been  installed 
and  have  effected  a  fuel  saving  of  about  4500  tons  of 
coal  per  year.  In  addition,  and  of  equal  importance, 
is  the  fact  that  production  is  not  now  curtailed  during 
periods  of  high  water. 

It  might  be  interesting  to  note  that  the  totals  of  the 
two  inside  flow  meters  checked  within  2  per  cent,  of 
the  meter  on  the  outside  10-in.  main. 


After  the  foregoing  tests  had  been  completed  a  series 
of  boiler  an<l  power-plant  tests  were  carried  out.  The 
primary  purpr)se  of  these  trials  was  to  determine  power 
costs,  boiler-plant  efficiencies  and,  in  the  ca.se  of  the  gen- 
erating plants,  efficiency  from  the  coal  pile  to  the  switch- 
board. 

The  size  of  the  boiler  plants  varied  from  1500  to  4000 
hp.  and  the  electric  plants  from  1400  to  3000  kv.-a. 
For  the.se  tests  platform  scales  were  u.sed  for  weighing 
the  coal.  Flow  meters  were  installed  on  individual  boil- 
ers and  on  the  distributing  steam  mains.  Other  equip-f 
ment  included  feed-water  flow  meters,  draft  gages,  re-" 
cording  pressure  gages,  flue-gas  thermometers,  Oraat 
analyzer,  electrical  instruments,  etc.  The  plant  testa 
were  of  one  week  duration.  Individual  boiler  tests 
of  25  hours  were  made,  checking  a  flow  meter  against 
the  feed  water  measured  in  calibrated  tanks. 

Types  of  Boilers  That  Underwent  Tests 

The  types  of  boilers  tested  were  horizontal  return- 
tubular  B.  &  W.,  Stirling  and  Wickes.  The  furnaces 
were  of  the  dutch-oven  type,  with  sloping  18  per  cent, 
air  space  dumping  grates.  Steam-jet  blowers  fur- 
ni.shed  forced  draft  in  the  smaller  plants  and  engine- 
driven  fans  in  the  larger  ones.  The  fuel  was  a  mixture 
of  No.  1  buckwheat  and  birdseye  anthracite  containing 
10  per  cent,  moisture  and  15  per  cent.  ash.  The  condi- 
tions, from  a  metering  .standpoint,  were  often  difficult 
because  of  low  velocity  and  pulsating  flow.  Nevertheless, 
the  average  error  was  seldom  over  2  per  cent,  and  in 
only  one  instance  10  per  cent. 

From  the  standpoint  of  the  engineers  and  helpers 
making  the  test  the  conditions  were  equally  trying. 
Boiler-room  temperatures  varied  from  125  deg.  F.  dovni 
to  10  deg.  Meters  on  steam  mains,  although  filled  with 
strong  alcohol  solution,  frequently  froze.  Those  mounted 
on  boilers  did  freeze  occasionally,  and  at  times  draft 
gage  and  Orsat  readings  were  only  possible  by  building 
fires  on  old  grate  bars  directly  under  the  instruments. 
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FIG.    4.      A   21-HOUR   FLOAV-METER   CHART 

Powe/ costs  and  distribution  ratios  were  determined 
from  the  flow  meters.  The  boiler  units  showed  a  gen- 
eral lack  of  capacity  and  a  low  efficiency ;  an  average  of 
125  per  cent,  rating  was  the  best  the  most  modern  plant^^ 
could  develop. 

The  curves  shown  in  Fig.  3  indicate  the  evaporation 
of  one  boiler  plotted  from  readings  taken  during  a 
plant  test  of  six  days.  The  boiler  was  a  270-hp.  Stir- 
ling. The  test  was  made  without  instruction  or  other- 
wise interfering  with  the  usual  operation  of  the  plant, 
the  object  being  to  obtain,  as  nearly  as  possible,  the 
usual  operating  conditions. 

In  view  of  the  extreme  care  taken  to  secure  normal 
operating  conditions,  the  rise  in  the  evaporation  curve 
from  4.8  lb.  of  water  per  pound  of  coal  as  fired  to  5.8  at 
the  end  of  the  test  is  of  interest.  This  curve  gives  an 
excellent  illustration  of  the  value  of  checking  results. 
The  increase  in  evaporation  was  due  entirely  to  the  fire- 
men bettering  their  efforts  as  they  realized  they  were 
being  investigated. 

Fig.  4  shows  a  flow-meter  chart  taken  in  one  of  these 
tests.  The  meter  was  placed  on  the  line  supplying  a 
300-kw.  compound  noncondensing  Corliss  engine  driving 
an  alternator.  The  high  momentary  demand  lines  with 
the  engine  shut  down  and  with  it  running  should  be 
noted.  An  investigation  disclosed  the  fact  that  the  trap 
on  the  boiler-room  header  was  out  of  order.  The  water 
from  the  header  had  been  going  to  the  engine  separator 
and  w:'.s  thence  discharged  by  the  trap,  causing  the 
lines  on  the  chart  alreadv  referred  to.     It  showed  also 
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that  the  separator  traps 
frequently  stuck  open,  al- 
lowing a  steam  wastage  of 
100,000  lb.  per  24  hours. 
Repairing  the  traps  reme- 
died this  trouble.  In  ad- 
dition to  disclosing  a  con- 
dition that  might  have 
wrecked  the  engines  even- 
tually had  the  separator 
traps  failed  to  open,  it  was 
figured  that  the  stopping 
of  steam  waste  would  pay 
for  all  the  meters  in  one 
month's  operation.  After 
the  results  of  these  tests 
had  been  fully  tabulated 
and  analyzed,  certain  rec- 
ommendations were  made 
to  the  owners,  one  of  which 
was  the  replacement  of 
15,000  sq.ft.  of  grate  sur- 
face by  new  grates  of 
smaller  air  space  and  the 
addition  of  10  mechanical 
stokers.  The  foregoing 
tests,  and  the  benefits  that 
will  accrue  from  them  in 
the'  way  of  increased  effi- 
ciency and  fuel  saving,  rep- 
resent a  phase  of  engineer 
ing  work  in  which  the  flow 
meter  finds  its  rightful 
place.  In  many  power 
plants  there  are  actions  go- 
ing on  or  equipment  improperly  functioning  which  will 
finally  make  itself  evident;  but  in  many  of  the  cases 
these  discoveries  are  made  only  after  considerable 
damage  has  been  done.  It  is  in  such  instances  that 
these  meters  prove  themselves   a  valuable  aid. 

Congress  Should  Unlock  Water  Powers 

Passage  of  the  Congressional  water-power  bills  now 
in  conference  is  earnestly  to  be  hoped  for  before  the 
close  of  the  present  session.  Every  engineer  who  is 
familiar  with  the  water-power  situation  will  agree  that 
prompt  action  is  needed.  Water-power  needs  to  be  un- 
locked, to  conserve  fuel  and  to  furnish  profitable  em- 
ployment to  the  men  released  from  military  service  and 
munition  making.  The  present  Congress  has  given  more 
attention  and  study  to  this  vital  matter  than  any  pre- 
vious Congress.  Its  work  should  not  be  lost,  especially 
at  this  critical  time.  Even  if  the  bill  as  finally  reported 
should  be  more  or  less  of  a  compromise  and  defective 
in  many  particulars,  yet  if,  without  undue  sacrifice  of 
vital  interests  on  either  side,  it  opened  the  way  for  even 
a  limited  development  of  unused  water  powers,  it  would 
be  well  worth  while  as  a  contribution  to  the  solution  of 
i-econstruction  problems  and  to  the  conservation  and 
utilization  of  our  natural  resources.  —  Engineering 
N  exes-Record. 


In  the  oil  fields,  a  "gusher"  becomes  a  "pumper"  when 
its  flow  decreases  to  one  or  two  hundred  barrels  a  day. 
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The   Electrical  Study  Course — l\irallel  Operation 

of  Generators — 111 


Conchidra  the  series  of  lessons  on  this  subject 
with  a  stiidii  of  the  condition  to  be  met  in  the 
practical  operation  of  compound  generators  and 
the  precautions  to  be  obnerccd  when  placing  them 
in  service  or  removing  them  therefrom. 


THK  previous  lesson  dealt  with  the  methods  of 
cutting-in  and  cutting-out  shunt  generators  when 
several  of  them  are  operated  in  multiple.  In  the 
i)resent  lesson  the  problem  as  related  to  compound  gen- 
erators will  be  taken  up  in  a  similar  manner. 

In  Fig.  1  are  shown  the  connections  for  a  compound 
generator  corresponding  to  those  shown  for  a  shunt 
generator  in  the  preceding  lesson  and  which  are  repro- 
duced in  Fig.  2.  The  symbols  in  Fig.  1  indicate  the  same 
appliances  that  they  do  in  Fig.  2,  and  in  addition  are 
shown  the  series-field  winding  F,  and  the  equalizing 
connection  B,  which  is  a  busbar  similar  to  M,3/,.  The 
operation  of  placing  the  machine  in  service,  that  is, 
parallelling  it  with  another  machine,  is  identical  with 
ihat  for  a  shunt  generator,  except  that  its  voltage  is  ad- 
justed to  be  a  few  volts  less  than  that  of  the  mains  in- 
;?tead  of  equal  to  it.  The  reason  for  this  is,  that  when 
the  switch  S  is  closed  current  immediately  flows  through 
the  series-field  winding  F,.,  causing  the  generator  to  be 
•upplied  with  excitation  additional  to  that  of  the  shunt 
field  and  consequently  inducing  a  greater  generated  volt- 


FIG.    1.      DIAGRAM    OF    COAIPOUXD-WOUXD    GENERATOR 
COXXECTED  TO  SWITCHBOARD 

age  in  it.  The  simplified  diagram  of  Fig.  3  will  make  this 
clear.  In  it  three  generators,  G„  G^  and  G„  are  shown. 
G,  and  G,  are  connected  to  the  mains  3/„  M^  and  to 
the  equalizer  B,  and  G,  is  to  be  paralleled  with  them. 
Suppose  the  voltage  across  ac  is  made  equal  to  that 
across  df.  This  same  voltage  will  exist  across  ab  and 
there  will  be  zero  voltage  across  be  since  there  is  no 
current  through  the  series  field  f ,  and  consequently  no 
voltage  drop — that  is,  IR  drop — across  it.  On  the  other 
hand,  there  will  be  a  voltage  across  ef  equal  to  the 
drop  across  the  series  fields  F,  and  F,;  that  is.  equal 


to  I, Hi,  where  /,  i.s  the  total  load  current  and  lit  tht 
resistance  of  F,  and  F  in  multiple.  Since  there  is  a 
voltage  across  cf,  the  voltage  acro.ss  de  must  be  less 
than  that  across  ab  if  the  latter  is  equal  to  that  a( n  < 
df,  as  assumed.  We  therefore  have  the  following  con- 
ditions when  switches  S.,,  Sv  and  Sc — corresponding  to 
switch  S  of  Fig.  1 — are  clo.sed:  The  generated  voltage 
across  ab  is  greater  than  the  terminal  voltage  acrosa 
de,  consequently  the  generator  will  deliver  current  to 
the  system.    But  in  addition  to  this  we  have,  as  already 


FIG.  2.  DIAGRAM  OF  SHUXT-WOUXD  GEXERATOR 
CONNECTED  TO  SWITCHBOARD 

stated,  an  increase  in  excitation  due  to  current  being 
caused  to  flow  through  the  series  field  F,.  That  current 
will  flow  is  evident  from  the  fact  that  F,  is  connected 
to  b  and  c,  which  are  connected  to  e  and  /  respectively 
w'hen  switches  Si,  and  Sc  are  closed.  Since  there  is  a 
voltage  across  ef  and  none  across  be,  it  follows  that 
current  will  flow  through  F,  when  connected  to  the 
former  points,  causing  the  increase  in  excitation  re- 
ferred to. 

Just  how  much  less  than  the  line  voltage  the  open- 
circuit  voltage  of  the  incoming  generator  should  be  is 
a  matter  of  trial.  Having  once  been  determined,  the 
operator  adjusts  it  to  that  value  whenever  cutting-in 
the  machine.  A  method  of  avoiding  the  complications 
indicated  in  the  foregoing  is  to  substitute  a  double-pole 
and  a  single-pole  switch  for  the  three-pole  switch  S 
of  Fig.  1.  Such  an  arrangement  is  shown  in  Fig.  4.  In 
this  case  the  generator  is  adjusted  to  approximately 
line  voltage  with  the  field  rheostat  and  then  the 
double-pole  switch  Sd  is  closed,  thus  connecting  the 
series  field  F^  across  M,  and  B,  across  which  are 
already  connected  the  series  fields  of  all  the  other 
generators  serving  the  busbars.  Current  consequently 
flows  through  F,,  as  explained  in  the  preceding  para- 
graph, thereby  increasing  the  voltage  of  the  generator. 
This  is  now  adjusted  to  exactly  the  same  value  as  the 
line  voltage,  as  in  the  case  of  shunt  generators,  and  the 
single-pole  switch  Ss  is  then  closed,  thus  placing  the 
machine  in  service. 

Having  connected  a  compound  generator  to  the  line, 
the  load  upon  it  is  adjusted  in  the  same  manner 
for  a  shunt  generator;  namely,  by  increasing  its  shun' 
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field  current  by  cutting  resistance  out  of  the  shunt- 
field  rheostat.  When  it  is  desired  to  take  it  out  of 
service,  the  shunt-field  resistance  is  increased  until  the 
excitation  has  been  reduced  sufficiently  to  cause  the 
ammeter  A  of  Fig.  1  to  indicate  zero  current,  upon 
which  switch  S  of  Fig.  1  or  switches  6',  and  S,i  of  Fig.  4, 
as  the  case  may  be,  are  opened  and  the  set  shut  down. 
The  voltmeter  arrangement  for  shunt  generators 
illustrated  in  Fig.  5  of  the  previous  lesson  and  which  is 
reproduced  in  Fig.  5  herein,  is  alsc  used  for  compound 


stance,  it  would  be  incorrect  to  insert  the  ammeter 
A  of  Fig.  1  in  the  circuit  between  p  and  r  instead  of 
between  m  and  n,  where  it  is  shown  in  the  diagram. 
In  the  former  case  the  ammeter  would  indicate  the 
current  flowing  through  the  series  field  and  not  that 
through  the  armature,  which  is  the  current  being  de- 
livered by  the  machine.  As  was  explained  in  the 
lesson  in  Jan.  7  issue,  the  total  current  divides  up  equally 
among  all  the  series  fields,  provided  they  are  of  like 
resistance,    irrespective    of    the    loads    carried    by    the 


FIG. 7  FIG.a 
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machines,  the  points  li  and  k  of  this  figure  corresponding 
to  the  same  points  in  Figs.  1  and  4. 

It  is  to  be  observed  that  the  series  fields  of  all  the 
generators  operating  on  the  system  must  be  connected 
between  the  same  main  and  equalizing  busbars.  For 
example,  it  would  not  do  to  connect  the  series  field  of 
generator  G.  of  Fig.  6  between  A/,  and  B,  as  shown, 
if  the  series  fields  of  G,  and  G^  are  connected  between 
M.  and  B.  All  the  fields  would  have  to  be  connected 
either  one  way  or  the  other.  Another  point  to  be  noted 
is  that  the  ammeter  for  m.easuring  the  output  of  the 
generator  must  be  connected  into  the  side  of  the  circuit 
opposite  to  that  in  which  the  series  field  is.     For  in- 


machines,  which  depend  upon  the  generated  voltage  of 
each. 

That  the  ammeter  will  indicate  the  armature  current 
when  connected  between  m  and  n  as  in  Fig.  1,  but 
would  indicate  the  series-field  current  if  connected  be- 
tween p  and  7*  is  clearly  shown  in  Fig.  7  which  is  a 
schematic  diagram  of  several  generators  connected  as 
is  the  one  in  Fig.  1.  The  busbars  in  each  are  repre- 
sented by  the  same  symbols,  namely  A/„  M^  and  B, 
as  also  are  the  points  m,  n,  p  and  r.  The  ammeters 
A,  and  A,  of  generators  G,  and  G,  are  correctly  con- 
nected, whereas  ammeter  A.  of  generator  G,  is  incor- 
rectly  connected.      Assume   the    resistances    of   all   the 
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fields  F„  F.  and  F,  to  be  the  same,  and  that  G,  is 
doliverinu  SO  amperes,  G,  60  amperes,  and  G,  85 
ampcri's,  makintr  the  total  load  195  amperes,  and  the 
current  in  each  series  field  one  third  of  this,  or  66 
amperes.  We  would  then  have  ammeter  A,  reading 
50  amperes  and  ammeter  .1,  madin^:  GO  amperes,  which 
would  be  the  correct  value  of  currents  delivered  by  G, 
aiid  i!.,  but  ammeter  .1.  would  read  only  G5  amperes 
although  the  current  actually  delivered  by  C,  i3  35 
amperes. 

Adjusting  the  amount  of  compounding  of  compound 
ijenerators  that  operate  in  multiple  introduces  a  prob- 
lem not  present  when  a  single  machine  is  used.  The 
accepted  manner  of  adjusting  the  compounding  is  to 
place  a  shunt  of  a  low  resistance  and  large  current- 
carrj'ing  capacity  across  the  series-field  winding,  thus 
diverting  some  of  the  line  current  from  the  latter  and 
thereby  reducing  the  series-field  effect.  However,  when 
compound  generators  are  operating  in  parallel  the  effect 
of  placing  a  shunt  across  one  of  the  series  fields  is  to 
place  a  resistance  in  parallel  with  them  all,  since  they 
are  all  connected  between  the  same  busbar  and  equalizer. 
A  reference  to  Fig.  8  will  make  this  clear. 

Suppose  a  resistance  R  to  be  placed  across  F,.  Being 
connected  between  B  and  M„  it  is  evident  that  it  is 
in  multiple  not  only  with  F.,  but  also  with  F,  and  F^. 
The  consequence  is  that  part  of  the  load  current  will 
pass  through  R  and  the  remainder  will  divide  between 
F,,  F.^  and  F,  in  the  samp  x-atio  as  before  R  was  intro- 
duced. It  is  therefore  impracticable  to  adjust  the  com- 
pounding by  this  method.  It  is,  however,  often 
necessary  to  make  such  adjustments  in  order  to  cause 
the  generators  to  have  like  external  characteristics,  and 
in  that  case  the  distribution  of  current  among  the  series 
fields  may  be  effected  by  placing  resistances  in  series 
with  them.  Thus  if  R  of  Fig.  8  were  placed  in  series 
with  F,  instead  of  in  parallel  with  it,  the  total  resistance 
between  c  and  d  would  be  increased  and  consequently 
less  of  the  total  current  would  flow  through  it  than 
before.  Suppose,  for  instance,  that  the  resistances  cf 
F,  and  F,  are  each  0.05  ohm,  and  that  of  F,  is  0.04 
ohm.  If  the  total  current  were  130  amperes  we  would 
have  40  amperes  each  through  F,  and  F^  and  50  amperes 
through  F,.  To  make  the  current  divide  equally  among 
all  the  fields,  it  would  be  necessary  to  insert  a  resistance 
R  =  0.01  ohm  in  series  with  F.,  making  the  total 
resistance  across  cd  equal  to  0.05  ohm,  to  correspond  to 
the  resistances  of  F,  and  F,. 

In  the  problem  of  the  preceding  lesson  it  was  stated 
that  two  100-kw.  230-volt  shunt  generators  were  oper- 
ated in  parallel,  and  that  the  armature  resistance 
of  each  was  0.01  ohm.  It  was  required  to  find 
what  the  total  load  current  would  be  if  the  generated 
voltage  of  one  machine  was  234  volts  and  that 
of  the  other  233  volts.  The  total  current  will  of 
course  be  the  sum  of  the  individual  currents,  and  the  in- 
dividual currents  are  determined  by  the  generated  volt- 
age, terminal  voltage,  and  armature  resistance.     That 


is,  /  = 


Eg  —   E 

R 


,  where  /  is  the  current,  Eg  the  gener- 


ated voltage,  E  the  terminal  voltage,  and  R  the  arma- 
ture resistance.     In  the  case  of  the  first  generator  we 

234  -  230 


ond,  /    -: 


233   -  230 
O.OI 
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300  amperes.     The  total  cur- 


rent will  therefore  be  400    \-  300  =  700  amperes. 

Three  compound  generators  are  operated  in  parallel. 
They  are  of  the  following  capacities:  50  kw.,  100  kw. 
and  200  kw.  If  the  series  field  of  the  50-kw.  machine 
has  a  resistance  of  0.01  ohm,  what  should  be  the 
resistances  of  the  series  fieldd  of  the  other  lwo7 

Dividing  Box  with  CondeiiBiiig  Ileud 

By  Howard  C.  Thayer 

A  dividing  box  with  condensing  head,  designed  by  the 
writer  for  use  in  power  stations  using  two  or  more 
open-type  feed-water  heaters,  is  shown  in  the  drawing. 
The  dividing  box  is  designed  to  distribute  the  water 
equally  to  any  number  of  heaters.  The  purpose  of  the 
condensing  h'iad  is  to  condense  the  large  quantity  of 
exhaust  steam  which  at  present  goes  to  waste  through 
the  vent  pipes,  and  at  the  same  time  it  keeps  the  heater 
free  of  air. 

In  operation  the  hotwell  pumps  discharge  the  conden- 
sate water  through  the  IG-in.  inlet  A,  where  it  rises  up 
and  flows  over  into  21-in.  cone  B  and  into  dividing  box  C. 
\s  the  water  falls  through  the  cone,  it  forms  a  vacuum 
which  draws  over  the  steam  and  air  in  the  vent  pipes 
through  the  central  12-in.  opening  D,  condensing  the 
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steam  and  allowing  the  air  to  escape  through  the  per- 
forated plate  E  and  the  2-)n.  vents  in  the  dividing  box. 

Two  makeup  water  inlets  are  provided  in  the  dividing 
box,  permitting  the  treated  water  to  be  controlled  by  a 
fl  3at  box  at  the  nominal  water  line  of  the  heater  and  the 
raw  water  to  be  controlled  by  a  float  box  operating  at  a 
lower  level.  In  ordinary  operation  only  treated  water  is 
fed  into  the  dividing  box,  but  should  the  water  level  in 
the  heater  be  pulled  below  the  normal  line  at  any  time 
the  raw  water  is  admitted  until  the  normal  water  line 
is  reached. 


The  author  of  the  article,  "Relative  Advantages  of 
Diagonal  and  Horseshoe  Boiler  Patches,"  beginning  at 
the  foot  of  page  943  in  the  issue  of  Dec.  31,  1918,  asks 
that  a  statement  be  published  to  the  effect  that  the 
diagonal  patches  should  be  placed  on  the  inside  of  the 
shell  plate  instead  of  on  the  outside  as  shovsm  in  the 
illustration. 


have,  /  = 


0.01 


^=  400  amperes,  and  for  the  sec- 


The  Coal  Department  of  Denver  has  extended  its  free 
delivery  zone.  This  change  relieves  a  greater  number 
of  consumers  from  overhaul  charges,  and  has  at  the 
same  tims  reduced  the  overhaul  rate  from  50c.  to  25c. 
p.rr  mile  for  those  beyond  the  free  zone. 
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High-Lift  Centrifugal  Pumps  for  Irrigation 


By  B.  p.  FLEMING* 


Water  forced  through  steel  manifold  to  rein- 
forced-concrete  conduit  leading  up  to  canal. 
Design  features.  Pump  tests  show  over  81  pe.y 
cent,  efficiency  under  00-ft.  head. 

EVERY  year  sees  greater  strides  made  in  irrigation 
by  pumping.  This  article  describes  a  new  high-lift 
irrigation  pumping  project  with  steel  manifold 
and  reinforced-concrete  force  main,  put  in  successful 
operation  in  1917  for  supplementing  the  water  supply 
of  a  large  area  known  as  the  "Lewiston  Flat"  in  north- 
ern Utah  and  southern  Idaho.  Power  at  low  cost  as 
well  as  intensive  agriculture  makes  high-lift  pumping 
feasible. 

The  irrigable  area  of  the  district  has  been  estimated 
at  about  30,000  acres,  of  which  about  20,000  are  under 
existing  canals.  For  the  last  40  years  the  water- 
supply  has  been  derived  from  a  small  stream  known 
as  the  Cub  River,  a  tributary  of  the  Bear  River.  The 
flow  of  the  Cub  varies  from  about  400  sec.-ft.  in  June 
to  an  amount  not  exceeding  60  sec.-ft.  in  July  and 
August,  during  which  months  the  sugar-beet  crop  is 


•Mechanical  engineer,   Iowa  City,  Iowa,  in  Engineering  News- 
Record. 
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CLASSIFIED  DISTRIBUTION  OF  LANDS  IN  LEWISTON  FLAT 
IRRIGATION    PROJECT.    IDAHO   AND    UTAH 


most  in  need  of  water.  In  normal  years  about  8000 
acres  of  the  Lewiston  district  would  be  fairly  well 
supplied  with  water  over  the  entire  season,  8000  acrec? 
would  receive  only  sufficient  to  grow  grain  crops  or 
mature  one  crop  of  hay,  while  4000  acres  might  receive 
no  water  at  all. 

The  Bear  River  lies  from  85  to  90  ft.  below  the 
general  level  of  the  lands  in  question.  Its  natural  flow 
has  been  appropriated  by  agricultural  and  other  in- 
terests along  its  course  in  Idaho  and  Utah,  so  that 
the  only  hope  of  the  district  was  in  securing  a  right 
to  stored  water.  This,  fortunately,  was  obtainable 
through  the  extensive  storage  developments  begun  by 
the  Telluride  Power  Co.  and  completed  by  its  successor, 
the  Utah  Power  and  Light  Co.,  on  the  body  of  water 
known  as  Bear  Lake,  in  northern  Utah.  This  develop- 
ment comprised  the  construction  of  a  large  pumping 
plant  of  1500  sec.-ft.  capacity  and  control  gates  which, 
together  with  an  artificial  channel  between  Bear  Lake 
and  the  Bear  River,  make  it  possible  to  divert  floods 
into  the  lake  and  store  them  there  or,  in  case  of  long- 
continued  drought,  permits  the  pumping  out  of  the 
waters  of  the  lake  to  a  depth  of  17  ft.  below  the 
normal  stage  and  thereby  augmenting  the  flow  of  the 
river. 

Object  of  the  Development 

The  object  of  this  development  is  to  insure  continuity 
of  operation  of  the  large  hydraulic  power  plants  estab- 
lished on  Bear  River,  but,  incidentally,  it  has  assisted 
to  a  certain  extent  in  the  possibility  of  agricultural 
development,  by  providing  some  stored  water  for  the 
use  of  those  who  are  able  to  secure  a  right  to  it  and 
who  can  divert  it  below  the  power  plants.  The  attrac- 
tive rates  for  electrical  power  for  pumping  offered  by 
the  power  company,  together  with  the  offer  of  a  right 
to  a  certain  amount  of  stored  water,  led  to  the  inception 
of  the  project  here  described.  The  amount  of  water 
estimated  as  necessary  to  be  supplied  by  pumping,  to 
supplement  gravity  water,  was  10,000  acre-ft.  Since 
this  amount  must  be  supplied  mainly  within  a  period 
of  50  days,  the  capacity  of  the  plant  became  fixed  at 
100  sec.-ft,  For  flexibility  in  operation  it  was  decided 
arbitrarily  to  build  a  plant  of  four  units  of  25  sec.-ft. 
capacity  each. 

The  plant  was  located  directly  west  of  Fairview, 
Idaho,  at  which  point  the  Bear  River  approaches  quite 
near  to  the  present  canal  system  of  the  Cub  River 
Irrigation  Co.,  into  which  the  pumped  water  was  to  be 
discharged. 

The  distance  through  which  the  water  would  have  to 
be  carried  under  pressure,  in  the  case  of  a  plant  located 
at  the  river,  and  the  size  required,  seemed  to  indicate 
that  only  a  wood-stave  pipe  could  be  considered  from 
the  standpoint  of  initial  cost — and  this  fact  was  of  the 
greatest  weight  in  the  decision  to  adopt  the  other  type 
of  plant. 

Another  factor  having  an  important  bearing  on  the 
general  design  of  the  pumping  station  was  the  type 
of  pump  to  be  selected,  whether  vertical  or  horizontal. 
This  matter  was  not  decided  until  after  bids  had  been 
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nceivrtl  upon  lioth  types.  It  is  siKnifujint  of  tlii'  f;ivor 
with  wliich  these  two  types  of  units  are  reRHrded  l)y 
the  pump  nianufiuturers  theni.selves  that,  out  of  seven 
numufarturer.s  repre.sented,  only  one  would  offer  a  bid 
upon  the  vertical  unit,  and  the  others  were  most 
decidedly  opposed   to   its   use  under  the  circumstances. 

After  various  studies  had  been  made,  it  was  found 
that  a  concrete  pipe  was  practically  as  cheap  as  a  riveted 
.steel  pipe  of  the  same  internal  diameter,  so  concrete  was 
decided  upon  because  of  its  greater  permanency  and 
lower  friction  loss,  as  well  as  the  less  difficulty  in 
M'curing  construction  materials.  The  design  of  a 
reinforced-concrete  manifold  to  receive  the  di.scharpe 
from  the  four  pumps  proved  to  be  so  difficult  that  it  was 
abandoned  in  favor  of  a  riveted  steel  manifold.  The 
full-discharge  velocity  throughout  the  manifold  and  the 
concrete  pipe  was  limited  to  5  ft.  per  second,  and  in 
the  design  of  the  manifold  an  attempt  was  made  to  give 
the  easiest  flow  lines  possible  while  yet  maintaining  a 
form  providing  a  maximum  of  strength.  The  manifold 
has  a  circular  section  in  every  part,  and  in  order  to 
insure  additional  stiffness  a  vertical  plate  is  riveted  in 
the  crotch  cf  the  breech-like  portion.  No  leak  of  con- 
sequence was  discovered  in  any  of  this  riveted  steel 
construction. 

Pressure  Effect  from  Sudden  Closing  of  Gate 
Valves 

Some  concern  was  felt  by  the  designers  ps,  to  the 
probable  pressure  effect  in  the  steel  manifold  and  the 
concrete  discharge  pipe  resulting  from  sudden  closing 
of  the  hydraulic  gate  valves  on  the  discharge  side  of  the 
pumps.  If,  for  any  reason,  power  goes  off  while  the 
pumps  are  in  operation,  the  pumps  almost  immediately 
begin  to  run  backward,  and  the  water  in  the  discharge 
pipe  attains  a  fairly  high  velocity  backward  down  the 
pipe.  Checking  this  flow  suddenly  by  the  closure  of  the 
gate  valve  would  cause  water-hammer.  Calculations, 
based  on  the  various  formulas  tried,  while  not  giving 
consistent  results,  seemed  to  indicate  that  no  dangerous 
pressures  would  be  developed.  A  small  relief  valve  was, 
however,  placed  at  the  end  of  the  steel  breeching.  In 
the  operation  of  the  plant  and  in  the  deliberate  creation 
of  conditions  favorable  for  water-hammer  at  the  time  of 
testing,  scarcely  appreciable  rises  in  pressures  were 
noted. 

A  vacuum  relief  valve  was  also  placed  at  the  top  of 
the  concrete  pipe  at  Sta.  14  -f  17,  at  which  point 
there  is  a  break  in  vertical  alignment  where  vacuum 
conditions  may  be  created  by  the  rapid  letting  out 
of  water  from  the  pipe.  The  free  area  of  the  air  valve 
is  about  1  per  cent,  of  the  area  of  the  pressure  pipe. 

Excessive  temperature  changes  in  the  concrete  and 
steel  piping  were  anticipated,  since,  although  back- 
filling over  the  concrete  pipe  was  proposed,  it  was  not 
of  sufficient  thickness  to  in^^ure  against  considerable 
daily  and  seasonal  temperature  changes,  while  the  steel 
piping  was  completely  exposed.  Expansion  joints  in 
the  concrete  pipe  were  considered,  but  the  difficulty  of 
construction  and  the  possibility  of  leakage  led  to  the 
rejection  of  expansion  joints  altogether  in  the  concrete 
pipe  and  the  placing  of  dependence  upon  the  longitudinal 
reinforcement  alone  to  prevent  the  formation  of  trans- 
verse cracks.  It  was  planned  also  to  construct  the  pipe 
in  cold  weather,  and  this  was  successfully  accomplished 
bv  late  spring,  before  hot  weather  had  set  in.    No  leaks 


of  any  niagnitudo  have  so  far  (April,  191K)  appeared 
in  the  pipe  although  wati-r  was  turned  into  it  for  the 
lirst  time  early  in  .luly.  I!>17,  when  there  was  probaldy 
r»0  deg.  difference  in  temperature  between  the  pipe  and 
the  water.  Expansion  jf)ints  were  introduced  in  the 
steel  piping  of  the  manifold  next  to  the  pumpliouse,  and 
the  pump  side  of  the  joint  was  anchored  securely  to 
piers  braced  against  the  pumphouse  foundation. 

To  drain  the  sump  beneath  each  main  pump  unit, 
there  is  a  :5-in.  motor-driven  side-suction  centrifugal 
pump,  with  a  valve-controlled  4-in.  suction  pipe.     For 
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priming  the  main  pumps  and  the  sump  pump,  a  motor- 
driven  rotary  vacuum  pump  is  provided,  its  suction 
being  connected  to  a  vacuum  main  from  which  branches 
lead  to  each  pump.  To  the  priming  pump,  immediately 
above  each  main  unit,  is  attached  a  gage-glass  by  which 
the  operator  can  tell  exactly  when  the  unit  is  primed. 
Some  difficulty  was  met  in  the  initial  operation  of  the 
priming  pump,  due  to  inexperience  in  adjusting  the 
amount  of  water  needed  for  water-sealing  it.  When 
finally  adjusted,  it  would  prime  a  main  unit  in  from  5 
to  7  minutes. 

The  hydraulic  gate  valves  are  18  in.  in  size  and  are 
provided  with  a  hand  operating  device  for  use  when  the 
pumps  are  first  started  and  no  pressure  head  is  avail- 
able in  the  discharge  line  for  their  operation.  This 
device  was  found  by  no  means  satisfactory,  since  its 
design  requires  an  entire  dismounting  before  the  valves 
can  be  operated  hydraulically.  The  control  of  the 
liydrauiic  valves  is  centralized  at  a  point  near  the 
switchboard,  .so  that  after  priming  a  unit  and  starting 
the  motor  the  operator  merely  turns  a  small  pilot  valve 
which  opens  the  main  valve.  A  reverse  motion  of  the 
jiilot  valve  likewise  closes  the  main  valve,  so  that  the 
operation  is  very  easy  and  rapid.  Hydraulically  rather 
than  electrically  operated  valves  were  chosen  because 
of  their  greater  simplicity  and  much  smaller  first  cost. 
Their  operation  in  this  plant  has  been  eminently  satis 
factory. 

Each  main  pump  unit  is  an  18-in.  double-suction  spli^ 
case  centrifugal  pump  with  bottom  horizontal  discharj 
and  vertical  suction  connection.     The  impellers  are 
bronze,  and  a  bronze  sleeve  covers  the  shaft  from  th8 
impeller  out  through  the  stuffing-boxes.     The  latter  are 
water-sealed   and   were   provided   with    bronze    lanterr* 
rings. 

Water  for  sealing  was  taken  orii»:inally  from  the  pump« 
themselves,  which  necessitated  tightening  the  gland.« 
when  priming.    It  is  now  proposed  to  utilize  clear  water 
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from  a  spring  near  the  station,  which  will  give  suffi- 
cient water  under  pressure  for  water  seal  irrespective 
of  the  operation  of  the  pumps. 

The  pumps  are  provided  with  ring  oiling  bearings  in 
split  babbitt  cases.  A  flexible  coupling  attaches  the 
pump  to  a  350-hp.  induction  motor  on  the  same  bed- 
plate. These  motors  are  three-phase  60-cycle,  of  the 
squirrel-cage  type,  using  current  at  440  volts.  Each 
motor  is  controlled  from  its  own  switchboard  panel,  the 
cable  running  in  a  conduit  laid  in  the  floor. 

The  current  is  transmitted  to  this  station  from  the 
Preston  substation,  about  six  miles  away,  at  44,000 
volts.  Current  is  transformed  into  the  440  volts  used  at 
the  plant  by  a  bank  of  three  500-kv.-a.  transformers  of 
the  outdoor,  oil-filled,  air-cooled  type.  Four  44-kv. 
aluminum-cell  lightning  arresters  are  provided  for 
protection  against  line  surges  and  lightning  discharges, 
and  the  other  equipment  includes  disconnecting  and 
line  switches,  choke  coils,  expulsion  fuses,  etc.  Serious 
difficulty  experienced  in  times  of  electrical  storms  with 
high  potential  discharges  on  the  secondary  side,  soon 
after  operation  was  started,  led  to  the  installation  of 
secondary  arresters  between  the  transformers  and  the 
switchboard,  in  addition  to  the  more  thorough  ground- 
ing and  transformer  cases. 

The  contract  between  the  pumping  enterprise,  or  the 
Lewiston-Bear  Lake  Irrigation  Co.,  and  the  Utah  Power 
and  Light  Co.  comprises  many  features  intended  to 
penalize  peak-load  conditions  and  to  encourage  an 
endeavor  to  economize  on  power  consumption,  although 


the  base  rate  is  only  Ic.  per  kw.-hr.  In  the  design  of 
the  plant,  therefore,  an  effort  was  made  to  eliminate 
so  far  as  possible  hydraulic-energy  losses  in  piping  and 
sumps,  and  in  preparing  the  specifications  an  efficiency 
for  the  pumping  units  themselves  of  81  per  cent,  was 
demanded.  This  was  considered  a  not  unattainablf 
ideal,  but  one  of  the  largest  pump  manufacturers  in 
the  country  refused  to  bid  upon  the  basis  of  this  figure, 
and  several  other  manufacturers  were  very  loath  at  first 
to  offer  to  attain  this  efficiency,  particularly  since  the 
contract  was  so  worded  that  a  certain  percentage  of 
the  contract  price  was  to  be  withheld  pending  the 
attainment  of  the  guaranteed  efficiency.  Inasmuch  as 
this  percentage  amounted  to  $12,000,  the  contract  pro- 
vided for  complete  tests  of  the  pumps  upon  completion 
of  the  plant.  Considerable  thought  was  given  to  the 
matter  of  accurate  water  measurement.  After  rejection 
of  other  methods  because  of  difficulty  of  operation  or 
probable  inaccuracies,  it  was  decided  to  install  a  14-ft. 
Cippoletti  weir  in  the  discharge  canal,  200  ft.  below 
the  outlet  of  the  discharge  pipe  and  at  the  end  of  the 
concrete-lined  section  of  the  canal.  The  weir  was 
constructed  of  2-in.  grooved  and  tenoned  lumber  with 
a  thin  steel  plate  for  the  weir  crest,  the  weir  being 
installed  in  a  substantial  concrete  structure,  with  pro- 
vision for  removing  the  weir  board  upon  completion  of 
the  tests.  Heads  on  the  weir  were  measured  by  a  hook 
gage  reading  to  thousandths  of  a  foot,  the  zero  of 
which  was  determined  by  an  engineer's  level.  Bazin's 
formula,  as  tabulated  in  Williams  and  Hazen's  tables, 
was  used  for  calculating  weir  discharge.  Although 
Bazin's  formula  is  based  on  the  use  of  a  weir  without 
lateral  contractions,  it  is  recognized  that  the  trapezoidal 
weir  with  side  slopes  of  1  to  4  gives  a  discharge  "equal 
to  that  of  the  rectangular  weir  without  end  contrac- 
tions"; hence  Bazin's  formula  may  be  applied  to  the 
determination  of  the  discharge  of  the  weir  in  question 
and  provides  a  very  convenient  method  of  computation, 
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ina.sniuch  as  veloi-ity  of  appromh  is  takon  into  account 
in  the  formula  and  may  be  neglected  when  the  weir 
conditions  arc  comparable  to  Iho.sc  of  Hazin,  which  it 
was  the  endeavor  to  secure  in  thin  case. 

I'rossurc  head  on  the  pumps  was  determined  by  a 
ciiiibratod  Bourdon  jrajre  and  suction  head  by  a  mercury 
manometer,  both  beinj;  referred  to  the  axis  of  rotation 
of  the  pumps  as  a  datum.  Power  input  to  the  motors 
was  measured  at  the  motor  terminals  by  an  indicating 
polyphase  wattmeter,  current  transformers  only  being 
used.  Merely  as  a  check,  the  readings  of  the  .switch- 
board instruments  were  taken  during  the  test,  but  were 
not  u.sed  in  making  calculations.  Subsequent  to  the  te.st 
the  gages  and  electrical  instruments  were  calibrated, 
and  the.se  calibrations  were  u.sed  in  making  the  official 

r.Mu.K  I     uKsii.rs  ur  ck.ntiui  rc;.\i;  iKuiti.vTioN  i»t"MP  te.sts 

Dis-  .Sm-  I)i»-  Pump 

I'ImrK'*  tion  Total  Static*  rhnrgc,  VAVi- 

l  nil     Head.  Uciul.  Head,  l.ift.  .Sc<-.-  \\  Mrr  111'  .i.n.v, 

No         bt.  Ft.  Ft.  Ft.  Fl.  II  1'.  Input          '.,       .Spcrd 

I          70   I  18  2  88  3  85  )S  28  36  284  3  344  6  82  5       886 

I          75  8  17  7  93   5  85.26  27   51  292  0  347  6  84  0       883 

1  81    5  16  75  98   25  85  05  25  95  290  0  344  4  84   2       889 

2  70  1  18  1  88  2  85  34  27  69  277  5  344  4  80  6  880 
2         75  5        17   5       92  8       85  20       26  82       282  8       347  8       81    3       880 

2  80  5       16  9       97  4       84  90       25.76       285  0       350  0       814       882 

3  70   1        18    3       88  4       85  23       28  52       286  2        341    6       83  8 
3  74  8        18    I        92  9       85  24        27  81        293.6       344  6       85  2 

3  81    0       17  4       98  4       85  38       26.09       291.9       341   6       85.4 

4  69  9  18  6  88  5  85  55  27  72  278  3  339  6  819  884 
4  74  8  17  9  92  7  84  91  27.22  286  3  343.5  83  4  882 
4  80  3        17  2       97.5       87  79        26  32        291    4        344  0       84  7        880 

I.   2. 
3.4     71    1        17  4       88  5       85  8        108  01      1086   0      1421    5        76   5 

calculations.  In  calculations  of  pump  efficiency  the  mo- 
tor efficiency  was  assumed  as  that  shown  by  factory 
test  at  full  load,  91  per  cent. 

In  testing  (see  Table  I),  the  pumps  were  each  run 
separately  at  three  heads,  the  heads  being  varied  by 
partly  closing  the  hydraulic  gate  valves.  Following  the 
runs  of  the  individual  pumps  all  four  were  operated 
together  to  determine  the  action  of  the  manifold  as 
regards  friction  effect. 

The  mo.st  significant  figures  in  Table  I  are  those  on 
pump  efficiency.  It  will  be  seen  that  efficiencies  of 
over  85  per  cent,  were  attained  by  No.  3  unit,  while 
all  units  are  safely  over  the  guaranteed  efficiency  of 
81  per  cent,  at  90-ft.  head.  The  lower  efficiency  of 
No.  2  unit  is  thought  to  be  due  to  a  small  air  leak  in 
the  suction  pipe.  This  leak  was  not  discovered  until 
the  tests  had  been  completed.  With  all  the  pumps  in 
operation  there  is  noted  a  distinct  falling  off  in  pump 

T.\BLE  II.     FRICTION  LOSSES  BETWEEN  DISCHARGE  C.\NAL  AND 
FOREBAY 

Unit  No.                      12  3  4  Four  in 

Parallel 

Total  static  Hf,  ft 85  35             85  34  S5  23  85  55  85  8 

Discharge  head,  ft 70   1                 70    1  70   1  69  9  71    1 

Suction  head,  ft 18  2                 18    1  18  3  18  6  17   4 

Total  head,  ft                     88  3                88  2  88  4  88  5  88   5 

Friction  head,  ft   2  95                2  86  3    17  2  95  2  7 

Discharge,  sec -ft              28   35              27   69  28   52  27   72  108  01 

efficiency  which  is  difficult  to  explain,  since  there  is  no 
apparent  reason  why  an  efficiency  determined  for  the 
four  units  working  in  parallel  should  not  be  the  mean 
of  their  individual  efficiencies  at  approximately  the 
same  conditions  of  head  and  discharge. 

Table  II  illustrates  the  apparently  anomalous  condi- 
tion of  friction  head  decreasing  as  discharge  increases. 
This  is  probably  due  entirely  to  the  better  flow  condi- 
tions established  in  the  steel  manifold  when  all  four 
branches  are  discharging  than  when  one  only  is  being 


u.M'd,  MO  that  the  saving  of  head  here  nmre  than  over- 
imlances  the  greater  lo.ss  in  the  concrete  pipe  due  to 
the  increase  of  velocity  when  carrying  108  .He«ond-feet. 
A.s  a  whole  the  efficiency  test.s  of  this  |ilant  illustrate 
the  recent  remarkable  advance  in  centrifugal-pump 
design  from  the  standpoint  of  efficiency  and  give  rea- 
.son  to  believe  that  it  is  not  too  much  to  expect  that  in 
the  ca.se  of  large  units,  working  under  reasonably  high 
heads,  85  per  cent,  efficiency  may  be  obtained  where 
the  character  of  the  installation  is  such  as  to  warrant 
the  extra  expense  of  a  pump  designed  for  the  special 
conditions  under  which  it  is  to  operate.  It  is  to  be 
noted  that  such  efficiency  can  be  obtained  only  by  the 
u.se  of  small  running  clearances  in  the  impeller  at  the 
v/earing  ring  which  prevent  leakage  from  the  discharge 
back  to  suction;  and  the  water  .seal  preventing  air 
leakage  into  the  suction  passage  around  the  shaft  must 
be  perfectly  air-tight.  Wear  is  to  be  expected  in  the 
course  of  time  in  the  wearing  rings,  and  the  glands 
cannot  be  maintained  in  perfect  condition  after  a  long 
period  of  use,  so  that  to  maintain  the  high  efficiency 
found  when  the  in.stallation  is  new  it  will  be  necessary 
to  renew  from  time  to  time  the  wearing  rings  and  the 
bronze  sleeves  on  the  shaft. 

The  Factor  of  Safety 

By  ,J.  R.  Belknap 

In  engineering  design  the  factor  of  safety  will  play 
an  important  part  when  we  have  to  get  down  to  bedrock 
competition  with  the  rest  of  the  world  in  engineering 
products.  For  example,  .suppose  one  designer  figures  a 
machine  with  a  factor  of  .safety  of  4  and  another  de- 
signs a  similar  machine  with  a  factor  of  safety  of  6. 
Evidently,  the  first  has  a  decided  advantage  as  to  sav- 
ing of  material  and  weight  and  therefore  price. 

Some  time  ago  a  concern  bought  a  centrifugal  pump- 
ing unit  which  was  about  the  lightest  and  cheapest 
thing  on  the  market.  However,  it  was  the  only  thing 
to  be  had  on  short  delivery.  Realizing  what  kind  of  a 
machine  it  was,  I  made  a  special  effort  to  get  a  good 
foundation  under  it,  to  see  that  the  piping  made  no 
strains  in  the  frame  and  that  it  was  carefully  lined  up. 
When  setting  up  a  centrifugal  pump,  the  coupling  bolts 
should  be  left  out  until  all  suction  and  discharge  piping 
is  done,  because  no  matter  how  well  it  may  be  lined  up 
a  pipefitter  can  easily  pull  it  out  of  line.  This  plan  was 
followed  with  the  pump  mentioned,  with  the  result  that 
it  has  never  given  any  trouble.  The  efficiency  is  good 
and  is  maintained  under  a  wide  load  range. 

A  learned  professor  once  dubbed  the  factor  of  safety, 
"Factor  of  Ignorance."  I  would  suggest  "Factor  of 
Experience." 

When  an  oil  engine  is  made  that  breaks  a  crankshaft, 
breaks  another  and  then  another,  that  is  pretty  good 
evidence  that  the  crankshaft  has  too  small  a  factor  oJ 
safety,  no  matter  what  figures  the  designer  might  she 
to  prove  to  the  contrary. 

A  well-known  motor  car  was  designed  by  running  th« 
weakest  parts  to  destruction  and  then  increasing  the 
factor  of  safety  until  the  required  length  of  service  was 
obtained.  The  information  that  manufacturer  has  o 
tained  by  this  method  was  costly  at  first,  but  that  cai 
has  obtained  a  reputation  for  durability  that  has  nol 
been  equaled. 
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The  Shipping  Board's  Rules  for 
Marine  Machinery 

IN  OUR  review  of  the  year  in  the  January  seventh 
issue  brief  mention  was  made  of  the  rules  and  regu- 
lations of  the  United  States  Shipping  Board  Emergency 
Fleet  Corporation  covering  the  building  and  inspection 
of  the  machinery  used  on  board  the  ships  made  for  and 
by  the  Fleet  Corporation.  Since  then,  Series  One  of 
the  rules  has  come  from  the  press  and  is  now  being 
distributed.  It  was  necessarj'  to  formulate  rules  govern- 
ing the  allowances  and  tolerances  for  the  great  quantity 
and  variety  of  mechanical  equipment  going  into  the 
enormous  tonnage  built  and  to  be  built  by  the  Emer- 
gency Fleet  Corporation,  not  only  to  get  standardization, 
but  to  protect  the  investment  and  minimize  troubles 
at  sea.  Our  shipping  will  have  enough  to  compete 
with  without  being  burdened  by  the  losses  inevitable 
when  ships  are  crippled. 

When  one  looks  casually  at  the  little  book  of  rules, 
seven  by  four  inches,  one  hundred  and  forty-three  pages, 
one  finds  it  quite  difficult  to  assess  its  value,  to  visualize 
all  that  was  necessary  to  produce  it.  But  if  one  will 
read  over  the  names  of  the  distinguished  engineers  who 
comprise  the  eleven  committees  which  formulated  the 
rules,  if  one  will  see  them  coming  together  at  Phila- 
delphia, sometimes  at  short  notice,  there  agreeing  upon 
the  thousand  and  one  differences  in  opinion,  in  shop 
practices,  in  experience — all  to  the  end  that  not  only 
should  their  rules  and  instruction  produce  the  best  and 
safest  equipment,  but  permit  of  its  production,  delivery 
and  installation  in  such  expeditious  manner  that  not  an 
instant's  delay  would  affect  the  delivery  of  the  completed 
ship — one  will  get  a  conception  of  the  import  of  the 
little  green  volume. 

Now  the  Boiler  Code  was  something  like  eleven  years 
in  the  making,  and  it  covers  only  some  kinds  of  boilers. 
But  it  is  an  invaluable  work  and  everybody  knows  it.  The 
Emergency  Fleet's  rules  were  formulated  in  a  matter 
of  weeks  and  cover  every  apparatus  aboard  ship  from 
propeller  to  boiler.  Among  the  names  in  the  book  of 
rules  will  not  be  found  that  of  the  dynamic  gentleman 
from  Lowell  who,  as  standardization  engineer  for  the 
Shipping  Board,  directed  the  making  of  the  rules.  But 
John  A.  Stevens'  name  should  be  there,  just  as  it  is 
in  the  Boiler  Code,  which  he  with  equal  force  worked 
so  hard  to  formulate.  No  little  credit  is  due  the  de- 
partmental engineers  and  chiefs  of  the  Emergency 
Fleet  Corporation  who  so  thoroughly  cooperated  with 
Mr.  Stevens  and  the  several  committeemen. 

Of  particular  interest  is  the  section  of  the  rules  de- 
voted to  refrigerating  machinery.  Probably  no  industry 
in  engineering  had  so  little  standardization  or  more 
badly  needed  it  than  the  refrigerating  machinery  in- 
dustry. Yet  the  committee  did  a  noteworthy  work;  it 
is  complete,  practicable  and  eminently  fair.  The  per- 
sonnel of  the  committee  should  be  known:  E.  H. 
Oderman,  chairman,  Frick  Company;  James  McNaught, 


consulting  engineer.  New  York  City;  Louis  Block,  con- 
sulting engineer.  New  York  City;  F.  M.  Woodford, 
consulting  engineer.  New  York  City;  R.  A.  Gulick, 
Brun.swick  Refrigerating  Company,  New  Brunswick, 
N.  J.;  H.  R.  Fisher,  York  Manufacturing  Company, 
York,  Penn.;  L.  S.  Morse,  York  Manufacturing  Com- 
pany. Frank  Gentles  and  D.  H.  Scott  were  engineer 
and  inspector  respectively  for  the  Fleet  Corporation. 
If  ever  the  American  Society  of  Refrigerating  En- 
gineers wants  to  draft  standards  for  the  construction  of 
its  industry's  machinery,  it  will  find  the  Fleet  Corpora- 
tion's rules  an  invaluable  guide. 

The  book  of  rules,  known  as  Series  One  and  open  to 
revision  as  practice  requires,  is  one  of  the  good  things 
in  a  mechanical  way  to  come  out  of  the  war.  The  shop 
practices  of  the  best  manufacturers  were  thrown  into 
the  melting  pot,  and  the  most  excellent  and  practicable 
poured  into  Series  One. 

The  Electrical  Study  Course 

IT  IS  a  truism  that  success  in  any  line  of  endeavor 
today,  requires  a  better  understanding  of  the  under- 
lying principles  and  a  broader  experience  than  ever  be- 
fore. Nowhere  is  this  more  true  than  in  the  modern 
power  plant.  The  early  power-plant  engineer  was  to  a 
large  extent  a  mechanic  backed  up  by  strong  muscles, 
a  stout  heart  and  a  willingness  to  do  hard  work.  In 
the  small  plant  if  he  kept  the  steam  up  and  the  engine 
running  when  needed,  and  attended  to  the  general 
mechanical  needs  out  in  the  plant,  he  was  a  good  en- 
gineer in  the  eyes  of  the  owner.  Consideration  was 
rarely  given  to  the  cost  of  operation.  In  the  larger  plants 
there  were  one  or  more  firemen  whose  highest  qualifica- 
tion was  the  ability  to  shovel  coal  and  keep  the  steam- 
gage  hand  at  the  required  figure.  How  much  coal  they 
burned  to  accomplish  this  was  a  secondary  considera- 
tion. The  engineer's  qualifications  were  judged  by  his 
ability  to  keep  the  engine  running;  "pounds  of  steam 
per  kilowatt-hour"  was  a  thing  alien  to  the  minds  of 
both  the  plant  manager  and  the  engineer. 

The  day  has  gone  when  ability  to  shovel  coal  and  keep 
the  engine  running  is  the  only  qualification  the  power- 
plant  engineer  requires.  Not  only  must  he  know  how  to 
do  this,  but  he  must  know  how  to  do  it  most  efficiently. 
Although  he  does  not  actually  fire  the  boilers,  he  must 
know  the  most  efficient  way  of  doing  it.  He  must 
be  familiar  with  the  heat  value  of  fuels,  the  right 
amount  of  air  for  efficient  combustion,  temperature  of 
flue  gases  and  gas  analysis,  etc.,  so  that  he  may  in- 
struct his  firemen  how  to  obtain  the  highest  evaporation 
per  pound  of  coal  fired.  In  the  engine  room  he  must 
not  only  know  how  to  keep  the  complicated  multiplicity 
of  machinery  in  good  operating  condition,  but  also  how 
to  produce  a  kilowatt-hour  at  the  switchboard  with  a 
minimum  steam  consumption. 

Along  with  the  vast  increases  in  the  appurtenances 
in  the  steam  end  of  the  plant,  have  been  added  refrig- 
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crntinjr  c(iiiipniont,  vcntilntinpr  nnd  hentinfi:  equipment 
and  a  vast  array  of  clfctricnl  machinery.  It  in  the  en- 
gineer's job  to  see  that  this  equipment  is  kept  in  ef- 
ficient operating  condition.  To  do  this  in  some  of  the 
modern  plants  the  chief  engineer  may  have  as  many 
as  one  hundred  and  fifty  men  under  him,  or  even  a 
greater  number.  Thus  he  not  only  must  be  familiar 
with  power-plant  operation,  but  also  must  be  an  execu- 
tive of  no  small  ability. 

Throughout  this  development  in  power-plant  equip- 
ment. Power  has  endeavored  to  furnish  those  interested 
in  power-plant  operation  the  necessary  information  to 
assist  in  solving  their  problems.  Among  these  prob- 
lems none  are  larger  than  the  electrical,  for  scarcely 
any  part  of  a  modern  power  plant  can  be  considered 
without  coming  in  contact  with  electrical  devices.  Among 
the  many  practical  articles  published  in  our  reading 
columns  on  the  installation,  operation  and  maintenance 
Cf  electrical  equipment,  The  Electrical  Study  Course 
has  appeared  every  other  week  for  over  two  years.  The 
purpose  cf  this  course  is  to  give  the  reader  who  wishes 
a  better  knowledge  of  the  fundamental  principles  of  elec- 
tricity, magnetism  and  electrical  machinery,  an  op- 
pDrtunity  to  avail  himself  of  a  systematic  course  of 
study.  How  successful  this  course  has  been  is  indicated 
by  the  ever  increasing  demand  for  more  of  this  ma- 
terial— a  demand  that  has  become  so  great  that  we  have 
decided  to  publish  lessons  weekly  until  the  course  is 
completed.  Therefore,  starting  this  week,  you  will  find 
The  Electrical  Study  Course  in  each  issue  instead  of 
everj'  second  week. 

Light  Curtailment  and  Accidents 

THE  statement  that  approximately  twenty-five 
thousand  persons  are  killed  or  permanently 
disabled,  five  hundred  thousand  seriously  injured  and 
one  million  slightly  injured  each  year  in  this  country 
is  something  that  should  be  of  serious  moment  to  em- 
ployers, even  though  human  life  has  been  one  of  the 
things  held  least  dear  the  last  four  years.  As  pointed 
out  in  a  paper,  "Light  Curtailment  and  Accidents,"  by 
R.  E.  Simpson,  presented  at  the  annual  convention  of 
the  Hluminating  Engineering  Society,  an  abstract  of 
which  is  published  on  page  144  of  this  issue,  translating 
these  figures  into  an  economic  loss,  we  have  the  appalling 
waste  of  what  is  equivalent  to  six  hundred  thousand 
employees  working  three  hundred  days  per  year. 

That  eighteen  per  cent,  of  this  loss,  or  the  services  of 
one  hundred  and  eight  thousand  men  per  year,  is  due 
to  poor  lighting  should  be,  now  that  we  are  again  turn- 
ing our  attention  to  peaceful  pursuits,  a  very  stimulat- 
ing factor  to  our  industries  to  use  the  best  illumination 
practice  available. 

The  inadequacy  of  illumination  in  our  industries  was 
further  brought  out  by  J.  A.  Sweet,  in  the  discussion 
of  the  paper,  in  that  probably  less  than  five  per  cent, 
of  them  represent  in  their  illumination  a  close  approxi- 
mation to  the  best  practice,  about  twenty-five  to  forty- 
five  per  cent.,  although  they  have  made  a  good  beginning 
toward  proper  illumination,  are  still  far  short  of  what 
could  be  considered  good  practice,  and  the  remaining 
fifty  to  sixty-six  per  cent,  are  grossly  inadequate. 

It  has  been  estimated  that  proper  illumination  in  our 
industries  would  result  in  an  increase  of  fifteen  per  cent. 


in  production.  "This  is  ptiiiivalent  to  the  production  of 
an  army  of  approximately  one  and  a  half  million  work- 
ers; an  army  that  consumes  neither  food  nor  clothing 
nor  wealth  in  any  form;  an  army  that  produces  without 
additional  factory  buildings  or  machinery  or  tools;  an 
army  that  gives  at  least  two-thirds  of  its  wages  to  bo 
divided  between  cai)ital  and   labor." 

Another  economy  that  results  from  proper  lighting  is 
a  decrease  in  spoilage  due  to  faulty  workmanship.  This 
saving  has  been  estimated  at  one  hundred  million 
dollars  per  year,  or  equivalent  to  the  labor  production 
of  approximately  one  hundred  thousand  workers. 

The  indications  are  that  competition  in  the  future 
will  be  more  keen  than  ever  before,  consequently  every 
manufacturer  will  have  to  consider  more  closely  means 
that  will  increase  production  or  improve  the  quality  or 
both,  with  little  or  no  increase  in  co.st.  One  of  the 
most  fruitful  fields  appears  to  be  in  furnishing  the 
proper  illumination.  But  this  does  not  necessarily  mean 
more  light.  Many  of  our  industries  have  installed  suffi- 
cient candlepower,  but  the  way  this  has  been  applied 
it  is  far  less  effective  than  a  considerably  less  value 
properly  utilized.  The  time  has  long  since  passed  when 
any  old  lamp  equipped  with  any  old  .shade  installed  in 
any  old  way  constitutes  good  illuminating"  practice. 
Proper  illumination  consists  in  the  selection  of  the  lamp 
and  shads  best  suited  to  each  condition  and  main- 
taining it  in  good  condition  after  being  properly  in- 
stalled. The  sooner  this  is  recognized  by  plant  managers 
the  sooner  we  will  begin  to  obtain  correct  illumination 
in  our  industries  and  eliminate  some  of  the  waste 
pointed  out  in  the  foregoing. 


Among  the  stock  instructions  passed  out  in  the  early 
day  to  those  who  had  to  do  with  electric  generators, 
etc.,  was:  "Always  keep  one  hand  behind  your  back"  (to 
avoid  forming  a  short-circuit  by  a  two-point  contact). 
As  electric  equipment  became  more  complex,  necessi- 
tating the  use  of  both  hands,  the  rule  had  to  be  changed 
to  "use  both  hands  and  your  haad."  This  new  rule  can 
be  profitably  applied  to  other  work. 


Cheap  coal  is  not  always  cheap  fuel  because  cheap 
coal  usually  contains  a  high  percentage  of  ash,  which 
necessitates  frequent  cleaning  of  fires,  and  this  means 
frequent  changes  of  firemen.  A  good  fireman  will  not 
remain  on  a  job  that  is  practically  a  continuous  per- 
formance of  firing,  leveling  and  cleaning  out  ashes. 
Changing  firemen  does  not  lead  to  economy. 


It  is  asserted  that  the  United  States  requires  two  hun- 
dred million  piston  rings  annually,  most  of  which  are 
used  for  automobiles  and  airplanes — to  say  nothing  of 
what  might  have  happened  if  that  $642,000,000  had 
gone  into  airplanes. 


Esprit  de  corps  is  the  French  name  for  the  impulse 
that  keeps  the  whole  engineroom  force  busy  on  Sundays, 
overhauling  the  machinery,  without  demanding  pay  for 
extra  time. 


If  zoning,  pooling  and  the  avoidance  of  cross-hauling 
added  to  the  efficiency  and  economy  of  our  coal-distribut- 
ing system  in  time  of  stress,  why  this  haste  to  abandon  j 
them? 
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Why  Do  Wedge  Bolts  Break? 

A  subject  worthy  of  discussion  in  Poiver  is,  Wiiy  do 
wedge-adjusting  bolts  break?  I  have  in  two  cases  found 
that  the  wedge  did  not  butt  the  rod  end  properly  and 
this  c?used  a  partial  shearing  effect.     The  first  case  de- 
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WEDGE- JIELD  AWAY  FROJI  ROD  BY  THE  BOLTS 

veloped  in  a  very  slow-running  four-valve  engine  when 
the  steam  pressure  was  increased  from  65  to  100  pounds. 

The  illustration  will  explain  the  trouble.  The  draw 
bolts  were  a  very  good  fit  in  the  rod  and  when  strain 
was  applied  the  wedge  stood  away  from  the  rod  about 
sixteen-thousandths  of  an  inch.  Of  course  the  pressure 
forced  the  wedge  back  where  it  belonged,  but  this  put 
a  strain  on  the  bolts  and  sometimes  the  bottom  bolt 
would  break  and  again  the  top  bolt  would  break.  It 
was  somewhat  of  a  job  to  file  the  holes  in  the  rod  back  so 
that  the  wedge  would  seat  properly,  but  it  was  worth 
the  candle. 

The  .second  case  was  that  of  the  top  bolt  breaking 
under  the  head.  In  this  case  a  condenser  had  been  con- 
nected to  the  engine,  as  the  steam  pressure  could  not 
be  raised  and  the  engine  was  lagging.  The  second  week 
after  the  new  condenser  was  placed  in  operation,  the 
top  bolt  broke  under  the  head.  A  new  bolt  was  put  in, 
after  about  three  hours'  work  and  this  bolt  broke  in 
the  same  place  in  less  than  one  week.  Our  old  machinist 
sugge.sted  that  the  hole  in  the  rod  be  countersunk  a  lit- 
tle and  a  bolt  made  with  a  fillet  under  the  head,  as  shown 
in  the  smaller  section.     This  cured  the  trouble. 

Without  doubt  poorly  fitted  boxes  that  play  in  all 
directions  may  cause  the  wedge  bolts  to  break,  and 
running  a  box  so  loose  that  it  pounds  will  produce  the 
.same  trouble.  I  never  had  a  large  wedge  bolt  (1 1  or  1]) 
break,  though  I  have  had  several  in  operation.  The 
ones  referred  to  were  I-  and  :I-in.  bolts. 

New  York  City.  C.  W.  Peters. 

Control  of  Forced  Draft 

J.  T.  Sharp,  Jr.,  described  in  the  issue  of  Dec.  24, 
1918,  page  929,  an  ingenious  automatic  control  for 
forced  draft  when  using  undergrate  blowers.  It  has 
been  my  experience  that  the  best  method  of  operating 
turbo  blowers  is  to  carry  a  sufficient  air  pressure  under 
the  grate  to  maintain  a  pressure  just  a  shade   under 


that  required  to  overcome  the  friction  resistance  of  the 
fuel  bed.  This  will  give  a  slight  vacuum  or  draft  over 
the  fuel  bed,  which  will  measure  from  0.05  to  0.10  inch 
of  water.  Adjust  the  blower  to  give  a  pres.sure  of  from 
0.40  to  0.45  in.  of  water  and  allow  the  natural  draft  to 
overcome  the  remaining  part  of  the  fuel-bed  resistance. 
This  is  a  balanced  draft  condition  which  will  overcome 
back  flashing  through  the  firing  doors.  Minimum 
draft  above  the  fire  will  prevent,  to  a  large  extent,  the 
loss  due  to  drawing  in  cold  air  through  the  open  firing 
doors  and  also  will  cut  down  air  infiltration  through 
the  .setting.  It  is  wise  in  any  case  to  install  draft 
gages,  at  least  one  in  each  a.shpit  and  one  in  the  com- 
bustion chamber,  so  that  conditions  may  be  checked  at 
all  times. 

It  may  be  possible  that  the  back  flashing  when  the 
fire-doors  are  opened  is  due  to  noncombustion  of  the 
volatile  matter  in  the  slack  or  dust.  If  the  fire-doors 
are  left  ajar  for  a  few  minutes  after  firing,  it  is  likely 
that  this  trouble  will  disappear,  as  the  air  drawing  in 
over  the  fire  takes  care  of  these  unburned  gases.  The 
Bureau  of  Mines  recommends  equal  amounts  of  air  over 
and  under  the  grates  for  the  average  semi-bituminous 
coal.  Leaving  the  fire-door  ajar  immediately  after  firing 
will  usually  fv.rnish  the  extra  quantity  of  air  required 
for  complete  combustion.  R.  B.  Clapp. 

Pittsburgh,   Penn. 

A  Simple  Pipe  Bracket 

The  article  on  "Various  Types  of  Pipe  Hangers"  ap- 
pearing on  pages  770  and  771  in  the  issue  of  Nov.  26, 
1918,  brings  to  mind  the  bracket  shown  in  the  illustra- 
tion. It  is  made  of  a  single  piece  of  strap  iron,  is  very 


A    ONE-PIECE    PIPE    BRACKET 

easily  fashioned  and  will  carry  pipes  up  to  6  in.  in  diam- 
eter. There  appears  to  be  no  reason  why  it  could  not 
be  used  for  larger  sizes,  but  I  have  not  seen  it  applied 
to  such.  William  H.  Watson. 

Morristown,   Penn. 


110 


P  n  W  E  R 


Vol.  41),  No.  4 


(^>liiniM  HlouofT  Valve  LoakH 

We  had  ronsideriiblo  trouble  with  the  l)l()\vo(T  valve 
on  the  bottom  of  the  tr»Ke-Klass  drippiiic:  constantly. 
We  freciuently  renewed  the  valves,  but  they  would  not 
stay  ti^ht  long.  I  extended  the  pipe  from  the  bot- 
tom of  the  frage-gla.ss  and  put  the  blowofT  valve  on  the 
lower  end  of  the  pipe.  This  seems  to  protect  the  valve 
to  some  extent  and  prevents  leakage.  In  that  way  the 
blowofT  valve  lasts  considerably   longer. 

This  is  a  simple  suggestion,  but  it  may  help  someone 
that  is  having  similar  trouble.  R.  A.  Williams 

Manassas,  Va. 

Unsyiniiielrical  Indicator  Diagrams 

Referring  again,  if  I  may,  to  the  subject  of  unsym- 
metrical  indicator  diagrams  in  answer  to  Mr.  Hughes 
in  the  issue  of  Jan.  7,  1919,  page  29,  I  submit  the  theo- 
retical compression  curves  for  a  case  where  the  com- 
pression begins  at  nine-tenths  stroke  and  the  other 
where  it  begins  at  eight-tenths  stroke,  the  clearance 
space  being  10  per  cent.,  or  equal  to  one-tenth  of  the 


« 
5 

\      g^ 

II 

i 

\       §5 
\    i  ■ 

p 

1 

\  \|' 

1* 

0) 

\      iN. 

Vi 

M^ 

^^          B/ICH 

>n- 

HRCrilNDER 


COMPRESSION    CURVES    FROM    TWO    DIFFERENT    POINTS 

volume  of  the  piston  displacement.  The  compression 
pressure  from  nine-tenths  stroke  is,  of  course,  double 
because  the  steam  entrapped  is  compressed  into  one-half 
the  space.  This  may  be  taken  as  the  original  condition 
at  both  ends  of  the  cylinder — referring  to  my  letter  in 
the  issue  of  Dec.  10,  1918,  page  856.  If  all  the  compres- 
sion is  thrown  to  one  end  of  the  cylinder,  then  the  ex- 
haust valve  will  close  at  eight-tenths  stroke  and  the 
compression  curve  would  correspond  to  the  upper  curve. 
The  final  pressure  would  be  three  times  the  original, 
because  three  volumes  have  been  compressed  into  one. 
The  measurement  by  planimeter  of  the  large  area  is 
found  to  be  about  50  per  cent,  greater  than  the  smaller 
area  doubled,  for  the  two  ends. 

It  is  obvious  since  the  average  pressure  shown  by 
the  upper  curve  is  greater  and  the  distance  traveled 
by  the  piston  against  compression  in  both  cases  is 
the  same,  whether  all  done  at  one  end  or  divided,  that 
the  total  resistance  or  compression  effort  is  greater  when 
all  at  one  end. 

The  main  point,  however,  is  the  broad  principle  that 
an  indicator  diagram  from  a  given  engine  operating 
perhaps  under  unusual  conditions  "does  not  have  to  look 
like  the  picture  in  the  book"  to  be  the  best  one  for  that 
engine  to  produce.     The  final  test  is  the  operation  or 


running  of  the  engine— like  the  proverbial  test  of  the 
pudding.  My  mode  of  procedure  is  to  set  valves  to 
conform  to  the  conventional  as  nearly  as  posHible,  and 
then  modify  the  adjustment  in  such  a  way  as  to  get 
the  best  operation  under  the  given  or  average  condi- 
tions. The  final  test  on  erecting  a  new  engine  or  ad- 
justing one  should  always  bo  to  slack  back  on  the  ad- 
justment of  the  crank  avd  crosshead  pins  and  run  the 
engine  from  no  load  to  full  load.  If  it  floes  not  operate 
rea.sonably  quietly,  it  is  not  right  either  in  design  or 
adjustment.  If  the  design  is  wrong  for  the  operating 
conditions,  as  cited,  the  operation  may  in  many  cases 
be  improved  by  so  adjusting  the  valves  as  to  counter- 
act the  structural  defect.  This  in  no  way  deprecates 
the  use  of  the  indicator  because  it  is  all  the  more  nec- 
essary to  use  one  in  adjusting  the  engine  in  the  same 
way  later.  J.  Lewis. 

New  York  City. 

Requirements  of  a  Diesel  Operator 

In  his  letter  appearing  in  Power  of  Jan.  7,  Mr.  Cooke 
falls  into  the  all-too-comm.on  error  of  insisting  that  in- 
telligence and  not  skill  is  the  main  requirement  of  a 
Diesel  operator.  I  do  not  believe  any  manufacturer 
of  steam  engines  would  venture  to  suggest  that  the 
operating  engineer  need  not  be  skilled.  The  corner 
grocer  is  intelligent,  in  the  accepted  meaning  of  this 
word;  still,  Mr.  Cooke  would  probably  insist  that  the 
operator  of  one  of  his  engines  be  not  only  well-informed 
on  current  matters,  as  is  the  grocer,  but  also  versed  in 
the  particulars  of  oil  engines.  If  a  man  is  well-versed  in 
any  line,  it  is  usual  to  term  him  skillful  in  that  line. 

Mr.  Cooke  perhaps  intends  to  convey  the  idea  that 
there  is  no  special  mystery  about  the  functioning  of  a 
Diesel  engine  and  that  any  good  steam  engineer  can, 
after  some  experience,  successfully  cope  with  all  operat- 
ing difficulties  that  arise.  If  this  is  the  idea  he  intended 
to  convey,  he  is  undoubtedly  correct  in  his  argument. 
Any  man  who  is  capable  of  meeting  the  many  perplexing 
problems  that  arise  in  a  modem  steam  plant  possesses 
enough  intelligence  and,  in  all  probability,  enough  me- 
chanical skill  to  operate  any  oil  engine  after  some 
training. 

The  one  great  obstacle  that  the  steam  engineer  must 
overcome  is  his  natural  aversion  to  any  form  of  internal- 
combustion  engine.  This  feeling  is  the  result  of  his 
belief  that  the  peculiarities  of  the  oil  engine  are  baffling. 
The  steam  operator  is  accustomed  to  having  the  causes 
of  practically  all  ordinary  plant  defects  perfectly  trans- 
parent. If  the  problem  is  baffling,  the  steam  plant 
usually  continues  to  function,  even  though  at  decreased 
power  or  increased  cost.  On  the  other  hand,  the  Diesel 
engine,  as  the  editor  expressed  it,  must  operate  econom- 
ically or  not  at  all. 

The  operator  is  seldom  given  time  to  investigate  the 
reason  for  the  operating  defect.  He  must  be  able  to 
decide  immediately  on  the  proper  procedure  to  follow  in 
correcting  the  fault.  For  instance,  if  the  engine  slows 
dowTi,  one  of  a  score  of  things  may  be  the  cause.  The 
fuel  supply  may  be  gone;  the  fuel  line  clogged;  the 
fuel  oil  mixed  with  water;  the  fuel-pump  valves  leaking; 
the  fuel  valve  wedged  open ;  the  injection-air  pressure 
too  low,  due  to  one  of  a  dozen  probable  reasons;  the 
piston   rings  broken,   destroying  the  compression;   the 
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lubrication  of  the  cylinder  defective;  the  cooling-water 
supply  inadequate  to  cool  the  cylinder  thoroughly;  or  a 
number  of  other  things  not  enumerated.  The  majority 
of  these  defects  may  exist  without  the  fact  being  at 
once  apparent.  To  the  steam  engineer  this  condition 
is  baffling  and  he  usually  ends  up  by  unjustly  condemn- 
ing the  engine. 

The  writer  has  met  many  steam  engineers  who  have 
tried  to  operate  oil  engines,  and  in  most  cases  they 
regard  the  oil  engine  as  a  sort  of  magic  v;orkcr.  They 
see  its  hands  are  open,  but  are  positive  it  will  pull  a 
white  rabbit  or  at  least  some  kind  of  jinx  out  of  its 
overalls  pocket.  If  the  steam  operator  will  put  aside 
his  personal  objections,  there  is  no  reason  why,  with 
some  months  of  training,  he  should  not  qualify  as  a 
Diesel  operator. 

Mr.  Cooke  may  have  intended  to  convey  this  idea  of 
the  adaptabilty  of  the  steam  engineer  to  Diesel  opera- 
tion. However,  his  mention  of  the  Ford  engine  to  prove 
that  skilled  attention  is  not  essential  would  seem  to  in- 
dicate a  belief  that  any  man  of  intelligence,  but  without 
mechanical  skill,  can  be  immediately  transformed  into 
a  Diesel  operator.  Let  us  consider  the  Ford.  This 
engine  rates  about  20  hp.,  but  with  the  usual  road  con- 
ditions a  Ford  owner  runs  his  machine  at  around  7  hp. 
output.  The  engine  is  then  running  at  some  30  per 
cent,  of  its  rating,  and  the  wear  is  correspondingly  low. 
Furthermore,  it  is  the  exception  rather  than  the  rule 
for  a  Ford  to  run  more  than  two  or  three  hours  without 
a  stop.  In  fact,  most  owners  seldom  make  runs  ex- 
tending over  an  hour's  time.  Even  though  the  load 
factor  is  under  50  per  cent,  and  the  period  of  operation 
less  than  10  per  cent.,  the  Ford  engine  will  wear  out. 
Thirty  thousand  miles  is  much  higher  than  the  average 
Ford  engine  covers  before  it  is  ready  for  the  junk  pile 
or  second-hand  dealer.  At  20  miles  per  hour  this 
represents  1500  hours  of  operation.  Would  Mr.  Cooke 
be  satisfi.d  with  a  1500-hour  life  for  the  Mcintosh  & 
Seymour  Diesel?  To  the  contrary,  it  has  been  stated 
by  the  Mcintosh  &  Seymour  Corporation  that  their 
engine  needs  no  important  adjustment  of  bearings,  etc., 
inside  of  10,000  hours  of  service.  No  reasonable  person 
will  deny  that  a  considerable  part  of  the  rapid  deprecia- 
tion of  the  automobile  is  due  to  the  lack  of  skill  on  the 
part  of  automobile  mechanics. 

The  Diesel  engine  does  not  enjoy  the  popularity  in 
America  that  is  due  it.  This  can,  in  a  large  measure, 
be  attributed  to  manufacturers'  statements  of  the  lack 
of  skilled  attention  required.  The  purchaser  invests 
and,  with  the  glowing  statements  of  the  builder  in 
mind,  forthwith  employs  an  attendant  who  could  not 
run  a  sawm.ill  steam  engine,  but  who  is  undoubtedly 
intelligent — at  least,  he  votes. 

The  writer  has  never  been  able  to  understand  why 
the  Diesel  builder  lays  so  much  stress  on  the  claim  that 
skilled  help  is  not  necessary.  Even  with  high-priced 
labor  the  Diesel  is  economical.  In  a  Texas  Diesel  plant 
of  1500-hp.  capacity  a  high-priced  chief,  who  is  a 
machinist,  is  employed.  While  the  watch  engineers' 
pay  is  above  the  normal  rate,  still  the  total  cost  per 
kilowatt  output,  including  a  15  per  cent,  fixed  charge 
on  plant  cost,  is  under  one  cent.  This  is  lower  than  the 
cost  at  a  Texas  steam  turbine  plant  of  over  10,000-kw. 
capacity  using  8-cent  gas  as  fuel  and  with  only  a  12 
per  cent,  fixed  charge. 


The  successful  Diesel  operator  must  be,  above  all,  a 
machinist.  If  the  chief  engineer  of  a  plant  does  not 
possess  this  requisite,  then  a  machinist  must  be  em- 
ployed, or  the  plant  faces  rapid  deterioration.  The 
Diesel  is  the  most  economical  prime  mover  in  exi.stence 
at  present  and  is  altogether  a  most  satisfactory  unit. 
The  writer  has  operated  several  makes  and  investigated 
a  number  of  plants,  and  without  exception  the  successful 
plant  has  a  machinist   in   its  organization. 

Philadelphia,  Penn.  E.  E.  SNOW. 

An  Easily  Made  Oil  Filter 

A  short  time  ago,  while  visiting  a  neighboring  power 
plant,  I  saw  an  oil  filter  that  is  a  little  out  of  the 
ordinary  and  that  can  be  easily  made.  There  were 
only  two  50-kw.  units  in  the  plant,  each  of  which  had 
a  gravity  oiling  system,  with  a  small  tank  placed  above 


OIL-WASHING    TANK    RELIEVES    FILTERS 

the  highest  bearings.  All  waste  oil  was  drained  of! 
into  a  bucket  and  emptied  by  hand  into  the  filter,  made 
as  shown  in  the  illustration. 

Tank  A  was  a  30-gallon  range  boiler  and  B  is  a 
small  oil  filter.  Tank  A  is  filled  about  half  full  of 
water.  The  used  oil  is  poured  into  the  funnel  at  the 
top,  which  holds  about  three  gallons,  and  flows  slowly 
down  the  pipe  extending  inside  of  the  tank  to  the 
bottom  similar  to  the  cold-water  pipe  in  a  range  boiler. 
The  cock  is  partly  closed  to  regulate  the  flow.  The  oil 
then  passes  up  through  the  water  to  the  overflow  pipe 
at  the  top  to  the  tank,  during  which  time  the  water 
washes  out  the  foreign  matter  and  cleanses  the  oil. 
The  drain-cock  at  the  bottom  of  tank  A  is  opened  at 
intervals  and  the  sediment  flushed  off  and  clean  water 
added  at  the  top.  It  is  necessary  to  clean  the  second 
filter  only  at  long  intervals  and  clean   oil   is  assured 
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with  little  attention.  It  coultl  \n.>  improved  by  mean.s 
of  pumps  to  hniulle  the  oil  milomatically,  but  the  amount 
of  oil  u.sed  is  so  small  that  it  can  bo  done  by  hand  in 
a  few  minute.H.  J.  C.  Hawkins. 

Hyattsvillo.  Md. 

Uoiirr  Tu]>08   Were    Buniod 

I  had  occasion  recently  to  accompany  a  boiler  in- 
spector to  a  plant  containing  a  .3.50-hp.  water-tube 
two-drum  curved-tube-tyiie  boiler,  and  what  we  found 
there  was  interestinj!:. 

The  first  nest  of  four  rows  of  tubes  were  almost 
without  exception  burned  away,  beginning  a  few  inches 
above  the  ashes  that  lay  on  the  lower  drum  and  upward 

for  four  or  five  feet. 
This,  of  course,  caused 
the  baffle  walls  to  col- 
lapse and  expose  the 
tubes  of  the  second  pass, 
and  most  of  these  tubes 
were  also  burned  out  or 
twisted  out  of  place.  All 
drums  were  found  intact. 
The  lower  drum  had  a 
heavy  covering  of  ashes, 
which  no  doubt  saved  it 
from  being  burned,  and 
the  upper  one  was  quite 
a  distance  from  the  fire. 
Inspection  was  continued 
to  the  water  column, 
where  a  dangerously 
rigged-up  affair  was 
found.  The  gage  glass 
valves  were  originally 
operated  by  arms  and 
chains,  from  the  floor, 
but  the  chain  from  the 
opening  arm  of  the  water 
valve  was  missing  and 
CHAIN-  CONNECTION  AS  FOUND  instead  there  was  a  light 
metal  weight  hung  on  it,  not  heavy  enough  to  overcome 
the  friction  of  the  packing.  The  other,  or  closing,  arm 
had  a  chain  hanging  to  within  reaching  distance  of 
the  floor. 

The  chain  connections  between  the  steam  and  water 
valves  were  crossed  as  shown  in  the  illustration,  and 
obviously,  when  the  floor  chain  was  pulled  the  water 
was  shut  off  and  the  steam  connection  opened,  or  if 
the  weights  happened  to  open  the  water  connection,  the 
steam  connection  was  closed.  The  water  connection  was 
found  closed  and  was  probably  in  that  position  when 
the  "burnup"  occurred.  J.  M.  REEVES. 

Mercedes,  Tex. 

Chemical  and  Physical  Control  of  Boiler 

Operation 

As  might  be  expected  from  anything  written  by  Mr. 
Uehling,  the  article  on  "The  Chemical  and  Physical 
Control  of  Boiler  Operation,"  printed  in  your  issue  of 
Jan.  7,  is  a  valuable  contribution  to  the  literature  on 
coal  conservation.     However,  we  think  that  Mr.  Uehling 


ha.**  devoted   himself  to  chemical  and   physical  contiil 
HO  long  that  he  unconsciously  overlooks  or  rather  sligiii 
mechanical  control. 

For  example,  he  states  regarding  weighing  of  coal 
to  boiler  for  comparison  of  readings  of  hot  water  or 
steam-flow  meters:  "The  results  cannot  be  calculated 
oftener  than  once  a  day  and  generally  once  a  week  is 
considered  sufficient  for  a  control  over  the  operation 
of  a  boiler  plant."  Automatic  boiler  scales  give  a  con- 
tinuous record  of  the  coal  delivered  to  each  individual 
boiler  and  hourly  comparisons  can  be  made,  if  desirable, 
although  comparisons  of  consumption  on  different  shifts 
are  more  customary.  Mr.  Uehling  is  evidently  comparing 
obsolescent  hand-weighing  methods  with  (^0,  recorders, 
etc. 

Again,  he  says:  "The  coal  weigher  cannot  di.scrimi- 
nate  between  coal,  ash  and  moisture  and  since  these 
constituents  are  never  constant  and  frequently  vary 
G  per  cent,  or  more  in  successive  shipments,  and  since 
the  heat  value  of  the  fuel  depends  on  its  purity,  the 
calculated  results  will  be  that  much  in  error."  This  is 
true,  but  he  ignores  the  fact  that  the  greater  accuracy 
of  automatic  coal  scales  (one-half  of  one  per  cent.)  over 
CO,  recorders,  draft  gages,  pyrometers,  etc.,  probably 
more  than  compensates  for  the  variables  mentioned. 

He  states  further:  "The  mechanical  control  has  an- 
other and  even  more  serious  shortcoming  in  that  it  gives 
absolutely  no  clue  as  to  why  the  plant  as  a  whole  is 
operating  more  or  less  wastefully."  He  ignores  the 
fact  that  CO.  recorders,  pyrometers  or  draft  gages  by 
no  means  cover  the  entire  field  of  boiler  efficiency.  For 
example,  the  boiler  may  be  scaly  or  the  quality  of  the 
coal  may  be  poor,  without  their  indicating  same.  A 
comparison  of  coal  consumed  with  water  evaporated  or 
steam  pressure  obtained  indicates  if  anything  is  wrong. 

When  Mr.  Uehling  in  contrasting  the  two  methods  of 
control — mechanical  and  physical  and  chemical — says 
that  "either  method  is  better  than  no  control  at  all,  and 
neither  method  is  by  itself  adequate  to  produce  max- 
imum economic  results,"  he  states  the  full  truth.  There 
is  room  for  both  mechanical  and  chemical  and  physical 
control  of  boiler-room  operation  and  nothing  short  of 
both  is  control.  F.  Odone, 

Passaic,  N.  J.  Richardson  Scale  Co. 

Current  in  the  Center  Conductor  of  a 
Two-Phase  Three-Wire  System 

On  page  31  of  the  Jan.  7  issue  of  Power,  "Inquiries 
of  General  Interest,"  answering  the  question  by  W.  D. 
T.  in  regard  to  "Relations  of  Currents  in  A.  C.  Systems," 
I  notice  what  appears  to  be  a  typographical  error. 

In  the  section  of  the  an.swer  referring  to  currents  in 
a  balanced  two-phase  three-wire  system  the  current  in 
ihe  two  outside  wires  is  given  as  /,  =  Ii,,  In  being 
current  per  phase  in  an  equivalent  two-phase  four-wire 
system.  Ttie  current  in  the  common  wire  is  given  as 
/p  =  l/^h;  this  expression  should  read  L;  =  1  27;,. 
That  is,  I;,  should  not  be  under  the  radical,  but  should 
be  multiplied  by  l/2  (1.414).  In  other  words,  the 
current  in  the  center  leg  of  a  balanced  two-phase  three- 
wire  system  is  equal  to  the  current,  in  amperes,  in  one 
of  the  outside  legs  times  the  square  root  of  two. 

Newark,  N.  J.  W.  E.  Clemson. 


INQUIRIES  OF  GENERAL  INTEREST 


Depolarized  Belts — Pumps,  driven  through  depolarized 
belts,  for  transmitting  gasoline,  have  been  ordered  for  one 
of  our  plants.    How  is  depolarization  of  belts  accomplished? 

S.  R. 

Belts  running  at  high  speeds  in  dry  places  take  on  a 
high  static  electrical  charge.  The  sparks  caused  by  the 
discharge  from  such  belts  become  very  dangerous  where 
gasoline  fumes  or  other  highly  explosive  fumes  are  present. 
The  usual  method  of  overcoming  static  is  to  place  one  or 
more  metal  combs  in  close  proximity  to  the  belt  and  con- 
nect them  to  ground.  Pieces  of  small  chain  or  wire  may 
be  used  for  the  same  purpose.  Driving  these  pumps  direct 
would  seem  to  be  a  much  better  practice,  as  this  would 
eliminate  any  trouble  that  might  arise  from  the  use  of  a  belt. 

Varying  Speed  of  a  Compound  Motor — Can  the  speed  of 
a  compound-wound  meter  be  adjusted  by  the  use  of  a  vari- 
able resistance  connected  in  series  with  the  shunt-field 
winding  as  in  a  shunt-wound  motor?  W.  N.  C. 

The  speed  of  a  compound  motor  cannot  be  adjusted  by 
introducing  a  variable  resistance  in  the  shunt-field  wind- 
ing, and  operate  as  a  compound  machine,  as  with  a  shunt 
motor.  This  is  due  to  the  ampere-turns  of  the  series  wind- 
ing becoming  more  effective  as  the  ampere-turns  of  the 
shunt  winding  is  reduced.  Where  a  drive  requires  a  com- 
pound motor  during  the  starting  period  and  shunt-field 
control  after,  the  series  winding  is  cut  out  of  circuit  before 
introducing  resistance  into  the  shunt-field  circuit.  Such 
conditions  are  found  in  elevator  and  printing-press  drives, 
etc. 

Charge  for  Steam  with  Increased  Price  cf  Coal — The  cost 
of  cperating  a  boiler  plant  to  supply  ourselves  and  a  tenant 
with  steam  for  heating  buildings  during  last  winter  was 
$18,674.55  for  coal  at  $9.50  per  ton  and  $3948.11  for  wages, 
supplies,  repairs,  water  and  removal  cf  ashes.  What  should 
the  tenant  be  charged  per  1000  lb.  of  steam  in  a  new  con- 
tract based  en  $9.50  per  ton  for  coal  so  the  price  will  be 
equivalent  to  that  charged  by  a  former  contract  cf  $0.50 
per  1000  lb.  when  coal  was  $4.25  per  ton?  S.  T. 

In  addition  to  the  operating  expenses  mentioned,  an  esti- 
mate should  include  overhead  charges  such  as  ground  rent, 
interest  on  investment  in  boiler  and  equipment,  allowance 
for  depreciation  amounting  to  about  7  per  cent,  per  annum, 
taxes,  insurance,  cost  cf  supervision  and  reasonable  profit, 
and  the  total  charges  applicable  to  each  period  should  be 
considsred.  But  if  such  data  are  not  available,  and  it  is 
conceded  that  an  operating  expense  of  $3948.11  and  an 
overhead  cf  $3000  are  applicable  to  both  periods  under 
consideration,  then  during  the  last  season  the  total  cost 
may  be  considered  to  be  $18,674.55  -f-  $3948.11  +  $3000  = 
$25,622.66  and  the  proportion  chargeable  to  coal  was 
18,674.55  X  100  ^  25,622.66  =  72.8  per  cent.  As  this 
is  based  on  coal  costing  $9.50  per  ton  with  other  expenses 
the  same  as  during  the  first  period,  a  charge  cf  $0.50  per 
1000  lb.  of  steam  based  on  coal  costing  $4.25  per  ton  would 
be  at  a  loss  of  one-half  of  72.8  per  cent,  or  36.4  per  cent., 
and  the  ra'.e  based  on  coal  costing  $9.50  per  ton  should  be 
$0.50  -^    (ICO  -  36.4)    =  78j%  cents  per  1000  lb.  of  steam. 

Improvement  of  Draft  by  Cleaning  Chimney  Connection — 
A  boiler  fireman  was  informed  by  his  superior  that  no 
improvement  of  draft  was  to  be  obtained  by  cleaning  out 
the  smoke  connections  to  the  chimney  which  had  become 
filled  about  one-third  full  of  soot.  What  is  the  explanation 
of  this,  if  true?  B.  F.  G. 

For  a  given  force  of  draft  and  given  size  of  chimney 
flue,  the  volume  of  furnace  gases  that  can  be  carried  off 
depends  on  the  least  cross-sectional  area  of  smoke-pipe 
connection  and  the  smoothness  of  the  passages  for  the 
gases  from  the  boiler  to  the  chimney.  Sharp  corners  and 
short  bends  cause  swirls  and  eddies  that  give  rise  to  soot 


deposits  which  smooth  out  the  channel  and  usually  result 
in  so  much  higher  average  velocity  that  there  is  a  greater 
volume  of  gases  discharged  with  the  reduced  but  modified 
cross-sectional  area.  Generally  speaking,  removal  of  the 
soot  deposits  will  not  improve  the  volume  of  draft,  unless 
it  results  in  enlarging  the  smallest  cross-sectional  area  for 
passage  of  the  furnace  gases.  However,  no  serious  error 
is  made  by  removal  of  a  greater  quantity  of  soot  for,  in 
very  short  time,  deposits  again  form  in  best  arrangement 
for  maximum  draft. 

Objections  to  Excessive  Blowdown  of  Pop  Valve — Why  is 
it  more  objectionable  to  have  a  boiler  safety  valve  blowdown 
10  lb.  than  4  lb.  below  the  pressure  for  which  the  valve  is 
set  to  pop?  R.  W. 

The  greater  the  blowdown  the  lower  must  be  the  avail- 
able working  pressure  below  the  safe  working  pressure  for 
the  boiler.  In  addition  to  this  disadvantage  in  operation, 
the  broader  the  variation  of  pressure  on  the  boiler  the 
greater  the  injury  to  the  joints  and  material  in  the  nature 
cf  a  racking  effect.  The  amount  of  blowdown  allowable 
should  be  considered  with  reference  to  the  pop  pressure. 
It  is  considered  good  practice  for  the  valve  to  be  adjusted 
to  close  after  blowing  down  not  more  than  4  lb.  on  boilers 
carrying  100  lb.  per  sq.in.  gage;  6  lb.  on  boilers  carrying 
100  to  200  lb.;  and  not  more  tlian  8  lb.  on  boilers  carrying 
over  200  lb.  per  sq.in.  gage. 

Safe  Working  Pressure  for  Air  Tank — What  is  the  safe 
working  pressure  for  an  air  tank  42  in.  diameter,  made  of 
5-ln.  steel  cf  55,000  lb.  T.  S.  with  single-riveted  lap  seams, 
diameter  cf  rivet  holes  and  rivets  after  driving  H  in.  and 
pitch  cf  rivets  11  in.?  G.  N.  H. 

For  thickness  cf  plate  |  in.  =  0.25  in.;  pitch  of  rivets 
13  in.  =  1.75  in.;  diameter  of  rivet  holes  and  rivets  after 
driving,  U  in.  =  0.6875  in.,  giving  cross-sectional  area  of 
rivet  =  0.6875  x  0.6875  X  0.7854  =  0.3712  sq.in.;  and 
allowing  a  shearing  strength  cf  rivets  =  44,000  lb.  per 
sq.in.  of  cross-section  and  95,000  lb.  crushing  strength  of 
plate,  for  a  length  of  tha  shell  equal  to  the  pitch  P  in  the 
sketch  there  would  be: 
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SIXGLE-RIVETED    LAP    JOINT 


X   0.25   X   55,000 
(1.75 


(A)  Strength  cf  solid  plate  =  1.75 
24,062  lb. 

(B)  Strength  of  plate  between   rivet  holes    = 
0.6875)0.25  X  55,000  -  14,609  lb. 

(C)  Shearing  strength  of  one  rivet  in  single  shear  =  1  X 
44,000  X  0.3712  =  16,332  lb. 

(D)  Crushing  strength  in  front  of  one  rivet  =  0.6875  X 
0.25   X  95,000  =  16,328  lb. 

The  strength  of  the  longitudinal  joint  would  depend  on 
consideration     (B)    and    the    efficiency    of    joint    would    be 

TaT  ~  24* 062 ~  ^•^^'^'  ^^  ^0.7  per  cent.;  and  with  a  factor  of 
safety  of  5  the  maximum  safe  working  pressure  would  ha 

55,000  X  0.25  X  0.607         „„  ,  „ 

.  .„  _^  „.- =  79.4  lb.  per  square  inch. 
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Liirlil   Ciniailiiinit   and    A<Ti(leiils 


By  K.  K.  SIMPSON 


TIIK  sijrnificnnce  of  nccidont  provcntion  will  be  readily 
iipproi'iuti'ii  if  wo  considiT  the  effect  of  uccidentH  in 
terms  of  time  lost.  From  the  published  statistics  of 
!i  number  of  states,  totrt-'ther  with  conservative  estimates 
for  the  remainder,  we  find  that  approximately  25,000  per- 
sons are  killed  or  permanently  disabled,  500,000  seriously 
injured  and  1,000,000  slijfhtly  injured  each  year.  Translat- 
ing these  fijfures  by  means  of  the  accident  severity  rates, 
we  have  a  total  of  180,000,000  days  of  lost  time.  This  is 
equivalent  to  the  loss  of  the  services  of  600,000  men  for  a 
full  year  of  300  workin>r  days.  This  economic  loss  is  dis- 
tributed over  the  entire  country  during  a  period  of  one 
year,  and  for  that  reason  its  effects  are  not  so  keenly  felt 
or  its  importance  recognized. 

It  is  apparent  we  have  here  an  important  factor  touch- 
ing' on  the  supply  of  labor,  and  anything  that  can  be  done 
to  curtail  this  economic  loss  is  worthy  of  careful  consider- 
ation. There  is  a  certain  percentage  of  unavoidable  acci- 
dents; that  is,  man's  prevision  is  unable  to  cope  with  un- 
known factors,  and  this  is  especially  true  of  pioneer  work. 
The  best  that  can  done  is  to  protit  by  experience,  and 
endeavor  to  prevent  the  knowledge  and  experience  thus 
gained  from  lagging  behind  practice.  A  large  percentage 
of  accidents  may  be  classed  as  avoidable  in  the  sense  that 
the  application  of  mechanical  safeguards  and  the  observ- 
ance of  safety  rules  will  prevent  them.  Anything  in  the 
form  of  a  practicable  guard,  of  safety  education,  or  of 
safety  regulations  that  will  protect  the  worker  from  injury 
should  be  welcomed  by  the  plant  manager  today.  Past  in- 
vestigations have  indicated  various  influences  on  the  causa- 
tion of  accidents,  and  prominent  among  these  is  industrial 
lighting. 

Percentage  of  Accidents  Due  to  Faulty  Illumination 
A  survey  of  91,000  accidents  from  the  records  of  The 
Travelers  Insurance  Co.  for  the  year  1910  showed  that  23.8 
per  cent,  were  due  to  improper  or  inadequate  illumination. 
Bearing  in  mind  the  progress  in  the  art  of  illumination 
during  the  past  eight  years,  it  is  hardly  possible  that  this 
percentage  prevails  today.  New  factories  are  lighted  by 
up-to-date  equipment,  while  many  old  plants  have  had 
their  lighting  systems  brought  into  conformity  with  mod- 
ern practice.  These  are  steps  in  the  right  direction  and 
are  bound  to  be  reflected  in  the  accident  rate.  Offsetting 
this,  to  a  certain  extent,  is  the  practice  of  many  plant  man- 
agers of  substituting  high-efficiency  lamps,  both  gas  and 
electric,  for  low-efficiency  lamps,  without  providing  ade- 
quate reflector  protection.  Notwithstanding  the  vast 
amount  of  expert  advice  that  has  appeared  in  the  technical 
journals  devoted  to  specific  industries,  there  are  literally 
thousands  of  plants  that  have  not  profited  by  this  advice. 
The  directing  personnel  of  these  plants,  from  managers  to 
subforemen,  do  not  seem  to  appreciate  the  difference  be- 
tween light  and  illumination,  between  a  reflector  and  a  wire 
guard. 

There  is  some  foundation,  however,  for  assuming  that  18 
per  cent,  of  our  industrial  accidents  are  due  to  defects  in 
the  lighting  installation.  On  that  basis  the  services  of 
108,000  men  for  one  year  are  lost  annually,  because  the 
illumination  provided  is  not  adequate  for  the  safety  of  the 
workers.  That  this  condition  should  exist  year  after  year 
is  all  the  more  reprehensible  because  of  the  fact  that  the 
remedy  is  so  easily  applied  and  has  beneficial  results  in 
many  ways  other  than  in  the  element  of  safety  involved. 
Accidents  caused  by  carelessness,  inattention  or  ignorance 
can  be  eliminated  only  by  a  long-continued,  painstaking 
educational  campaign  often  involving  a  change  in  long- 
established  habits.  The  elimination  of  accidents  due  to 
inadequate  or  improper  lighting  is  simply  a  matter  of  pur- 
chasing approved  equipment  and  installing  it  under  compe- 
tent direction.  In  fact,  it  seems  proper  to  include  illumina- 
tion in  the  list  of  mechanical  safeguards,  for  the  reason  that 


•Abstract  from  a  paper  presented  at  the  12th  annual  <-onvention 
of  the  Illuminating  Engineering  Society.  N'ew  York  City.  Oct. 
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the  lamp.s  and  reflectors  provide  the  guard — illumination— 
to  point  out  the  hazard,  just  as  effectively  as  u  railinif 
points  out  the  danger  of  and  provides  protection  against  the 
hazard  of  a  revolving  flywheel.  The  sum  involved  is  insij;- 
nilicant  when  compared  with  the  accident  claims,  or  the 
lost  profit  on  the  product  of  the  labor,  or  the  value  of  the 
product  itself. 

Anyone  who  makes  an  extended  survey  of  the  lighting 
conditions  of  our  industries  will  inevitably  be  impressed 
by  the  much  larger  percentage  of  improper  installations 
when  compared  with  the  inadequate  installations.  This  is 
due  primarily  to  the  praiseworthy,  but  none  the  less  ill- 
advised,  attempts  to  better  the  plant  illumination  on  the 
basis  solely  of  providing  a  greater  candlepower  output.  The 
questions  of  distribution,  diffusion  and  absence  of  glare 
are  either  not  fully  appreciated  or  are  entirely  unknown, 
and  therefore  do  not  receive  proper  consideration. 

Coal  Saving  by  Curtailment  of  Industrial 
Lighting  Negligible 

The  saving  in  coal  by  curtailment  of  industrial  lighting 
is  negligible  when  compared  with  the  ultimate  economic 
loss.  For  example,  if  the  full  year's  labor  of  the  108,000 
men  that  is  lost  annually,  due  to  poor  illumination,  could 
be  saved  and  applied  to  coal  mining,  130,000,000  more  tons 
of  coal  could  be  produced.  To  provide  ample  illumination 
for  the  safety  of  all  these  workers,  ten  hours  a  day  for  a 
full  year,  would  require  less  than  10,000  tons  of  coal.  We 
may  convert  this  fact  into  a  more  detailed  and  concrete 
form  by  saying  that  a  25-watt  lamp  burning  ten  hours  a 
day  will  provide  adequate  illumination  on  a  stairway  for 
one  year  by  the  use  of  one-eighth  of  a  ton  of  coal.  By  dis- 
pensing with  the  lamp  one-eighth  of  a  ton  of  coal  will  be 
saved,  but  if  during  the  year  one  accident  occurs  involving 
the  loss  of  only  one  day's  time  the  economic  loss  from  a 
coal-producing  standpoint  would  be  sufficient  to  operate  the 
lamp  32  years. 

This  brings  us  up  to  the  point  of  considering  the  effect 
of  diminished  lighting  at  places  where  such  reduction  is 
almost  invariably  found.  Stairways,  elevated  gang\vays, 
passageways  and  storage  spaces  are  generally  inadequately 
lighted  and  are  the  first  to  suffer  from  a  policy  of  light 
curtailment.  The  hazards  associated  with  these  poorly 
lighted  sections  of  our  industrial  plants  have  been  por- 
trayed many  times.  Confirmation  of  these  hazards  has 
been  given  by  the  report  of  the  British  government  survey 
of  industrial  accidents  showing  that  40  per  cent,  more  men 
are  injured  from  falling  and  stumbling  in  the  winter  months 
than  in  the  summer  months.  This  is  exclusive  of  street 
slipping  accidents.  The  physical  condition  of  the  stairways 
and  passageways  is  the  same  for  both  periods,  the  sole  dif- 
ference being  in  the  illumination. 

Poor  Illumination  in  Storage  Places 
Many  accidents  occur  in  storage  places  due  to  inadequate 
illumination,  but  this  fact  is  not  often  brought  out  in  the, 
reports.     Raw  material  and  finished  product  are  often  piled 
in  uneven  tiers,  and  these  fall  over  at  inopportune  moment 
Carelessness   is  very  often   the   contributing  cause,   but  ii 
many  cases  a  conscientious  worker  will   pile  material  un-j 
evenly  simply  because  the  illumination  is  not  sufficient 
show  him  the  tier  is  out  of  alignment. 

Even  the  supposedly  well-lighted  working  spaces  in  some] 
shops   are   not   immune    from    accidents.      A    certain   worli 
bench  was  well  illuminated  by  local  lights  with  proper 
flectors,  but   the  bench   cast   a   shadow  on   the   floor,  whil^ 
the    general    illumination    was    not    sufficient    to    offset   the 
shadow.     There  followed  a  sequence  of  accidents  due  to  th^ 
toppling  over  of  partly  finished  work  piled  in  the  shadow| 
With   a  higher  intensity  of  general   illumination  accident 
of  this   type   were   largely   eliminated.      Passageways   tha 
are  traversed  infrequently  hardly  justify  the  continual  usj 
of  an   illuminant,  unless  there  is  exposure  to  moving  ma 
chinery  or  other  hazards.     Irrespective  of  the  danger  ele 
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ment  all  passageways  should  have  lighting  units  so  installed 
that  they  can  be  turned  on  and  off  at  either  end. 

A  method  is  open^^to  plant  managers  by  which,  at  the 
same  time,  coal  will  be  saved,  better  illumination  provided 
and  accident  hazards  reduced.  It  consists  in  the  universal 
use  of  reflectors.  Every  plant  manager  (as  part  of  his 
lighting  policy)  should  adopt  the  principle  of  a  proper 
reflector  for  every  lamp.  In  the  field  of  general  illumina- 
tion, the  use  of  unshaded  lamps,  in  connection  with  naturally 
dark  walls  and  ceilings,  or  with  white  walls  and  ceilings 
that  have  become  dirty,  is  not  only  wasteful  and  inefficient, 
but  also  increases  the  accident  hazard  from  bright  light 
sources.  Proper  reflectors  would  bring  this  wasted  light 
under  control,  and  at  the  same  time  reduce  the  accident 
hazard.  In  a  limited  number  of  cases  smaller  lamps  could 
be  substituted  and  still  ample  illumination  would  be  pro- 
vided; but  for  the  most  part  reflectors  should  be  used  with 
the  lamps  now  installed  to  bring  about  a  much  needed  im- 
provement. 

In  the  field  of  local  lighting  there  is  much  more  room 
for  saving  and  improvement.  There  are  thousands  of  120- 
watt  carbon  lamps,  and  many  more  thousands  of  60-watt 
carbon  lamps,  used  for  local  lighting  about  machines.  It 
is  the  exception  rather  than  the  rule  to  find  these  lamps 
equipped  with  reflectors.  Wire  guards  are  more  popular. 
For  purposes  of  illumination  a  15-watt  or  25-watt  tungsten- 
filament  lamp  with  proper  reflector  would  prove  adequate. 
The  question  of  serviceableness  or  of  breakage  of  this  lamp 
over  the  carbon  lamp  is  dependent  on  local  conditions.  The 
recent  agreement  between  lamp  manufacturers  and  the  Fuel 
-Administration  insures  a  reduction  in  the  use  of  carbon 
lamps.  In  enforcing  this  policy  lamp  users  should  be 
warned  against  employing  tungsten-filament  lamps  with- 
out reflectors.  Exposure  to  the  high  intrinsic  brilliancy 
of  the  tungsten  filament  involves  a  greater  degree  of  vision 
impairment  than  with  the  carbon  lamp.  Wire  guards  will 
not  serve,  for  although  they  protect  the  lamp  from  break- 
age to  a  certain  extent,  they  afford  no  protection  to  the 
eye.  The  lamp  can  be  replaced  for  twenty-five  cents,  but 
the  eye — vision — infinitely  more  valuable,  cannot  be  replaced 
at  any  price. 

During  a  recent  inspection  a  workman  at  a  stamping 
press  was  noticed  persistently  standing  at  one  side  of  his 
machine.  In  answer  to  inquiries  the  workman  stated  that 
he  could  not  see  unless  he  moved  to  the  side  and  closer  to 
the  lamp;  and  he  also  stated  that  he  was  going  to  get  a 
''big  tungsten  lamp."  He  was  working  on  large  tinned 
sheets,  and  while  standing  in  front  of  his  machine  a  daz- 
zling reflection  was  directed  toward  his  eyes.  A  simple 
adjustment  of  his  local  light  changed  the  angle  of  incidence 
and  reflected  rays  and  thus  removed  the  trouole. 

This  incident  is  more  or  less  typical.  There  is  so  much 
unintelligent  use  of  light  in  the  form  of  unshaded  or  im- 
properly placed  lamps  that  we  are  fast  approaching  the 
s-tate  of  being  a  nation  of  eyeglass  wearers.  An  important 
remedial  step  will  be  taken  when  we  whole-heartedly  get 
behind  the  movement  of  "a  proper  reflector  for  every  lamp." 

Chicago   Section   A.  S.  M.   E.   Welcomes 
Secretary  Rice 

On  Monday  evening,  Jan.  13,  at  the  Engineers'  Club,  the 
Chicago  Section  of  the  American  Society  of  Mechanical 
Engineers  held  a  real  get-together  meeting.  "Know  each 
other  better"  was  the  slogan.  Solo  selections  and  "mob" 
singing  helped  to  let  down  the  bars  and  open  the  way  to 
a  sociable  evening.  Calvin  W.  Rice,  the  national  secre- 
tary, was  present  to  receive  constructive  suggestions  on 
how  to  improve  the  society  and  incidentally  to  tell  of  the 
big  things  now  under  way  or  in  contemplation  that  should 
render  exceptional  service  to  members  and  raise  the  pro- 
fession to  its  proper  plane  of  usefulness  and  responsibility 
in  public  affairs. 

C.  E.  Lord,  chairman  of  the  Chicago  Section,  presided. 
His  opening  remarks  showed  that  cooperation  was  the  spirit 
of  the  day.  The  activities  of  the  war  had  reacted  on  the 
country  and  made  evident  the  necessity  of  cooperation. 
Engineers  in  particular  were  affected  by  the  movement  and 


the  speaker  referred  to  the  efforts  now  being  made  by  the 
four  big  national  societies  through  committees  on  develop- 
ment and  the  Engineering  Council  to  broaden  the  aims  and 
the  scope  of  the  work  being  done. 

At  the  annual  meeting  three  subcommittees  had  been 
appointed :  One  to  investigate  the  relations  of  the  engineer 
to  his  work;  the  second,  his  relations  with  the  community; 
and  the  third,  the  relations  of  the  mechanical  engineer  to 
other  engineers.  These  committees  were  cooperating,  inter- 
changing ideas  and  would  have  some  definite  suggestions 
to  submit  at  the  spring  meeting.  There  was  also  a  move- 
ment toward  consolidation  of  engineering  associations  and 
suggestions  made  during  the  evening  or  later  in  writing 
would  be  given  serious  attention.  The  path  should  be  blazed 
by  cooperation  among  the  local  branches  of  the  various 
engineering  associations.  In  Chicago  it  was  the  hope  to 
soon  hold  a  joint  meeting  of  the  mechanical,  electrical,  min- 
ing and  civil  engineers. 

In  the  discussion  following  it  was  pointed  out  that  un- 
sociability stood  in  the  way  of  engineers  getting  anywhere. 
Technical  training  had  stood  between  them  and  their  op- 
portunities. It  should  be  an  attribute  instead  of  all.  The 
engineer  must  be  sociable,  and  it  would  seem  that  one  of 
the  primary  duties  of  the  local  committee  was  to  make 
engineers  come  to  meetings  and  enjoy  themselves. 

As  an  introduction  to  telling  what  the  society  is  doing 
and  has  in  contemplation,  Calvin  W.  Rice  wanted  the  local 
section  to  think  of  him  as  a  man  familiar  with  the  West 
from  years  of  varied  engineering  experience  in  that  sec- 
tion of  the  country.  In  his  work  in  New  York  he  was  con- 
stantly thinking  of  the  members  in  the  West  and  trying 
to  bring  the  society  closer  to  them.  One  of  the  recent  big 
things  was  the  purchase  of  the  Engineering  Index.  Eleven 
hundred  papers  would  be  reviewed  and  in  addition  to  the 
index,  abstracts  of  leading  articles  would  continue.  It  was 
the  object  to  make  the  Journal  under  the  new  name  of  Me- 
chanical Engineering  so  readable  and  useful  that  no  self- 
respecting  engineer  could  be  without  it.  Subscriptions  were 
to  be  taken  outside  the  society  and  the  circulation  increased 
so  that  the  advertising  rates  could  be  raised  to  provide 
more  money  for  the  broadening  work  of  the  society.  The 
boiler  code  had  cost  §12,000.  There  were  plans  for  weekly 
publication  of  the  Journal. 

It  had  been  a  dream  of  the  secretary  to  reduce  the  dues 
to  $5  following  the  plan  of  the  physicians,  who  had  a  mem- 
bei-ship  of  86,000.  To  mount  to  the  same  plane  as  this 
profession,  the  engineers  must  undertake  public  service 
with  no  hope  of  reward.  Statistics  were  given  to  show 
what  the  doctors  and  lawyers  were  doing  to  keep  their  pro- 
fessions clean.  Engineers  might  well  follow  suit.  They 
must  take  part  in  civic  and  national  affairs,  carrying  out 
all  forward  movements  of  the  day  that  belong  to  them. 
Money  and  time  must  be  spent  to  render  this  service  with- 
out becoming  enmeshed  in  politics.  Engineers  should  par- 
ticipate in  matters  of  interest  in  the  community.  They 
should  have  papers  on  the  subject,  discuss  it  and,  when  a 
decision  had  been  reached,  see  that  the  city  employed  the 
right  men  to  do  the  work  and  paid  the  right  price  for  it. 
In  Washington  the  society  was  about  to  open  an  office  to 
keep  members  posted  on  national  affairs. 

Efforts  are  being  made  to  enhance  the  status  of  the 
sections,  so  that  papers  read  there  would  have  attention 
from  the  publication  committee  equal  to  that  given  papers 
for  the  spring  or  annual  meetings.  The  employment  bureau 
was  well  organized  and  active,  costing  about  $10,000  per 
year.  It  had  been  cooperating  to  good  advantage  with  the 
Department  of  Labor.  There  had  been  no  extra  charge  to 
members  and  there  was  the  free  service  of  the  library. 

It  had  been  the  speaker's  desire  to  see  Chicago  provided 
with  a  combined  engineering  building  and  club.  It  would 
require  cooperation  between  all  engineering  societies  in  the 
city  and  the  services  of  a  competent  secretary.  The  New 
York  building  was  now  clear  of  debt,  and  one  of  the  possi- 
bilities was  to  mortgage  it  to  provide  a  loan  to  put  up  the 
Chicago  building. 

Professor  Green,  chairman  of  the  Research  Committee, 
enumerated  some  of  the  things  in  which  it  was  the  wish 
all  should  take  a  part.  Reference  was  made  to  the  ex- 
perimental work  being  done  in  the  laboratories  of  the  vari- 
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ous  univor.sities,  tochnii-nl  schools  nnd  industrial  concerns. 
Much  of  it  was  needless  duplication  antl  a  waste  of  effort 
thnt  mipht  be  eliminated  if  each  knew  what  the  others  were 
duint;.  It  was  tlie  plan  to  have  a  subconuniltee  in  this 
section  of  the  country  that  would  he  notified  by  the  various 
members  of  the  starting  of  some  important  work.  The  in- 
formation would  be  passed  on  to  the  research  committee, 
acting  as  a  clearing  house,  and  published  in  the  Journal. 
In  this  way  the  profession  would  know  what  was  bcin^ 
•vine  nnd  iluplication  could  be  avoided.  When  available, 
the  results  of  tlie  work  also  would  be  published.  In  addi- 
tion it  was  the  committee's  desire  to  know  what  could  be 
done  in  the  C'hicapro  district,  ."^o  that  it  would  make  it  pos- 
sible to  brinjr  tofrether  the  man  who  could  do  something 
and  the  concern  that  wanted  somethinp  done.  By  clearing 
throuph  the  committee  it  would  not  be  difficult  to  accomplish. 
Another  advantage  contemplated  was  the  free  prepara- 
tion by  the  library  of  bibliofrraphs  on  certain  subjects  re- 
quested by  the  members.  Announcement  would  be  made 
in  the  Journal  that  these  bibliojrraphs  were  beinK  prepared 
so  that  others  interested  mijrht  obtain  the  benefit  of  the  work. 

B.  A.  Gayman,  of  the  Link-Belt  Co.,  was  pleased  to  see 
the  expansion  under  way.  He  was  tired  of  the  old  cry  of 
havinjr  somethinp:  done  for  the  local  section  instead  of  doing 
something  for  others. 

Professor  Gebhardt,  of  Armour  Institute,  had  been  im 
pressed  with  the  needless  duplication  of  tests  in  the  various 
engineering  and  industrial  laboratories.  Preliminary  notices 
of  tests  would  prevent  this  repetition.  Armour  for  one 
would  be  glad  to  cooperate  and  give  out  for  publication 
whatever  useful  information  it  might  have. 

What  the  Government  is  doing  to  place  returning  engi- 
neers was  explained  by  Mr.  Litchfield,  a  representative  of 
the  Department  of  Labor.  A  system  of  analysis  and  classi- 
fication had  been  developed  that  would  fit  the  man  to  the 
job,  and  the  establishment  of  clearing  zones  would  help  to 
locate  the  engineers  where  their  services  were  most  needed. 
A  clearing  zone  was  already  in  operation  in  New  York  City 
and  Mr.  Litchfield  was  now  organizing  one  in  Chicago.  The 
cooperation  and  assistance  that  had  been  given  him  by 
the  various  engineering  societies  had  been  highly  appre- 
ciated. 

Bituminous  Coal  Production  by  Months 
in   1918  and   1917 

The  estimates  of  bituminous  coal  production  in  the 
United  States  by  months  during  1918  and  furnished  to 
the  United  States  Fuel  Administration  by  the  Geological 
Survey,  including  lignite  and  coal  made  into  coke,  compared 
with  the  corresponding  months  of  1917,  show  an  increase 
of  34,092,437  net  tons  for  the  twelve  months.  The  figures 
bv  months  are  as  follows: 


1917 

Months  Net  Tons 

January 47,967,354 

February 41,352.711 

March , 47.868,652 

April 41,854.320 

May 47.086.452 

Jvme 46,824,646 

July : 46,291.572 

August 47.372.226 

September        .' 45.107.936 

October      48.337.726 

November    47,689.801 

Dfcember 44.037.147 

Total    551.790.363 


1918 
Net  Tons 
42,607,206 
44,384,937 
48,631,113 
46,590,570 
50,927,195 
51,758,214 
55,387,312 
55,732,092 
51,757,334 
52.885.513 
44,38  6,987 
40,634,525 

585,883,000 


According  to  information  collated  by  L.  C.  Harvey  it 
appears  that  the  quantities  of  pulverized  coal  used  in  the 
United  States  annually  in  various  manufactures  are  as 
follows:  In  the  cement  industry,  6,000,000  tons;  in  the 
steel  and  iron  industry,  2,000,000  tons;  in  the  production 
of  copper,  1,500,000  tons,  and  in  the  generation  of  power, 
100,000  to  200,000  tons.  To  attain  success  the  coal  must  be 
dried,  crushed  and  pulverized  until  95  per  cent,  will  pass 
through  a  100-mesh  sieve,  having  10,000  openings  to  the 
siuare  inch.  A  cubic  inch  will  contain  over  200,000,000 
particles,  none  of  which  will  be  greater  than  one-hundredth 
of  an  inch  cube,  and  a  large  percentage  less  than  one  six- 
hundredth  of  an  inch  cube. 


Kale    of    <]oal    (lonsiiinption     in     EIe<'tric 
(r«'ii<>ratiiig   StatitMis 

The  Hydro-Klcctric  Power  Commission  of  Ontario,  Can- 
ada, has  published  an  interesting  report  on  the  rate  of  coal 
consumption  in  various  electric  generating  stations  and 
industrial  establishments  in  the  United  States  and  Caiiaiia. 
The  data  were  selected  from  such  electric-power  stati'ins 
as  use  coal  for  fuel  and  which  use  it  entirely  for  genei;,i  n^' 
steam.  All  stations  which  use  wood,  oil,  producer  gas  or  :,ti;. 
other  fuel  than  coal,  whether  in  part  or  not,  and  all  stations 
acting  as  auxiliaries  or  stand-by  plants  in  connection  with 
power  production  by  other  means  were  disregarded. 

As  a  result  of  numerous  inquiries,  replies  were  received 
from  73  stations,  50  per  cent,  of  which  were  repr"^'"''' ■'■'■ 
stations  ranging  in  capacity  from  150  kw.  to  1 
The  data,  almost  without  exception,  are  from 
ages  of  operation  for  the  past  five  years.  For  convenient, 
the  stations  were  divided  into  classes,  according  to  size,  a- 
follows : 

Car)n<-ily  in 

riims  KilowiiltK 

A              I'p  to       1.000 

B          1,001  to       3.000 

C 5,001  to     10.000 

D 10.001  to     30.000 

E      ..  50.001  to  100.000 

F  Above      100,000 

Among  the  interesting  figures  given  in  the  report  are 
found  the  following  averages  for  the  several  classes  of 
stations: 

Coal  Consumption Load     Effi- 

Station           I'ounds  Per  Tons  Per  B.t.u.    Factor, eicDcy, 

Capacity            Kw-  Hp.-  Kw.-  Hp.-        Per  Per        IVr 

Class           Kw.          Hp.        Hr.  Hr.  Vr.  Yr  Pound    Cent    Cent 

A  .  .                   650            870     7  65  5   70  34  60  25    10  12.300  29  3        3  5 

B 2.980        4,000     4.30  3   20  19  00  14  00  12,900  34  2       6.2 

C 7,230         9,700     4  07  3  04  17   80  13   30  11,900  317        7  0 

D   .      .         24,600      33,000     2.91  2   17  12  75  9  52  13,600  36.0       66 

E     ...           96,000     128,800     2  01  1    50  8   80  6   57  14,000  36  9      12   I 

F 149,000    199.500      192  143  8  40  6.26  13,500  44  7      13  1 

Avfragc.    46,740      62,600     3  81      2  84      16  90      12   46      13,600      35   5        8  4 

The  efficiency  in  the  foregoing  table  is  the  efficiency  of 
conversion  of  the  heat  energy  in  the  coal  to  the  electric 
energy  at  the  switchboard.  The  heat  value  of  the  coal  is 
found  by  taking  the  heat  value  for  each  station,  multiply- 
ing it  by  the  average  pounds  of  coal  used  per  year  by 
the  station,  adding  the  products  for  any  one  class  and  di- 
viding the  sum  by  the  total  weight  of  coal  burned  per  year 
by  the  plants  in  that  class. 

A  serviceable  floor  paint  may  be  made  by  adding  to  one 
gallon  of  white-lead  paint  of  the  desired  shade  one-half 
pound  of  litharge  which  has  been  worked  out  smooth  with 
a  little  of  the  paint.     Mix  only  as  wanted. 


Copyright,  Press  Illustrating  Service 

DURING    THE    RECENT    HARBOR    STRIKE    IN    NEW    YORK 

THE  BOATS  OF  THE  MUXICIPAI.  FERRY  TO  STATEN 

ISLAND    WERE    MANNED    BY    MEMBERS 

OF  THE   POLICE  FORCE 


January  28,  1919 


POWER 


147 


Fires  Caused  by  Chimney  Sparks 

By  Chesla  C.  Sherlock 

Sparks  falling  upon  the  property  of  others  are  fre- 
quently the  direct  cause  of  loss  by  fire,  and  it  is  naturally 
necessary  to  determine  whether  the  owner  or  operator  of 
the  power  plant  is  liable  for  the  damage. 

It  is  a  fundamental  proposition  of  the  common  law  that 
the  owner  of  a  smoke-stack  or  chimney  must  exercise  ordi- 
nary care  in  its  erection,  maintenance  and  operation  in  or- 
der to  escape  liability  for  any  fires  caused  by  sparks  falling 
from  it.  The  theory  upon  which  the  owner  of  the  chimney 
is  made  a  defendant  is  that  he  has  been  guilty  of  negli- 
gence in  failing  to  exercise  this  ordinary  care  imposed  upor 
him  by  the  common  law.  Unless  the  party  damaged  can 
show  affirmatively  that  there  has  been  a  breach  of  duty 
or  negligence  on  the  part  of  the  owner  of  the  smoke-stack, 
his  cause  for  damages  must  necessarily  fail. 

The  owner  of  a  smoke-stack  is  not  a  guarantor  to  the 
community  against  fire  that  may  arise  from  sparks  falling 
from  his  chimney.  But,  says  the  law,  he  must  do  all  that 
an  ordinarily  prudent  person  can,  to  prevent  damage  and 
loss  to  the  property  of  others  in  the  vicinity.  He  must 
build  his  chimney  as  well  as  he  can;  he  must  maintain  it 
in  the  manner  suggesting  itself  to  ordinarily  prudent  men 
and  he  must  use  it  in  a  manner  consistent  with  these  tests. 
Otherwise  the  owner  has  not  exercised  ordinary  care  in  its 
maintenance.  The  overwhelming  rule  of  authority  is  that 
the  owner  is  not  liable  for  a  fire  set  by  sparks  from  a 
chimney,  unless  the  element  of  negligence  is  clearly  estab- 
lished by  proof.  The  liability,  therefore,  cannot  be  said 
to  be  absolute,  and  the  great  majority  of  these  decisions 
have  freed  the  chimney  owner  from  any  liability  whatever, 
because  negligence  could  not  be  proved,  or  it  was  shown, 
on  the  other  hand,  that  he  had  exercised  the  care  and 
caution  of  an  ordinarily  prudent  man,  with  knowledge  of 
the  business  and  existing  conditions. 

Some  Recent  Decisions  Rendered  by  the  Courts 
OF  Different  States 

In  a  Maine  case  the  owner  of  a  mill  constructed  a  smoke- 
stack upon  approved  plans  such  as  were  in  successful  use 
elsewhere  among  others  engaged  in  the  same  business.  He 
operated  this  chimney  during  a  period  of  seventeen  years 
and  established  the  fact  that  during  that  time  no  known 
spark  had  fallen  from  the  chimney  until  the  one  charged  to 
have  caused  damage  to  the  plaintiff's  property  fell  from 
it.  An  expert  was  called  who  expressed  the  opinion  that 
the  stack  was  surrounded  by  highly  inflammable  material 
and  that  it  should  have  been  higher  and  should  have  been 
equipped  with  a  spark  arrester.  The  court  held  that  the 
owner  was  not  liable  unless  he  was  shown  to  have  failed 
to  perform  his  common  law  duty  thereto. 

A  North  Carolina  case  has  been  decided  in  which  it  was 
held  that  the  burden  of  proving  that  ordinary  care  and 
caution  had  been  exercised  in  the  erection,  maintenance  and 
operation  of  a  chimney  was  upon  the  owner  and  not  upon 
the  party  damaged  by  sparks  falling  from  it. 

In  a  Kentucky  case  it  was  held  that  the  question  of  negli- 
gence is  one  for  the  jury  to  determine  from  the  evidence. 
It  was  shown  that  the  wind  was  blowing  directly  from  the 
chimney  upon  the  plaintiff's  property,  that  the  spark  ar- 
rester was  not  in  place  upon  the  chimney  and  that  the 
owner  thereof  was  burning  highly  inflammable  wood. 
Said  the  court:  "Thei-e  is  no  doubt  about  the  liability  of  a 
person  for  the  consequence  of  a  fire  negligently  started  or 
controlled,  and  the  question  of  negligence  in  this  case  is 
properly  submitted  to  the  jury." 

In  a  Michigan  case  it  was  held  that  the  owner  of  a  smoke- 
stack might  be  found  guilty  of  negligence  rendering  him 
liable  for  a  fire  caused  by  sparks  where  he  had  failed  to 
install  a  spark  arrester  upon  his  chimney,  even  though  it 
was  shown  that  such  appliances  were  not  commonly  in  use 
In  the  community.  A  Virginia  case,  however,  held  that  the 
mere  fact  that  a  spark  arrester  had  not  been  used  upon  a 
smoke-stack  did  not,  in  itself,  establish  that  the  owner 
thereof  was  guility  of  negligence,  where  he  had  used  due 
care  and  caution  in  other  respects,  and  where  it  was  shown 


that  the  use  of  such  spark  arresters  was  not  customary 
among  others  in  the  same  business  in  his  community.  In  a 
South  Carolina  case  it  was  held  that  the  mere  failure  to 
use  a  spark  arrester  upon  a  smoke-stack  was  not,  as  a 
point  of  law,  sufficient  to  charge  the  owner  with  negligence 
in  operation. 

In  a  Michigan  case  it  was  held  that  the  owner  of  a  saw- 
mill may  be  guilty  of  negligence  for  a  failure  to  shut 
down  his  mill  during  a  high  wind  and  to  keep  it  shut  down 
during  such  high  wind,  in  order  to  prevent  damage  and 
loss  to  others  in  the  vicinity.  This  is  an  extraordinary 
feature  of  the  owner's  liability  worthy  of  more  than  pass- 
ing interest.  A  similar  ruling  was  made  in  a  North  Caro- 
lina case,  but  it  was  further  held  that  if  such  a  showering 
of  sparks  takes  place  during  a  high  wind,  it  must  be 
remedied  at  once  if  the  owner  is  to  escape  subsequent  liabil- 
ity, and  that  if  the  defect  is  not  remediable  the  mill  must 
not  be  operated  at  all. 

It  has  long  been  a  rule  of  law  that  whoever  maintains 
or  uses  an  agency  highly  dangerous  to  the  community  must 
take  adequate  measures  to  control  such  agency  before  he 
even  begins  to  use  it.  Fire  is  a  highly  dangerous  agency, 
if  steps  are  not  taken  to  control  it.  When  under  control, 
it  is  not  dangerous,  but  highly  useful.  Its  usefulness  ceases 
the  instant  it  gets  beyond  control.  Hence  the  reason  for 
the  utmost  care  and  caution  in  the  use  of  chimneys,  es- 
pecially in  localities  where  they  are  likely  to  cause  damage 
and  loss  by  fire.  The  only  measure  of  safety  is  for  the 
owner  to  use  every  care  and  caution  known  to  prudent  men 
in  the  same  business,  or  known  to  science  or  skilled  ex- 
perts. Defective  chimneys  are  a  constant  menace,  and  the 
man  who  maintains  such  a  chimney  is  living  in  constant 
danger  of  a  verdict  for  damages  in  favor  of  another  if 
fires  are  caused. 

Italy  the  Worst  Sufferer  from    Fuel 
Shortage 

Italy,  whose  population  as  a  whole  was  without  coal 
for  heating  and  in  large  part  without  gas  for  cooking, 
for  many  months  of  the  war  period,  was  the  worst  suf- 
ferer from  fuel  shortage  among  the  allied  nations,  according 
to  the  report  of  the  commission  sent  to  Europe  by  United 
States  Fuel  Administrator  H.  A.  Garfield. 

Switzerland,  which  now  faces  a  severe  shortage,  man- 
aged throughout  the  conflict  to  obtain  a  considerable  supply 
of  coal  from  Germany,  although  under  an  agreement 
forced  on  her  "upon  disadvantageous  terms,"  the  report 
says.  France  is  continuing  to  furnish  to  Switzerland  the 
tonnage  Germany  had  allotted  from  Alsatian  fields.  Ger- 
many was  Switzerland's  chief  source  of  supply  before  the 
war. 

Belgium,  the  commission  found,  should  be  able  to  produce 
immediately  more  coal  than  needed  for  its  OAvn  consump- 
tion since  its  industries  were  so  thoroughly  ruined  during 
German  occupation. 

Representatives  of  the  Italian  government,  the  commis- 
sion reports,  urge  an  annual  national  supply  of  12,000,000 
tons  to  meet  actual  requirements.  The  whole  of  this 
quantity  would  of  necessity  be  imported  since  Italy's  only 
domestic  fuel  is  a  very  poor  grade  of  lignite.  Under  the 
spur  of  war  needs,  however,  the  production  of  this  lignite 
was  forced  up  to  2,500,000  tons  in  1918,  as  against  700,000 
tons  before  the  war. 

Italy  was  receiving  but  7,000,000  tons  of  coal  during  the 
last  years  of  the  war,  the  report  says,  as  against  minimum 
necessities  of  10,000,000.  The  report  expresses  some  doubt 
as  to  whether  Great  Britain  will  be  able,  "in  view  of  con- 
ditions at  home  and  the  heavy  demand  at  home  and  else- 
where," to  resume  the  annual  exports  of  some  8,500,000 
tons   to   Italy  maintained   in   pre-war   years. 

Discussing  exports  from  the  United  States  to  Italy,  the 
report  says  that  "due  in  part  to  war  conditions  and  in 
part  to  a  coal  strike  in  Great  Britain,  they  rose  from 
82,000  tons  in  1913  to  287,000  in  1914,  to  1,714,000  in 
1915  and  to  1,040,000  tons  in  1916."  These  figures,  the 
report  states,  are  from  Italian  governmental  sources,  and 
are  smaller  than  those  of  United  States  records. 
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Professor  Koliu  (1.   (^ar|M'iitor 

Rolln  C.  Curponter,  who  until  If.s.s  than  two  years  aRo 
WHS  professor  of  experimental  enKineerini;  iit  Sibley  Col- 
Ictfi".  Corni'll  Uiiivorsity,  d\vi\  at  his  home  in  Ithaca,  N.  Y., 
on  Jan.  19.  Professor  Carpenter  was  born  in  Orion,  Mich., 
in  185:!,  received  his  early  education  in  the  schools  and 
collejres  of  that  state  and  Ki'iiduated  from  the  University 
of  Michigan  in  IhTT)  as  a  civil  engineer.  After  jrradua- 
tion  lie  spent  one  year  in  railroad  construction.  Later, 
he  became  professor  of  mathematics  and  enjrineerinK  in 
the  Michijran  Agricultural  College,  which  position  he  held 
until  1890,  when  he  went  to  Cornell  to  take  the  professor- 
ship in  experimental  enKineerinjr.  He  received  the  decree 
of  C.  E.  from  his  alma  mater;  of  M.S.  in  1876;  LL.D.  in 
1907  from  the  Michifran  Agricultural  College,  and  M.M.E. 
from  Cornell  in  1888. 

While  at  the  Michigan  Agricultural  College  at  Lansing, 
Professor  Carpenter  was  consulting  engineer  for  the  Lansing 
Engine   and    Iron    Works,   at    which    time   he    designed   the 


PROF.    ROLLA   C.    CARPENTER 

governor  for  their  automatic  engine  and  also  made  a  num- 
ber of  important  tests  to  determine  the  friction  of  the 
various  engines  under  different  conditions.  His  consulting 
practice  in  other  directions  was  also  very  large,  as  he 
was  engineer  for  a  number  of  important  constructions  and 
installations  in  the  State  of  Michigan.  Largely  as  a  result 
of  his  work  at  Sibley  College,  Cornell  has  today  one  of 
the  best  organized  and  equipped  experimental  laboratories 
in  the  country,  and  in  experimental  work  he  has  long 
been  a  recognized  authority.  In  addition  to  his  college 
work  he  continued  to  increase  his  extensive  consulting 
practice  m  mechanical,  electrical,  heating  and  hydraulic 
engineering.  He  directed  the  installation  of  the  high-pres- 
sure fire  system  of  Baltimore  in  1911  and  installed  a 
high-pressure  pumping  system   in  New  York  in   1912. 

He  was  also  a  noted  inventor  and  author.  His  inventions 
include  among  ethers  a  steam  separator,  a  steam  calorim- 
eter and  a  fuel  calorimeter.  His  books  include  the  well- 
known  textbooks,  "Experimental  Engineering,"  "Heating 
and  Ventilating  Buildings,"  and  "Internal  Combustion  En- 
gines." Besides  these  he  has  written  many  important  ar- 
ticles for  the  American  Society  of  Mechanical  Engineer; 
and  for  various  engineering  periodicals.  He  retired  fron. 
Sibley  College  early  in  1917  after  nearly  thirty  years  of 
teaching.  He  was  a  judge  in  the  Department  of  Machinery 
at  the  Chicago  Exposition  in  1893,  the  Buffalo  Exposition 
in   1901  and  the  Jamestown  Exposition  in   1907. 

Professor  Carpenter  was  a  member  of  the  following  en- 


gineering societies  and  dubs:  American  Society  of  Me- 
chanical f^ngineers,  of  which  ho  wnn  a  past  vice  preuident; 
American  Society  of  Heating  and  Ventilating  Engineen, 
of  which  he  was  a  past  i)re.sident;  American  Institute  of 
Mining  Engineers;  Anu-rican  Society  of  Refrigerating 
Engineers;  American  Society  for  Testing  Materials;  Amer- 
ican Society  of  Automotive  Engineers;  Michigan  Engineer- 
ing Society;  the  Engineers'  (^lub  and  the  New  York  Railroad 
Club. 

The  late  Doctor  Thurston  said  of  Professor  Carpenter'i 
work  as  a  teacher:  "He  has  met  with  marked  success, 
and  his  method  of  going  directly  to  the  pith  of  his  subject 
has  made  him  a  famous  lecturer  with  his  students."  He 
is  survived  by  his  widow  and  three  children. 


Pasadena's  Light  Plant  Pays 

The  users  of  electric  light  in  Pasadena,  Calif.,  says  the 
Kansas  City  Star,  have  saved  on  the  average  of  $134,000 
a  year  for  the  last  eleven  years  by  owning  their  own 
electric-light  plant.  The  saving  is  calculated  on  the  basis 
of  the  rates  charged  by  privately  owned  plants  in  neigh- 
boring cities. 

The  report  for  the  year,  just  issued,  contains  inter- 
esting information.  Costs,  of  course,  have  been  mounting 
steadily.  The  plant,  for  instance,  uses  oil  fuel,  and  its 
cost  has  gone  up  55  per  cent,  over  the  price  of  the  year 
preceding.  While  the  gross  revenues  are  up  3  per  cent., 
the  net  receipts  are  14  per  cent,  below  those  of  the  pre- 
vious year.  Yet  with  allowance  made  for  depreciation, 
for  interest,  and  for  taxes,  the  net  earnings  would  be 
6J  per  cent.  This  showing  was  made  with  an  average 
rate  to  consumers  of  a  little  less  than  5  cents  a  kilowatt 
hour. 

Pasadena,  like  Kansas  City,  Kan.,  finds  the  owTiership 
and  operation  of  an  electric-light  plant  a  highly  profitable 
undertaking — although  every  privately  owned  corporation 
in  the  country  can  demonstrate  that  municipal  ownership 
can  never,  never  pay. 


Permits  Required  for  Certain  Smokeless 
Coal  Shipments 

To  correct  a  slight  misconception  of  its  order  of  Jan.  16, 
regarding  the  removal  of  restrictions  on  shipments  of 
bituminous  coal  and  smokeless  coal  by  way  of  the  docks  on 
Lake  Michigan  and  Lake  Superior,  the  United  States  Fuel 
Administration  points  that  this  order  still  keeps  in  effect 
a  provision  that: 

Low-volatile  smokeless  coal  shall  not  be  sold  or  shipped 
from  docks  on  Lake  Michigan  and  Lake  Superior  for  use 
by  domestic  consumers  unless  a  permit  for  such  sale  or 
shipment  shall  first  have  been  obtained  from  the  district 
representative  of  the  United  States  Fuel  Administration  in 
charge  of  said  docks. 

The  order  also  declared  valid  all  permits  heretofore  or 
hereafter  obtained  from  the  district  representative  in  charge 
of  said  docks,  under  the  proviso  of  the  order  of  Jan.  2,  1919, 
although  granted  without  the  approval  of  the  Federal  Fuel  ^ 
Administrator. 

The  Keynote  of  Successful   Management] 

Charles   Schwab  says  that   he  has   put   into  practice  for| 
thirty-five   or  forty  years  of  industrial  pursuits,   one   nar- 
ticular  thing,  which  he  believes  is  the  keynote  of  everything 
he  strives  to  do.     That  particular  thing  is  encouragement; 
and  not  criticism  in  dealing  with  all  his  men. 

I  have  yet  to  see  the  man,  however  great  and  exalted] 
his  situation,  who  is  not  susceptible  to  the  approval  of  hisi 
fellow-men.  I  have  yet  failed  to  see  the  man  who  is  worthj 
calling  a  man,  who  does  not  put  forth  his  best  efforts  under 
the  approval  of  his  fellow-men.  And  the  severest  criticisml 
that  can  come  to  any  man  is  not  to  be  noticed  at  all.  WhenI 
a  man  is  not  noticed,  he  knows  that  he  has  not  gained  the! 
approval  of  his  fellows,  but  when  he  is  approved  he  gives] 
his  best  effort. 
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In  nearly  all  cases  the  question  of  time  enters  in  when 
renewing  boiler  tubes  in  order  to  get  the  unit  in  service 
as  soon  as  possible.  It  is  necessary  in  consequence 
to  make  careful  plans  to  determine  how  the  tube  is  to  be 
removed  from  the  boiler  after  being  cut  out  and  how  it 
is  to  be  replaced.  The  plan  followed  depends  on  local 
conditions,  as  the  type  of  stoker  and  the  position  of  boiler 
in  the  boiler  room  bring  about  varying  situations.  In 
each   case   the   job   should   be   sized   up   from    every   angle. 


and  material  and  men  provided  so  that  no  unnecessary 
delay  will  occur  in  the  preliminary  work  or  in  the  actual 
work  of  renewal.  This  includes  getting  together  blocks 
and  tackle,  ladders,  the  instruction  of  the  men,  the  removal 
of  obstructing  brick,  opening  of  coal-bunker  doors,  etc. 
The  new  tubes  should  be  assembled  and  cleaned,  and  the 
ends  first  to  go  into  the  firebox  noted,  as  well  as  the 
number  of  the  tube,  whijh  indicates  the  row  in  which 
it  is  to  be  placed. 


New  Publications 


HYDRAULIC        EXPERIMENTS        WITH 
VALVES,      ORIFICES.      HOSE,      NOZ- 
ZLES  AND    ORIFICE    BUCKETS.     By 
Arthur  N.  Talbot,  Fred  B.  Seeley,  Virgil 
R.  Fleming  and  Melvin  L.   Enger.     Pub- 
lished by  the  University  of  Illinois.   Ur- 
bana.   III.     Paper,   6  x  It  in.  ;   76  pages  : 
28   illu-strations.      Price,    35   cents. 
Thi.s    bulletin,    which    is    No.    105    of    the 
series  published  by  the  Engineering  Experi- 
ment  Station   of  the    I'niversity   of   Illinois, 
contains    the    results   of   four    separate   sets 
of  experiments   that   were   made   in   the   in- 
ve.stigation    of    certain    problems    and    that 
were  not   judged   extensive   enough   to  war- 
rant publication  as  separate  bulletins.     The 
investigations  are  largely  the  outgrowth  of 
experimental    work    begun    by    students    in 
the  preparation   of  theses   and   extend   over 
a   number   of   years.      The    experiments    are 
not  exhaustive  in  their  scope    but   it   is  be- 
lieved   that    the    data    obtained    are    of    suf- 
ficient   value    to   warrant    publication.      The 
four    papers    in    the    bulletin    are    entitled: 
"Loss  of  Hydraulic  Head  in  Small  Valves"  : 
"Flow   of   Water   Through    Submerged    Ori- 
fices" ;  "Fire  Streams  from  Small  Hose  and 
Nozzles"  ;     and     "The     Orifice     Bucket     for 
Measuring  Water." 


Personals 


William  McElraevy  has  been  appointed 
district  manager  of  the  Dominion  Asbestos 
and  Rubber  Corp.  of  New  York.  Mr.  Mc- 
p;iracvy  was  formerly  manager  of  the  New 
York  branch  of  the  power  plant  specialty 
department  of  the  H.  W.  Johns-Manville 
Co..  in  which  capacity  he  served  for  nine 
years. 


Engineering  Affairs 


The  Ameriran  Society  of  Heating  and 
Ventilating  Engrineers  will  hold  its  annual 
meeting  at  the  Engineering  Societies  Build- 
ing, 29  West  3!ith  St.,  New  York,  Jan.  38- 
30.  The  program  promises  to  be  an  inter- 
esting one  a'ld  a  very  successful  meeting 
is  anticipated. 

Tlie-  Oliio  Engineering  Society  on  the  first 
day  of  its  annual  convention  in  Columbus, 
voted  unanimously  in  favor  of  the  principle 
of  licensing  engineers.  It  is  expected  that 
a  bill  will  be  presented  to  the  state  legis- 
lature at  its  present  -ession.  The  action 
of  the  Ohio  Engineering  Society  followed 
an  address  on  "Licensing."  by  C.  E.  Drayer, 
secretary  of  the  American  Association  of 
Engineers. 

Tlie  American  A.ssociation  of  Engineers — 

The  Compensation  Committee  of  the  Chi- 
cago Chapter,  will  report  at  the  regular 
meeting  Friday,  Feb.  7.  A  paper  will  be 
presented  by  J.  H.  Prior  fo-merly  chief 
engineer,  Illinois  State  Public  Utilities  Com- 
mission, followed  by  a  discussion  prepared 
by  Langdon  Pearse,  engineer.  Sanitary  Dis- 
trict of  Chicago.  The  committee  is  con- 
sidering tables  of  minimum  salaries  for 
engineers,  which  have  been  placed  before 
the  Chapter. 


-V  Boiler  Exploded  in  the  steam-heating 
plant  of  the  Denver  (Colo.)  Gas  and  Elec- 
tric Light  Co.  on  Jan.  14,  killing  one  of 
the  firemen  and  injuring  two  others.  All 
the  piping  in  the  rear  of  the  boiler  was 
blown  out.  The  cause  of  the  explosion  is 
unknown. 


Zone  Regulations  on  Coke  and  all  coal 
excejit  Pennsylvania  anthracite  will  be  sus- 
pended Feb.  1,  it  has  been  announced  by  the 
Fuel  Administration.  Likewise  all  price 
regulations,  including  agents'  commissions 
and  whoksale  and  retail  margins  on  coke 
and  all  coal,  except  Pennsylvania  antlira- 
cite,  will  be  suspended.  These  regulations, 
it  was  announced,  are  subject  to  reinstate- 
ment, if  price,  wage,  labor,  production  or 
other  conditions  arise  that  require  it. 


Business  Items 


i 


C.  S.  Hallowell,  Inc.,  has  opened  offices 
at  103  Park  Ave.,  New  York  City,  for  the 
conduct    of    a    general    advertising    agency. 

Busch-Sulzer      Bros. -Diesel      Engine      Co.. 

who  have  been  engaged  in  building  mari.ne 
engines  for  government  work  during  the 
war,  announce  that  they  have  again  re- 
sumed commercial  business. 

Plant  Analysis  Service  of  the  Good.vear 
Rubber  Co. — Plant  analysis  in  reference  to 
the  belt  drives  of  a  given  plant  is  a  com- 
paratively new  department  of  the  Goodyear 
Tire  and  Rubber  Co.  Its  function  is  to 
examine  a  plant  and  tiake  recommenda- 
tions as  to  the  proper  belting,  strength,  size 
and  other  conditions  to  cover  the  particular 
needs  involved.  The  service  of  the  staff 
of  experts  is  available  on  application  to  the 
company. 

The  Wheeler  Condenser  and  Engineering 
Co.,  of  Carteret,  N.  J.,  has  obtained  from 
the  Schiitte  &  Koerting  Co..  of  Philadelphia, 
through  the  Alien  Property  Custodian  the 
exclusive  right  to  manufacture  and  sell 
steam-jet  air  pumps  under  patent  No.  968,- 
926  in  connection  with  surface  condensers, 
jet  condensers,  barometric  condensers,  vac- 
uum pans  and  evaporating  apparatus.  This 
patent  covers  the  feature  of  two  or  more 
steam  jets  working  in  series  with  a  con- 
denser  between    the   jets. 


Trade  Catalogs 


The  Prevention  of  Busting  or  Corrosion 
of  Iron  and  Steel.  Dearborn  Chemical  Co., 
Chicago,  111.  An  attractive  24-page  booklet 
fully  describing  the  company's  list  of  spe- 
cialties which  are  at  present  being  put  on 
the  market.  A  copy  may  be  had  upon  ap- 
plication to  the  company's  Department  of 
Specialties. 

The  Jeffrey  Manufactnring;  Co.,  of  Colum- 
bus, Ohio,  has  just  issued  its  catalog  No. 
244,  which  contains  40  pages,  illustrated 
and  devoted  to  details  of  elevators  selected 
out  of  numerous  styles  used  in  the  han- 
dling of  a  wide  range  of  materials  in  va- 
rious industries  througiTout  the  country. 
The  numerous  examples  and  subjects  out- 
lined in  this  book  enable  the  prospective 
purchaser  to  readily  select  the  proper 
standard  elevator  to  meet  his  requirements, 
thus  saving  time  and  expense  required  in 
making  layouts  and  drawings  for  his  own 
particular  needs. 


I  New  Construction  | 

PROrOSKO     WORK 

Mass.,  Danvers — The  town  has  petitioned 
the  Legislature  for  authority  to  borrow 
$20,000  to  rebuild  and  relay  its  water- 
mains  and  improve  the  storage  pumping 
and    distribution    facilities. 

Conn.,  Danbur.v — The  Connecticut  Power 
&  Lighting  Co.  plans  to  build  additions  to 
its   plant. 

N.  Y.,  Brooklyn — The  Brooklyn  Syna- 
gague,  1093  Sterling  PI.,  will  install  a  steam 
heating  system  in  its  proposed  2  story,  80 
X  ion  ft.  synagague.  Total  estimated  cost, 
$100,000.     M,   Raisin,  Rabbi. 


X.  Y.,  Brooklyn — R.  T.  Short,  Arch.,  370 
Macon  St.,  will  receive  bids  until  Feb.  1, 
for  the  erection  of  a  2  story,  80  x  180  ft. 
theater  on  Flatbush  and  Rogers  Ave.,  for 
the  Jewel  Building  Co. ,170  Broadway,  New 
Y'ork  City.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$250,000. 

N.  Y.,  New  York— Gronenberg  &  Leuch- 
tag,  .\rch.,  303  5th  A'  e.,  will  receive  bids 
until  Apr.  2.  for  the  er.ction  of  a  10  story, 
100  X  100  ft.  hotel  OP  43rd  St.  near  8th 
Ave.  for  Henry  Claman.  243  West  43rd  St. 
A  steam  heating  system  will  be  installed 
in  same.     Total  estimated   cost,   $200,000. 

N.  Y.,  New  York — A.  C.  Merkle,  Inc.,  233 
Broadway,  will  install  a  steam  heating 
system  in  the  4  story  factory,  which  will 
be  built  on  West  and  Horatio  St.  Total 
estimated  cost.  $145,000.  A.  L.  Lucius,  38 
Park  Row,  Arch. 

N.  Y'.,  Soiiyea — P.  L.  Lang,  Pres.  Bd,  of 
Mgrs.,  Graig  Colony  for  Epileptics,  7  Wall 
St..  New  York  City,  received  bids  for  in- 
-stalling  a  heating  system  in  the  new 
kitchen  building,  from  E.  Tow'e,  32  Oak 
St.,  Rochester,  $7200  ;  Austin  Heating  Co.. 
121  West  42-..d  St..  New  York  City,  $8875: 
Murtaugh  .'  Reddington,  26  Pleasant  St.. 
Rochester,   $8987. 

N.  Y.,  S.  I..  Stapleton — J.  A.  Wetmore. 
Superv.  Arch..  Treas.  Dept..  Washington.  D. 
C,  will  receive  bids  until  Feb.  10,  for  the  in- 
stallation of  a  heating  boiler,  hot  water 
tank.  etc..  for  the  hospital  unit,  type  A.  at 
the  U.  S.  Marine  Hospital  here. 

N.  Y'..  I'tica — The  State  Hospital  Com- 
mission. Capitol,  Albany,  will  receive  bids 
until  Feb.  11,  for  the  installation  of  boilers, 
piping,  etc.,  at  the  Utica  State  Hospital, 
here.  Estimated  cost,  $75,000.  Noted 
Jan.    14. 

N.  Y..  Watertown — City  has  had  plans 
prepared  by  T.  L.  Tomlines.  Eng.,  City 
Bank  Bldg..  Syracuse,  for  the  develo,...ient 
of  power  at  the  Diamond  Island  site  on 
the  Black  River.  Plans  will  include  the 
erection  of  concrete  dam.  power  house  and 
tail  race.  Total  estimated  cost.  $600,000 
of  which  about  $170,000  has  already  been 
appropriated. 

N.  J.,  Linden — The  Board  of  Education 
received  only  bid  for  installing  a  heating 
system  in  the  proposed  addition  to  P.  S. 
No.  2,  from  J.  H.  Cooney  &  Co.,  210  North 
4th  St.,  Harrison,   $6500. 

N.  J.,  Newark — E.  and  H.  Levy  plan  to 
build  a  power  house  on   Purdy  St. 

Penji.,  Springdale — The  Penn  Power  Co., 
Benedum  Trees  Bldg..  Pittsburgh,  is  build- 
ing 1  story,  200  x  900  ft.  power  plant  in 
connection  with  a  mine  development  here. 
Total  estimated  cost,  $5,000,000.  Sander- 
son &  Porter,  52  William  St.,  New  York 
City.    Engr. 

Md.,  Princess  Anne — Town  plans  to  build 
a  water  distribution  system.  Plans  in- 
clude the  erection  of  1  or  more  wood  stave 
tanks,  installation!  of  a  gasoline  pump, 
etc.  Estimated  cost,  $60,000.  C.  Lanks- 
ford,  Pres.  L.  J.  Houston,  Fredericksburg, 
Engr. 

Ga.,  Cordele — Ci'^v  plans  to  build  an  elec- 
tric lighting  plant       Address   the   Mayor. 

Miss.,  Ivernes8--Oity  will  receive  bids 
in  March  for  Improvements  to  its  electric 
lighting  plant  and  water-works  system. 
Plans  include  installing  oil  engines,  pumps, 
alternators,  miscellaneous  line  material, 
etc  Former  bids  were  rejected.  X.  A. 
Kramer,  Magnolia,  Engr.     Noted  Dec.   31. 

I'ecn.,  Morristown — The  Southern  Ry.. 
1300  Pennsylvania  Ave..  Washington,  D. 
C,  plans  to  build  a  pumping  station  near 
here.  W.  H.  Wells.  Washington.  D.  C  . 
Ch.  Eng. 

Ohi  ..  Cleveland — W.  R.  Powell,  Arch., 
70.'=  Rose  Bldg.,  will  receive  bids  until  Mar. 
15.  fir  the  erection  of  a  2  and  6  storv. 
78  X  381  ft.  market  house  at  11826  Detroit 
Ave.,  for  the  Lakewood  Market  House  Co. 
A  steam  heating  system  and  refrigeration 
plant  will  be  installed  in  same.  Total  esti- 
mated cost,    $200,000. 
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Ohio.  Nnrwood — Tho  noiird  of  Kdm-ntlon 
will     i.f.-iv..     hlilH    iiiilll     K.>1>      :'4.     fi.r    til.' 

(•rfclli f   n    :•    Mtory,    HO    x    lay    ft.    Hc-hiiol 

on  .MIIhom  .S(  .V  hot  air  hciitlliK  M.VHti'in 
limy  l>i<  iDHtiiUi'il.  Tot.il  oHtlmiitud  <-oHt, 
$ir>0,noo  II  Make.  Tulopliuni-  BlilK .  Cln- 
i-liiiiall.    .Vrcli. 

41I1I0.  OhiTlIn-  Tho  Monnl  of  lOi  •nation 
will  iiiMlall  a  Nlcaiii  lu-atliiK  and  >>  vtllat- 
liiK  Ny.Mttni  In  tin-  iiropoMfd  i;  Htorv.  76  x 
ISd  n  hiKli  si'hool  which  It  plann  to  Ij  illd. 
Total  <'Hllniati'd  i-OHt.  }2'J5.I)00.  K.  V.  A. 
Hoot.  I'l-cM.  K.  C  Waiiicr,  "tl"  Illppodroini' 
UldK  .    t'lovoland.    Arch. 

Intl.,  Rorkpori — Coniiiilnslonors  of  Spon- 
cor  I'o.  will  ri'i-elvp  bldn  until  Mar.  .1,  for 
tho  iTfCl Ion  of  a  2  story.  1(15  x  1 1'J  ft. 
court hoiiso.  A  vacuum  and  <'.  I.  radiation 
sy.sti'in  and  low  proM.suro  l)olU'r.><  will  be 
install!  d  In  saiiic.  Total  I'Sihiiatcd  co.st, 
$175,000  Snidor  &  Kotz.  703  Monhants 
Bank    HUIk  .    Indianapollti,    HtatinK    Kng. 

.Midi..  Hay  City — City  plans  to  build  an 
addition  to  its  electric  llKht  and  jwwer 
plant.  Now  equipment  will  also  be  In- 
stalled. ICstimated  cost.  $125,000.  C.  L.. 
I>o   Bales,    Supt. 

.Mich..  Uetroll— Tlio  Morgan  &  Wright 
Tiro  t'o.  foot  Uellevue  St..  will  install  a 
steam  heating  system  in  tho  proposed  7 
story.  140  x  i;i5  ft.  warehouse  which  it 
plans  to  build.  Total  estimated  cost,  $750.- 
000.  Uockwood  Greene  &  Co..  38  South 
Dearborn   St.,   Chicago.   111.,   Kng. 

MIrli..  KindH— Village  voted  to  issue 
$10,000  bonds  to  purcha.se  and  install  elec- 
tric  lighting   eiiuipment. 

111..  Lewistown — The  Thompson  Drainage 
&  I>evee  Dist..  Kulton  Co.,  will  receive  bids 
until  Feb.  3.  for  the  erection  of  a  pump 
station  equipped  with  3  low  lift,  double 
suction  centrifugal  pumps  with  intake  and 
discharge  pipes.  3  electric  niolors,  1  motor 
exJiauster,  switchboards,  meters,  electric 
lighting,  etc..  in  connection  with  the  irri- 
gation project  here.  Uoodell  &  Millard, 
Boardstown,  Eng. 

Wis..  Sheboygan — Tl.e  Badger  State 
Tanning  Co..  South  Water  St..  will  receive 
bids  in  February  for  the  erection  of  a  2 
slor.v.  68  .X  114  ft.  addition  to  its  power 
house.     Juul   &   Smith.    Imig  Bldg.,   Arch. 

Kan.,  Hiawatha — City  is  having  plans 
prepared  by  Black  &  Veatch,  Kng.,  Inter- 
state Bldg..  Kansas  City,  Mo.,  for  the  con- 
struction of  a  water  supply  pump  house, 
transmission  line,  etc. 

Xeb.,  Lincoln — City  is  having  plans  pre- 
pared by  A.  Dobson,  City  Kng.,  for  the  erec- 
tion of  an  addition  to  the  power  house. 
New   equipment    will    be    installed    in   same. 

>Ioiit.,  Cascade— —City  will  receive  bids 
until  Feb.  3  for  the  erection  of  a  14  x  14 
ft.  pump  hci-se  and  will  Install  a  10  hu. 
motor  direct  connected  to  a  triplex  pump 
100   gal.   per  minute. 

Ark.,  Benton — G.  .\.  Smith.  Supt.  of 
Water  Plant,  has  acquired  an  electric  plant 
and  will  install  an  engine  and  a  125  kw. 
generator  in  same. 

Okla..  Duncan — City  will  aw-ard  the  con- 
tract for  the  erection  and  equipment  of  an 
electric  lighting  plant  and  a  water- works 
system.  Benham  Kng.  Co.,  Colcord  Bldg., 
Oklahoma,   Consultg.    Kngr. 

Colo.,  Holyoke — The  town  will  soon  award 
the  contract  for  the  construction  of  a 
pumping  plant  and  the  installation  of  two 
125  k.v.a.  alternators,  one  10,000  gal.  fuel 
oil  tank,  etc.  R.  D.  Salisbury,  1415  East 
Colfax  Ave..  Denver,  Eng. 

N.  M.,  Monntainair — R.  .\dams  and  C.  H 
Eichelberger  have  applied  for  a  franchise  to 
build  and  operate  electric-light  and  water 
works  systems  here. 

Itah,  Castlegate — The  Utah  Fuel  Co.  if 
havmg  plans  prepared  for  the  erection  of  a 
water  purification  plant.  Project  includes 
a  rapid  sand  filter,  storage  tanks,  pumping 
plant,   etc.      Estimated  cost,   $40,000. 

Wash.,  Valle.v — The  Admiral  Mining  Co 
IS  buildmg  a  water  power  plant  to  have  a 
capacity  of  130  h.p.,  a  compres.sor  plant 
with  8  drill  capacity  and  a  concentration 
mill  with  250  ton  daily  capacity.  Extensive 
additional  underground  development  is  also 
contemplated.  About  S75  000  will  be  ex- 
pended on  project.  J.  R.  Brown,  402  Rook- 
ery Bldg.,   Spokane,   Mgr. 

Calif..  El  Centro — The  Southern  Sierra 
Power  Co.,  Riverside,  plans  to  build  a  30 
mi.  high  tension  transmission  line  from  here 
to  Calexico.  Estimated  cost.  $35,000,  A. 
B.  West.  Riverside.   Gen.  Mgr. 


Cullf..  I.OH  Anvrlro  The  .Southern  Call 
foriilii  l':iltHon  Co.,  3II|  .Soiilh  Kroiidwjix 
■  ■laiiH  III  I'xiiend  iiliout  $20,000,000  to  dovolop 
150,000  addltloriiil  hnrsopowir  in  the  hydni- 
eleetrleill  plants  and  hulldliiK  IninMmlHMloii 
and  diNtrlbuiliiK  linos  throuKhoul  Houthorii 
California.      W     DeiinlM.   I'll     l^ngr. 

«)nl.,  AnilirmlbiirB  Itrunner-.Mdiid  Co  of 
Canada,  l.td  ,  plans  lo  build  a  transmlN.Mlon 
system  along  certain  lilKhways  In  Aiidor- 
don  Township.      A    C    Malllou,  Clk. 

Onl.,  Anraitirr — City  will  vote  on  a  by- 
law for  tho  Installation  and  supply  of 
hydro-oloclrlc  power.  Esllmatod  cost,  $17.- 
000. 

On!.,  Toronto — City  plann  to  extend  Its 
hydro  electric  line.  About  $650,000  will 
be    oxiiended. 

«Jii'.,  Slierbrooke — City  will  Issue  )90.0n0 
debentures  for  the  construction  of  electric 
distributing  stations. 

CONTKACTS    AWAKOKII 

N.  Y.,  New  York— M.  Groh's  .Sons,  238 
West  :'8th  St.,  has  awarded  tho  contract 
for  th""  erection  of  a  10-story,  cold-stor.-\ge 
warel  suse,  to  Potter.son  Bros..  215  West 
28th  St,  Estimated  cost.  $250,000.  .Voted 
Dec.   31. 

N.  Y^.,  NlaKara  FalU — The  N'lagara  Falls 
Power  Co.,  Canal  Basin,  has  awarded  the 
contract  for  the  erection  of  a  3-story,  99  x 
158  ft.,  power  substation,  to  the  Snvder- 
Gillette  Contg.  Co.,  Gillette  Court.  Esti- 
mate' cost,  $35,000. 

N.  v.,  Rockaway — The  Bureau  of  Yards 
&  Docks,  Na\'y  Department,  Washington.  D. 
C.  received  bids  Jan.  20  for  installing  a 
heating  system  in  hangars  C.  D  and  E. 
(work  complete),  from  the  Austin  Heating 
Corporation,  121  West  42nd  .St.,  New  York 
City,  $25,745  ;  American  Foundry  &  Fur- 
nace Co,,  1008  Mutual  Bldg..  Richmond,  Va.. 
$25,815  (90  days)  ;  Gillis  &  Gehagen,  537 
West  Broadway,  New  York  City,  $25,936 
(60   days).      Noted   Jan.    14. 

N.  J.,  .lersey  City — The  Ewald  Box  Manu- 
facturing Co.  has  awarded  the  contract  for 
changing  its  factory  from  a  steam  into  an 
electric  plant,  to  W.  Coleman.  11  Willow 
Court.      Estimated   cost.    $3000. 

Penn.,  Philadelphia — City  received  only 
bid  for  the  erection  of  a  power  plant,  fire 
and  police  station  at  24th  and  Rittner  Sts., 
from  F.  H.  Stewart  Electric  Co.,  37  North 
7th  St.,   $304,245.     Noted  Dec,   31. 

Penn.,  Pittsburgh — The  Carbon  Steel  Co.. 
32nd  St.  and  Allegheny  River,  has  awarded 
the  contract  for  the  erection  of  a  1-storv. 
40  x  168  ft.  boiler  house,  to  W.  N.  Kratzer 
&  Co.,   3212   Smallman   St. 

Va.,  Norfolk — The  Norfolk  &  Hampton 
Road  Dry  Dock  &  Ship  Repairing  Co..  Bank 
of  Commerce  Bldg.,  has  awarded  the  con- 
tract for  the  erection  of  a  shinbuilding  plant 
consisting  cf  ■'■ariois  1-storv  buildings,  to 
J.  Stewart  &  Co..  30  Church  St..  New  York 
City.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost. 
$7,000,000. 

Ohio,  Colnmbns — The  U.  S.  Government. 
Washington,  D.  C.  h?s  awarded  the  con- 
tract for  the  erection  oi  145  one  story  ad- 
ditions to  the  storehouse  here,  to  the  Hun- 
kin-Conkey  Co.,  601  Century  B'.dg.,  Cleve- 
land. A  steam  heating  system  will  be  in- 
stalled in  same.  Total  est'mated  cost. 
$1,500,000. 

Iowa,  Sioux  Cit.v — The  Mariner  Terminal 
Elevator  Co..  Grain  Exchange,  has  award- 
ed the  contract  for  the  erection  of  a  te'mi- 
nal  elevator  on  5th  and  Pavonia  St.,  to  the 
Younglove  Constr.  Co..  412  United  Bank 
Bldg.  Estimated  cost.  $150,000.  Eighteen 
500  h.p.  electric  motors,  dryer,  boiler  and 
radiation  system  will  be   installed   in  same. 

Kan.,  Garnett — City  has  awarded  the  con- 
tract for  the  erection  of  a  pump  house  and 
pit  on  Cedar  Creek  near  here,  to  A.  H. 
Stimson,  Topeka.     Estimated  cost,   $5110. 

N.  S.,  .Sydne.T— The  Dominion  Iron  & 
Steel  Co.  has  awarded  the  contract  for  the 
erection  of  a  power  station  capable  of  de- 
veloping 11,500  kw.  to  the  Foundation  Co., 
Ltd.,  224  St.  James  St..  Montreal.  Que.  : 
cost  plus  percentage. 

Ore..  Portland — The  Dock  Commissioners 
received  bids  Dec.  30.  for  the  installation  of 
electric  appliances  at  Pier  No.  1  of  St 
John's  Terminal,  from  the  National  Elec- 
tric Co..  Railway  Exchange  Bldg.,  $17,422: 
Jaggar  Sroufe  Co.,  103  West  Park.  $20,190; 
NePage-McKenny  Co.,  388  Burnside  St., 
$20,612. 


I    TIIK    COAI.    MAHKKT  H 

Huston — Ciinriii  iniolalioiin  |mt  Kn)ii«  ton 
t.o.b    iiiioen  uro  iih   fiiJIiiwii: 

ANTIIKACITK 
Clrcolai  CinuUr 

Current  Current 

nnekwhcat    .,,,  9:1.40  Holler  »U  II , 

Klee    '.Mto  Hurley -J.ii 

All  rail  to  Boston  Is  $2.86. 

BITUMINOUS 

IlltomlnouR,  %H  lo  $8.75. 

IVirnhniitHH  and  Now  River,  f.o.b.  Boiton 
tH.:i,'i  to  SK.nu. 

NEW  YORK — Current  iiuotnllonii  per  k-row 
ton  fob  Tulcwater  ut  the  lower  portM*  arc  a. 
folluwH; 

Clr-      Indi-  Cir       liidi 

eulnr    vidual  eular    vidual 

Pea    ,...  811. .'"..->  S7,:iO  Drokon   ..$7. HO  SH.Jft 

Buck.    ...    .'i.lO      r,.n(l  Eki:     ....    7  70     H.46 

aiec    ....    4.0.'i      r,.HI  Stove    .,.    7.(15      H.70 

Barley     ..    4.15     4.:|0  CheHtnut,    8.05     M.80 

BITUMINOUS 

Current  quotations,  trrom  tons,  based  on  Got- 
crnment  prices  at  the  mines,  net  ton:  f.ob. 
Tidewater,    at    the   lower   ports,    arc    as    follow»: 

Mine  FOB  N.T. 
Gross         Gross 
Central      Pennsylvania      (Mine 

run.    Prepared   or   Slack) ...  .S3..30  85.46 

Upi)er  Potomac.  Cumberland  & 
Pictlniont   Fields: 

Run   of   Mine .3.08  5.38 

Prepared      .3.30  5.51 

Slack   .  .  .\. 2.80  4.95 

Qiiotation<>  at  the  upper  ports  for  both  bi- 
tuminous ami  anthracite  are  5c.  hierher  on  ac- 
count of  the  different  e  in  frcierht  rates,  anil  are 
exclusive  of  the  :S%    war  Ireifrht  tax. 

•The  lower  ports  are:  Elizabcthport.  Port  JohD- 
son.  Port  KcadinK.  Perth  Aniboy  and  South  .\iii- 
boy.  The  upper  ports  are:  Port  Liberty  Hobo- 
ken,  VVeehawken,  Edeewater  or  Cliffside  and  Gut- 
tenbert'.  St.  Gcorse  is  in  between  and  sometime* 
a  spe<ial  boat  rate  is  nLidc.  Some  biluminoui 
is  shipped  from  Port  Liberty.  The  rate  to  th» 
upper  ports  is  5c.  hiirhcr  than  to  the  lower  porta 

PHILADELPHIA — Prices  i>er  gross  ton  f.o.b. 
cars  at  mines  for  line  shipment  and  f.o.b.  Port 
Richmond  for  tide  shipment  are  as  follows: 

, Line ,  , Tide  ^ 

Cur.  One  Yr.  Cur-  One  Yr. 

rent  Ago  rent  Ag-o 

Pea    84.80  83.40  86.05  S4.30 

Barley    2.40  1.90  3.30  ?M5 

Buckwheat      .  .    3.40  2.90  4.45  3. ,50 

Rice     2.90  2.40  3,80  3.40 

Boiler    2.70  3.20  3.70  3.30 

CniC.\00 — Steam  coal  prices  f.o.b.  mines: 
Illinois  Coals  Southern  Illinois  Northern  Illinois 
Prepared   sizes.  .  .82.55 — 2.70  83.2.5 — 3  40 

Mine-run     2.3.5 — 2.50  3.00 — 3.15 

Screenings     2.05 — 2.30  2.7,5 — 2.90 

BIRMINGHAM — Current    prices    per    net    ton 

f.o.b.  mines  are  as  follows: 

Pre-  Slack  or 
Mine-  pared  Screen- 
Run    Sizes       in?3 

Big  Seam.  Mary  Lee.  New- 
Castle.  Blue  Creek.  Brook- 
dale.  Milldale.  Henry  Ellen 
or  Acmar    82.45      82.75      82.40 

Cahaba.  Black  Creek.  Mill- 
dale.  Carter  and  Durie 
seams.  and  Underwood 
seam  in  Etowah  and 
Blount  Counties.  Jefferson 
seam  111  Marion.  Walker 
and   Winston  Counties. ...    3.45        3.75        3.19 

Pratt.  Brookwood.  Nickel 
Plate.  .America.  Jaeger. 
Coal  City.  Jefferson  (ex- 
cept in  Walker.  Marion 
and  Winston  Counties). 
Mt.  Carniel  seam  or  upper 
branch  of  Big  Seam  on 
Birminirham  Mineral  south 
of    Bes.'iemer    2.85        3.05        2.46 

Helena  and  Harkness  seams 
and  coal  mined  by  No.  2 
Belle  Helen,  and  Young-- 
blood    seam     2.90        3.20        2.7^ 

Climax  seam  near  Maylene.  ^K 

ST.    LOUIS — Prices    per    net    ton    bituminoiB 

coal   f.o.b.  mine  today  as  compared  with   a  y^^l 

ago  are  as  follows:  ■ 

Williamson  and  H- 

Franklin  Coun-  B 

ties.  Mt.  Olive  TT 

and  Staunton       Standard 

Prepared  sizes  (lump. 

egg.    nut.    etc.)...      S2.55*ff2.75  S2.40(S>2.7iB 

Mine-run     2.35®2.50      2.20(3)2.39 

Screening's     2.17@2.32      1.50@1.50 

Williamson-Franklin  rate  to  St.  Louis  is  $1,1% 
other  rates  p.  95.     -'  ^  1 
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T^^A^.S'  unci  BLOWE^i 
in  t/ie  POWER  PLANT 


ih"-  Rii/'us  T.  St ri>/ini 


n«'MCTi|>livr    artirlr    rovcriiif;  thr  prinriplrH  of 
action  and   tlit-   t'ratiirrH  of  roiiHtriK-tioii   oi°  iIh- 


«li(l"«T«'iit   lyiK's  of  fans  and  l>low«'rH  willi  wliii-li 
tlu"  |M»v«'r-|)lant  t'n<;im'«'r  may  havr  to  dcuL 


SUCH  requirements  a.^  the  production  of  forced  or 
induced  draft,  the  ventilation  of  room.s  or  build- 
ings, the  removal  of  gases  or  light  refuse  from 
workshops  or  factories,  and  the  furnishing  of  quanti- 
ties of  air  for  drying  or  heating  in  manufacturing 
processes  necessitate  the  use  of  fans  and  blowers,  and 
the  equipment  for  rendering  these  forms  of  sfrvice  is 
ordinarily  in  charge  of  the  engineer  of  the  power  plant. 

The  type  and  design  of  the  fan  or  blower  will  depend 
on  the  duty  it  must  perform.  For  example,  it  may  have 
to  supply  a  small  volume  of  air  at  high  pressure  cr  a 
large  volume  of  air  at  low  pressure;  it  may  have  to 
force  the  air  through  pipes  or  ducts,  as  in  ventilating 
systems;  or  it  may  discharge  the  air  freely  into  the 
atmosphere,  as  in  the  case  of  exhausting  foul  air  from 
a  mine. 

Fans  may  be  divided  broadly  into  two  classes;  namely, 
centrifugal  fans  and  disk  fans.  A  centrifugal  fan  is 
one  that  causes  the  air  to  move  by  subjecting  it  to 
the  action  of  centrifugal  force.  The  type  of  fan  shown 
in  Fig.  1  acts  on  this  principle.  It  consists  of  a 
number  of  flat  blades  A  arranged  radially  around  a 
driving  shaft  B  and  held  to  it  by  arms  C,  the  whole 
being  inclosed  in  a  casing  D  that  is  open  at  the  center, 
forming  the  inlet  E,  and  that  has  a  discharge  opening 
at  F. 

The  shaft  B  is  rotated  by  a  belt  and  pulley  or  by 
a  direct-connected  engine  or  motor.  As  the  blades  A 
sweep  around  inside  the  casing  they  carry  the  air 
around  with  them,  and  as  the  air  has  weight,  the  rotary 
motion  sets  up  centrifugal  force  that  throws  the  air 


outward.  The  movement  of  the  air  away  from  the  shaft 
causes  a  partial  vacuum  at  the  center  of  the  fan  wheel 
and  a  corresponding  increa.se  of  pressure  at  the  tips 
of  the  blades.  As  a  consequence,  the  air  that  is  thrown 
outward  against  the  casing  escapes  by  way  of  the  dis- 
charge outlet  F  while  at  the  same  time  air  enters 
through  the  central  opening  E  to  fill  the  partial  vacuum 
formed  around  the  shaft.  There  is  thus  set  up  a  con- 
tinuous flow  of  air  inward  at  the  center  and  outward 
at  the  discharge  opening. 

A  disk  fan  is  shown  in  Fig.  2.  It  consists  of  a 
number  of  radial  blades  A  fastened  to  a  central  driving 
shaft  B  but  set  at  an  angle  to  the  shaft,  as  in  the 
familiar  windmill.  A  narrow  casing  C  surrounds  the 
fan.  When  the  shaft  B  is  rotated,  air  is  drawn  into  the 
fan  at  one  side  and  discharged  at  the  other,  in  a  direc- 
tion parallel  to  the  shaft.  In  this  respect  it  differs 
from  the  centrifugal  fan,  which  discharges  the  air 
at  right  angles  to  the  shaft. 

The  disk  fan,  while  simple  in  construction,  is  not 
adapted  to  work  against  much  resistance.  It  simply 
propels  the  air  and  is  unable  to  build  up  any  consider- 
able pressure  on  the  discharge  side.  The  reason  is 
that  there  is  so  much  opportunity  for  leakage  of  air 
back  through  the  revolving  blades,  particularly  at  the 
center  of  the  wheel,  where  the  linear  velocity  of  the 
blades  is  .small.  Both  the  inlet  and  the  discharge  should ; 
be  free  and  unconfined.  Accordingly,  the  disk  fan  is' 
used  in  the  ventilation  of  offices,  workrooms,  engine 
and  boiler  rooms,  kitchens,  restaurants  and  the  like. 
The  fan  is  commonly  set  so  as  to  fit  closely  an  opening 


FIG.   2.     DISK  TYPE  OF  F.A-N 


FIG.   1.      CENTRIFUGAL.  TYPE  OF  FAX 


FIG.  3.     riiOrELLJiU  TYi'E  OF  FAN 
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in  the  wall  and  discharges  the  steam,  smoke  or  heated 
air  directly  into  the  ou':er  atmosphere. 

If  the  pressure  on  the  outlet  side  of  a  disk  fan 
is  increased — as  by  discharging  the  air  through  a  long 
pipe  that  offers  considerable  resistance  to  flow — the  air 
slips  back  through  the  slow-moving  center  of  the  fan 
and  power  is  used  without  producing  any  useful  effect. 
It  can  be  imagined  that  the  pressure  on  the  discharge 
side  could  be  increased  to  such  an  extent  that  the 
leakage  backward  would  equal  the  discharge  forward 
and  the  fan  would  simply  churn  the  air  without  pro- 
ducing any  flow  at  the  end  of  the  discharge  pipe. 

A  modification  of  the  disk  type  of  fan  is  the 
propeller  fan  shown  in  Fig.  3.  The  blades  are  scoop- 
shaped,  the  purpose  being  to  handle  the  air  without 
setting  up  reverse  currents.  The  efficiency  of  the  fan 
is  thereby  increased.  The  width  and  curvature  of  the 
blades  at  their  outer  ends,  where  their  velocity  is 
greatest,  are  such  as  to  pick  up  the  air  without  shock 
and  at  low  pressure  and  move  it  forward,  discharging 


surrounds  the  shaft.  The  edges  of  the  blades  A  are 
tapered  down  from  the  edge  of  the  inlet  opening  to 
the  base  of  the  deflector. 

When  the  wheel  is  rotated,  the  air  between  the  blades 
is  thrown  outward  by  centrifugal  force  and  is  dis- 
charged into  a  duct  or  casing  surrounding  the  wheel 
circumference.  The  air  that  rushes  in  through  the 
inlet  opening,  parallel  to  the  shaft,  strikes  the  cone  D 
and  is  deflected  outward,  where  it  is  caught  by  the 
blades  and  f.orced  out  to  the  discharge.  The  change 
of  direction  of  the  air  is  thus  made  smoothly,  and  there 
is  little  loss  due  to  friction  and  reverse  currents.  The 
cone  fan  is  used  to  move  air  under  small  pressure  and 
is  run  at  moderate  speeds;  that  is,  the  outer  edges  of 
the  blades  are  run  at  about  5000  ft.  per  minute. 

The  standard  steel-plate  fan  is  a  centrifugal  fan  with 
straight  blades,  comparatively  few  in  number,  as  in- 
dicated by  the  fan  wheel  shown  in  Fig.  5.  In  this  case 
a  single  set  of  arms  cast  into  the  hub  is  used,  but 
for  wide  wheels   it   is   necessary   to  provide  two   sets. 


FIG.   5.     FAN  WTIEEL,  WITH 
STRAIGHT  BI.ADES 


FIG.  4.     CONE  TYPE  OF  FAN 


FIG.   6.     FAN  WHEEL,  WITH 
CURVED   BLADES 


it  at  high  velocity  parallel  to  the  shaft.  The  propeller 
fan  is  used  for  the  same  classes  of  service  as  the  disk 
fan. 

Because  of  the  friction  of  the  air  against  the  sur- 
faces of  the  blades,  there  is  a  tendency  for  a  disk  fan 
to  throw  some  of  the  air  outward  radially,  as  in  the 
centrifugal  type  of  fan.  The  desire  to  utilize  this 
centrifugal  effect  to  good  advantage  led  to  the  manu- 
facture of  the  cone  type  of  fan,  an  example  of  which  is 


FIG.  7.     EFFECT  OF  BLADE  CURVATURE  ON  VELOCITY 
OF   DISCHARGE 

shown  in  Fig.  4.  The  blades  A  are  curved  and  are 
riveted  to  the  two  side  plates  B  and  C.  The  plate  B 
is  cut  away  at  the  center  so  as  to  form  the  inlet  open- 
ing of  the  fan  wheel.  The  plate  C  is  solid  and  against 
it   is  fitted  the  base  of  the  conical  deflector  D  that 


The  blades  are  riveted  to  the  side  plates  to  obtain  a 
strong  con.struction.  It  will  be  observed  that  the  side 
plates  are  not  parallel,  but  converge  toward  the  outer 
edge,  thus  decreasing  the  size  of  the  air  space  between 
adjacent  blades.  The  reason  is  that  the  velocity  of  the 
air  increases  as  it  moves  away  from  the  shaft  and 
consequently  the  passage  of  a  given  volume  can  be  ac- 
commodated by  a  smaller  area  of  cross-section. 

Steel-plate  fans  may  be  made  with  curved  blades  and 
the  curvature  may  be  either  forward,  in  the  direction 
of  rotation,  or  backward  in  the  opposite  direction.  The 
fan  wheel  of  a  steel-plate  fan  with  curved  blades  is 
shown  in  Fig.  6.  There  are  two  hubs  and  sets  of  arms 
and  the  blades  are  curved  backward  at  their  outer  ends. 

The  effect  of  the  curvature  of  the  blades  may  be 
illustrated  by  the  diagrams  in  Fig.  7.  In  the  first 
of  these  the  blade  is  straight  and  radial,  in  the  second 
it  is  curved  forward  and  in  the  third  it  is  curved  back- 
ward. In  all  three  sketches  the  linear  velocity  of  the 
tips  of  the  blades  is  the  same,  as  represented  by  the 
length  of  the  line  A.  Similarly,  the  line  B  represents 
the  radial  velocity  of  the  air  at  the  moment  it  leaves 
the  blade.  By  completing  the  parallelogram  of  veloci- 
ties and  drawing  the  diagonal,  the  line  C  represents 
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FIG.  8.     MULTIBLADE  TYPE  OP  FAN  AVHKRT^     FIG.  9.     SIROCCO  TYPE  OF  FAN  AVHEEI^ 


the  direction  iiiul  velocity  of  the  discharged  uir.  In 
the  cu.se  of  straiKht  t)latle.><  imd  IjIikIcs  curved  forward 
the  resuhant  velocity  of  the  uir  i.s  greater  than  that 
of  the  blade  tips,  but  in  the  case  of  blades  curved 
backward  it   i.s  Ics.s  than  the  .speed  of  the  blade  tips. 

The  next  .step  in  fan  ileveloprnent  wa.s  the  pioduclion 
of  the  .sirocco  or  multiblade  type,  one  form  of  which 
i.s  illustrated  by  the  fan  wheel  in  KiR.  8.  The  number 
of  blades  is  very  much  greater  than  in  the  steel-plate 

fan.  the  depth     ,  .  

of  the  blades 
is  much  less 
and  the  area 
of  inlet  open- 
ing is  greatly 
i  n  c  re  a  s  e  d. 
The  blades 
are  curved 
forward  in 
the  direction 
of  rotation. 
The  advan- 
tages gained 
by  this  con- 
struction 
are  many. 
The  inlet 
opening  is 

made  almo.st  et)ual  to  the  diameter  of  the  wheel,  be- 
cause of  the  shallowness  of  the  blades.  The  space 
between  adjacent  blades  is  small,  and  eddy  currents 
are  less  likely  to  be  set  up.  At  the  inner  end  the 
blade  curve  is  approximately  at  right  angles  to  the 
direction  of  motion,  but  at  the  outer  end  it  is  inclined 
forward  at  a  sharp  angle.  As  a  result,  the  space 
between  adjacent  blades  grows  narrower  toward  the 
tips  and  the 
velocity  of 
the  air  is  in- 
creased as  it 
flows  out- 
ward. With 
a  fan  of  this 
type  the  vol- 
ume and  ve- 
locity of  air 
discharged  at 
a  given  speed 
are  consider- 
ably greater 
than  for  a 
steel-p  late 
fan  at  the 
same  speed. 
Noise  and  vi- 
bration are 
greatly  re- 
duced by  the 
Another   make 


with  double  inlctH,  consisting  practically  of  two  .single- 
inlet  wheels  placed  i)ack  to  back. 

A  further  development  of  the  multiblade  construction 
is  shown  in  Fig.  10.  As  in  the  typen  already  illus- 
trated, the  blades  are  curved  forward  from  the  inner 
to  the  outer  edges.  In  addition  ihey  are  curvcsd  from 
^ide  to  side  so  as  to  produce  a  numbi-r  of  pockets  in 
each  blade.  The  object  of  this  construct ic.i  is  to  obtain 
a  more  uniform  distribution  of  the  air  along  the  blade, 

,„.      _       .  .   .     eliminate  side 

slip  of  the  air 
along  the 
blade  due  to 
i  t  s  entrance 
velocity  and 
direction  and 
increa.se  the 
velocity  of 
disc  harge. 
The  illustra- 
tion shows  a 
wheel  f  o  r  a 
f  a  n  of  large 
size,  the  cen- 
tral annular 
ring  serving 
to  stiffen  the 
wide  wheel. 
The  conoidal  fan  wheel  shown  in  F'g.  11  is  simply 
the  application  of  the  cone  principle  to  the  multiblade 
type.  The  multiblade  fan  causes  a  rapid  flow  of  air 
into  the  inlet  opening,  and  there  is  a  tendency  for  the 
rear  ends  of  the  blades  to  take  most  of  the  air.  The 
conoidal  fan  has  blades  that  are  narrow  at  the  front 
and  wide  at  the  rear  and  the  angle  of  curvature  is 
sharper  at  the  front  than  at  the  rear,  .so  that  the  work 

may  be  d  i  s  - 


LARGE  MTIEEL  OF   MULTIBLADE 
TYPE 


use    of    the    multiblade    construction. 

of  multiblade  fan  wheel,  having  but 
a  single  inlet,  is  shown  in  Fig.  9.  In  this  case  the 
overhung  end  of  the  wheel  is  braced  and  stiffened  by 
four  stay-rods  riveted  to  the  ring  A  and  bolted  into 
the  hub  B.  The  hub  is  made  conical  to  deflect  the  in- 
coming air  outward  into  the  blades  with  as  little  com- 
motion as  possible.     This  make  of  wheel  is  also  built 


t  r  i  b  u  t  e  d 
evenly  over 
the  blade.  A 
conical  hub 
deflects  the 
a  i  r  outward 
with  small 
loss  of  power 
0  r  eflSciency. 
Blowers  and 
exhaus  te  r s 
are  centrifu- 
gal fans  of 
pract  ica 1 ly 
the  same  in- 
ternal con- 
struction. The 
difference  be- 
tween them 
is    that    the 

blower  has  two  air  inlets,  whereas  the  exhauster  has 
but  one.  A  blower  of  a  widely  used  type  is  shown  in 
Fig.  12,  consisting  of  a  cast-iron  casing  inside  which 
rotates  a  wheel  much  like  that  showTi  in  Fig.  5.  This 
foiTn  of  blower  is  particularly  adapted  to  furnishing 
forced  draft  for  boilers  and  blowing  powdered  coal 
into  furnaces,  although  it  is  used  for  many  other 
purposes. 


FAX  WHEEL  OF  CONOIDAL 
TYPE 
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For  pressures  as  high  as  16  oz.  per  square  inch  the 
style  of  blower  shown  in  Fig.  13  is  available.  The  cas- 
ing is  made  in  halves,  one  of  which  is  removed  to  show 
the  wheel.  It  is  composed  of  a  large  number  of  narrow 
curved  blades  held  between  side  plates  and  made  with 
two  inlets.  The  pressure  of  the  air  discharged  depends 
on  the  speed  of  the  wheel.  It  is  designed  to  produce 
a  high  velocity  of  discharge  and  so  deliver  a  small 
volume  of  air  at  high  pressure.    It  will  be  noted  that  the 

blower    in 

Fig.  13  bears 
a  strong  re- 
semblance t  0 
a  centrifugal 
pump.  The 
principle  o  f 
action  is  the 
same,  in  that 
the  fluid  is 
given  a  high 
velocity  by 
the  rapid 
rotation  of 
the  fan  wheel 
or  impeller 
and  then  the 
kinetic  en- 
ergy of  the 
swiftly  mov- 
ing stream  is 
converted  in- 
to pressure 
b  y    reducing 

the  velocity.  This  change  of  velocity  into  pressure  is 
accomplished  by  the  spiral  casing  into  which  the  air 
is  discharged. 

What  is  known  ordinarily  as  a  positive  blower  is 
shown  in  section  in  Fig.  14.  It  consists  of  a  pair  of 
two-lobed  impellers  A  and  B  that  run  together  inside 
a  casing  C.  The  shafts  to  which  the  impellers  are 
keyed  are  forced  to  turn  at  the  same  speed  by  being  con- 
nected  by  a  pair  of   gears   of   the   same   size   on   the 


FIG.  12.  EXTERIOR  OP  A  COMMON 
TYPE  OF  BLOWER 


in  Fig.  1,  it  is  called  a  full-housed  fan.  In  many  cases, 
however,  a  part  of  the  passage  is  formed  in  the  founda- 
tion on  which  the  fan  is  placed,  and  the  fan  is  then 
said  to  be  three-quarters  or  seven-eighths  housed,  de- 
pending on  how  deeply  it  is  set.  In  Fig.  15  the  fan  at 
the  left  is  three-fourths  housed  and  the  other  is  seven- 
eighths  housed. 

The  discharge  of  a  fan  is  designated  as  top  or  bot- 
tom   horizontal,    top    or    bottom    vertical,    etc.      For 

example,  Fig. 

1  shows  a 
right  -  hand 
top  horizon- 
tal discharge, 
while  Fig.  15 
shows  at  the 
left  a  left- 
hand  top 
vertical  dis- 
charge and 
at  the  right  a 
left-hand  top 
h  0  rizon  t  a  1 
d  i  sch  a  rge. 
The  hand  of 
a  fan  is  de- 
termined b  y 
standing  so 
as  to  face  the 
driving  pulley 
and  noting  on 
which  side  of 
the  shaft  the 

fan  outlet  lies.  The  capacity  of,  a  fan — that  is,  the 
number  of  cubic  feet  of  air  per  minute  that  it  will  dis- 
charge— depends  on  the  speed  of  the  fan  and  the  pres- 
sure against  which  it  works.  Obviously,  these  condi- 
tions are  different  for  different  applications,  and  for 
that  reason  it  is  not  feasible  to  show  either  a  table  or  a 
formula  that  will  give  the  capacity  of  a  fan  under  any 
and  all  conditions  of  service. 

Every  fan  manufacturer  publishes  tables  of  capac- 
ities of  his  different  styles  of  fans  .'^t  various  speeds 
and  pressures  and  these  should  be  used  when  informa- 


FIG.   13. 


SECTION   OF  HIGH-PRESSURE 
BLOWER 


FIG.   14.      DIAGR.VM  OF  PO.'^ITIVE  BLOWER 

outside  of  the  casing.  Air  enters  at  D,  is  caught  be- 
tween the  impeller  and  the  casing  as  at  E  and  is 
carried  around  and  discharg  at  F.  As  the  impellers 
are  in  contact  with  each  oti.er  and  with  the  walls  of 
the  casing,  there  is  no  chance  for  the  air  to  return 
and  a  definite  volume  is  delivered  at  each  revolution. 
This  type  of  blower  is  used  for  furnishing  air  blast 
to  forges  and  cupolas. 

If   the   steel-plate   casing    incloses   the   entire   spiral 
passage  around   the   fan  wheel,   as   in   the   fan   shown 


FIG.    15.      THREE-QUARTERS   AND    SEVEN-EIGHTHS 
HOUSED   FANS 

tion  as  to  capacity  is  desired.  In  some  cases  the  tables 
may  not  allow  for  internal  friction  or  resistance  due 
to  pipes  and  ducts.  It  is  well,  therefore,  to  determine 
first  of  all  the  basis  on  which  the  table  is  computed.  If 
the  resistances  are  not  taken  into  account,  the  stated 
capacity  will  be  larger  than  can  be  obtained  in  practice. 
Similar  tables  are  published  as  to  the  horsepower  re- 
quired to  drive  fans.  Here  again  it  is  best  to  rely  on 
the  data  given  by  the  manufacturer,  as  they  include 
the  results  of  wide  experience  in  the  use  of  fans. 
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Care  of  IK^aliiig  and  Vciililaliiig  E(|iii|)ineiil — VII 
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Thi.t  article  in  a  discuttsiou  of  thv  two-pipe  fti/n- 
teni  of  heating,  giving  pointers  on  the  things 
to  guard  agaitust  to  avoid  trouble  and  how  to 
correct  certain  defects  when  found  to  exist. 


TW'O-I'II'K  jrravity  stoain  systems  utilize  the  same 
types  of  steam  and  air  valves  as  one-pipe  systems, 
and  like  the  one-pipe  system  the  piping  may  be 
arranged  for  up-feed  (Fig.  1)  or  down-feed  (Fig.  2) 
and  either  may  have  the  air  valve  discharged  into  the 
room  or  connected  to  an  air-line  system  either  with  or 
without  an  air-line  pump  as  previously  described.  The 
down-feed,  or  "Mills  system,"  allows  the  use  of  slightly 
smaller  risers  or,  rather,  drop.s,  and  since  the  condensa- 
tion flows  in  the  same  direction  as  the  steam,  the 
danger  of  water-hammer  and  noise  is  greatly  reduced. 
The  two-pipe  system  is  distinguished  from  the  one- 
pipe  by  the  radiators  having  a  separate  return  con- 
nection which  allows  the  condensation  to  flow  down  a 
different  riser  from  that  from  which  the  steam  is  fed  to 
the  radiator,  but  the  horizontal  main  piping,  header  or 
loop,  may  be  almost  identical  with  that  used  for  a 
one-pipe  system. 

The   standard   tappings    for   two-pipe   gravity   steam 
radiators  are  as  follows: 


Kadiator   Surface 

Supply  Pipe 

Return  Pipe 

I'p  to  48si4.fl. 
48  to  96,sq.ft 

1   -in. 

J-in. 

IJ-iii 

1  -in. 

Over  96  .sq  ft 

IJ-in. 

1  i-ii. 

If  the  runout  from  the  riser  to  the  radiator  is  long, 
it  is  generally  made  one  size  larger  up  to  the  radiator 
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FIG.    1.      TYPTCAT^   TWO-PIPE    UP-FEED    SYSTEM 

valve.  To  operate  in  a  quiet  and  satisfactory  manner 
the  horizontal  piping  must  be  large  enough  to  supply 
the  maximum  amount  of  steam  and  must  be  properly 
pitched  and  dripped  so  that  no  water  can  accumulate 
in  it,  othei-wise  there  will  be  objectionable  noise.  As 
a  general  thing  but  little  trouble  is  encountered  on 
account  of  the  pipe  not  being  big  enough  to  deliver 
the  required  amount  of  steam,  because  the  average 
demand  is  small  and  the  maximum  load  in  a  heating 
system  is  carried  only  for  a  few  days  out  of  the  entire 


licating  season.  While  it  is  entirely  feasible  in  heating 
work  to  run  the  drip  in  both  the  main  header  and 
riser  against  the  flow  of  the  steam,  owing  to  the  low 
velocities  u.sed,  it  is  always  better  to  arrange  for  the 
drip  or  condensation  to  flow  with  the  steam  instead 
of  against  it;  therefore  such  piping  is  recommended  as 
being  theoretically  correct  and  smaller  pipes  may  be 
used,  giving  greater  economy.  As  a  rule  the  .steam^ 
main  rises  from  the  boiler  to  a  high  point  and  then 
slopes  downward  from  this  point  to  the  end  of  the 
line  or  point  of  drainage  of  the  loop.     This  does  not 
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FIG.    2.      IJOWX-JEEl>   TWO-PIPE   JOB 

mean  that  there  cannot  be  a  further  rise  at  any  point 
where  it  may  be  desirable,  but  a  drip  must  be  provided, 
as  illustrated  in  Fig.  3,  at  the  point  of  rising. 

"Wet"  returns  are  always  preferable,  and  if  it  is 
impossible  to  carry  them  below  the  boiler-water  line, 
a  false  water  line  may  generally  be  used.  In  many 
systems  not  operating  properly,  the  trouble  may  be 
traced  directly  to  the  dry  return  or  air  binding  or  both. 

Piping  systems,  on  the  supply  steam  side,  may  be 
divided  into  steam  mains  carrying  all  condensation  or 
those  carrying  no  condensation  except  their  own  and 
that  for  short  distances  while  the  return  lines  are  either 
"wet"  or  "dry."  Drips,  bleeders  or  air  lines  do  not 
materially  affect  these  classifications. 

The  most  common  system  of  steam  piping  on  small 
jobs — which  at  the  same  time  utilize  one-pipe  radiators — 
is  that  known  as  the  circuit  or  loop  system.  A  typical 
layout  of  such  piping  is  shown  in  Fig.  4,  and  it  will 
be  noticed  that  the  main  rises  up  directly  from  the 
lop  of  the  boiler  to  its  high  point,  slopes  steadily  down 
from  there  until  it  completes  its  circuit,  dropping  below 
the  water  line  near  the  boiler.  If  it  is  necessary  to 
raise  the  main  at  any  point,  it  may  be  done  as  shown 
in  Fig.  3.  With  such  a  in  there  is  practically  no 
return  pipe  and  one-pipe  raaiators  are  almost  invariably 
used,  the  one-pipe  risers  being  branched  from  the  main 
as  illustrated  in  detail  at  A,  Fig.  5,  using  a  tee  turned 
to  45-deg.  and  a  45-deg.  elbow.  This  results  in  the 
steam  entering  the  branch  without  conflict  with  the  I 
condensation  returning  in  the  lower  portion  of  the] 
branch,    but    if   the   branch    is    taken    from    the    main 
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vertically,  as  at  B,  then  the  steam  flowing  in  the  main 
must  force  its  way  through  a  spray  of  water  at  each 
branch,  interfering  with  the  flow  and  causing  more  or 
less   drop   in   pressure. 

Probably  the  most  frequent  cause  of  trouble  in  such 
a  piping  system  is  the  neglect  to  provide  properly  for 
air  relief,  for  some  steamfitters  are  not  as  familiar 
with  the  essential  points  on  air  relief  as  might  reason- 
ably be  expected.  Of  course,  air  relief  in  the  radiators 
is  secured  through  the  radiator  air  valve,  but  air  may 
also  be  contained  in  steam  piping,  especially  large 
mains,  so  that  when  the  main  cannot  easily  be  relieved 
through  the  radiator  connections,  separate  air  venting 
must  be  installed.  If  no  air  valve  is  placed  at  the 
point  where  the  main  drops  below  the  water  line,  the 
operating  engineer  is  likely  to  experience  trouble  ev.ery 
time  the  system  is  started  up,  because  air  gets  trapped 
in  the  main  between  the  water  and  steam,  thus  inter- 
fering with  the  returns  and  circulation.    Placing  an  air 
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TWO    BASKMENT    STEAM-HEATING    MAINS 

Fig.    % — For    low    headroom.      Fig.    4 — r.«ed    wliete    headroom    is 
ample    for    one-way    drainage. 

valve  at  such  a  point  will  relieve  the  air,  but  may  result 
in  trouble  from  water  leakage  due  to  the  cooler  water 
of  the  return  spouting  through  the  open  valve.  This 
can  usually  be  remedied  by  locating  the  air  valve  12  to 
18  in.  above  the  header,  as  shown  in  Fig.  6,  so  that 
the  air  and  water  will  separate  before  reaching  the 
air  valve ;  but  if  the  steam  main  is  too  small,  the  water 
may  back  up  into  the  valve  from  the  boiler,  especially 
when  the  level  of  the  low  point  of  the  steam  main  is 
near  the  water  line  of  the  boiler;  for  when  the  dis- 
tance between  the  boiler  water  line  and  the  low  point 
of  the  steam  main  is  small,  a  very  small  loss  of  pressure 
in  the  steam  main  will  result  in  the  water  of  the  boiler 
backing  up  to  the  air  valve  and  flooding  it.  Usually, 
30  in.  is  considered  the  minimum  allowable  distance 
between  the  boiler  water  line  and  the  lowest  point  of 
the  steam  main,  which  corresponds  to  about  one  pound 
drop  in  pressure  in  the  line. 

It  is  interesting  to  note  the  rise  of  the  return  water 
in  a  wet  return  due  entirely  to  drop   in  pressure,  as 


shown  in  Fig.  7,  where  the  return  stands  higher  in 
each  return  connection  as  the  location  becomes  more 
and  more  remote  from  the  boiler.  Near  the  boil.^r 
where  the  drop  is  small,  the  return  rises  but.  little 
above  the  boiler-water  line,  but  at  the  end  of  the  system, 
with  one  pound  loss  in  pressure,  the  return  will   rise 
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FIG.    5.      RISER   BRANCHES    FROM    STEAM    MAIN 

about  2.3  ft.  and  the  various  other  levels  will  be  approxi- 
mately as  illustrated. 

The  formula  for  checking  the  size  of  a  steam  main 
carrying  radiator  condensation  has  already  been  stated 
as  Z)  :=  i  V  fl,  where  D  is  the  diameter  of  the  pipe 
in  inches  and  R  is  the  number  of  square  feet  of  equiv- 
alent direct  radiation. 

When  the  return  drops  below  the  water  line  at  the 
end  of  the  main,  it  is  usually  reduced  one  pipe  size. 
A  second  arrangement  of 
piping  resembles  the  cir- 
cuit main  described,  but 
is  used  for  larger  sys- 
tems. This  may  be 
termed  the  "split  cir- 
cuit" arr  angement. 
Usually,  if  the  drop  be- 
low the  water  line  is 
made  near  the  boiler,  as 
shown  in  Fig.  8,  the  sys- 
tem is  spoken  of  as  a 
split  circuit,  while  if  the 
drop  is  made  at  a  con- 
siderable distance  from 
the  boiler,  as  shown  in 
Fig.  9,  it  is  termed  a 
"wet  return"  system. 
Such  piping  is  equally 
suitable  for  either  one- 
pipe  or  two-pipe  sys- 
tems, the  one-p  i  p  e 
branches  being  connect- 
ed to  the  steam  main 
as  illustrated  in  Fig.  5,  and  the  two-pipe  supply 
and  return  branches  being  connected  as  illustrated  in 
Fig.  9.  Where  the  two-pipe  arrangement  is  used,  the 
formula  for  pipe  size  becomes  D  =  J„l  R  instead  of 
D  =--  h]'R,  as  given  for  a  one-pipe  job,  thus  reducing 
the  diameter  of  the  steam  main  slightly.     The  size  of 


PIG.   6.      AIR  VENT    ON   MAIN 


168 


I'O  \V  K  K 


Vol.  4!),  No.  5 


the  wi't   ri'tiini   may  ."^afoly   lu"  l)ase(l  on   tin-    iDllnwiiiK 
srhcdiile: 

It   i'(  i:<|iiivi>i<'iii 

Pip.'  »IH- 


S\i  It   !■(  i:<iiiivi>i<'ii 

Pirixt  Unilittliun 


1.1)00 
(>.l)00 
li.OOO 
20.000 
)6.000 
60.000 
80.000 


-in 

Mil 


It  is  customary,  however,  to  make  a  wet  return  one 
or  two  sizes  larger  than  given   in  the  foregoing  table 


FIG.  7.     STEAM  rRES.«;iRE  DROP  PERMITS  WATER  TO  RISE 

in  order  to  allow  for  partial  stoppage  by  sediment,  scale, 
etc.,  collecting  in  this  low  part  of  the  system.  A 
rough  rule  is  to  make  the  return  one-half  the  diameter 
of  the  supply  pipe  serving  the  radiation. 

Difficulty  is  sometimes  encountered  with  a  two-pipe 
system  where  one  riser  or  return  serves  two  radiators 


mwMm. 

FIG. 9 
STEAM    MAINS   FOR  LARGE    INSTALLATIONS 
Fig.   8 — Known  aa  a  split  circuit.     Fig.  9 — A  wet   return. 

located  directly  opposite  to  each  other,  one  much  larger 
than  the  other.  The  larger  radiator  will  sometimes 
heat   only   at   the   ends    and   will   remain   cold    in    the 


riiuldlc  part.  A  typical  in.stance  of  this  kind  is  illu.s 
Iraled  in  Fig.  10,  where  two  radiators  are  supplied  by 
separate  ri.sers  but  both  have  their  returns  connected 
to  a  common  return.  Whctn  steam  is  turned  into  the 
system  (if  the  bottom  of  the  return  riser  is  water- 
uealed,  as  it  should  be),  the  steam  will  enter  both 
radiators  at  the  supply  end  and  will  start  pushing  the 
air  out  through  the  air  valves;  but  because  both  air 
valves  di.scharge  at  the  same  rate  and  one  radiator 
is  two  or  three  times  as  large  as  the  other,  it  follows 
that  the  small  radiator  will  be  rid  of  air  long  before  the 
large  one,  and  the  steam  then  proceeds  out  through  the 
return  connection  of  the  smaller  radiator  and  across 
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FIG.    10.      RADIATOR  CONNECTIONS  THAT   .SOMETIMES 
CAUSE    TROUBLE 

through  the  return  connection  into  the  larger  radiator 
at  the  air-valve  end.  As  soon  as  the  steam  comes  in 
contact  with  the  air  valve  on  the  large  radiator,  it 
.■^huts  off,  imprisoning  the  remaining  air  in  the  larger 
ladiator.  The  best  remedy  for  such  trouble  is  to  put 
in  a  check  valve  or  a  water  seal  in  the  return  from 
the  large  radiator,  as  shown. 

A  common  arrangement  of  steam  and  return  mains 
is  that  known  as  the  "dry  return"  system,  illustrated 
in  Fig.  11.  It  is  used  almost  exclusively  for  two-pipe 
systems  of  heating.  This  dry  return  system  usually 
causes  the  operating  engineer  a  lot  of  trouble,  and  its 
use  is  warranted  only  where  any  other  is  impossible, 


FIG.  11.     DRY  RETURN  SYSTEM 

but    if   properly    installed    it   can   be   made   to   operate 
satisfactorily  as  most  of  the  trouble  is  due  to  incorrect 
methods  of  piping.     Trouble  can  be  avoided  by  having 
all   connections   between   the   steam    main    and    return 
water-sealed.     The  depth   of  seal   required  depends  on 
the  maximum  difference  in  pressure  between  the  supply  I 
and  return  mains  as.  explained  in  connection  with  theJ 
rise  of  w^ater  in  the  return  pipe,  excepting  that  in  this] 
case  the  rise  occurs  in  the  water  seals.     Drip  connec- 
tions should  never  be,  but  often  are,  made  as   shownl 
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in  Fig.  12,  as  trouble  is  almost  sure  to  result.  The.se 
connections  should  always  be  sealed  by  loops,  as  shown 
in  Fig.  13,  or  by  establishing  a  false  water  line  in  the 
system.  Sealing  every  connection  to  a  dry  return  line 
makes  it,  as  far  as  operation  goes,  equal  to  the  wet 
return.  The  overhead  return  may  be  water-sealed  by 
connecting  an  "inverted  seal"  forming  a  trap  of  what- 
ever depth  of  seal  is  required.  This  is  accomplished 
by  a  rise  in  the  line  before  dropping  down  to  the  lower 
level,  as  shown  in  Fig.  14,  this  rise  being  connected  to 
the  steam  line  by  a  balance  pipe  in  order  to  prevent 
siphoning. 

There  is  more  than  one  way  to  operate  a  gravity 
steam  plant  of  either  the  one-pipe  or  two-pipe  design. 
Many  smaller  systems  are  controlled  entirely  from  the 
boiler  room  by  supplying  steam  for  shorter  or  longer 
periods  during  the  day  as  the  severity  of  the  weather 
demands.  For  instance,  during  a  period  when  the  out- 
side temperature  is  around  35  deg.  F.  steam  might  be 
supplied  for  alternate  hours,  while  with  20-deg.  weather 
it  would  probably  be  necessary  to  keep  steam  on  for 
two  hours  and  off  for  one  hour,  or  approximately  67 
per  cent,  of  the  time  on.  With  zero  weather  steam 
would  be  carried  on  the  system  all  day,  but  when  the 
weather  moderated  again,  the  "off"  periods  could  be 
made  longer  or  more  frequent  to  about  60  deg.  outside 
temperature,  when  there  would  be  little  need  of  arti- 
ficial heat. 

This  method,  if  properly  carried  out,  is  one  of  the 
most  economical  ways  of  running  a  small  plant,  as  it 
insures  against  a  waste  of  heat  in  unoccupied  rooms 
where  radiators — left  turned  on  through  carelessness — 


RIGHT  .\ND  WRONG  WAY  TO  DRAIN  HEADERS 
Fig.  12 — The  wrong  way.     Fig.  13 — The  right  way. 

would  cause  overheating  and  waste  of  coal.  The  best 
way  to  determine  the  amount  of  heat  required  is  to 
select  some  room  of  reasonable  exposure  and  easily 
accessible  to  the  operating  engineer  at  all  times.  A 
little  experimenting  will  soon  show  what  temperature 
this  room  will  heat  to  by  the  time  all  the  other  rooms 
have  reached  70  deg.  F.  With  this  room  as  a  guide, 
it  is  comparatively  easy — by  maintaining  the  required 
temperature  there  as  showm  by  experiment — to  maintain 
a  very  comfortable  temperature  throughout  all  parts  of 
the  building. 


Of  course  if  the  radiation  is  not  evenly  distributed, 
the  results  of  trying  to  operate  in  this  manner  will 
be  that  some  rooms,  carrying  too  much  surface,  will  be 
overheated  while  others,  with  less  surface,  will  be  too 
slow  to  warm  up.  The  only  remedy  for  this  is  to  re- 
adju.st  the  radiator  surface  until  'iach  room  has  its 
proportional  amount. 

Another  method  is  to  carry  steam  pressure  at  all 
times,  depending  upon  the  occupants  to  control  ths 
radiators    so    as    to    maintain    desirable    temperatures 
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throughout.  This  method  is  not  usually  successful, 
being  subject  to  abuse  by  many  persons  who  would 
always  open  a  window  when  too  warm  instead  of  closing 
off  the  supply  of  heat.  If  temperature-control  apparatus 
is  installed,  however,  the  second  method  must  be  used 
in  order  to  have  steam  always  available  when  the  valves 
open. 

One  suggestion  that  may  help  to  conserve  the  coal 
supply  where  it  is  necessary  to  keep  on  steam  constantly 
is  to  place  diaphragm  valves  in  any  lines  that  can  be 
shut  off  for  certain  periods.  In  dormitories  the  heat 
can  be  cut  off  from  12  o'clock  midnight  to  5  or  6  in 
the  morning  without  inconvenience  and  be  more  health- 
ful for  all  concerned.  In  schools  the  gymnasium,  audi- 
torium and  other  departments  in  use  only  a  portion  of 
the  day  are  easily  shut  off  at  the  proper  time  without 
affecting  the  rest  of  the  building. 

Canadian  Central  Stations 

The  Dominion  Bureau  of  Statistics  in  cooperation 
with  other  departments,  has  completed  a  census  and  di- 
rectory of  the  central  electric  power  stations  in  Canada, 
including  only  stations  developing  electric  power  for 
sale. 

The  capital  invested  in  power  stations  reaches  a  total 
of  $356,004,168,  of  which  79.5  per  cent,  is  invested  in 
commercial  stations,  and  20.5  per  cent,  in  municipal  or 
publicly  owned  stations.  The  total  revenue  derived 
from  the  .sale  of  electrical  energy  is  $44,536,848,  of 
which  $29,135,399  was  secured  by  commercial  and  $15,- 
401,449  by  municipal  plants.  The  primary  power  in- 
stallation in  central  stations  totals  1,845,161  hp.,  of 
which  1,652,661  hp.  is  derived  from  water,  180,800  hp. 
from  steam  and  11,700  from  gas  and  oil.  The  actual 
cost  of  construction  of  hydro-electric  power  stations  per 
installed  horsepower  (omitting  real  estate,  transmis- 
sion and  distribution  equipment)  for  70  representative 
stations  throughout  Canada  with  an  aggregate  tur- 
bine in.stallation  of  745,797  hp.  was  $50,740,458, 
being  an  average  cost  of  $68.03  per  installed  turbine 
horsepower. 
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The  nii)iti  cK'velopment  of  turbine  machinery  hius  been 
paralloiod  by  a  like  development  in  condenser  ajjparatus. 
In  fact  the  turbine,  in  a  larjre  raejusure,  owe.s  its  economic 
position  to  the  hiRh-vacuum  condenser.  Without  the 
condensinjr  apparatus  to  maintain  the  hitch  vacuum  re- 
quirements, the  turbine  would  not  be  able  to  maintain 
its  position. 

The  condenser  as  it  was  known  ten  or  fifteen  years 
ago  was  not  at  all  suitable  for  maintaining  the  high 
vacuum  rociuired  by  modern  turbines,  so  that  the  con- 
denser of  necessity  evolved  to  its  present-day  form.  The 
development  of  condensers  has  been  based  on  systems 
that  differ  materially  in  their  original  form,  but  which 
have  gradually  grown  toward  comparative  similarity. 
Each  particular  school  of  design  ha,s  something  to  rec- 
ommend it. 

It  is  a  natural  development  that  the  designer  of  a 
new  line  of  condenser  products  makes  an  effort  to  incor- 
porate in  his  apparatus  those  elements  which  the  col- 
lective experience  of  operator,  builder  and  designer  have 
found  desirable.  This  has  been  done  in  the  instance  of 
the  Elliott-Ehrhart  jet  condenser,  manufactured  by  the 
Elliott  Co.,  Pittsburgh,  Penn.,  and  shown  in  Fig.  1.  It 
is  of  the  vertical  type.  Steam  enters  at  the  top  and  the 
condensing  water  and  products  of  condensation  are 
pumped  out  by  a  centrifugal  pump  at  the  bottom  of  the 
apparatus  (see  Figs.  2  and  3).  The  mixture  of  steam 
and  water  is  accomplished  by  the  use  of  spray  nozzles  so 
designed  as  to  break  the  water  into  small  enough  par- 
ticles to  insure  a  mixture  of  steam  and  water  without 
presenting  undue  resistance  to  the  flow  of  water.  The 
nozzles  are  liberal  in  area,  so  that  ordinary  debris  in 
the  circulating  water  will  not  choke  them.  The  spray 
nozzles  placed  in  the  condenser  head  are  of  the  helical 
type,  formed  by  having  a  twisted  division  wall  located 
on  the  inside  of  the  cylindrical  nozzles  (see  Figs.  2 
and  3). 


The  water  in  passing  through  the  nozzle  is  given 
a  rotary  moticjn  about  the  axis  of  the  nozzle  ho  that  it 
is  torn  into  very  small  particles  by  the  centrifugal  force 
of  rotation.  This  design  of  nozzle  has  been  found  to 
give  just  the  proper  amount  of  centrifugal  rotation  to 
the  water,  tearing  it  into  fine  particles. 

The  openings  in  the  head  for  inspection  and  the  re- 
moval of  material  that  has  passed  the  intake  .screens, 
are  arranged  .so  that  the  removal  of  one  nut  will  gif« 
access  to  the  interior.  This  is  accomplished  by  attach- 
ing the  cover  plate  by  means  of  a  crab.  These  opening! 
are  placed  on  the  lower  surface  of  the  overhanging  con- 
denser head,  so  that  the  turbine  foundations  can  be 
bolted  clo.se  to  it.  No  ground  joints  are  u.sed.  Ordi- 
nary commercial  ga.sket  is  the  packing,  which  insures 
a  tight  joint  when  the  handhole  cover  is  in  place.  The 
centrifugal  pump  for  handling  the  condensate  forms  the 
base  of  the  conden.ser  and  has  the  pump  casing  split 
vertically  and  parallel  to  its  axis,  so  that  the  removal 
of  the  cover  permits  the  taking  out  of  the  shaft  in  the 
same  manner  as  with  the  ordinarj'  horizontally  split 
casing  of  the  centrifugal  pump. 

The  use  of  the  steam  ejector  for  removing  air  from 
the  condenrer  system  makes  the  apparatus  one  of  ex- 
treme simplicity  and  efficiency,  when  it  is  realized  that 
the  exhaust  from  the  ejector  may  be  used  for  feed- 
water  heating,  and  thus  the  maximum  B.t.u.  are  util- 
ized. 

Owing  to  the  restrictions  of  war  times  the  jet  con- 
denser has  been  the  first  to  appear  on  the  market,  al- 
though surface  condensing  units  are  included  in  the 
product  of  the  company. 


In  Texas  there  is  an  area  having  a  length  of  500 
miles  and  a  width  of  from  50  to  100  miles  under  which 
ir.  a  bed  of  lignite  estimated  to  contain  about  30  billion 
tons.  This  is  said  to  be  the  largest  known  deposit  of 
lignite  in  the  United  States. 


FIG.    1.     EXTERIOR   OF 
CONDENSER 


FIG.    2.      SECTION   THROUGH 
CONDENSER 


FIG.   3.     SIDE  SECTIONAL 
VIEW 
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V — At  this  meeting  the  discussion  turns  to  the 
relative  advantages  of  A  frames  and  box  frames, 
with  side  remarks  on  cooling  hot  bearings. 

AT  THE  following  meeting  of  the  class,  Egan  an- 
l\    nounced  that  he  intended  to  take  up  the  discus- 
JL  JL  sion  of  piston  and  cylinder  details,  but  Woods 
interposed  an  objection, 

"Before  you  do  that,  I  wish  you'd  talk  about  engine 
frames,"  he  said.  "Last  evening  I  had  an  argument 
with  Kelly.  He  says  the  A  frame  is  lots  better  than 
the  box  frame,  and  I  don't  think  it  is."  The  young  fel- 
low tugged  belligerently  at  a  lock  of  hair  that  hung  over 
his  forehead. 

The  chief  joined  in  the  laugh  that  followed  this  dec- 
laration of  war. 

"I  can  understand  Kelly's  point  of  view,  and  if  the 
eld  splash  system  was  still  used  I'd  agree  with  him. 
But  let's  hear  Kelly's  side  of  the  question.  I  have  pic- 
tures of  both  types  of  frames,  built  by  the  same  com- 
pany"— here  J.  R.  displayed  the  illustrations  shown  in 
Figs.  1  and  2 — -"and  so  the  question  of  make  will  not 
enter  into  the  argument."  He  turned  to  Kelly.  "What's 
your  objection  to  the  one-piece  frame,  or  box  frame?" 

"Well,"  began  Kelly,  who  dearly  loved  an  argument, 
"the  kick  I  have  against  the  box  frame  is  that  it's  a 
box.  A  fellow's  got  to  crawl  through  the  door  if  he 
wants  to  do  any  work,  and  in  the  crawling  he  ruins  a 
perfectly  good  suit  of  overalls  and  a  sweet  and  loving 
disposition.  When  he  does  get  in,  can  he  do  anything? 
1  should  say  not!  He  spends  all  his  time  wiping  the 
oil  out  of  his  hair  or  off  the  seat  of  his  pants.  Another 
thing,  when  the  doors  are  closed,  you  can't  tell  where  a 
knock  comes  from.  If  it's  in  a  middle  crank  it  always 
sounds  as  if  it  was  the  end  cylinder.     If  your  crank  box 

or    main    bearing    runs    hot      

you  never  know  about  it 
until  the  engine  is  about 
ruined. 

"On   the   other   hand,    look 
at  the  A  frame  on  our  500- 


At  the  next  meeting  piston  rings  and  piston 
eonstruction  will  be  discussed.  Egan  will 
explain  to  the  elass  the  reason  for  the  scor- 
ing   of  cylinders    and  the  sticking  of  pistons 


hp.  engine.  Look  how  easy  it  is  to  take  out  the  light 
sheet-steel  covers  from  between  the  frames,  and  then 
the  whole  insides  is  right  there.  Are  you  worried  if 
your  bearings  are  warm?  Then  raise  up  the  cover  or 
slide  the  little  door  and  put  your  hand  right  on  the  hot 
place.  Do  you  get  your  hair  full  of  oil?  If  you  have 
to  take  out  a  crank  bearing,  it's  easy  to  slide  it  out  be- 
between  the  frames.     Me  for  the  A  frame!" 

"But,"  said  Woods,  "Kelly  is  still  talking  about  a 
box  frame  with  splash  lubrication.  From  what  I've  seen 
of  this  sort  of  system,  I  wouldn't  have  it  on  a  bet.  But 
at  the  beginning  it  was  understood  that  the  splash  out- 
fit was  ruled  out.  Take  the  two  photos  the  chief  has 
here.  The  box  frame  isn't  supplied  with  a  splash,  but 
the  bearings  have  a  flood  or  continuous  system  of  oiling. 
I'll  agree  that  even  with  this  stream  lubrication  some 
oil  will  be  thrown  off  by  the  crank,  and  if  the  doors  are 
opened  while  the  engine  is  running  somebody  will  get 
oiled.  But  the  inspection  ports  on  the  box  frame  are 
just  as  serviceable  as  they  are  on  an  A  frame.  In 
neither  frame  can  you  touch  the  main  bearings  by  reach- 
ing through  the  handholes  or  ports.  As  for  getting 
at  the  crank  brasses  or  main  bearings  to  remove  them — 
the  box  frame  is  much  handier.  The  box  is  roomier  and 
a  man  can  get  inside  and  have  space  to  lift  the  brasses. 
Last  Saturday  night  I  helped  to  take  out  the  No.  2 
crank  brasses  on  the  A-frame  engine,  and  it  was  a  job. 
There  isn't  enough  room  to  raise  your  back  when  you 
start  to  lift  the  box,  and  after  you  get  hold  of  the  box 
you've  got  to  turn  sideways  to  get  it  out  between  the 
legs  of  the  frame.  Now,  Mr.  Egan,  let's  hear  your 
views." 

The  chief  paused  thoughtfully  for  a  moment  before 
replying: 

"I  must  agree  in  the  main  with  Woods,"  he  said.  "As 
I  stated  before,  if  we  must  use  a  splash  system,  I'm 
against  the  box  frame.     However,  this  is  not  necessary, 

,     and  all  builders  of  box  frame 

have    abandoned    the    splas 

"In  oil  engines,  as  in  ste 
engines,      the      tendency 
to    adopt    accepted    idea 
design.     If  the  Diesel  ( 
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hail  orijriiiatod  in  Amoriia,  undoiihtotUy  it  would  have 
luHMi  built  hon/.ontaliy.  You  can't  dony  that  horizontal 
I'n^ine.s  aro  oa.sier  to  adju.st,  for  all  part.><  are  within 
roach  of  the  floor.  I'i.-itons  are  easier  to  pull,  .shuft.s 
ea.>fier  to  adju.st,  and  .so  on.  So  I  say  that  if  the  original 
design  had  been  American,  it  would  have  been  hori- 
zontal, since  the  American  euKineer  was  familiar  with 
horizontal  engines.     J'ractically  all  American  firm.s  who 


FIG.    1.      ENGINE   WITH    A    ROX   FR.\MR 

have  gone  into  the  Diesel  game  during  the  past  few 
years,  with  an  American  design,  have  adopted  the  hor- 
izontal frame. 

"On  the  other  hand,  the  European  practice  was  to 
build  vertical  steam  engines.  I  presume  that  the  cost 
of  raw  materials  prompted  this  since  a  vertical  engine 
can  weigh  considerably  less  than  a  horizontal.  It  may 
have  been  their  desire  to  produce  a  longer-lived  ma- 
chine, also  a  better-balanced  one.  With  these  facts  in 
mind,  its  easy  to  understand  why  the  Diesel  engine, 
when  first  produced,  was  vertical  and  why  this  design 
still  predominates. 

"The  same  reasoning  applies  to  the  box  and  A  frame. 
The  A  frame  can  be  made  lighter  in  weight  than  the 
box,  thus  reducing  the  raw-material  cost.  Against  this, 
the  A  frame  involves  more  labor  cost,  but  this  is  cheap 
in  European  countries.  In  designs  built  under  Eu- 
ropean plans  in  this  country  we  should  not  wonder  that 
the  A  frame  predominates.  It's  noteworthy,  however, 
that  the  drift  of  even  these  builders  of  the  A  type  is 
toward  the  box  frame. 

"From  the  viewpoint  of  operation  the  box-frame  en- 
gine is  easier  to  keep  in  shape.  You  notice  that  the 
A  frame  on  our  500-hp.  engine  has  a  tendency  to  give 
slightly  at  the  junction  of  the  A  flanges  and  the  base.  I 
don't  suppose  this  amounts  to  more  than  half  a  thou- 
sandth of  an  inch,  but  figure  what  this  means  as  re- 
gards the  movement  at  the  cylinder.  The  base  flange  is 
about  18  in.  in  length.  If  there  is  a  thousandth  of 
an  inch  vertical  movement  at  one  end  with  the  other  edge 
of  the  flange  as  a  fulcrum,  and  the  cylinder  top  is  14  ft. 
from  this  flange,  the  horizontal  displacement  will  be 
around  a  hundredth  of  an  inch.  This  movement  occurs 
to  the  piston  as  well.  It's  easy  to  see  that  the  brasses 
will  wear  out  of  true — the  ends  wearing  cone-shaped. 
This  may  be  theorj%  but  I  do  know  our  A-frame  engine 
demands  more  crank  adjustment  than  does  our  new  box- 
frame  engine.  As  Woods  states,  the  box  frame  is  easier 
to  work  in;  and  if  I  were  buying  an  engine,  I'd  insist 
that  the  manufacturer  put  ports  in  the  frame  between 


llie  door.s,  ho  the  i-nginecr  could  see  if  the  bearings  wer 
running  warm.  Hut  1  would  see  that  the  opcnitor  kept 
these  in.spection  ports  clo.sed.  1  have  noticed  that  Home 
of  you  boys  are  in  the  habit  of  removing  the  sheet- 
steel  covers  between  the  A  frames  and  running  the  en- 
gine open.  Now,  this  may  help  to  cool  a  warm  bearing, 
but  the  be.st  course  is  to  pay  strict  attention  to  your 
oiling  sy.stem  and  so  avoid  hot  boxes.  The  breathing 
action  of  the  moving  piston  sucks  air  into  the  frame, 
carrying  with  it  any  dust  or  grit  that  may  be  flying 
round.  To  let  this  grit  settle  in  the  engine  frame  won't 
help  your  bearings  any.  So  remember — keep  the  steel 
guards  on  the  engine. 

'  This  brings  to  mind  .something  I  saw  at  the  Pad- 
ucah  plant  when  I  visited  there  last  week.  A  hot  bear- 
ing had  developed  on  their  A-frame  engine  and  .some 
genius  had  hit  on  the  idea  of  running  a  hose  line  into 
the  oil  hole  on  the  bearing  cap  and  was  allowing  a 
nice  stream  of  water,  as  well  as  oil,  to  play  on  the  hot 
shaft.  Any  engineer  ought  to  know  that  water  used 
this  way  will  absolutely  prevent  any  oil  getting  to  the 
shaft,  and  water  itself  is  a  poor  lubricant.  The  water 
removed  some  of  the  heat  but  produced  just  as  much 
by  its  poor  lubricating  qualities.  I  suggested  to  the 
new  chief  that  he  cut  out  the  water  and  u.se  a  heavy 
stream  of  oil.  When  I  returned  from  lunch  I  found 
they  had  discovered  a  new  heat  remover.  They  were 
then  using  an  air  hose  from  their  air  compres.sor  and 
blowing  the  air  on  the  cast-iron  bearing  housing.  The 
bad  feature  of  this  was  that  the  cooling  was  occurring 
from  the  outside,  and  if  the  housing  did  cool  off,  it 
would  force  the  babbitt  to  grip  the  hot  shaft  or  squeeze 
out  at  the  ends.  So  my  advice  in  case  of  hot  bear- 
ings is  to  avoid  water,  air  or  anything  except  a  gen- 
erous supply  of  cool  oil.  Then,  when  the  bearing  cools 
off  and  the  engine  can  be  stopped,  inspect  the  bearings 
and  scrape  them  if  they  are  in  bad  shape. 

"Going  back  to  the  frame  question,  I  believe  there 
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FIG.    2.      ENGINE   WITH    AN   A   FRAME 

are  only  two  things  that  I  need  mention  in  regard  t( 
operation.  One  of  these  is — see  that  your  bolts  are  al 
ways  snug.  The  second  and  vital  one  is — keep  th« 
frame  clean  and  free  from  oil  leaks  and  settling  dust.' 

"Chief,  since  you've  mentioned  the  horizontal  enginei 
I'd  like  to  know  which  type  of  horizontal  frame  yoflj 
think  best  from  the  operator's  viewpoint,"  said  WoodsHJ 

"There    isn't    much    choice.    Woods,"    Egan    replied. 
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'You'll  find  practically  all  builders  use  a  one-piece 
"rame,  as  in  Fig.  3,  with  the  cylinder  water-jacket  cast 
n  one  piece  with  the  framt;  and  using  a  center-crank 
Ihaft.  This  makes  a  rigid  construction  and  simplifies 
'he  manufacture.  It  also  eliminates  any  danger  of 
broken  bolts  between  cylinder  flange  and  engine  frame. 


PIG.   3.     ONE-PIECE   FRAME   FOR   A   HORIZONTAL  ENGINE 

"Fig.  3  is  a  fairly  representative  type  of  horizontal 
frame,  this  design  being  followed  by  practically  all 
builders,  except  as  to  minor  details.  The  chief  feature 
of  this  type  is  its  heavy  weight.  The  majority  of  build- 
ers still  adhere  to  the  trunk  piston.  A  few  make  use 
of  the  crosshead  type,  and  consequently  this  latter  en- 
gine has  a  frame  considerably  longer  than  the  former. 

"In  operation  the  horizontal  frame  allows  the  engi- 
neer to  have  easy  access  to  all  parts,  and  it  is  easier  to 


dismantle  and  adjust.  In  sizes  up  to  300  hp.  I  think 
it  ideal.  Going  to  larger  sizes,  we  find  all  builders  us- 
ing the  twin  engine  design,  having  the  flywheel  and 
generator  between  the  two  frames.  In  this  case  the 
unit  is  made  up  of  two  distinct  engines.  Frequently 
each  engine  has  its  separate  governing  mechanism.  In 
operating  such  a  unit  on  a  lighting  circuit,  there  is 
likely  to  be  trouble  with  flickering  of  the  lights.  It 
seems  practically  impossible  to  make  the  action  of  the 
two  units  synchronize. 

"If  the  load  demands  an  engine  capacity  above  200 
hp.  and  the  horizontal  type  is  decided  upon,  by  all 
means  insist  on  two  separate  engine-generator  units." 

"I  can't  get  your  argument,  J.  R.,"  Woods  said.  "Why 
will  this  help  matters  if  the  engines  don't  synchronize?" 

"But  you've  forgotten  the  fact  that  we  are  now  fig- 
uring on  two  generators.  If  the  generators  are  equipped 
with  damping  windings,  the  tendency  to  fall  out  of  step 
is  practically  destroyed. 

"Another  important  item  to  consider  is  the  avail- 
able room  space.  The  horizontal  units  in  large  sizes 
demand  much  greater  floor  space  than  the  vertical  en- 
gine, and  ordinarily  floor  space  is  of  more  moment  than 
headroom,  unless  the  outfit  is  installed  in  a  basement." 


Conditions  in  the  Power  Industry 


By  L.  W.  ALWYN-SCHMIDT 


A  digest  of  the  reports  of  United  States  consuls 
on  the  poiver  situation  in  various  parts  of  the 
world  and  the  influence  of  the  ivar  upon  this 
important  industry.  Also  see  "Power,"  Dec.  3, 
1918. 


POWER  conservation  is  still  agitating  the  minds 
of  English  engineers  and  the  coal  controller  has 
appointed  four  hundred  experts  to  consult  with 
and  advise  power  users  with  a  view  to  reducing  the 
waste  of  power  and  coal.  The  Coal  Control  Technical 
Committee  believes  that  there  is  in  England  a  tremen- 
dous waste  of  coal  and  that  it  can  be  eliminated ;  but 
to  change  the  situation  will  take  several  years.  The 
advisory  work,  therefore,  will  be  continued  during 
peace  until  the  installation  of  more  efl!icient  power 
plants  is  guaranteed.  The  English  government  seems 
to  be  of  the  opinion  that  unskilled  handling  of  the 
power  plants — especially  the  employment  of  many  un- 
skilled stokers — has  a  good  deal  to  do  with  the  wasteful 
habits  complained  of.  More  than  45,000  firms  will  be 
examined,  only  364  of  which  so  far  have  been  visited, 
and  it  is  estimated  that  a  saving  of  106,000  tons  of 
coal  will   result   from   this   work   alone. 

To  make  possible  a  more  effective  control  of  the 
consumption  end  of  the  coal-conservation  scheme  in 
England,  it  became  necessary  some  time  ago  for  the 
coal  controller  to  take  the  leading  gas  works  under 
his  jurisdiction.  So  the  Bristol  Gas  Co.  was  operated 
under  the  administration  of  the  controller.  It  appears 
that  the  gas  works  had  to  assume  a  good  deal  of  the 
load    generally    carried    by   the   electrical   power   plant 


in  Bristol,  by  supplying  a  larger  share  of  the  lighting 
facilities.  The  electrical  plant  was  compelled  to  increase 
its  supply  facilities  considerably  so  as  to  be  able  to 
deliver  enough  power  to  local  industries.  It  is  interest- 
ing to  note  that  more  than  80  per  cent,  of  all  the 
electrical  energy  produced  by  the  municipal  power  plant 
in  Bristol  was  taken  up  by   industrial  enterprises. 

Following  the  precedent  of  other  cities,  Glasgow  has 
been  compelled  to  add  to  its  local  power  supply.  The 
general  plan  for  this  extension  was  made  before  the 
war  and  work  had  been  started  in  1914,  but  it  was 
suspended  at  the  outbreak  of  the  war.  The  unexpected 
increase  in  the  demand  for  power  later  made  it  advisable 
to  resume  construction,  which  was  done  in  1916.  The 
site  of  the  new  station  is  at  Dalmarnock,  Scotland,  and 
covers  45  acres  on  the  right  bank  of  the  River  Clyde. 
Four  25,000-hp.  turbo-alternators  will  be  installed,  to- 
gether with  eight  boilers.  There  will  be  a  complete 
plant  for  handling  the  coal,  for  which  there  is  a  storage 
system  having  a  capacity  of  60,000  tons. 

England  also  has  given  much  attention  to  the  question 
of  providing  power  in  India.  Attempts  are  being  made 
to  store  the  waters  of  the  monsoon  and  use  them 
for  hydro-electric  power  development.  There  are  large 
parts  of  India  which  have  a  rainfall  for  three  months, 
and  during  the  remainder  of  the  year  the  rivers  dry 
up  or  run  so  low  that  no  effective  use  can  be  made  of 
them  for  power  development.  It  is  now  contemplated 
to  use  convenient  valleys  to  form  reservoirs.  The  Tata 
hydro-electric  scheme  is  of  this  character.  It  is  ex- 
pected that  by  erecting  a  series  of  dams  enough  water 
can  be  provided  for  creating  100,000  horsepower 
(C.  R.  231).' 


T.    R.    indicates   "Commerce   Reports"   of  1918. 
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The  iiuTcnsiriK  supply  of  enorpy  at  chotvp  rates  to 
the  cities  ami  villajres  of  Switzeriaiid  has  created  a 
r()nsideriil)le  demand  for  electric  motors.  The  Swiss 
jrovernmeiit  kept  a  sharp  watch  on  the  development  of 
the  electrical  power  industry  in  Switzerland  during  the 
war  and  lar^'e  electrical  machines  could  not  he  sold  or 
delivered  without  its  permission.  The  demand  for 
motors  will  k>»w  as  there  is  a  factory  of  some  kind 
in  almost  every  village   (S.  C.  R.  17b).' 

Electrification  of  Swiss  Railroads  Completfj) 

The  demand  for  electrical  power  in  Switzerl-ind  will  be 
strengthened  by  the  now  seriously  contemplated  elec- 
trification of  the  Swiss  railroads.  The  .serious  coal 
shortage  that  has  overtaken  Switzerland  as  the  result 
of  the  war  now  seems  to  have  forced  the  hand  of  the 
government,  and  a  close  investigation  has  been  made 
of  all  the  factors  that  might  influence  the  early  de- 
velopment of  the  scheme.  Pre-war  estimates  had  put 
the  cost  of  such  an  enterprise  at  approximately  $100,- 
000,000,  excluding  the  purchase  of  the  electric  locomo- 
tives. Taking  into  consideration  the  increased  price  of 
all  railroad  material  and  electrical  equipment,  it  is 
now  expected  that  the  enterprise  cannot  be  completed 
much  below  $150,000,000.  As  it  is  contemplated  to 
proceed  slowly,  this  expense  can  be  distributed  over  a 
period  of  approximately  30  years. 

The  amount  of  water  power  required  has  been  esti- 
mated at  200,000  hp.  at  the  axis  of  the  turbines,  with  a 
momentary  maximum  of  600,000  hp.  Concessions  have 
been  secured  for  obtaining  the  required  power  at  sev- 
eral rivers.  Other  power  sites  will  be  acquired  and  it 
is  expected  that  150,000  hp.  at  the  turbines  can  be 
obtained,  which  will  be  sufficient  for  three-quarters  of 
the  system.  Additional  power  may  be  secured  in  cooper- 
ation with  municipal  power  stations.  The  cost  of  the 
locomouves  is  estimated  at  $90,000,000.  On  the  present 
basis  Switzerland  will  spend  annually  $5,000,000  for 
electrifying  the  existing  system,  $800,000  for  new  elec- 
trical lines,  $7,200,000  for  works  of  completion  and 
?5,400,000  for  rolling  stock,  making  a  grand  total  of 
$18,400,000  every  year. 

Vice  Consul  R.  E.  Schoenfeld  in  Berne,  in  forwarding 
this  new^s,  adds  that  the  Swiss  government  sees  great 
difficulties  in  financing  the  project  in  Switzerland  and 
that  rumors  have  been  published  in  the  Swiss  press 
that  the  money,  or  a  large  part  of  it,  might  be  obtained 
in  the  United  States.  These  rumors  so  far  have  been 
neither  confirmed  nor  contradicted.  If  the  United 
States  should  be  induced  to  provide  the  means  for  this 
vast  enterprise,  it  is  to  be  expected  that  much  of  the 
electrical  equipment  would  be  supplied  by  this  country 
(C.   R.   262). 

Electrical  Salt  Extraction  in  Norway 

Where  electrical  power  is  cheap,  as  in  Norway,  there 
will  be  always  a  tendency  to  broaden  its  application. 
Experiments  were  made  in  that  country  with  a  view  to 
extracting  salt  from  sea  water  by  electrical  means. 
These  proved  successful,  and  it  is  now  intended  to  build 
tw^o  salt-extracting  factories,  one  in  the  west  and  one 
in  the  north  of  Norway.  Each  factory  is  expected  to 
produce  50,000  tons  of  salt  per  year.     The  cost  of  the 


undertaking  will   amouit   to   $rj,:j«;o,000,   and   G50()   lip 
will  lie  required  in  each  instance   (C  R.  240). 

hrazil,  wliich  has  made  great  industrial  progrem 
during  recent  years,  is  dependent  on  imports  for  a 
large  part  of  its  fuel,  and  in  HMIl  more  than  2,5:50,000 
metric  tons  of  coal  was  imported.  This  import  wa« 
(Ut  by  the  war  to  877,(t00  tons  in  1917.  Naturally, 
Hrazil  has  felt  the  situation  acutely  and  coal  prices  have 
become  practically  prohibitive.  The  Brazilian  coal  d^ 
l)osits  are  not  always  located  conveniently  for  trans- 
portation and  so  are  of  u.se  only  to  comparatively  small 
districts.  During  the  war  much  wood  was  burned  to 
replace  coal. 

To  solve  its  fuel  problem  completely,  Brazil  will  have 
to  make  an  extensive  use  of  its  dormant  natural  powers. 
There  are  great  hydro-electric  possibilities  along  the 
Rio  Grande,  liete,  Parana,  Paranapanema  and  Picaica* 
ba.  Government  engineers  have  estimated  that  1,876,- 
300  hp.  can  be  generated  from  the  principal  waterfalls 
of  the  State  of  Sao  Paulo  alone.  The  City  of  Sao 
Paulo  has  a  hydro-electric  central  station  that  supplies 
power  to  the  industrial  enterprises  in  the  city  and  its 
neighborhood.  The  question  of  placing  great  central 
stations  in  the  coal-mining  districts  and  distributing 
the  power  by  high-tension  transmission  lines  does  not 
seem  to  have  been  considered  yet. 

American  Electric-Station  Equipment 
in  South  America 

American  electric-station  equipment  is  gaining  ground 
in  South  America.  The  two  power  stations  in  the 
City  of  Valencia,  Venezuela,  are  both  equipped  com- 
pletely with  American  power  machinery,  as  is  the 
tramway  company  of  the  same  city.  The  first  of  these 
power  companies  has  a  capital  of  $270,000,  and  the 
other  is  capitalized  at  $154,400.  Both  are  under  the 
control  of  Venezuelan  interests.  The  power  is  generated 
with  the  assistance  of  waterfalls  near  the  city.  The 
first-named  undertaking  supplies  the  power  for  the  local 
tramway  enterprise.  The  demand  for  electrical  power 
has  grown  very  rapidly  in  the  city,  and  it  will  soon 
become  necessary  to  add  to  the  exi.sting  facilities  by 
tapping  other  falls  in  the  vicinity  (C.  R.  260). 

The  very  satisfactory  condition  of  the  New  Zealand 
electrical  power  industry  can  be  judged  from  the  re- 
port for   1918  of  the   Wellington   Electric  Light  and 
Power   Plant,   an   enterprise   under   municipal   cont  ol. 
On  a  total  capital  investment  of  $1,071,300  a  net  profit 
of  $141,707  was  made,  or  13  per  cent.     This  was  ob- 
tained  after   deducting   interest   on   loans,   public   and 
private  lighting,  depreciation,  etc.     On  Mar.  31,  1918, 
there  had   been   made   10,384   lighting   connections,   as 
against  9454  on  the  same  date  the  year  before;  further, 
there  had  been  made  4878  heating  connections  against! 
4003,    and   378   power   connections   against   362,    or   a] 
total  gain   of   1821    connections.      The   enterprise   hadj 
great  difficulty  in  securing  the  supplies  required  for  up-j 
keep  and  extension  of  the  service  (C.  R.  233). 


=S.  C.  R.  indicates  "Supplement.  Comnnerce  Reports." 


At  some  day  not  far  distant  the   seven   nations   of! 
humanity  will  unite  and  blend  like  the  seven  colors  of] 
the  prism  into  one  celestial  radiant  whole,  and  beneatl 
the  majestic  rainbow  of  the  "United  People  of  Europe'^ 
the  enraptured  w^orld  will  dwell  forever  lapped  in  the 
miracle  of  eternal  peace. — Victor  Hugo  in  1852. 
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Yarway  Automatic  Boiler  Skimmer 

When  water  is  brought  to  the  boiling  point  in  a 
vessel,  more  or  less  scum  will  float  on  the  surface, 
depending  upon  the  character  of  the  water.  When  the 
water  is  used  for  boiler  feed,  if  this  floating  material 
is  not   removed,   it  soon  settles  and  becomes   attached 


PIG.    1.      SKIMMER  APPLIED  TO   A  RETURN-TUBULAR 
BOILER 

to  the  shell  and  tubes  of  the  boiler  and  trouble  with 
scale  results. 

Several  types  of  surface  blowoffs  have  been  devised 
to  remove  this  floating  scum,  one  of  which  is  the  Yar- 
way automatic  boiler  skimmer,  made  by  the  Yarnall- 
Waring  Co.,  Chestnut  Hill,  Philadelphia,  Penn.  This 
skimmer  consists  essentially  of  two  parts :  The  skim- 
mer pipe,  placed  in  the  boiler;  and  the  precipitator, 
placed  on  the  outside  of  the  boiler,  and  in  which  the 
scum  and  sediment  are  separated  from  the  water. 

Various  designs  of  skimmers  are  provided,  suited  to 
different  types  of  boilers.  In  Fig.  1  is  shown  the 
skimmer  as  applied  to  a  return-tubular  boiler.     This 


^^isJts- 
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The  action  of  the  skimmer  is  as  follows:  When  the 
boiler  is  in  operation,  the  difference  between  the  tem- 
perature of  the  water  in  the  boiler  and  that  in  the 
collector  starts  a  siphonic  action  and  sets  up  a  circu- 
lation through  the  skimmer  in  the  direction  of  the 
arrow. 

As  the  water  circulating  in  the  boiler  sweeps  past  the 
holes  in  the  skimmer  pipe,  a  portion  is  drawn  into 
the  circulating  pipe,  carrying  scum  and  sediment  with 
it  over  into  the  collector.  As  the  water  descends  it 
strikes  a  deflecting  cone  and  passes  upward  on  the 
other  side  of  the  deflecting  plate. 

As  the  velocity  of  the  water  is  greatly  reduced  during 
its  passage  through  the  collector,  because  of  its  large 
area,  the  heavier  sediment  settles  to  the  bottom  of  the 
chamber  below  the  deflecting  cone,  where  there  is  no 
flow,  and  the  water  returns  to  the  boiler  without  the 
impurities. 

When  the  skimmer  is  used  with  water-tube  and 
vertical    fire-tube    boilers,    the    design    of    the    skim- 


FIG.    2.      ARRANGEMENT    OF   SKIMMER    IN   WATER-TUBE 
BOILER 

skimmer  consists  of  a  H-in.  pipe  A  perforated  with 
small  holes  along  the  top  and  sides.  This  pipe  is 
supported  horizontally  about  A  in.  below  the  normal 
water  line.  It  connects  to  a  pipe  of  the  same  size 
which  communicates  with  the  inlet  connection  of  the 
collector  B,  which  is  divided  by  a  bafile  plate.  A  return 
pipe  connects  the  outlet  of  the  collector  with  the  boiler 
by  means  of  the  blowoff  pipe  D. 


FIG.   3.     SK7MMER  USED  WITH  VERTICAL  BOILER 

mer  is  different,  as  the  headroom  in  the  drum  of  the 
one  and  the  upper  portion  of  the  shell  in  the  other 
type  of  boiler  permit  of  the  use  of  V-notch  tubes,  as 
shown  in  Figs.  2  and  3.  This  design  of  skimmer  con- 
sists of  a  cast-iron  skimmer  head,  and  each  vertical 
pipe  is  made  with  a  V-notch  opening  on  one  side  only, 
and  the  pipes  are  arranged  so. that  the  V-notch  openings 
alternate,  thus  permitting  scum  from  both  sides  of  the 
skimmer  to  be  drawn  into  the  pipe  and  circulated 
through  the  collector. 

In  the  skimmer  used  with  a  vertical  boiler  the  V- 
notch  tubes  are  arranged  as  arms  spaced  90  deg.  as 
shown  in  Fig.  3.  These  vertical  tubes  are  so  placed  in 
the  boiler  that  the  bottoms  of  the  V-notches  are  one 
inch  below  the  low-water  level. 

The  operation  of  the  skimmer  in  all  installations  is 
the  same  as  with  the  return-tubular  boiler. 
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^e  Ruined  Coal  Mines  o/Lens 
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III.Wl-:  Mvn  l.,.|i-..     Al   If.i    i.    '    I.. 
seen  wluMo  Lous  used  to  be.    i  was 
ill  Europe  when  the  armistice  was 
sipned.    Throutrh  the  eourtesy  of  the 
General  Staff  of  the  British  Army  and 
as  a  puest  of  the  British  Ministry  of 
Information,    I    was    taken    over    the 
battlefields  immediately  following  the 
enforced    retirement    of    the    German 
army.    The  devastated  area  of  France 
is  indescribable.     It  is  impossible  to 
see    this    except    under    government 
auspices.  There  are  no  rail- 
roads   for    transportation; 
there  are  no  hotels,  no  place 
to  sleep  or  to  eat.    Further- 
more, there  are  no  privately 
owned      automobiles      in 
France.      Everything  must 
be  done  under  the  military. 
Lens  is  the  center  of  one 
of  the  great  coal-producing 
regions  of  France.     There 
were  formerly   180,000   in- 
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caused  a  coiil  iiiiimiis  rain  u\  stidls  from 
heavy  guns  of  all  caliber  until  the  very 
city  has  been  wiped  from  existence 
and  nothing  is  left  excepting  piles  of 
brick  and  stone  and  dust  and  timber. 
What  was  not  destroyed  by  the 
English  in  the  bombardment  was  ob- 
literated by  the  Germons  before  they 
left.  Power  plants  were  blown  up, 
mine  shafts  were  destroyed,  heavy 
charges  of  explosives  were  let  loose  at 
great  depth  in  the  mines  so  that  the 
underground  workings  were 
destroyed,  and  the  river 
was  diverted  so  that  the 
mines  were  flooded.  There 
is  no  salvage  in  the  ma- 
chinery as  can  be  readily 
seen  from  theaccompanying 
illustrations.  It  is  a  great 
task  to  again  open  up  this 
section.  In  the  first  place 
there  is  no  transportation. 
There  are  no  homes  for  the 


i^-'^" 


habitants  living  in  comfor- 
table homes  and  finding 
their  chief  employment  in 
the  mines  of  that  region. 
Those  homes  are  gone. 
There  is  nothing  there. 
Where  the  Cathedral  of 
Lens  once  stood  there  is  a 
pile  of  dust.  In  the  struggle 
for  the  possession  of  these 
coal  fields  the  houses  were 
used    by    the    Germans   as 

shelter.  The  soldiers  were  billeted  in  the  cellars.  The 
ruined  walls  furnished  concealment  to  German  batteries. 
German  pillboxes  of  solid  concrete  were  built  near  the 
.'^battered  ruins  in  the  hope  of  concealing  their  location 
by  the  general  devastation  about  them.    This  occupation 


\\orkmen.  The  people  who 
u.sed  to  be  workmen  in  this 
section  are  all  scattered,  and 
there  is  nothing  there  for 
them  to  come  back  to.  The 
mine  shafts  will  have  to  be 
constructed  anew,  and  the 
power  plants,  hoisting  ma- 
chinery and  the  thousand 
details  of  mining  will  all 
have  to  be  established  over 
again.      Not   this    year   or 


French  Pictorial  Service 

next,  nor  within  the  next  three  years,  will  it  be  possible 
to  obtain  a  pound  of  coal  for  the  industries  of  France 
from  this  region. 

The  pictures  show  all  that  was  left  of  the  power  plants 
of  some  of  the  mine  heads. 
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Testing  Sin J^le -Phase  Walt- 
Mour  Meters  Usin^  a  11 
Rotating  Standard     f 

by 
P.  B.  Findley 


The  construction  of  the  rotating  standard  ivatt- 
meter  is  described  and  its  application  to  testing 
single-phase  tvatt-hour  meters  discussed. 

A  ROTATING  standard  i  ^  simply  a  watt-hour  meter 
having  a  pointer  on  the  upper  end  of  its  shaft 
and  arranged  so  as  to  operate  on  a  number  of 
currents  and  voltage  combinations  by  turning  a  switch. 
Inherently,   its  accuracy   is   not  as  permanent   as   that 
of  a  wattmeter,  so  that  if  in  constant  use  it  should  be 
calibrated  at  least  once  a  month.    If  used  intermittently 
it  will  retain   its  accuracy 
much  longer.     For  the  in- 
dustrial plant  the  best  ar- 
rangement would  be  to  have 
the  calibrating  done  by  the 
manufacturer     before     the 
periodic  tests  of  the  service 
meters,      say      every      six 
months.    In  Fig.  2  is  shown 
a      single-phase      rotating 
standard.    P  and  P  are  the 
potential-coil    terminals,    C 
and  C  the  current-coil  ter- 
minals and  S  the  switch  for 
connecting   the   meter    ele- 
ment for  different  current 
values.     The  large  hand  H 
is  connected  directly  to  the 
meter    shaft,    consequently 
rotates  at  the  same  speed. 
The  small  hand  /;  is  geared 
to  the  large  hand  in  such  a 
ratio  that  for  one  revolu- 
tion of  the  latter  the  for- 
mer   moves    one    division, 
therefore    the    small    hand 
indicates    the    number    of 


Note.  The  concluding  words  in 
the  title  to  the  article  on  Test- 
ing Single-Phase  Watt -Hour 
Meters  in  last  week's  Power 
should  have  read  "Using  an  In- 
dicating Wattmeter." — Editor. 


SINGLE-PHASE 
COVER 


complete   revolutions  made   by  hand   //.     The   fraction  , 
of    a    revolution    made    by    the    large    hand    is    read 
directly  from  the  large  scale,  which  is  divided  into  100 
equal  parts,  hence  can  be  accurately  read  to  0.01  part  | 
of  a  revolution. 

Fig.  3  is  a  view  of  the  meter  element  of  the  rotating 
standard  shown  in  Fig.  2.     It  can  be  seen  that  the  disk 
I)  and  permanent  magnets  M  are  similar  to  those  used 
in  the  single-phase  meter.  Fig.   1,  which  is  the  instru- 
ment, described    in   the   article,    "Testing    Single-Phase 
Watt-Hour   Meters    Using   an    Indicating    Wattmeter," 
in  the  Jan.  28  issue.     The  push-button  B,  Fig.  3,  con- 
nected to  the  meter  through  a  flexible  cord,  iS  used  to 
control    the    starting    and 
stopping  of  the  in.strument 
when  making  a  test  of  the 
service  meter.     In  making 
a  test  on  a  watt-hour  meter 
the  first  thing  to  do  is  to 
inspect    the   meter   to    see 
that  it  is  in  the  proper  op- 
erating   condition    as    out- 
lined in  the  article  referred 
to,  then  the  number  of  rev- 
olutions   that    the    service 
meter    will    make    at    the 
diflferent  test  loads  is  deter- 
mined.     When    the    watt- 
hour    constant   Kh    of   the 
service     meter     has     been 
found,   the  speed  N  for  a 
load  of  P  watts   is  N  ^ 

P 
„„j^  .     In  order  to  simplify 

construction,  most  manu- 
facturers build  all  sizes  of 
meters  for  the  same  full- 
load  speed;  in  the  case  of 
the  alternating-current  me- 
ters under  consideration 
this  is  25  r.p.m.  All  rotat- 
ing standards  should  have 
WATT-HOUR  METER  WITH  ^  push-button  B  connected 
REMOVED  by    a    long    flexible     two- 


February  4.  1919 


POWER 


169 


iconductor  cord  in  the  voltage  circuit,  as  in  Fig. 
3.  This  allows  the  meter  to  be  started  and 
istopped  while  the  tester  is  observing  the  disk  of 
the  service  meter.  In  making  a  test  on  a  serv- 
jice  meter  the  pointer  of  the  standard  is  set  to 
izero,  and  when  a  mark  on  the  disk  of  the  service  meter 
passes  a  point  such  as  the  tip  of  one  of  the  magnets, 
'the  button  is  pressed  and  the  rotating  standard  started. 
When  a  specified  number  of  revolutions  of  the  service- 
meter  disk  is  completed,  the  button  is  released  and  the 
standard  stops.    The  error  of  the  service  meter  is  then 

„        iV  X    100        ,--       ,         „  ,  , 

E  =  Tj 100,  where  E  =  per  cent,  error  of 

service  meter,  N  =  revolutions  of  service  meter,  and 
M  =  revolutions  of  standard  meter. 

The  foregoing  formula   is  true   only   when   the  two 
meters  are  rated  at  the  same  speed  for  equal  loads. 


meter  and  the  voltage  coil  across  the  line  outside  the 
service  meter,  as  indicated  in  the  figures.  Connections 
should  be  transposed  if  necessary  so  that  the  standard 
meter  runs  forward ;  otherwise  its  friction  compensa- 
tion will  act  against  rotation  and  make  it  run  slow. 

A  three-wire  meter  has  four  current  coils ;  that  is,  each 
of  the  current  coils  of  the  two-wire  type  is  split,  one- 
half  of  each  being  in  each  outer  wire.  The  voltage  coil 
is  connected  across  the  outer  wires,  not  from  one  wire 
to  neutral,  as  in  the  direct-current  meters.  Hence  a 
meter  of  this  type  is  tested  as  a  two-wire  meter.  Fig. 
G  gives  the  connections  for  testing  a  three-wire  single- 
phase  watt-hour  meter  with  a  rotating  standard.  It 
will  be  seen  that  these  connections  are  the  same  as  those 
for  the  two-wire  meter  in  Fig.  4. 

Some  tj-pes  of  three-wire  single-phase  watt-hour 
meters  have  the  voltage  coil  connected  from  one  outside 
conductor  to  neutral,  and  each  of  the  cur- 
rent elements  has  the  same  winding  as 
would  be  in  an  equivalent  two-wire  110- 
volt  meter.  Fig.  7  shows  the  test  connec- 
tion for  testing  a  three-wire  meter  of  this 
type.  When  the  standard  is  connected  as 
in  the  figure,  it  is  evident  that  the  service 
meter  is  measuring  the  same  current 
twice  (going  and  returning),  while  the 
standard  is  measuring  it  once.    Hence  the 


FIGS.    2   AND   3.      SINGLE-PHASE   ROTATING   STANDARD    COMPLETE  AND  METER  ELEMENT  FOR  SAME 


Thus  all  Westinghouse  alternating-current  meters  run 
at  25  r.p.m.  at  rated  load:  for  example,  a  10-ampere 
200-volt  service  meter  runs  25  r.p.m.  at  2000  watts;  a 
rotating  standard  meter  connected  for  40  amperes  100 
volts  runs  25  r.p.m.  at  4000  watts.  When  it  is  neces- 
sary to  use  standard  and  service  meters  that  have 
different  speeds  at  equal  loads,  the  simplest  way  is  to 
employ  a  conversion  table  furnished  by  the  manufac- 
turers of  the  standard  meter. 

The  simplest  form  of  meter  to  test  is  one  that  is 
self-contained,  that  is,  uses  no  transformers.  Typical 
connection  diagrams  are  given  in  Figs  4,  5,  6  and  7. 
Fig.  4  shows  the  connections  for  testing  the  type  of 
single-phase  watt-hour  meter  under  consideration  in 
sizes  of  5  to  80  amperes.  In  single-phase  watt-hour 
meters  of  100-ampere  capacity  and  up  to  300-ampere, 
one  of  the  potential-coil  connections  is  made  outside  the 
meter,  as  in  Fig.  5. 

The  basic  principle  is  of  course  to  connect  the  current 
coil  of  the  standard  in  series  with  those  of  the  service 


service  meter  will  rotate  about  twice  as  fast  as  the 
standard  meter,  and  therefore  its  revolutions  should  be 
divided  by  2  before  comparing  with  the  standard.  When 
using  the  formulas  involving  Ki„  care  should  be  taken 
that  this  value  represents  the  watt-hours  measured  by 
the  combination  of  the  voltage  coil  and  one  current  coil. 
Since  the  difference  between  the  right  and  wrong  values 
is  2:1,  a  rough  test  will  show  whether  the  value  used 
is  correct  or  whether  it  should  be  doubled  or  halved. 

Current  and  potential  transformers  are  used  with 
meters  when  either  quantity  is  too  large  to  handle 
with  convenience  or  safety  in  the  confined  space  of  a 
meter  mechanism.  The  transformers  become  parts  of 
the  instrument  as  far  as  accuracy  is  concerned,  and 
hence  their  error  must  be  taken  into  account.  This 
can  best  be  done  by  calibrating  the  entire  group  as  a 
unit.  For  voltages  up  to  220,  and  sometimes  to  550, 
the  potential  transformers  are  omitted.  The  portable 
transformers  connected  to  the  standard  meter  are  very 
accurate,  and  are  supplied  with  correction  data,  which 
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should  l>t'  iisiMi  to  correct  tht'  rciiiiiur  of  tlu-  rotatiiijf 
staiidanl  bi-fort"  .ipjilyiiur  it  to  drlerrniiu'  the  accuracy 
of  tho  service  installalioii. 

The  ponnanency  of  instrument  transformers  is  so 
hijrh  that  with  trood  usajre  the  ratio  can  he  relied  on 
for  five  years  without  rechecking.     CJood  usage  means 


steadiness,  since  an  artificial,  rheostatic,  load  is  difficult 
to  arrange  for  voltages  above  220. 

Since  single-phase  three-wire  distribution  is  rarely 
used  except  on  110-  to  220-volt  .service,  potential  trans- 
formers are  not  used.  Current  transformers,  however, 
may  be  used  for  heavy  currents.     Sometimes  a  single 
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that  they  are  not  overloaded,  that  the  current  trans- 
former secondarj'  is  always  short-circuited  unless  con- 
nected through  an  instrument,  as  long  as  the  primary  is 
carrying  current,  and  that  no  severe  line  short-circuits 
have  occurred.    If  these  conditions  are  met,  it  is  prac- 
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TESTING  SINGLE-PHASE  WATT-HOUR  METERS 

current  transformer  with  two  primaries  and  one 
secondary  is  used,  but  the  testing  circuit  is  virtually 
the  same. 

Tests  at  low  power  factors  need  rarely  be  made  of 
meters  in  service,  unless  the  connected  load  furnishes 
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FIG.    8.      WATT-HOUR   METER    RECORD    CARD    WHEN 
TESTING  WITH   INDICATING   WATTMETER 

ticable  to  test  service  meters  by  connecting  the  standard 
in  circuit  with  the  meter  alone. 

When  a  meter  on  a  high-tension  circuit  is  to  be  tested, 
its  potential  coil  can  be  energized  from  its  transformer, 
as  in  service.  Its  current  supply,  however,  can  be 
obtained  from  a  step-down  transformer,  whose  sec- 
ondarj'  gives  about  110  volts.  This  method  is  used 
where  the  connected  load  is  not  suitable  in  amount  or, 


FIG.    9.      WATT-HOUR    METER    RECORD    CARD    \\-HEN 
TESTING   WITH   ROTATING   STANDARD 

a  suitable  load.  Occasionally,  however,  such  a  test 
must  be  made.  For  routine  testing  of  this  sort,  usually 
the  voltage  is  thrown  out  of  phase  by  a  phase-shifting 
transformer.  This  transformer  has  primary  windings 
for  two-  or  three-phase  supply  and  a  movable  secondary 
winding  that  can  be  shifted  so  as  to  bring  it  part  way 
between  the  primary  windings.  Thus  the  phase  of  the 
current  winding's  voltage  will  lie  between  that  of  the 
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primaries,  as  desired.  In  testing  single-phase  watt-hour 
meters,  the  following  points  should  be  borne  in  mind: 

The  secondary  of  every  current  transformer  should 
be  short-circuited  at  all  times  except  when  it  is  con- 
nected through  the  current-coil  of  an  instrument. 

To  test  a  service  meter,  connect  the  potential  coil  of 
the  indicating,  wattmeter  or  rotating  standard  across 
the  points  where  the  voltage  coil  of  the  service  meter  is 
connected,  and  the  current  coil  of  the  test  instrument 
in  series  with  the  current  connections  of  the  service 
meter.  If  connection  is  made  on  the  line  side  of  the 
instrument  transformers,  the  service-meter  adjustment 
will  compensate  for  transformer  error. 

Before  taking  readings  make  sure  that  all  rotating 
instruments  turn  forward. 

Make  sure  before  making  any  adjustments  that  the 
conditions  found  are  not  due  to  any  of  the  following 
causes : 


Condition    Found 
Slow   on    full   or   light    loads 

Slow    on    light    load 

Fast  on  full  or  light  loads 


Will  not  run 


Probable  Cause 

Short-circuit  in  current  or  eo- 
tential  coils 

Defective  bearing ;  excessive 
friction  in  register  train 

Weakened  magnets  ;  short-circuit 
in  external  reactance  in  po- 
tential  circuit    (if   used) 

Bent  shaft  or  dislt  :  open  poten- 
tial or  current  coil 

Tests  of  single-phase  meters  should  be  made  peri- 
odically, at  least  as  often  as  the  following  schedule: 
Up  to  and  including  25-ampere  capacity,  once  every 
36  months;  above  25-ampere  capacity,  once  every  24 
months.  Where  vibration  is  severe  or  high  accuracy 
is  important,  tests  should  be  made  as  often  as  every 
month.  A  record  card  for  each  meter  similar  to  that 
shown  in  Figs.  8  and  9,  will  be  found  very  useful  in 
keeping  track  of  meter  performance. 

Meter  manufacturers  have  experts  on  the  road  to 
a.«'sist  users  in  getting  the  best  possible  service  from 
their  meters.  In  a  day's  time  spent  with  one  of  these 
experts,  the  isolated-plant  man  can  pick  up  enough 
practical  points  applying  to  his 
own  installation  to  be  able  to  take 
care  of  any  ordinary  mainte- 
nance. Bad  cases  such  as  burn- 
outs, short-  and  open-circuits, 
should  in  general  be  returned  to 
the  manufacturer  for  repair  and 
recalibration. 


Drake  Nonclinkering  Furnace  Blocks 

Not  only  is  it  good  engineering  to  so  design  a  boiler 
furnace  that  the  most  economical  combustion  of  the 
coal  can  be  obtained,  but  the  item  of  upkeep  should 
not  be  overlooked.  Every  engineer  and  fireman 
know  that  considerable  trouble  is  caused  by  clink- 
ers forming  on  the  side  walls  and  on  the  front  of  the 
bridge-wall.  If  these  are  left  attached  to  the  brickwork 
the  area  of  the  furnace  is  reduced,  and  if  the  clinkers 
are  knocked  off  the  brickwork  will  be  injured. 

There  have  been  several  methods  employed  for  the 
introduction  of  air  at  the  fire  level  for  the  purpose  of 
cooling  the  brickwork  at  that  point  and  so  preventing 
ashes  from  fusing  and  sticking  to  the  furnace  lining. 
In  the  method  employed  by  Sleicher  &  Drake,  5  Beek- 
man  St.,  New  York  City,  special  firebricks  are  used  in 
the  furnace  construction,  each  9  x  10  in.  on  the  face, 
and  9  in.  from  the  face  to  the  outside  surface  of  the 
three  lugs  on  the  back  of  each  block.  These  lugs  form 
an  air  duct,  from  which  air  is  supplied  to  the  five  tapered 
holes  in  each  block. 

Not  only  are  these  blocks  used  in  the  side  walls,  but 
they  are  also  placed  in  the  setting  at  the  front  of  the 
furnace  above  the  fire  and  at  the  rear  end  of  the  fur- 
nace, in  the  bridge-wall.  An  air  duct  connects  a  wind- 
box  with  the  air-duct  chamber  at  the  back  of  the  per- 
forated blocks,  and  through  these  channels  air  is  sup- 
plied to  the  openings  in  the  blocks.  A  damper  permits 
of  regulating  the  air  supply  to  suit  conditions.  The  il- 
lustration shows  how  the  blocks  are  installed,  and  de- 
tails of  their  construction  are  given.  The  top  of  the 
air-duct  channel  is  sealed  by  cover  tile  21  in.  thick. 

In  operation  the  air  from  the  windbox  passes  to  the 
channels  back  of  the  brick  and  escapes  through  the  open- 
ings in  the  blocks,  absorbing  some  of  the  heat  of  the 
bricks,  the  idea  being  that  as  the  bricks  are  kept  com- 
paratively cool,  adhering  clinkers  will  be  prevented. 


There  is  a  large  demand  for 
electrical  power  in  central  Texas 
close  to  the  Texas  lignite  beds. 
Water  is  rarely  present  in  suffi- 
cient quantities  for  condensing 
purposes  in  connection  with 
steam-turbine  power  plants  in 
these  regions.  It  looks  as  though 
the  future  supply  of  power  for 
central  Texas  must  come  from  lig- 
nite, used  in  the  raw  state  in  by- 
product producer-gas  plants,  as 
carbonized  lignite  on  automatic 
stokers  under  boilers  or  in  pow- 
er-gas producers,  or  in  a  gas  en- 
gine as  surplus  gas  from  the  car- 
bonizing process  to  which  the 
lignite  is  subjected. 


Port  5ec+ion  -ttipough    fumoce    Walls 
A,B,0,D,E&F 


Side  Frant 

De-tail   of    Block 
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SIMPLICITY,  ease  of  operation  and  high  efficiency- 
over  a  widd  range  of  operating  conditions  have 
been  responsible  for  the  installation  of  a  large 
number  of  chain  grates.  In  the  United  States  alone 
several  millions  of  boiler-horsepov^er  are  served  by  this 
type  of  stoker.  In  spite  of  the  number  of  installa- 
tions, comparatively  little  has  been  written  on  the 
characteristics  of  the  chain  grate  and  recent  develop- 
ments in  this  stoker  and  the  furnace  serving  it. 

In  early  chain-grate  practice  it  was  impossible  to 
keep  the  fuel  bed  at  the  rear  of  the  stoker  as  dense 
i's  at  the  front.  This  was  obviously  wrong  as  large 
volumes  of  excess  air  iniiltrated  through  the  thin  fuel 

bed  at  the  rear.  The 
introduction  of  the 
waterback  improved 
operating  conditions. 
When  properly  set  it 
permits  compression 
of  the  fuel  bed,  and 
makes  it  possible  to 
obtain  the  desired 
density  at  the  rear 
of  the  grate.     To  a 

certain  extent  this  is 

under  the  control  of 
the  operator.  Excess  air  around  the  rear  of  the 
grate  is  eliminated  and  .spscial  plates  shut  it  off  at  the 
sides,  so  that  13  to  16  per  cent,  of  CO,  is  not  unusual. 
Water-backs  also  help  in  retaining  the  coke  and  in  re- 
ducing the  combustible  in  the  refuse  to  a  lower  per- 
centage than  was  possible  with  the  early  installations 
that  did  not  have  this  equipment. 

In  some  quarters  the  opinion  has  prevailed  that 
boiler  operation  appreciably  below  normal  rating  means 
low  efficiency.  The  basis  for  this  opinion  probably  is 
due  to  experience  in  hand-fired  practice,  where  it  is 
difficult  to  carry  a  thin,  light  fire  and  keep  it  free  from 
holes  and  excess  air.  It  perhaps  is  not  generally  ap- 
preciated  that  chain   grates   do  carry   light   loads   effi- 


ciently. In  fact,  with  furnaces  of  limited  design  the 
economy  is  better  than  can  be  obtained  from  these  same 
limited  furnaces  at  the  higher  rates  of  combustion. 
Ratings  below  nor- 
mal have  not  claimed 
the  interest  of  com- 
bustion engineers, 
owing  to  the  desire 
to  obtain  high  over- 
loads, so  that  test 
data  for  the  most 
part  relate  to  opera- 
tion above  rating.  If 
a  stoker  cannot  be 
operated  efficiently 
at  low  ratings,  it  is 
a  serious  drawback  where  light  loads  occur  for  extended 
periods.    To  show  what  may  be  accomplished   in  this 

ClUIN-GRATIC  Kri-ICIENCIES  AT  LOW   HATING 


Type  of 
Boiler 

Coal  Burned 
Sq.Ft.  pc-rHr 
16  88 

ppr 
..  Lb. 

Furnace  Draft, 
In.  of  Water 
0.16 
0.09 
0    10 
0  03 
0    18 

Per  Cent. 
Hating 
113 
107 
91 
57 
105 

Combined 

Efficiency 

81  9 

Stirling    

Stirling    ..   . 
Fi   i-W 
Ccarv   ...       . 

...      16  50 

..    .       14  40 

7  90 

20.00 

78  3 

77  4 

78  4 
77  5 

*Ch:ef  Engineer  of  Green  Engineering  Co 


direction  the  accompanying  table  is  presented.  It  gives 
results  from  Green  chain  grates  under  several  types 
of  boilers.  It  is  not 
sufficient  to  remark 
that  the  chain  grate 
will  develop  high  effi- 
ciencies at  low  rat- 
ings. The  cause  is 
the  interesting  item. 
For  the  burning  of 
high  -  volatile  coals 
most  furnaces  have 
been  designed  with 
insufficient  volume 
for  the  combustion 
of  the  gases.  Usually,  the  furnace  has  from  one-fifth  to 
one-tenth  of  the  volume  needed.  The  average  chain- 
grate  installation  in  the  United  States  has  been  designedl 
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and  provided  with  draft  to  burn  25  to  40  lb.  of  coal  per 
square  foot  of  grate  area  per  hour,  with  a  furnace 
volume  capable  of  obtaining  complete  combustion  from 
only  about  10  lb.  of  coal. 

In  Europe,  where  there  are  a  great  many  chain-grate 
installations,  the  practice  follows  the  idea  of  large 
grate  area  and  low  combustion  rates.  Normal  loads 
are  carried  with  combustion  rates  of  from  10  to  15 
lb.  per  square  foot  of  grate  area  per  hour,  while  peaks 
are  carried  with  combustion  rates  of  two  to  three  times 
this  amount.  Naturally,  the  efficiency  of  combustion, 
or  true  furnace  efficiency,  is  superior  to  that  obtained 
over  a  higher  range  of  combustion  rates,  and  since 
efficient  boilers  and  economizers  have  been  developed  also 
in  Europe,  there  is  little  wonder  that  over-all  efficien- 
cies are  high.  Low  combustion  rates  permit  complete 
combustion  of  the  gases  in  the  furnace  without  the  usual 
5  to  15  per  cent,  hydrocarbon,  or  so-called  unaccounted 
for,  loss.  By  the  same  reasoning  it  is  evident  that  if  fur- 
naces are  designed  with  volumes  great  enough  to  permit 
the  complete  burning  of  the  gases  at  high  ratings,  high 
efficiencies  will  also  be  obtained  at  high  ratings.  With 
furnaces  having  a  combustion  space  of  10  to  24  cu.ft. 
per  square  foot  of  grate  area,  chain  grates  are  devel- 
oping combined  efficiencies  of  from  70  to  80  per  cent., 
which  decrease  only  as  the  efficiency  of  heat  absorption 
of  the  boiler  decreases. 

In  the  earlier  chain-grate  installations  it  was  diffi- 
cult to  obtain  as  high  as  12  per  cent.  CO,  on  account 
of  the  thin  fuel  bed  at  the  rear,  and  the  efficiency 
was  actually  higher  if  lower  CO,  of  about  10  per  cent, 
was  carried.  This  is  direct  evidence  of  insufficient 
furnace  volume. 

With  modern  chain-grate  furnaces,  14  per  cent.  CO^ 
may  be  carried  during  regular  operating  periods  and 
the  maximum  furnace  efficiency  corresponds  with  the 
maximum  CO,  up  to  the  point  where  CO  is  developed. 
Modern  practice  has,  therefore,  increased  the  combined 
efficiency  of  the  unit  approximately  10  per  cent,  on 
the  average,  largely  by  an  agency  separate  from  the 
stoker  itself,  the  furnace.  True,  the  stoker  must  be 
constructed  with  air  seals,  waterback  and  ledge  plates 
to  prevent  excess  air,  but  this  also  is  part  of  modern 
chain-grate  design  and  construction. 

Other  well-known  characteristics  of  chain  grates  are 
continuous  ash  discharge,  minimum  clinker,  ability  to 
burn  low-grade  coals  and  lignites,  grate  surface  always 
clean,  low  labor  requirements  and  power  for  auxiliaries 
less  than  J  of  1  per  cent,  of  that  developed.  The 
chain  grate  covers  an  important  field  in  combustion 
service,  and  it  is  certain  that  by  a  study  of  the  stoker, 
the  furnace  and  the  heat  absorber  separately,  there  is 
opportunity  for  improvement  in  operating  efficiencies. 

Quick-Make  Starting  Switch 

One  of  the  new  equipments  brought  out  during  the 
last  year  is  a  quick-make  and  quick-break  switch 
(see  illustration),  designed  for  use  where  three-phase 
220-,  440-  and  550-volt  squirrel-cage  motors  of  capac- 
ities from  2.5  to  25  hp.  are  started  with  full-line 
voltage.  In  addition  to  being  a  motor-starting  switch, 
it  can  also  be  used  to  control  feeder  circuits  up  to 
100-ampere  capacity.  It  may  be  supplied  in  any  of 
the  following  combinations  for  either  hand  or  shipper- 


rod  operations:  (a)  Nonautomatic  switch;  (b)  switch 
with  low-voltage  protection;  (c)  switch  with  inverse 
time-element  overload  protection;  and  (d)  full  auto- 
matic switch  with  low-voltage  and  inverse  time-element 
overload  protection. 

On  account  of  the  positive  action  of  the  contacts 
this  switch  is  especially  suitable  for  shipper-rod  opera- 
tion. It  is  impossible  for  the  operator  to  retard  the 
motion  of  the  contacts  after  they  have  started  to 
close — there  can  be  no  "teasing"  of  the  contacts.  Con- 
tacts are  opened  and  closed  in  oil,  thus  effectually 
suppressing  arcing. 

Drawn-steel  construction  is  used,  giving  maximum 
strength  with  light  weight.  The  oil  tank  T  is  sup- 
ported by  snap-ring  latches  L.     Removal  of  the  tank 


QUICK-MAKE    SWITCH    COMPLETE 

clearly  exposes  the  contacts  and  makes  them  easily 
accessible.  When  necessary  to  replace  contacts,  each 
may  be  removed  by  taking  out  a  single  screw. 

The  contacts  and  contact  supports  of  this  switch, 
which  is  built  by  the  Westinghouse  Electric  and  Manu- 
facturing Co.,  East  Pittsburgh,  Penn.,  are  of  the  same 
construction  as  used  on  this  company's  type  A  auto- 
starters  and  magnetic  contactors.  This  minimizes  the 
number  of  spare  parts  that  should  be  carried. 

The  low-voltage  protection  not  only  opens  the  con- 
tacts on  failure  of  power,  but  makes  it  impossible  to 
close  them  again  until  return  of  voltage.  A  safety 
stop  may  be  provided  by  connecting  one  or  more  push- 
buttons in  series  with  the  low-voltage  coil. 

The  overload  relay  is  the  same  as  that  used  on  this 
company's  type  A  auto-starters.  It  has  the  inverse 
time-element  feature  and  is  equipped  with  a  regulating 
device,  adjustment  of  which  controls  the  degree  and 
duration  of  the  overload  possible  on  a  motor  or  feeder 
circuit.  This  adjustment  can  be  made  without  opening 
the  switch   cover. 

An  additional  safety  feature  is  a  hand  reset  which 
makes  it  necessary  to  set  the  mechanism  before  the 
switch  contacts  can  be  closed.  Thus  protection  is  af- 
forded workmen  and  valuable  machinery  which  might 
be  injured  by  accidental  starting  of  the  motor. 
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The  Eloclrioal  Sliidy  (^oiirsr — Two-Wire  and 
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PiTscnts  a  (jrmral  ovtlivc  of  the  factors  to  he 
cansidcred  in  p7-oblem^s  pertaining  to  wirinq 
and  proceeds  to  show  the  desirability  of  using 
high  voltages  and  also  what  the  disadvantages 
are.  It  is  then  shown  how  both  high  aivd  low 
tioltages  may  be  secured  by  the  use  of  a  three- 
irirr  sjistcni. 

TO  CONVEY  electrical  energy  from  the  place  at 
which  it  is  generated  to  that  at  which  it  is  to 
be  applied,  we  make  use  of  conductors  known 
variously  as  mains,  lines,  systems  of  wiring,  etc. 
Several  considerations  enter  into  the  choice  of  the 
system  to  be  employed  and  into  the  sizes  of  the  con- 
ductors comprising  it.  In  direct-current  work  there 
are  essentially  only  two  systems  from  which  to  choose: 
namely,  the  two-wire  and  the  three-wire.  It  is  the 
purpose  of  the  present  lesson  to  discuss  their  respective 
merits  and  draw-backs,  but  before  proceeding  to  do  so, 
it  will  be  well  to  give  some  consideration  to  the  other 

TABLE  OF  WIRE  SIZES  AND  CARRYING  CAPACITIES  AS  APPROVED 
BY  THE  NATIONAL  BOARD  OF  FIRE  UNDERWRITERS 


Diameter 

Area  in 

Rubber 

Oth«r 

R   &  S.  Gage 

of  Wire 

Circ- 

Insulation 

Insulations 

Number 

In. 

MU. 

Amperes 

Amperes 

18 

0.0403 

1,624 

3 

5 

16 

0  0508 

2,583 

6 

10 

14 

0.0641 

4,107 

15 

20 

12 

0  0808 

6,530 

20 

25 

10 

0.1019 

10.380 

25 

30 

8 

0  1285 

16,510 

35 

50 

6 

0. 1620 

26.250 

50 

70 

S 

0.1819 

33.100 

55 

80 

4 

0  2043 

41.740 

70 

90 

3 

0  2294 

52.630 

80 

100 

2 

0  2576 

66,370 

90 

125 

1 

0  2893 

83.690 

100 

150 

0 

0.3250 

105,500 

125 

200 

00 

0.5648 

133,100 

150 

225 

000 

0  4096 

167.800 

175 

275 

200,000 

200 

300 

0000 

0  4600 

211.600 

225 

325 

300,000 

275 

400 

400.000 

325 

500 

500,000 

400 

600 

600.000 

450 

680 

700.000 

500 

760 

800.000 

550     ■ 

840 

900,000 

600 

920 

1,000,000 

650 

1000 

part  of  the  subject:  namely,  the  factors  governing  the 
size  of  conductor  required  for  a  given  service.  It  will 
be  found  that  the  three-wire  system  is  the  direct  out- 
come of  the  deductions  to  be  made  from  such  a  study. 
The  problems  involved  in  the  installation  of  any 
wiring  may  be  divided  into  two  general  classes,  one  of 
which  is  concerned  with  its  safety  and  the  other  with  its 
efficiency.  Under  the  former  head  are  included,  first, 
protection  from  injury  to  persons  and  to  the  wiring 
and  its  surroundings,  due  to  accidental  contact,  grounds, 
short-circuits,  and  the  like;  and  secondly,  provision 
against  the  overheating  of  the  conductoi-s  due  to  the 
current  carried  by  them.  The  first  object  is  accom- 
plished by  using  wire  and  devices  approved  by  com- 
petent authorities,  such  as  boards  of  fire  underwriters, 
and  by  installing  them  in  accordance  with  the  recom- 
mendations of  such  bodies.  The  heating  of  the  con- 
ductor for  a  given  current  is  dependent  upon  its  size, 
and  it  is  therefore  necessarj'  to  install  the  correct  size 
of  wire  in  addition  to  doing  it  in  an  approved  manner. 


Kxperionce  has  indicated  what  are  the  maximum  values 
of  currents  which  wires  of  various  sizes  and  kinds 
of  insulation  may  carry  without  attaining  unsafe  tein*  . 
peratures.  These  data,  as  approved  by  the  National 
Board  of  Fire  Underwriters,  for  copper  wire,  are  giveft 
in  the  accompanying  table. 

The  efficiency  of  the  in.stallation  depends  on  the  losses 
in  it,  and  partly  on  its  voltage  regulation.  As  we  know, 
the  loss  in  any  conductor  carrying  current  is  tht 
product  of  its  resistance  and  the  .square  of  the  current. 
Thus,  if  W  repre.sent  the  lo.ss  in  watts,  /  the  current 
in  amperes,  and  K  the  resistance  in  ohms,  we  have 
W  --^  PR.  It  would  therefore  appear  that  we  need 
merely  make  R  very  small  in  order  to  reduce  W  to  a 
negligible  quantity,  and  hence  make  the  efficiency  of 
transmission  very  high.  However,  the  size  that  it  is 
practicable  to  use  is  limited  by  the  cost  of  the  wire 
and  the  e.xpense  of  installing  it.  The  larger  the  wire 
the  more  costly  it  and  the  wiring  appliances  would  be, 
and  the  more  labor  it  would  require  to  install  it.  When 
the  cost  of  electrical  energy  is  high,  it  is  economical  to 
spend  a  relatively  large  sum  of  money  for  wiring,  in 
order  to  keep  down  the  losses.  On  the  other  hand,  if 
the  energy  is  comparatively  cheap,  it  is  less  expensive 
to  waste  a  considerable  percentage  of  it  than  to  tie  up 
a  big  sum  of  money  in  large-sized  conductors. 

The  ordinary  problem  of  wiring,  however,  does  not 
call  for  any  extended  analysis.  The  controlling  factor 
is  usually  the  drop  in  voltage  in  the  line,  particularly 
when  the  load  consists  of  lamps,  in  which  case  the 
size  of  wire  used  must  be  such  that  there  is  no  objec- 
tionable change  in  candlepower  with  change  in  load. 
For  example,  if  a  load  consisted  of  three  hundred 
50-watt  120-volt  lamps,  the  full-load  current  would  be 

300  X  50  ,-^  ,.  ,,  .  ,,        . , 

— :rn?. —    =  125  amperes.     If  the  maximum  allowable 

change  in  voltage  is  determined  upon  as  being  2  volts, 

we  would  have  that  the  resistance  of  the  line  must  be 

2 


125 


=  0.016  ohm.     The  size  of  wire  to  be  used  then 


depends  upon  its  length.  The  longer  it  is  the  larger  it 
must  be  in  order  to  keep  the  total  resistance  down  to 
the  value  determined. 

To  recapitulate,  wiring  problems  involve  the  follow- 
ing  features : 

i  (a)  Approved  wire 

/  A  \  i\/r  *.u  J    <  •     4.  u-     J  (b)  Approved  devices 

(A)  Method  of  mstallmg-i  ,   ,    .    *^ 

(1)  Safety  ■)  (c)  Approved  work- 

[  manship 

(B)  Heating (d)  Correct  size  of  wire 

[  (C)  Loss  in  line (e)  Size  of  wire 

(2)  Efficiency  |   ^^^  Voltage  drop  in  line .  .  (f)  Size  of  wire 

Thus  it  is  seen  that  the  size  of  wire  affects  the 
heating,  line  loss,  and  line  drop,  and  therefore  any 
one  of  these  three  items  may  be  the  controlling  factor 
in  the  choice  of  the  size  to  be  used  for  a  given  current. 
From   any  of  the  three  standpoints   a  larger  current 
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calls  for  a  larger  wire.     It  is  therefore  best  to  restrict 
tiie  current  to  as  small  a  value  as  possible. 

Now  the  current  is  dependent  upon  two  elements — 
the  load  to  be  served  and  the  voltage  of  the  service. 
That  is,  W  =  EI,  where  W  is  the  load  in  watts,  E 
the  voltage,  and  /  the  current  required  at  that  voltage. 
Consequently,  for  a  given  load  the  current  may  be 
reduced  by  increasing  the  voltage,  and  the  question 
becomes  one  of  how  high  to  make  the  voltage.  "Various 
factors  must  be  taken  into  account  in  making  a  decision, 
among  which   are,   safety   to   operatives,    increasingly 


0   0   (•)   0   (•; 
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FIG.    1.      TWO-WIRE    120-VOLT    CIRCUIT 

effective  (and  therefore  increasingly  expensive)  insula- 
tion at  higher  voltages,  possibility  of  obtaining  appa- 
ratus to  operate  at  the  voltage  chosen,  and  others  of 
like  kind.  Since  the  two  most  extensive  uses  of  elec- 
tricity are  for  power  and  for  lighting,  the  decision 
must  be  based  upon  the  requirements  of  such  services. 
Power  is  of  course  furnished  through  the  medium  of 
motors,  and  such  machines  can  be  constructed  to  oper- 
ate satisfactorily  at  considerable  voltages ;  the  limit, 
in  industrial  direct-current  work,  is  usually  established 
between  500  and  600  volts,  although  in  electric-railway 
work  voltages  up  to  5000  have  been  used.  Lamps,  on 
the  other  hand,  give  the  most  satisfactory  results  when 
designed  to  operate  in  the  n«ighborhood  of  120  volts. 
When  motors  and  lamps  are  to  be  supplied  with  power 
from  the  same  service,  it  is  almost  compulsory  to  make 
the  best  lamp  voltage  the  controlling  element.  No  mat- 
ter how  desirable  it  might  be  to  operate  the  motor  load 
at  500  volts,  it  would  be  out  of  the  question  to  use 
lamps  for  such  a  voltage  without  operating  them  in 
series  groups,  which,  to  say  the  least,  is  very  unsatis- 
factory. If  the  motor  voltage  were  reduced  to  250 
volts,  it  would  be  possible  to  use  lamps  on  the  service, 
but  not  advisable.  The  most  satisfactory  method  is  to 
use  lamps  which  operate  at  from  110  to  125  volts.  It 
has,  however,  the  disadvantage  of  requiring  a  line  wire 
designed  to  carry  twice  as  much  current  as  at  the  higher 
voltage,  which  even  for  the  lighting  load  is  a  serious 
handicap,  but  which  for  large  power  service  makes  it 
almost  prohibitive. 

To  meet  these  conflicting  conditions  a  method  of  dis- 
tribution known  as  the  three-wire  system  was  evolved, 
which  diff"ers  from  the  ordinarj^  circuit,  requiring  two 
wires,  in  the  fact  that  it  makes  use  of  three  wires 
as  its  name  implies.  The  principle  upon  which  it  was 
developed  may  be  explained  as  follows: 

Assume  that  it  is  required  to  use  one  hundred  60- 
watt  120-volt  lamps  to  furnish  a  certain  amount  of 
illumination.  The  total  amount  of  power  to  be  supplied 
would  he  W  =  100  X  60  =  6000  watts.  If  the  load 
were  supplied  from  a  120-volt  two-wire  system,  as  illus- 
trated in  Fig.  1,  the  current  required  would  be  /  =- 
W  6000 
^  =    ^20    ~  ^^  amperes.     If  the  voltage  drop  in  the 


would  have  to  he  R  =^ 


0.06  ohm,  and  the 


same,  and  we  should  therefore  have    / 


line  M  were  to  be  restricted  to  3  volts,   its  resistance 
E         S 
I         50 

I3\ver  lost  in  it  would  be  I'R  =  (50)'  X  0.06  =  150 
^\atts.  Suppose,  now,  that  the  lamps  were  arranged 
as  shown  in  Fig.  2;  that  is,  that  they  were  divided 
into  fifty  groups  of  two  lamps  in  series.  In  that  case 
it  would  be  necessary  to  impress  a  voltage  of  240  volts 
across  the  mains  in  order  to  make  the  lamps  burn  at 
their  proper  brilliancy.     The  total  load  would  be  the 

W   ^    6000 
E  240 

--  25  amperes,  or  half  the  current  required  at  120 
volts.  The  difference  arises  from  the  fact  that  at  120 
volts  we  have  100  paths  through  the  lamps,  each  taking 

60   watts,   or  r^^  =:  0.5  ampere;  whereas  at  240  volts 

we  have  only  50  paths,  each  taking  that  current.  If 
we  were  to  allow  the  same  line  loss  in  the  latter  case 
as  in  the  former,  we  should  have   (25)'  X   ^  =   150 

150 
(25)^ 

value  four  times  as  great  as  required  before.  The 
voltage  drop  in  the  line  would  be  £"  =  7/2  =  25  X 
0.24  =  6  volts,  twice  the  value  at  120  volts;  but  since 
the  lamps  are  arranged  two  in  series,  a  drop  of  6  volts 
across  the  two  is  equivalent  to  a  drop  of  3  volts  across 
each,  the  same  as  on  the  120-volt  circuit.  Consequently, 
the  resistance  of  the  line  could  be  increased  fourfold 
without  changing  either  the  loss  in  it  or  the  voltage 
drop  to  the  lamps.  The  cross-section  of  the  wire  could 
therefore  be  made  one-quarter  of  what  it  was,  which 
means  that  only  one-quarter  of  the  weight  of  copper 
v/ould  be  required,  with  a  corresponding  reduction  in 
the  cost  of  the  installation.  It  may  be  pointed  out  here 
that  a  reduction  to  one-quarter  of  the  cross-section  is 
equivalent  to  halving  the  diameter.     Thus,  the  area  of 


watts,  from  which  we  find  R  = 


=  0.24  ohm,  a 


•  )        (•)        (•)        (•)        (ei. 
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FIG.    2.      TWO-WIRE    240-VOL,T    CIRCUIT    L.VMPS    GROUPED 
TWO    IN   .SERIES 

a  rod  0.4  in.  in  diameter  would  be  7t  X    (radius)'  =^ 

/0.4\2 
3.14  X  (  "o")  =  0.1256  sq.in.,  whereas  that  of  a  rod  of 

half  the  diameter,   namely,   0.2   in.,  would   be   3.14    X 

(y  )    =    0.0314    sq.in.,    or   one-fourth    of   the   other. 

That   is,   the   area   of   a   circle   is   proportional   to   the 
square  of  its  diameter. 

An  arrangement  of  lamps  such  as  that  indicated  in 
I'ig.  2  could  be  operated  satisfactorily  if  they  were 
always  required  in  pairs,  but  otherwise  the  scheme 
would  not  be  practicable,  since  by  turning  out  one 
lamp  the  other  would  also  be  extinguished.  Ther3  are 
additional  drawbacks  to  the  series  system  in  that  the 
lamps  must  be  identical,  or  they  will  not  burn  at  the 
same  brilliancy,  a  short-circuit  in  one  results  in  double 
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normul  voltaKe  being  impressed  upon  the  other,  cuusinK 
it  to  burn  out,  unci  botii  Inniiis  are  extingui.shpd  if 
either  one  of  them   fails. 

These  undesirable  features  may  be  eliminated  by  the 
use  of  a  method  such  as  that  represented  in  Fig.  3, 
which  is  the  typical  diagram  of  a  three-wire  system. 
Instead  of  using  a  single  source  of  240  volts,  two  sources 
of  120  volts  each  are  connected  in  series  and  a  con- 
nection is  made  at  the  junction  a,  and  run  as  a  third 
main  wire  to  the  load.  It  is  commonly  referred  to  as 
the  neutral  wire  or  merely  as  the  neutral  of  the  .sy.stem, 
and  the  other  two  lines  are  knowni  as  the  outside  wires. 
Thus,  in  Fig.  3,  iV  is  the  neutral  and  A  and  B  are 
the  outside  wires.  It  will  be  noticed  that  a  voltage  of 
240  volts  exists  between  the  outside  wires  A  aJid  B, 
but  that  that  between  either  outside  and  the  neutral  is 
only  120  volts.  Also  that  the  neutral  is  negative  in 
reference  to  one  outside  wire  and  positive  in  reference 
to  the  other.  In  a  future  lesson  it  will  be  .shown  how 
such  a  system  overcomes  the  objectionable  features  of 
the  straight  series  arrangement  and  yet  retains  the 
advantage  of  effecting  a  material  saving  in  copper  as 
compared  with  'ihat  required  for  the  wiring  in  a  two- 
wire    120-volt   system. 

The  problem  of  the  preceding  lesson  concerned  three 
compound  generators  of  50  kw.,  120  kw.  and  200  kw. 
capacity  respectively.     The  resistance  of  the  series  field 
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FIG.  3.     THREE-WIRE  120-  TO  240-YOLT  CIRCUIT 

of  the  50-kw.  machine  was  stated  to  be  0.01  ohm.  It  was 
required  to  determine  what  the  resistances  of  the  series 
fields  of  the  other  two  machines  would  have  to  be  if 
it  was  intended  to  operate  the  three  generators  in 
parallel.  For  any  load  on  the  generators  the  100-kw. 
machine  should  deliver  twice  as  much  current  as  the 
50-kw.  one,  and  the  200-kw.  machine  four  times  as 
much,  consequently  the  currents  through  their  series 
fields  should  be  of  those  values.  Since  all  the  series 
fields  are  connected  across  the  same  voltage — namely, 
that  between  the  equalizer  and  the  busbar  at  the  other 
side  of  the  fields — the  resistance  of  the  series  field 
of  the  100-kw.  generator  must  be  half  that  of  the  50-kw. 
one  if  the  current  through  it  is  to  be  twice  as  great  as 
that  through  the  latter.  Similarly,  the  resistance  of 
the  200-kw.  generator  would  have  to  be  one-quarter  that 
of  the  smaller  machine  in  order  that  its  current  should 
be  four  times  that  of  the  other.  We  therefore  have 
that  the  series-field  resistance  of  the  100-kw.  generator 
should  be  ^  X  0.01  =  0.005  ohm,  and  that  of  the 
200-kw.  one  should  be  I  X  001  =  0.0025  ohm. 

A  line  of  rubber-covered  wire  is  to  be  run  150  ft.  to 
supply  current  to  fifty  100-watt  125-volt  lamps  and 
twenty  l-hp.  125-volt  motors.  If  the  size  of  the  wire 
used  is  that  called  for  by  the  Underwriters'  rules,  what 
would  be  the  voltage  drop  in  the  line  at  full  load  ?  Also, 
what  would  the  loss  in  it  be? 


A  DiMciiH.Hioii  of  Hell  'rij^htrinTM 

By  (:iiaklk.s  Crank 

A  belt  tightener,  to  function  properly,  should  be  so 
designed  that  it  will  maintain  nearly  the  same  tension 
on  the  slack  side  of  the  belt  under  all  loads.  Others 
should  j*eally  be  called  adju.stable  idlers,  for  if  the 
pulley  remains  in  a  fixed  position  and  a  heavier  load 
comes  on,  the  pulling  side  of  the  belt  will  stretch  and 
the  slack  side  will  become  more  slack,  which  will  allow 
it  to  drop  away  from  the  tightener  pulley.  This  will 
relieve  the  tension  on  the  belt  just  at  the  time  when 
it  should  have  more  tension,  and  it  will  slip  and  have 
a  tendency  to  run  off.  A  crown-faced  pulley  has 
nothing  to  do  with  the  belt  running  to  one  side,  for 
if  a  tightener  pulley  leads  a  belt  to  one  side  at  all, 
it  will  run  in  nearly  the  same  position  under  all  loads. 

Any  idler  pulley  may  be  made  to  lead  a  belt  a  little 
to  either  side  by  simply  throwing  the  idler  out  of  line 
with  the  center  line  of  the  belt.  Imagine  a  belt  standing 
still  and  a  pulley  being  rolled  along  on  it.  If  it  is  in 
line  with  the  belt  it  will  stay  on,  but  if  it  be  turned 
a  little  to  one  side  it  will  run  off.  Suppose  the  belt 
moves  and  the  pulley  is  held  in  one  place  but  turned 
a  little  to  one  side,  as  before.  It  is  evident  that  the 
pulley  cannot  run  to  one  side,  therefore  it  will  exert  a 
pull  on  the  belt  in  the  opposite  direction,  which  will 
tend  to  run  it  to  one  side  until  the  force  exerted  is 
counteracted  by  the  pull  of  the  crowned  faces  of  the 
drive  and  driven  pulleys  tending  to  hold  the  belt  on, 
in  which  position  it  will  remain. 

The  type  of  tightener  is  unimportant  so  long  as  it 
is  allowed  to  play  freely  and  maintain  an  even  tension 
on  the  belt;  but  a  swing  tightener — that  is,  a  rigidly 
built  frame  lying  paralleUto  the  belt  and  hinged  at  one 
end  to  a  support,  the  other  end  carrying  the  pulley — 
is  preferable  as  it  is  of  simple  construction,  plays  more 
freely  and  is  easier  of  adjustment  for  leading  the  belt. 

It  seems  to  be  the  universal  practice  to  set  the 
tightener  pulley  as  close  as  possible  to  the  driven  pulley. 
The  reason  generally  given,  outside  of  it  being  cus- 
tomary, is  that  it  gives  the  belt  a  greater  arc  of  contact 
on  the  small  pulley.  With  the  tightener  placed  close  to 
the  driven  pulley,  an  increase  of  load  will  stretch  the 
pulling  side  of  the  belt  and  the  extra  slack  will  run 
off  at  the  driver  first.  This  slack  having  nearly  the 
full  length  of  the  slack  side  of  the  belt,  before  it 
reaches  the  tightener  the  belt  will  start  flapping  and 
the  tightener  will  play  up  and  down.  WTien  the  tight- 
ener rises  quickly,  it  may  be  carried  too  far  by  its 
momentum,  with  a  resultant  release  of  the  tension  on 
the  belt,  allowing  it  to  slip.  With  a  belt  running  at 
high  speed  excessive  flapping  will  often  entrap  a  little 
air  between  the  belt  and  the  pulley  face,  which  v/ill 
greatly  reduce  the  contact  area.  When  the  tightener 
is  close  to  the  driver,  it  will  take  care  of  the  slack 
the  instant  it  runs  off  the  driver,  and  the  belt  and 
tightener  will  run  much  more  smoothly,  which  will  more 
than  offset  the  advantage  of  the  extra  arc  of  contact 
obtained  by  the  former  method. 


The  great  demand  for  radium,  in  connection  with  its 
scarcity,  makes  it  perhaps  the  most  valuable  mineral. 
Gold  is  worth  $20  an  ounce,  but  an  ounce  of  radium  is 
estimated  to  be  worth  more  than  three  million  dollars. 
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Limits  in  Turbine  Capacity 

SOMEONE  is  trying  to  lay  the  steam  turbine  on  the 
bed  of  Procrustes.  There  is  in  the  air  the  question 
of  limiting  its  capacity  at  30,000  kilowatts.  Just  why 
the  tenuous  discussion  should  select  this  capacity  as 
the  limit  is  difficult  to  conjecture.  It  sounds  like  judg- 
ment made  in  the  face  of  overwhelming  facts;  it  is  akin 
to  denying  the  existence  of  Niagara  Falls. 

In  the  first  place  a  turbo-generator  must  be  reliable 
regardless  of  capacity.  With  reliability  assured  and 
cost  considerations  cared  for,  the  chief  reason  for  select- 
ing units  of  various  sizes  or  various  units  of  the  same 
size  for  a  plant  is  to  enable  carrying  the  load  through- 
out the  day  at  the  most  economical  water  rate.  Of 
course  there  should  be  units  enough,  or  provision  made, 
to  continue  service  and  permit  of  cleaning  and  repair- 
ing— there  must  be  spare  capacity. 

Since  the  introduction  of  the  turbine  the  trend  has 
been  upward.  As  unit  capacity  has  been  increased,  the 
water  rate  has  decreased,  and  with  it  the  cost,  not  only 
of  the  unit  itself,  but  of  the  whole  station,  has  fallen. 
With  the  growth  of  large  power  systems  supplied  by  a 
few  huge  stations  operating  in  parallel,  costs  would  be 
seriously  affected  if  for  the  system  units  of  30,000  kilo- 
watts or  under  were  selected.  True,  such  limit  might  be 
best  for  some  stations  or  some  systems ;  but  it  is  idle  to 
ask  the  camel  to  take  no  greater  stride  than  the  burro. 
Standardization  is  desirable  until  it  is  made  abortive  and 
retrogressive.  Fixing  30,000  kilowatts  as  a  limit  for 
steam  turbines  seems  to  us  to  be  of  this  class.  The  fac- 
tors that  will  fix  ultimate  capacity  are  the  physical  limits, 
shop  practice,  and  shipping  restrictions.  Capacities 
have  now  reached  70,000  kilowatts  in  one  unit,  the  com- 
pound machine  in  the  Seventy-Fourth  Street  Station  of 
the  Interborough  Rapid  Transit  Company.  If  the  load 
conditions  warranted,  no  doubt  the  purchasers  would 
have  called  for  a  100,000-kilowatt  machine. 


Brighten  Up  the  Boys'  Home-Coming 

IT  HAS  been  said  that  electricity  won  the  war.  This 
statement  no  doubt  can  be  challenged.  However,  elec- 
tricity was  one  of  the  most  potent  factors  in  carrying 
on  the  world  struggle  to  a  successful  termination  for 
us  and  our  Allies.  There  is  scarcely  anything  that  en- 
tered into  the  war  machine  in  which  electricity  did  not 
perform  an  important  function.  From  the  production 
of  the  raw  materials  and  the  conversion  of  them  into 
munitions,  and  the  utilization  of  these  munitions  at 
the  front,  we  find  electricity  playing  a  master  role.  Even 
the  plans  of  the  master  strategist  would  be  of  little  use 
if  it  were  not  for  the  elaborate  systems  of  communica- 
tion made  possible  by  the  use  of  electricity. 

The  big  job  is  done  and  the  boys  are  returning  to  us 
victorious.  They  have  done  the  work  they  were  sent 
to  do,  done  it  heroically,  in  a  much  shorter  time  than 


expected.  Many  of  them  have  paid  the  supreme  sacri- 
fice and  now  rest  in  the  sacred  soil  of  France.  Many 
of  those  returning  have  been  wounded  and  have  suf- 
fered long  days  and  weeks  in  the  hospitals  in  France, 
and  realize  that  they  return  to  civil  life  greatly  handi- 
capped to  compete  with  their  more  fortunate  brothers. 

When  they  left  us  gloom  was  cast  over  this  country, 
curtailment  of  light  and  silence  was  the  order  of  the 
day.  Transport  after  transport,  laden  with  our  boys, 
silently  left  our  shores  for  "Over  There"  without  any 
send-off  or  outward  demonstration  of  any  kind.  They 
made  the  trip  on  darkened  vessels  through  submarine- 
infested  waters  and  arrived  in  the  darkened  cities  of 
war-saddened  Europe.  Now  that  they  are  returning 
and  all  restrictions  are  off,  let  us  make  this  home-com- 
ing in  keeping  with  the  feelings  of  a  great  and  victori- 
ous people,  proud  of  the  good  work  the  boys  have  done. 
What  better  agent  can  we  employ  to  do  this  than 
electricity? 

This  brighter  home-coming  is  something  we  owe  to 
the  boys ;  it  is  a  national  duty  and  something  that  every 
citizen  can  take  part  in,  either  by  letting  the  lights 
shine  in  his  home,  office,  shop  or  plant  or  by  the  con- 
struction of  large  electric  signs  of  welcome.  Central 
stations,  manufacturers,  contractors  and  dealers,  who 
have  not  already  done  so,  can  get  behind  this  great 
movement  by  getting  in  touch  with  the  International 
Association  of  Rotary  Clubs,  chambers  of  commerce 
and  committees  appointed  by  civic  authorities  and  other 
trade  associations. 

What  About  the  Pumps? 

IT  HAS  been  pointed  out  many  times  that  the  power- 
plant  pump  should  receive  the  same  attention  that 
is  given  to  steam  engines  and  other  power-plant  appa- 
ratus, but  it  is  well  knovra  that  the  pump  in  most 
instances  is  neglected  and  left  to  run  itself,  perhaps 
because  it  is  simply  constructed  and  seems  to  possess 
a  faculty  for  getting  on  without  much  help  from  the 
attendant. 

This  neglect  may  be  because  pumps  are  so  frequently 
placed  in  out-of-the-way  places  instead  of  where  they 
are  readily  accessible.  Be  that  as  it  may,  it  is  evident 
that  although  a  pump  can  withstand  a  large  amount 
of  neglect,  there  comes  a  time  when  difficulties  will 
be  encountered,  and  the  blame  rests  with  the  man  who 
is  supposed  to  care  for  the  pump. 

First  of  all,  a  pump  should  be  placed  in  a  convenient, 
clean  and  well-lighted  location,  if  possible.  It  will  then 
be  likely  to  receive  some  attention.  Naturally,  a  suit- 
able foundation  will  be  necessary,  otherwise  there  is 
danger  of  a  leaky  suction  pipe,  groaning  of  pistons  and 
general  vibrating  troubles. 

It  will  be  conceded  that  the  pump,  as  is  true  of  any 
other  machine,  should  be  kept  clean,  both  inside  and 
outside.     This  means  frequent  internal  inspection  be- 


178 


POWER 


Vol.  49,  No.  5 


cause  the  fact  thiit  the  pump  i.**  oporatinp  .mitisfnctorily 
today  i^  no  assuraiuo  that  it  will  do  sti  next  week.  To 
b;i  ix'liahie   the  machine  must  be  kept  in  nood   repair, 

Examinations  are  necessary  in  order  to  detect  what 
parts  are  wearinK,  how  fast  they  wear  and  to  deter- 
n.ine  when  to  renew  parts  before  they  jrive  out  entirely 
and  perhaps  cause  a  shutdown.  If  a  suitable  strainer 
is  attached  to  the  suction  pipe,  there  will  be  less 
valve  trouble  in  the  water  end,  and  interior  inspections 
may  be  reduced  to,  say,  about  four  times  a  year. 

Pump  trouble  generally  occurs  in  one  of  three 
places — suction  pipe,  water  end  or  steam  end — but  as 
certain  diftkulties  have  certain  .symptoms,  locating  the 
trouble  is  less  difiicult  to  the  man  who  understands  the 
machine.  However,  if  it  is  necessary  to  run  the  pump 
faster  this  week  than  last,  it  indicates  that  the  plunger 
needs  looking  after  and  that  leakage  is  occurring  past 
the  packing;  or  it  may  be  that  a  valve  is  hung  up 
by  some  ob.stacle.  A  jerking  action  and  pounding  of 
the  water  piston  indicate  clogging  of  the  suction  pipe, 
and  lack  of  air  in  the  air  chamber  is  usually  evidenced 
by  a  dull  thud  at  the  end  of  the  stroke.  Thus  it  is 
seen  that  each  trouble  tells  its  own  story  by  the  action 
of  the  pump.  A  careful  study  of  the  machine  will 
usually  direct  one  to  the  cause  of  the  trouble. 

One  of  the  greatest  neglects  of  a  steam  pump  is  due 
to  lack  of  lubrication,  as  on  account  of  its  location  the 
lubrication  is  in  many  instances  intermittent.  The 
trouble  is  that  the  lubricator  is  allowed  to  run  empty 
and  remain  so  because  someone  thinks  there  is  sufficient 
oil  in  it  for  hours  to  come.  No  engineer  would  think 
of  lubricating  the  cylinder  of  a  steam  engine  on  a  hit- 
and-miss  plan,  but  that  it  just  what  is  done  with  the 
majority  of  steam  pumps  in  the  average  steam  plant. 

It  is  needless  to  say  that  a  well-designed  and  con- 
structed steam  pump,  when  given  proper  care,  will 
give  reliable  service  and  will  not  be  a  tax  on  the  time 
of  an  engineer  any  more  than  anj'  other  piece  of  well- 
made  machinery  found  in  the  plant. 

Increased  Rates  for  Electric  Service 

THE  recent  decision  of  the  Railroad  Commission  of 
the  State  of  California  authorizing  the  California 
Edison  Company  to  increase  its  rates  for  electric  service 
is  another  instance  showing  that  public  utilities  may 
expect  a  square  deal  from  the  public  if  the  former 
render  the  latter  an  adequate  service.  It  is  worthy  of 
note  that  at  the  hearings  all  parties  interested  were 
present,  but  not  a  single  objection  was  raised  to  the 
increase  in  rates.  President  Edgerton  of  the  commis- 
sion wrote  in  his  opinion :  "I  am  convinced  that  we  will 
be  acting  with  entire  fairness  to  the  applicant  as  well 
as  to  consumers  if  we  fix  rates  so  as  to  put  the  applicant 
in  approximately  as  good  condition  as  it  was  before 
these  abnormal  increases  in  cost." 

The  attitude  of  the  California  Edison  Company  dur- 
ing the  crisis  has  been  a  commendable  one,  in  that  it 
has  made  an  honest  effort  to  maintain  its  high  standard 
of  service  without  increasing  its  rates  and  only  making 
application  when  an  increase  was  absolutely  necessary. 
This  attitude,  judging  from  the  results  of  the  decision, 
appears  to  have  been  one  which  might  profitably  be  fol- 
lowed by  utilities  in  general. 


Engineers'  license  laws  are  founded  on  consideration 
of  pul)lic  .safety,  but  to  bring  out  tJie  .skill  and   iiilelh 
gence  of  applicants  for  licenses,  the  in(iuiries  have  been 
largely  directed  to  the  applicant's  knowledge  of  design 
and  technicalities  of  engine-room  practice.     Now  that 
fuel  con.servation  is  .so  commonly  recognized  to  be  an 
important  question  of  national  preservation,  examiner 
will  do  well  to  .switch  .some  of  their  attention  to  the 
economics  of  boiler-room  practice. 


Exhaust  steam,  when  available,  can  frequently  be  sub- 
stituted for  live  steam  in  heating  coils,  etc.,  with  but 
slight  changes  in  the  equipment.  There  is  a  general  be- 
lief, however,  that  the  difference  in  the  total  heat  be- 
tween exhaust  steam  at  atmospheric  pressure  and  steam 
at,  say,  one  hundred  pounds  pressure  is  considerable.  A 
glance  at  the  steam  table  will  show  that  the  difference  is 
less  than  forty  British  thermal  units.  m 

It  is  an  engineering  fact  that  a  column  of  water  one 
foot  in  height  exerts  a  pressure  of  slightly  under  one- 
half  pound  per  square  inch,  and,  conversely,  the  pres- 
sure of  half  a  pound  per  square  inch  will  support  a  pound 
of  water  one  foot  in  height.  If  some  of  the  articles 
recently  published  regarding  water  flooding  radiators 
are  criterions,  it  would  seem  that  some  heating  en- 
gineers have  overlooked  this  truth. 


The  war  has  been  responsible  for  the  introduction  of 
many  new  words,  and  a  leading  British  paper  in  de- 
fining one  of  them  said,  "These  men  have  been  labeled 
'pivotal,'  which  means  that  their  work  is  a  necessary 
preliminary  to  the  employment  of  others."  Practical 
men  can  realize  that  for  many  purposes  the  word 
"pivotal"  is  more  exact  and  specific  than  "indispen- 
sable." 

Although  there  is  danger  of  spontaneous  combustion 
with  stored  bituminous  coal,  it  is  safe  to  assume  that 
after  the  first  summer  it  will  not  catch  fire  unless  it 
is  disturbed,  in  which  case  the  coal  will  heat  the  same 
as  when  first  piled,  and  will  catch  fire  as  readily.  Coal 
having  a  tendency  to  heat  unduly  should  be  let  alone 
after  storing,  otherwise  there  is  likely  to  be  trouble. 


Every  engineer  should  have  a  simple  boiler-room  log 
for  keeping  a  record  of  the  fuel  and  water  used,  the 
evaporation  of  water  in  pounds  per  pound  of  coal 
burned  and  the  weight  of  ashes  obtained.  Although 
such  a  record  is  easily  kept,  there  are  thousands  of 
plants  in  which  nothing  is  known  as  to  the  performance. 
Is  it  not  about  time  to  wake  up? 


Passing  laws  and  signing  ordinances  will  not  sup- 
ply the  human  race  with  food  and  clothing.  The  man 
who  sticks  day  after  day  to  some  form  of  productive 
labor  is  of  infinitely  more  account  than  the  chap  who 
rpends  all  his  time  trying  to  convince  his  fellows  that 
the  world  can  get  along  without  working. 


The  loss  of  heat  from  the  surfaces  of  steam  pipes  and 
cylinders  is  commonly  termed  radiation;  but  a  part  of 
the  heat  is  carried  off  by  convection,  or  the  sweeping  of 
air  currents  over  the  heated  surfaces. 
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Misadjustment  of  Exhaust  Valve 

The  indicator  diagrams  shown  are  from  the  low- 
pressure  cylinder  of  a  9  x  16  x  36-in.  compound  Corliss 
engine.  The  engine  had  been  taken  apart,  and  I  had 
given  instructions  as  to  the  correct  manner  of  re- 
placing the  valves.  On  starting  up,  however,  there 
was  a  bad  knock  in  the  low-pressure  cylinder.  The 
indicator  justified  the  suspicion  as  to  the  cause  of  the 
trouble  by  producing  diagram  A.  The  crank-end 
exhaust  valve  was  improperly  placed  and  connected,  so 
that  it  did  not  open  at  all.  The  steam  was  compressed 
to  a  pressure  above  that  of  the  receiver,  lifting  the 


FREAK  DIAGRAM  WHEX   VALVE  WAS  IX    WROXG 

admission  valve  from  its  seat,  producing  severe  "slam- 
ming" on  its  return.  Diagram  B  was  produced  when 
the  valve  was  put  in  right.  Victor  R.  Gage. 

Ithaca,  N.  Y. 

Lubricating  Cylinders  and  Bearings 

I  believe  it  is  a  rare  case  indeed  where  a  bearing 
heats  because  it  is  getting  too  much  oil,  as  has  been 
suggested.  Bearings  on  high-speed  engines,  especially 
eccentrics,  cause  trout  le  because  dirt  or  pieces  of  waste 
get  into  the  oil  holes  which  lead  to  the  oil  ways.  Large 
eccentrics  as  well  as  crank  boxes  and  main  bearings 
often  get  hot  because  the  oil  ways  have  been  worn  down. 
It  is  necessary  to  provide  oil  grooves  and  also  to  scrape 
down  the  approach  or  "leading  in"  side. 

A  generous  supply  of  oil  (flooding)  will  cushion  the 
pound  and  make  it  unnecessary  to  key  up  the  bearings 
frequently.  In  one  instance  where  they  had  been  in 
the  habit  of  keying  up  every  week,  I  was  able  to  reduce 
this  to  six  or  eight  weeks.  Part  of  this  improvement 
was  due  to  an  improvement  in  the  valve  setting. 

The  most  difficult  cylinders  to  lubricate  are  these 
that  get  superheated  steam  and  saturated  steam  alter- 
nately. I  made  good  on  one  job  on  which  others  had 
failed  because  I  found  out  that  the  foregoing  conditions 


prevailed  and  took  steps  to  improve  the  situation  and  to 
find  the  proper  cylinder  oil  for  the  peculiar  condition. 
With  saturated  steam  the  oil  should  be  compounded 
with  tallow  oil,  and  it  is  advisable  also  to  compound, 
slightly,  oils  for  superheated  steam  because  the  steam 
is  always  wet  when  starting  up  and  a  spray  of  water 
may  sometimes  come  over  from  the  line  even  with 
superheated  steam.  W.  Waldo. 

Foster,  Ohio. 

Boiler  Blowoff  Valves 

I  have  been  following  the  discussion  on  blowoff  valves, 
expecting  someone  of  more  experience  to  bring  out  what 
looks  to  me  to  be  the  vital  point;  namely,  that  one  of 
the  two  valves,  or  a  valve  and  cock,  is  for  emergency 
use.  In  this  state  (Ohio)  the  law  calls  for  two  valves, 
or  a  valve  and  plug-cock,  on  boilers  that  carry  in  excess 
of  135  lb.  steam  pressure.  The  old  through-plug  style 
of  cocks  is  limited  to  25  lb.  pressure.  Some  of  the  illus- 
trations showing  blowoff  lines  are  fine,  with  plenty  of 
room,  but  they  cannot  be  so  arranged  with  boilers  set 
with  the  mud  drum  not  more  than  six  inches  above  the 
floor. 

A  few  years  ago  I  was  working  in  a  plant  that  had 
two  valves  on  the  blowoff  line,  and  the  boilers  were 
blown  dovim  by  opening  the  valve  next  to  the  boiler 
last  and  closing  it  first.  This  seemed  the  ideal  way, 
even  when  the  first  valve  began  to  leak,  but  in  a  few 
days  the  second  one  also  began  to  leak,  and  the  chief 
told  me  to  put  on  a  new  one.  The  line  was  in  a  trench, 
and  while  putting  on  that  valve  with  hot  water  all 
around  me,  I  was  convinced  that  the  order  of  blowing 
down  was  wrong.  I  concluded  that  two  valves  or  a 
valve  and  cock  were  on  a  blowoff  line  for  emergency 
use.  A  cock  was  put  next  to  the  boiler  and  left  open, 
except  in  emergency,  therefore  the  wear  was  within  the 
plug,  and  so  did  not  affect  its  tightness.  If  we  had  put 
a  valve  next  to  the  boiler  and  left  it  open,  the  seat 
would  have  teen  cut  out  in  a  short  time,  and  if  we 
shut  and  opened  it  every  time,  it  would  probably  leak 
and  be  "no  good"  in  case  it  was  needed  badly.  Our 
firemen  blow  the  boilers  down  once  every  eight  hours 
and  our  blowoff  line  shows  "drop  tight"  after  two  years' 
service.  I  will  repeat  what  a  chief,  whom  I  was  once 
repairman  for,  told  me:  "Keep  an  emergency  appliance 
for  an  emergency  and  keep  it  so  it  will  function  when 
the  emergency  comes."  Barch  Smith. 

Newark,  Ohio. 


•  Speaking  of  boiler  blowoff  valves,  have  reader.-, 
noticed  that  the  majority  of  manufacturers  mark  their 
valves  to  be  placed  so  that  the  stem  stuffing-box  is 
continually  subject  to  boiler  pressure?  Most  of  us  put 
all  valves  on  the  other  way,  and  I  prefer  to  so  place 
a  blowoff  valve.     I  use  a  flanged  valve  next  to  the  boiler 
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nnd  an  asIkmIos  packed  stop-cock  oiit.sido  and  open  the 
.stop-cock  fir;;(,  then  the  valve,  hecaii.sc  the  valve  is 
more  easily  h.'.ndlcd.  With  this  arraiiKenient  the  stop- 
cock and  packing  on  the  valve  stem  may  both  kivc  out 
and  still  leave  the  valve  jjood.  If  the  valve  leaks  it  will 
usually  leak  into  the  line  instead  of  out  through  the 
stuirmjr-box.  which  is  just  as  wjusteful  but  not  so 
tlauK'erous  as  letting  it  go  outside. 

Our  valves  do  leak  somL'times  and  have  to  be  watched 
and  taken  care  of.  but  who  ever  saw  a  valve  that  did 
not  need  attention?  Besides,  if  they  did  not  need  atten- 
tion, what   would   we  do  to  earn  our   money? 

Philadelphia,  Penn.  T.  A.  Marshall. 


Making  Diesel  Operators  from  Steam 
Engineers 

The  letter  by  Mr.  Cooke  on  page  27  in  the  issue  of 
Jan.  7,  "Making  Diesel  Operators  from  Steam  En- 
gineers," will,  I  feel,  strike  a  sympathetic  chord  in  the 
breasts  of  genuine  steam  engineers.  Some  years  ago 
an  electric  plant  with  which  I  was  conversant  had  a 
mi.xed  power  plant.  Part  of  it  was  steam-driven  and 
part  was  Diesel-engined,  and  all  units  supplied  current 
to  a  common  switchboard. 

As  the  current  generated  was  alternating,  it  was 
essential  that  the  units  be  brought  in  step  and  synchro- 
nized properly.  The  oil  sets  consisted  of  two  three- 
cylinder  Diesel-engine  units  with  an  alternator  between, 
and  there  were  several  of  these  sets.  Each  part  of  the 
power  house — that  is,  the  steam  section  and  the  oil 
section — had  its  own  chief  engineer,  which  is  the  worst 
possible  combination.  Trouble  developed  with  the  gov- 
ernor of  one  of  the  Diesel  sets,  and  the  chief,  who  I  am 
told  was  an  excellent  machinist,  was  unable  to  remedy 
the  trouble;  so,  after  two  or  three  days  of  agony,  the 
general  manager  got  the  steam  chief  on  the  job. 

"Have  you  put  the  indicator  on  to  see  if  you  can  lo- 
cate the  trouble?"  he  asked  the  oil  chief. 

"T  know  where  the  trouble  is,"  he  was  informed. 

"Then  why  don't  you  remedy  it?"  the  general  man- 
ager asked. 

"It's  in  the  governor,  but  I  can't  seem  to  locate  it," 
he  replied. 

Well,  to  summarize,  the  steam  engineer  used  his  own 
steam-engine  indicator,  which  had  a  special  oil-engine 
bushing  for  the  cylinder,  and  found  that  the  middle  cyl- 
inder on  one  engine  was  not  doing  any  work  worth 
mentioning  because  no  oil  was  being  injected  into  it. 
He  found,  further,  that  a  pipe  scale  or  something  of  like 
nature  had  closed  the  extremely  small  oil-valve  opening. 
After  this  was  cleared,  the  governor  functioned  prop- 
erly. 

This  little  incident  does  not  prove  that  oil  engineers 
are  not  "onto  their  jobs,"  to  use  a  slang  expression,  but 
that  this  oil  engineer,  who  had  come  well  recommended, 
was  not  as  thorough  a  power-house  operator  as  the 
steam  man.  In  connection  with  the  Diesel  plant  there 
was  a  very  nice  compressor  plant  consisting  of  a  four- 
stage  compressor  driven  by  a  cross-compound  Corliss 
engine,  a  self-contained  outfit,  but  who  do  you  suppose 
had  to  look  after  this  outfit?  Not  the  Diesel  chief,  but 
the  steam  chief.  I  believe  that  there  are  Diesel  experts 
and  also  steam-engine  experts,  but  many  are  at  best 


ordy  throttle  opcMiors  and  do.scrs;  neverthelesH  the  steam 
cMKint'cr  that  knows  a  power  plant  from  start  to  finiHh 
need  not  worry  at  the  micrometer  adjustments  or  the 
"full-jcwelod  movement"  of  the  Diesel. 

New  York  City.  C.  W.  PETER.S. 


Pump  Valves  Do  Not  Wear  Well 

From  the  letter  by  M.  C.  Larsen  on  page  30  in  the 
issue  of  Jan.  7,  it  seems  to  me  that  his  only  trouble  is 
poor  material  in  the  valves.  Hard-rubber  composition 
valves,  made  to  resist  the  action  of  hot  water,  should 
not  wear  out  and  break  in  two  weeks  or  even  in  two 
months.  If  there  is  acid  or  other  chemicals  in  the  water 
strong  enough  to  destroy  the  valves  in  two  weeks,  it 
would  also  destroy  the  iron  pipe  work,  therefore  the 
fault  must  be  in  the  valves. 

In  the  plant  where  I  am  employed  we  have  pump.s 
working  24  hours  a  day  handling  water  with  an  average 
temperature  of  190  deg.,  and  the  hard-rubber  valves  la.st 
from  one  to  two  years,  only  requiring  refacing  a  couple 
of  times.  Mr.  Larsen  should  examine  the  valve  seats 
and  make  sure  they  are  level  and  that  the  springs  on 
the  stud  bolts  are  not  overstrong.  I  have  used  a  metal- 
bound  valve  in  the  same  class  of  work,  which  gave  ex- 
cellent results.  James  E.  Noble. 

Portsmouth,  Ont.,  Canada. 


Methods  of  Banking  Fires 

Banking  fires,  as  referred  to  in  an  editorial  in  the 
issue  of  Jan.  14,  is  a  matter  of  great  importance  in 
saving  time,  money  and  labor.  Pushing  back  the  live 
coals  to  the  bridge-wall  and  covering  them  over  with 
green  coal,  especially  soft  coal,  is  a  mistake.  This  kind 
of  a  bank  will  lie  dead  over  night  and  probably  Satur- 
day afternoon  and  Sunday,  allowing  the  boilers  to  cool 
down  and  reducing  the  pressure.  On  hauling  those 
banked  fires  down  again,  probably  one  or  two  hours 
before  starting  time,  it  will  take  a  good  many  shovel- 
fuls of  coal  to  get  the  pressure  up  to  where  it  belongs. 
There  are  other  things,  however,  that  will  waste  coal. 
The  blowoff  and  other  valves  leading  from  the  boilers 
may  be  leaking,  allowing  the  boilers  to  lose  water  during 
shutdown  time;  and  to  make  up  for  this,  one  is  likely 
to  have  to  let  a  large  quantity  of  cold  water  into  the 
boilers  before  starting  the  fires.  This  water  should 
be  supplied  beforehand  through  a  heater  when  the  plant 
is  in  operation. 

Following  is  my  method  of  banking  fires.  I  do  not 
push  the  live  coals  to  the  bridge-wall,  but  cover  the 
fire  all  over  with  green  coal  (this  is  what  we  call 
banking  fires  flat)  half  an  hour  before  shutting  down, 
allowing  the  pressure  in  the  boilers  to  drop  15  to  20 
lb.;  then  I  open  the  furnace  doors  wide  and  close  the 
dampers  and  the  ashpit  doors.  We  close  all  valves  but 
the  stop  valves.  The  pressure  in  the  boilers  varies  only 
from  five  to  ten  pounds  during  the  night.  I  claim  that 
this  method  of  banking  fires  saves  the  brick  lining  and 
also  the  boilers  from  sudden  contraction  and  expansion 
in  getting  steam  up  before  starting.  Many  firemen 
think  that  this  method  makes  the  fire  hot  to  clean  before 
starting,  especially  in  summer.  In  the  morning  we  open 
all   dampers   and   push   the   fires   back   to   the  bridge- 
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wall.  We  then  close  the  furnace  doors  and  let  the  front 
of  the  fire  burn  down  to  the  ashes,  which  takes  from 
five  to  seven  minutes;  then  we  clean  the  fire,  which  is 
cool  at  the  front.  I  believe  this  is  a  good  method  as  it  has 
proved  so  in  this  plant.  Patrick  Molloy. 

New  York   City. 


Setting  Heavy  Machine  Bases 

A  comparison  of  two  methods  of  procedure  in  lining 
and  leveling  machinery  shows  the  advantage  of  parallel 
shims  over  wedges  as  follows:  Three  motors  (5000,  4000 
and  3250  hp.)  were  required  in  a  40-in.  blooming  mill. 
The  first  was  set  by  using  shims  and  wedges,  and  it 
required  three  men  six  days  to  set  the  base.  It  was 
first  lined  up,  then  leveled  with  wedges,  then  lined 
again  which  necessitated  leveling  again,  etc.  The 
trouble  was  that  when  the  base  was  jacked  over  for  line, 
sliding  on  the  wedges  raised  one  side  and  lowered  the 
other  and  sledging  the  wedges  to  level  up  threw  the 
base  out.  of  line. 

In  setting  the  other  two  the  following  method  was 
used,  requiring  one  day  for  each  base.  All  thicknesses 
of  shims  from  i  in.  to  sheet  tin  were  first  secured.  The 
base  was  raised  with  the  crane  and  leveled  on  four  piles 
of  shims,  no  wedges  being  used.  It  was  then  lined  up 
with  hydraulic  jacks  and  found  to  be  still  level.  This 
made  a  saving  on  the  two  bases  of  ten  days  for  three 
machinists,  amounting  to  $198. 

This  method  can  be  used  on  all  machine  bases,  where 
they  can  be  lifted  with  a  crane  or  jacks. 

Baltimore,  Md.  L.  C.  ScOTT. 


Generator  Wreck  at  St.  Paul 

It  was  with  great  interest  that  I  read  the  description 
of  the  generator  wreck  at  St.  Paul  on  page  40  in  the 
issue  of  Jan.  14  and  the  three  probable  causes  of  the 
wreck,  but  there  is  still  another  condition  that  might 
have  produced  the  same  results. 

Since  the  six  polepieces  were  of  the  bolted-on  type, 
these  bolts  could  become  loose  owing  to  the  vibration, 
and  when  the  short-circuit  came  on  the  generator  it 
perhaps  caused  a  polepiece  to  break  away  and  take  the 
other  polepieces  with  it,  wedging  the  rotating  member 
until  the  shaft  was  twisted  off. 

Trenton,  N.  J.  THOMAS  F.  McElroy. 


Protecting  Safety  Valves  Against 
Tampering 

A  criminal  act  that  might  have  caused  a  boiler  explo- 
sion had  it  not  been  discovered  by  the  night  watchman 
or  firemen  makes  me  think  that  it  is  advisable  to  build 
a  protection  around  safety  valves,  especially  around  the 
collieries,  to  avoid  a  similar  occurrence. 

One  night  two  tramps  entered  a  large  coal-mine  power 
plant  and  asked  the  firemen  for  permission  to  sleep 
there.  As  it  was  against  the  rules,  they  were  refused, 
which  made  them  mad.  It  appeared  that  they  were 
would-be  murderers  and  must  have  had  some  experience 
around  boiler  rooms,  and  as  they  went  out  they  swore 
they  would  take  revenge.    Some  time  later  in  the  night 


they  returned,  and  finding  the  place  unguarded,  they 
tied  an  old  carwheel  on  the  lever  of  the  safety  valve 
and  partly  closed  a  10-in.  valve  leading  to  the  pump  in 
the  mine,  expecting  that  the  pumpman  would  call  for 
more  steam  pressure.  The  pumpman  thought  that  the 
steam  was  low,  but  did  not  bother  caUing  up  because 
the  water  in  the  sump  was  nearly  all  out. 

Toward  morning  the  watchman  noticed  that  some- 
thing had  been  done  to  the  safety  valve  and  called  the 
attention  of  the  firemen  to  it,  and  knowing  that  the 
carwheel  was  put  there  by  some  malicious  person,  they 
of  course  removed  it.  When  the  colliery  started  to 
work  the  following  day,  the  large  pump  in  the  mine 
was  stuck  for  steam  and  everybody  was  puzzled  for 
a  time  until  the  trouble  was  located. 

Plymouth,  Penn.  Joseph  R.  Thomas. 

A  Dangerous  Blowoff  Connection 

On  reading  the  letter  by  W.  W.  Henry,  on  page  29 
in  the  issue  of  Jan.  7,  I  wondered  why  engineers  do  not 
more  often  use  the  malleable  flush  bushing,  if  they  use 
bushings  at  all.  The  ordinary  cast-iron  bushing  is  all 
right  for  low-pressure  work,  but  should  not  be  used  in 
high-pressure  steam  work. 

On  one  job  where  there  was  a  3-in.  flange  riveted  to 
the  boiler  for  a  blowoff  pipe  and  the  contract  called 
for  22-in.  blowoff  piping,  the  contractor  used  a  malleable 
flush  bushing  in  the  flange  and  2i-in.  pipe  and  fittings  to 
finish  up  the  work,  and  the  boiler  inspector  passed  it 
as  satisfactory  and  safe.  JAMES  E.  NOBLE. 

Portsmouth,  Ont.,  Canada. 


I  think  W.  W.  Henry's  criticism  of  the  blowoff  con- 
nection is  well  taken.  However,  he  does  not  go  far 
enough,  for  the  2i-in.  connection  to  the  boiler  is  not 
much  stronger  than  the  bushing,  especially  if  there  is 
any  strain  on  the  piping,  as  standard  22-in.  8-thread 
pipe  is  so  nearly  cut  away  by  the  threads  that  it  is  the 
weakest  of  all  piping  we  have.  In  this  case  as  in  nearly 
all  others  in  which  2^-in.  pipe  is  used,  2-in.  would  have 
answered  just  as  well  and  made  a  better  job. 

This  brings  up  a  question  I  have  had  in  my  mind 
for  a  long  time:  Why  do  manufacturers  insist  on 
using  odd-sized  pipe  connections  where  regular  sizes 
would  answer  as  well?  A  few  years  ago  I  ordered  sev- 
eral large  centrifugal  pumps  for  irrigating.  For  one 
size  their  catalog  specified  7-in.  pipe  connections.  I 
asked  them  to  furnish  companion  flanges  for  8-in.  pipe. 
I  explained  to  them  that  7-in.  pipe  could  not  be  obtained 
anywhere  short  of  the  mills  and  that  in  20  years'  pipe- 
line experience,  I  hadn't  even  seen  a  length  of  it;  but 
it  was  necessary  to  send  a  man  to  their  factory  to  get 
it  done. 

Another  instance:  A  sawmill  man  came  to  a  plant 
where  I  worked  to  borrow  a  22-in.  nipple  to  repair  a 
broken  steam  connection.  Luckily,  I  had  some  oil  wells 
just  across  the  road  from  the  plant,  and  I  remembered 
having  seen  a  piece  of  21-in.  pipe  on  the  lease — the 
only  piece  of  2i-in.  pipe  within  miles— although  there 
were  hundreds  of  miles  of  other  sizes.  We  had  a 
pipe  machine  that  cut  all  sizes  from  1-  to  6-in.,  so  we 
cut  him  a  nipple  and  sent  him  away  rejoicing,  as  other- 
wise  it  would  have  meant  a  long  trip  to  a  machine  shop 
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lor  him.  I  could  rite  other  .similar  in.stancea  in  whiili 
pipe  of  odd  .size  wa.s  used  where  the  regular  size  would 
have  answered  just  as  well.  l-".   K.   Mykrs. 

Charleston,  \V.  Va. 


Ilaiul   Diiiiipor  R«'«;iila!ioii 

A  convenient  method  of  adjust inj;  a  hand-regulated 
damper  is  to  u.se  a  piece  of  six-coil  pipe  hanger.  The 
boiler  front  is  tapped  for  two  i^-in.  capscrews  at  a 
convenient  point,  and  the  hanger  is  screwed  in  place 
inverted,  as  shown  in  the  illustration. 

A  wire  rope  is  run  from  the  damper  to  a  small  pulley 
and  a  few  links  of  sprocket  chain  or  a  metal  ring 
attached  to  the  loose  end  of  the  rope.  In  .some  ca.ses 
the  damper  shaft  is  not  in  the  center  and  the  damper 


A   DAMPER    CONTROL 

will  close  itself  when  the  rope  is  unhooked.  WTiere  the 
shaft  is  in  the  center  of  the  damper,  a  weight  on  the 
end  of  the  lever  will  close  the  damper  when  the  cable 
is  loosened.  The  various  hooks  permit  of  a  wide  range 
of  control   from  closed   to  wide-open  position. 

Brantford,  Ont.,  Canada.  T.  Henwood. 

Carbon  and  Commutator  Wear 

Carbon  manufacturers,  as  well  as  manufacturers  of 
dyramo-electric  machinery,  have  made  numerous  tests 
to  determine  contact  resistances,  friction  losses,  etc.,  of 
various  carbons.  While  such  tests  are  of  interest,  they 
contribute  very  little  toward  the  real  practical  need; 
namely,  a  carbon  that  can  stand  high-current  densities 
and  high-sparking  voltages  with  small  wear. 

In  order  to  develop  such  carbons,  it  would  seem  es- 
sential to  first  make  tests  determining  how  the  carbon 
wear  is  aflfected  by  current  density,  sparking  voltage 
and  peripheral  speed.  Present  indications  are  that  with 
many  commercial  carbons  verj^  appreciable  densities  can 
be  used  if  there  is  no  sparking  voltage,  while  sparking 


voltajres  up  to  15  or  even  20  volts  across  the  brush  cause 
very  little  wear  at  certain  speeds,  if  the  current  denHity 
is  low  enough. 

More  data  along  this  line  should  be  of  great  advantage 
to  both  the  carbon  manufacturer  and  the  designing  en- 
gineer. H.  K.  Hkllmunu,  B^ngineer, 
WestinghouHe  Elec.  &  Mfg.  Co, 

East  Pittsburgh,   Penn. 
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Ice  Formation  in  Ponds 


I  have  just  been  reading  a  Vjack  number  of  Power, 
the  issue  of  Dec.  31,  1918,  page  951,  and  note  that  in 
the  article  entitled  "Ice  in  Hydro-Electric  Plant,"  the 
author  in  explaining  the  freezing  of  water  makes  the 
following  statement:  "When  the  temperature  of  the 
whole  body  reaches  32  deg.,  ice  begins  to  form  on  the 
surface." 

My  understanding  is  that  the  process  described  con- 
tinues until  the  entire  body  of  water  reaches  the  tem- 
perature of  about  39  deg.  F.,  at  which  point  water  is 
at  its  maximum  density.  The  surface  of  the  water  then 
continues  to  cool,  but  the  circulation  stops  as  the  cooler 
water  is  now  of  less  specific  gravity  than  that  in  the 
lower  levels.  Ice  forms  as  soon  as  the  surface  water 
reaches  32  deg.  F.  and  has  given  off  its  latent  heat. 

Indianapolis,    Ind.  FRED   W.    Clasmann. 


Threading  a  Short  Pipe 

The  following  "kink"  may  be  of  interest  to  others, 
so  I  am  passing  it  on.  To  thread  a  pipe  close  to  a 
bend  or  to  thread  a  close  nipple,  reverse  the  dies  m 
their  sockets  and  use  the  stock  in  the  reverse  position 
but  rotated  in  the  right  direction.  This  leaves  no  guide 
for  the  die,  so  to  provide  this  u.se  a  short  pipe  of  the 
size  being  threaded,  having  a  good  thread  on  one  end, 
and  insert  it  through  the  guide  or  follower  and  screw 
it  into  the  die  to  act  as  a  support.  This  can  be  held 
straight  while  the  stock  is  turned  and  the  thread 
started.  When  a  few  threads  have  been  made,  remove 
the  guide  pipe. 

If  plenty  of  oil  is  used,  an  excellent  thread  can  be 
cut.  Care  should  be  taken  to  pull  evenly  on  both  handles 
or  sides  of  the  stock.  HERBERT  G.  Stoddard. 

East  Orange,  N.  J. 


Air-Compressor  Efficiency  Improved 

It  was  discovered  that  the  intake  pipe  of  an  air  com- 
pressor had  parted  sufficiently  to  permit  the  entire  air 
supply  to  be  taken  from  a  point  indoors,  below  the 
cylinder.  A  thermometer  placed  at  the  break  showed 
a  temperature  of  100  deg.  F.,  while  the  temperature  out 
of  doors  was  47.  Since  the  loss  in  efficiency  equals  about 
1  per  cent,  for  each  5  deg.  rise  in  temperature  of  the 
air  supply,  it  will  be  seen  that  the  loss  in  this  case  was 
over  10  per  cent. 

This  compressor  carried  a  constant  load,  a  smaller 
one  taking  care  of  variations,  and  after  repairing  the 
break  an  appreciable  difference  could  be  noticed  in 
the  load  carried  by  the  smaller  machine. 

Toronto,  Ont.,  Canada.  R.  McLaren. 


February  4,  1919 


INQUIRIES  OF  GENERAL  INTEREST 


Motors  and  Lights  on  the  Same  Circuit — What  are  the 
objections  to  supplying  electric  motors  and  lamps  from  the 
same  feeder  provided  they  are  of  the  same  voltage?    J.  N. 

The  chief  objection  to  this  practice  is  that  if  the  motors 
are  started  under  heavy  load,  they  will  cause  the  voltage 
to  drop  to  such  an  extent  as  to  make  the  lamps  fluctuate. 
The  most  satisfactory  voltage  for  motor  operation  is  240  or 
higher,  where  lamps  operate  most  efficiently  around  120 
volts.  Consequently,  if  the  motors  are  to  be  designed  and 
operated  at  the  higher  voltage,  the  lamps  must  be  operated 
in  series  groups,  which  to  say  the  least  is  not  satisfactory. 

Effects  of  Voltage  Increase  on  Power  Transmitted — State 
the  effects  on  the  current,  resistance,  diameter  and  weight 
of  wire  resulting  in  the  transmission  of  a  given  power  load 
by  increasing  the  voltage  four  times,  the  percentage  of  loss 
remaining  the  same  in  both  cases.  H.  F.  S. 

Since  the  voltage  is  increased  four  times,  the  current  will 
be  deci-eased  four  -times.  The  resistance  of  the  conductors 
can  be  increased  1G  times,  which  means  that  the  cross- 
sectional  area  will  be  reduced  by  16;  consequently,  the 
weight  of  the  conductor  will  only  be  A  that  on  the  higher 
voltage  that  it  would  be  on  the  lower,  and  the  diameter 
of  the  conductor  will  be  reduced  4  times.  The  foregoing 
is  possible  in  practice  only  where  the  insulation  of  the 
conductor  is  sufficient  to  withstand  the  increased  voltage 
and  the  conductor  has  sufficient  mechanical  strength  to  meet 
the  requirements  of  operating  conditions. 

More  Wiredrawing  of  Steam  With  Earlier  Cutoff — When 
earlier  cutoff  is  obtained  with  a  slide-valve  engine  by  add- 
ing lap  to  the  valve  and  advancing  the  eccentric,  why  is 
there  more  drop  of  the  pressure  during  admission  and 
more  gradual  cutoff,  than  with  less  advance  of  the  ec- 
centric? W.  R.  C. 

Assuming  that  the  engine  shaft  rotates  at  a  uniform 
speed,  the  valve  is  moved  at  the  highest  velocity  when  the 
eccentric  is  at  right  angles  with  the  eccentric  rod,  or 
neglecting  angularity  of  the  eccentric  rod,  the  quickest 
movement  of  the  valve  in  opening  or  closing  and  greatest- 
opening  would  be  obtained  with  no  lap  and  no  angle  of 
advance.  By  advancing  the  eccentric  and  adding  lap,  the 
valve  opens  after  it  has  passed  the  point  in  its  travel  where 
it  has  greatest  velocity  and  is  slowing  down  more  and  more 
as  it  nears  the  end  of  its  stroke,  and  complete  cutoff 
occurs  when  the  valve  has  attained  only  the  same  velocity 
in  its  retura  stroke.  Hence,  the  earlier  the  cutoff  obtained 
by  advancing  the  eccentric  the  slower  and  less  the  amount 
of  opening,  and  the  slower  the  movement  of  the  valve  as  it 
closes,  thus  giving  rise  to  wiredrawing  of  the  steam  during 
admission  and  more  gradual  cutoff. 

Paralleling  Discharge  of  Centrifugals — We  operate  two 
centrifugal  units  for  supplying  separate  16-in.  service  mains 
of  a  town  and  a  mill  water  supply.  The  discharge  of  each 
centrifugal  has  a  branch  with  check  valve  to  each  service 
main.  It  is  found  that  both  pumps  cannot  be  made  to  dis- 
charge at  the  same  time  into  the  same  main,  as  one  will 
build  up  higher  pressure  than  the  other.  Could  not  this 
trouble  be  overcome  by  removing  the  flaps  from  the  check 
valves?  H.  A.  T. 

Closure  of  a  check  valve  is  an  effect  and  not  a  cause  of 
back  pressure,  and  when  a  check  valve  becomes  seated, 
somewhat  greater  intensity  of  pressure  is  required  to  raise 
the  flap  than  that  holding  the  valve  to  its  seat,  the  differ- 
ence depending  on  the  design  and  size  of  the  valve.  To 
operate  in  unison,  each  pump  must  have  a  building-up 
capacity  in  excess  of  the  margin  necessary  for  opening  the 
check  valves,  and  to  insure  discharge  from  both  centrifugals 
at  the  same  time  it  is  necessai-y  to  limit  the  discharge 
to  the  highest  pressm-e  that  can  be  overcome  by  the  weaker 
centrifugal,  less   the   extra   pressure   required   for  opening 


the  check  valve  on  its  discharge.  The  built-up  pressure  of 
either  pump  can  be  reduced  to  the  selected  standard  by 
chopping  down  its  discharge  or  by  returning  part  of  its 
discharge  back  to  the  suction.  To  save  constant  attention 
of  an  operator  this  can  be  accomplished  by  a  discharge- 
pressure  regulating  valve,  or  by  an  automatically  operated 
bypass  valve. 

Watts  in  a  Three-Phase  Circuit — In  testing  three-phase 
induction  motors,  we  connect  a  single-phase  indicating  watt- 
meter in  one  phase,  and  then  in  one  of  the  other  phases;  the 
sum  of  the  two  readings  gives  the  total  watts  consumed. 
If  all  three  phases  are  balanced,  why  could  we  not  get  the 
total  watts  by  takin'^  a  reading  in  one  phase  only  and 
multiplying  it  by  1.7.32?  E.  C.  H. 

Your  statement  that  the  sum  of  the  wattmeter  readings 
gives  the  total  load  in  watts  is  only  coi-rect  when  the 
power  factor  is  greater  than  0.50.  When  the  power  factor 
is  less  than  0.50,  the  difference  of  the  two  readings  gives 
the  total  watts.  If  the  power  factor  is  unity,  the  readings 
of  a  wattmeter  connected  in  one  phase  and  then  in  another 
of  a  balanced  three-phase  cii'cuit  would  be  the  same,  and 
the  total  power  would  be  the  sum  of  the  two  readings,  or 
the  reading  of  one  multiplied  by  2  and  not  1.732,  as  sug- 
gested in  the  question.  However,  this  can  only  be  true 
for  a  balanced  circuit  having  a  constant  load  at  unity  power 
factor,  since  in  every  other  case  the  two  readings  will  not 
be  the  same  value,  and  as  stated  in  the  foregoing  must  be 
added  when  the  power  factor  is  greater  than  0.50  and  sub- 
tracted when  less.  The  constant  1.732  is  used  only  to 
obtain  the  apparent  watts  in  a  three-phase  circuit,  which 
when  circuit  is  balanced  is  W  —  EI  x  1.732  where  W  equals 
the  total  watts  transmitted,  E  volts  between  terminals  and  / 
amperes  per  terminal. 

Formula   for   Approximate   Capacity  of   Pump — What  is 

D*LN 
the  derivation  of  the  formula,  g   =      -         for  finding  the 

number  of  gallons  delivered  by  a  pump?  R.  O.  J. 

In  the  formula  quoted, 

g  =   Number  of  gallons  pumped  per  minute; 

D  =   Diameter  of  plunger  or  piston  in  inches; 

L  =   Length  of  stroke  in  inches ; 

N  =   Number  of  single  strokes  per  minute. 

The  plunger  or  piston  displacement  in  cubic  inches  per 
minute  would  be  area  of  piston  X  length  of  stroke  X  num- 
ber of  single  strokes  per  minute,  or  D  x  D  X  0.7854  x  L 
X  N,  and  as  one  gallon  equals  231  cu.in., 
^  D^  X  0.7854  X  L  X  N 
^  2'31 

and  dividing  both  numerator  and  denominator  of  the  second 
term  by  0.7854  gives 

D^  X  L  X  N  „         ._       D'^LN 


YTyj — ,  usually  written, 


"  294.117      ' •'   "^ '     294 

If  A^  is  taken  to  represent  the  number  of  revolutions  of  a 
single  double-acting  pump  the  result  is  to  be  multiplied 
by  2,  and  if  N  represents  the  number  of  revolutions  of  a 
duplex  pump,  which  would  be  the  same  as  two  single 
pumps,  the  result  must  be  multiplied  by  4.  It  also  must 
be  borne  in  mind  that  the  formula  gives  results  larger 
than  actual  capacity  of  a  pump,  for  it  makes  no  allowance 
for  reduction  of  capacity  by  slippage,  and  in  double-acting 
piston  pumps  the  displacement  on  one  side  of  the  piston  is 
reduced  by  the  presence  of  the  piston  rod. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the 
communications  and  for  inquiries  to  receive  atten- 
tion.— Editor.] 
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Utilizing  Waste  in 


the  Power  IMant 


To  INt'RKASH  the  service  capiicity  of  power  plants 
by  utili/.invr  the  wasti',  it  is  lirst  necessary  to  under- 
stand the  term  waste.  As  ordinarily  used,  it  has 
several  definitions,  but  in  the  present  discussion  it  will 
represent  the  energy  of  K^'iH'rated  power  and  labor  that  is 
lost  by  thoughtless  labor,  the  lack  of  proper  and  systematic 
inspection  or  the  want  of  thoroughness  in  design  and  dis- 
tribution of  the  generated  enerjry  in  all  its  component 
parts.  The  waste  in  power  plants,  especially  in  the  aver- 
ajri'  railway  plant,  will  be  found  in  two  forms — wasted 
enerpy  and  wasted  labor. 

Wasted  enerjry  can  sometimes  be  observed  in  the  form 
of  leaks,  which  may  be  easily  found  if  looked  for.  How- 
ever, even  this  s:ivin>r  can  only  be  made  after  first  locating 
and  stoppinjr  the  waste  in  labor.  The  first  thing  to  look 
for  in  wasted  labor  is  a  way  or  method  to  KPt  labor  to 
read  and  think.  It  is  useless  for  men  to  think  always  with- 
out reading,  and  it  is  just  as  deficient  to  read  always  with- 
out thinkinp.  It  has  been  said  that  a  man  who  will  read 
will  be  able  to  think  out  problems  better  than  the  man  who 
rarely  reads,  as  the  reading  man  will  have  the  added 
thoughts  of  his  fellow  workmen  on  his  problems  and  will 
obtain  suggestions  that  would  never  come  to  him  in  his 
daily  work.  No  labor,  clerical  or  mechanical,  can  do  as 
efficient  work  with  verbal  orders  as  with  written  instruc- 
tions, and  the  instructions  should  be  illustrated  when  neces- 
sary to  make  the  plan  of  their  part  complete  and  in  har- 
mony with  the  main  working  plan. 

Utilizing  the  Waste  Labor 

If  wasted  energy  is  to  be  utilized  to  increase  the  power- 
plant  capacity,  it  will  be  necessary  to  utilize  the  wasted 
labor  first.  This  can  be  accomplished  only  by  constant 
education.  This  education  need  not  be  by  classes,  such  as 
the  schoolroom,  but  should  be  thorough,  first  by  keeping 
posted  in  a  conspicuous  place  in  all  power  plants  a  com- 
plete layout  of  all  apparatus  down  to  the  smallest  pipe 
lines  for  any  service,  as  well  as  the  wiring,  and  different 
colors  to  represent  different  transmission  lines,  for  easy 
identification.  This  should  be  placed  on  a  wall  under  a 
glass  cover  so  that  a  man  having  any  connection  with  the 
operation,  repair,  extension,  reconstruction  or  inspection 
can  know  that  his  original  instructions  can  be  easily  un- 
derstood in  detail  by  observation  of  the  reference  drawings. 

With  the  continual  change  of  men  in  power  plants,  the 
frequent  extensions  and  renewals,  there  is  rarely  an  em- 
ployee that  is  sure  of  each  and  every  detail  of  his  own  duty 
in  handling  his  part  of  the  work.  The  average  new  man 
receives  a  few  verbal  instructions  from  his  immediate 
superior  or  from  his  predecessor  and  is  left  to  work  out 
his  own  salvation.  If  he  is  a  student  he  will  start  to  ex- 
plore all  parts  of  his  operation  from  beginning  to  end  and 
be  sure  that  he  understands  when  and  where  he  will  in- 
terfere with  his  colaboi-ers.  If  not,  he  will  cause  consider- 
able confusion,  not  only  in  his  own  work  but  with  others. 

When  investigating  a  pipe  line  that  has  not  been  per- 
forming just  as  it  should,  how  many  have  started  out  to 
find  what  the  line  was  intended  for  originally,  and  before 
this  information  was  obtained  had  to  search  several  files 
and  waste  a  lot  of  clerical  labor  as  well  as  their  own?  If 
a  diagram  of  the  original  and  all  extensions  had  been  on 
the  wall  in  a  glass  case,  the  information  would  have  been 
available  in  a  few  minutes.  Chiefs  and  superintendents 
will  say,  "The  information  is  in  my  office."  That  may  be 
true,  but  the  men  should  have  it  continually  before  them 
to  read  and  think  about.  It  will  not  only  encourage  them, 
but  make  their  hard  problems  so  simple  that  they  will  be 
able  to  carry  out  work  with  less  expense  of  time  and  dam- 
aged material  than  in  any  other  way,  and  change  in  men 
will  not  cause  the  usual  discord  in  the  organization. 

Labor,  either  executive  or  detail,  cannot  find  wasted 
energy   efficiently  without  complete   information   as  to  the 


•Abstract  of  paper  read  by  Edmund  Burke  of  the  Crane  Com- 
pany, before  the  Western  Railway  Club,  Chicago. 


designer's  original  plan  and  his  estimate  of  detail  rcHultH. 
With  this  information  constantly  before  them,  the?  workmen 
know  what  to  do  an<l  can  always  make  a  more  intelligent 
report  as  t-j  results.  Inspection,  daily  or  periodical,  can 
be  made  in  far  less  time,  and  accurate  information  will 
be  obtained  that  will  further  increase  the  employee's  CA* 
Dacity  to  .slop  waste  and  convert  it  into  capacity. 

Wasted  energy  has  been  analyzed  and  talked  of  as  much 
as  any  subject.  Furnace  and  sUick  designs  are  usually 
given  careful  consideration,  and  where  they  have  been 
neglected  there  are  data  available  to  correct  the  design 
and  stop  the  waste. 

Energy  Wasted  in  Handling  Coal 

When  considering  losses  it  is  surprising  how  much  energy, 
both  in  labor  and  power,  is  wasted  with  every  handling  of 
coal.  The  coal  dust  that  settles  around  a  boiler  room  in 
a  day,  a  month  or  a  year  gives  a  small  indication.  An  easy 
estimate  can  be  made  by  taking  a  given  square  area  of 
space  so  it  can  be  easily  cleaned  of  all  accumulated  coal 
dust  periodically  and  the  accumulation  weighed.  On  top 
of  boilers  the  coal  dust  is,  in  many  cases,  inches  deep.  Of 
course  this  represents  only  a  small  percentage  of  the  coal, 
but  it  takes  such  small  effort  to  prevent  this  waste.  A 
little  water  sprinkled  on  the  coal  when  it  is  handled  will 
stop  the  waste  and  the  expense  of  cleaning  it  up.  Some 
go  to  the  other  extreme;  that  is,  they  will  waste  a  lot  of 
water  that  has  a  value  by  putting  so  much  on  the  coal 
that  they  stop  up  the  drains  with  coal  that  is  washed  out 
of  the  pile.  These  thoughts  direct  the  operator's  mind  to 
the  necessity  of  handling  coal  as  few  times  as  possible 
and  of  dampening  the  coal  when  handling. 

Daily  inspection  of  the  ashpile  will  give  an  indication 
of  the  amount  of  unburned  coal.  Water  thrown  on  the 
ashes  before  inspection  will  make  the  unburned  coke  stand 
out  prominently  from  the  ash  or  noncombustible,  giving 
something  definite  on  which  to  start  an  investigation  as 
to  the  cause  of  the  waste. 

When  boiler  settings  are  of  brick  construction,  the  out- 
side walls  should  be  covered  with  plastic  cement  which 
will  fill  up  the  pores  or  cracks  in  the  setting,  and  all  joints 
should  be  calked  with  fibrous  insulating  material  which 
will  prevent  air  infiltration.  Regular  inspection  will  be 
required  to  see  that  the  cement  is  maintained  intact.  The 
walls  of  the  setting  should  be  thick  enough  and  properly 
provided  with  insulation  or  air  space  to  prevent  the  tem- 
perature of  the  outside  brick  from  becoming  excessive  and 
causing  abnormal  heat  loss  by  radiation.  The  top  of  the 
boiler  should  be  covered  with  good  insulating  material  and 
joined  with  the  setting  so  that  the  expansion  of  the  boiler 
will  not  open  up  the  joints  and  let  in  air.  Stopping  waste 
at  these  points  will  materially  increase  the  service  capacity 
of  the  boilers.  Metal  boiler  settings  are  not  altogether 
free  from  air  leakage  and  should  be  given  the  same  care- 
ful attention.  Stack  and  stack  connections,  as  well  as  the 
connections  between  the  boiler  fronts  and  the  settings,  need 
watching  to  prevent  air  leakage. 

Instruments  Needed  in  the  Power  Plant 

Grates  should  be  selected  for  the  kind  and  size  of  coal 
that  is  to  be  burned.  The  proper  draft  and  the  load  for 
a  given  boiler  setting  and  furnace  condition  may  be  deter- 
mined by  CO2  instruments.  Contrary  to  the  general  belief 
instruments  of  this  kind  can  be  used  by  other  than  highly 
trained  technical  men.  There  are  draft  gages  on  the  mar- 
ket that  can  be  read  and  interpreted  by  any  fireman.  There 
is  a  simple  draft  regulator  that  will  maintain  the  position 
of  the  damper  so  perfectly  balanced  with  the  load  that  a 
recording  steam-gage  chart  will  look  as  though  it  were 
drawn  with  a  pair  of  dividers.  The  instruments  previ- 
ously mentioned  and  a  recording  thermometer  on  the  boiler 
feed-water  lines  are  some  of  the  instruments  needed  in 
any  power  plant  if  the  wasted  labor  is  going  to  be  educated 
to  know  how  to  save  the  wasted  fuel  energy  to  increase 
the  service  capacity  of  the  boiler  plant. 
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Periodical  tests  are  frequently  used  as  a  basis  to  deter- 
mine the  operating  conditions  in  the  plant.  Tests  will  tell 
the  operating  conditions  under  fixed  loads  and  maximum 
capacity,  and  are  usually  made  under  ideal  conditions  by 
men  who  do  not  duplicate  the  performance  every  day  in 
the  year.  The  tests  that  will  turn  the  waste  of  the  plant 
into  service  capacity  are  daily  records  made  by  the  oper- 
ating force,  so  that  they  will  have  something  to  study,  and 
educate  themselves  each  day  under  the  working  conditions. 
After  that  periodical  inspection  is  good  if  it  results  in  con- 
structive criticism  rather  than  fault  finding. 

Boiler  trimmings  should  be  selected  with  care,  and  reg- 
ular inspection  of  the  pop  valves,  water-gage  columns, 
blowoff  valves  and  fuse  plugs  will  stop  possible  wastes 
that  would  reduce  the  service  capacity  materially. 

Special  fittings  in  pipe  lines  should  be  avoided  as  much 
as  possible.  All  turns  in  high-pressui-e  piping  should  be 
long-radius  bends.  The  weight  of  fittings  and  valves  should 
be  governed  more  by  the  mechanical  strains  from  the  pip- 
ing than  the  pressure  strains,  as  the  latter  are  far  more 
destructive.  The  most  important  things  to  be  considered 
in  steam-pipe  line  design  are  the  correct  size  and  the 
layout  to  take  up  all  mechanical  strains.  Waste  caused 
by  neglect  of  these  items  is  difficult  to  locate  and  will  seri- 
ously handicap  the  operator  by  not  permitting  flexible 
operation. 

Few  stop  to  consider  the  amount  of  money  involved  or 
loss  of  capacity  caused  by  the  small  steam  leaks  around 
the  power  plant.    The  accompanying  data  offer  a  fair  guide : 

LOSS  OF  STE.\M  BY   LEAKAGE 


Gage  Pressure 


60 
75 

100 

120. 

140. 

150. 


jOss  of  Steam 

Cost  of  Loss 

Lb.  per  Hr. 

per 

Month  at 

per  iSq.In. 

30c 

per   1,000 

of  Leak 

Lb. 

for  .Steam 

3,918 

$846 

4,676 

LOlO 

5,925 

L280 

6,936 

L498 

7,932 

1,713 

8,787 

1,898 

Divide  quantities  in  the  table  by  the  area  of  the  leaks 
and  the  loss  in  any  particular  plant  will  be  approximated. 
It  will  not  require  many  leaky  valve  stems  and  few  leaks 
around  steam  joints  to  make  up  a  square  inch  of  opening 
through  which  steam  is  flowing  from  the  boiler  to  the  at- 
mosphere. 

Numerous  other  wastes  might  be  mentioned.  The  most 
important  and  the  basic  principle  to  correct  all  waste  is 
periodical  inspection  and  reports  made  out  on  a  basis  of 
educational  development  for  the  operators  handling  the 
equipment. 

Biggest  Annual  Banquet  of  the  W.  S.  E. 

Jan.  22  was  the  date  of  the  annual  banquet  of  the  West- 
ern Society  of  Engineers.  It  was  held  at  Hotel  Sherman, 
Chicago,  and  as  the  present  year  will  see  the  fiftieth  anni- 
versary of  the  founding  of  the  society,  it  was  fitting  that 
the  attendance  (465)  should  be  the  largest  in  the  history  of 
the  organization.  An  excellent  dinner  interspersed  with 
"ensemble"  singing  and  an  interesting  program  i-elating  to 
the  engineer's  work  in  the  war  made  up  an  enjoyable  and 
profitable  evening. 

At  a  short  business  session  preceding  the  speakers  of 
the  evening,  B.  H.  Peck,  electrical  engineer  of  the  State 
Public  Utilities  Commission,  Springfield,  111.,  was  awarded 
the  Chanute  medal  for  the  best  paper  presented  to  the  so- 
ciety during  the  year.  Announcement  was  also  made  of  the 
award  of  the  Alvord  medal  to  Herbert  C.  Hoover,  who  had 
been  chosen  previously  by  a  committee  of  the  society  as  the 
engineer  who  had  done  most  for  the  comfort  and  well  being 
of  humanity. 

Charles  B.  Burdick,  retiring  president,  recalled  the  fact 
that  the  fiftieth  anniversary  of  the  society  was  at  hand  and 
reviewed  briefly  the  progress  in  engineering  that  had  been 
made  during  the  life  of  the  organization.  He  said  that 
one  of  the  great  aims  of  the  society  had  been  to  promote 
engineering  education.  The  one  who  prepares  information 
for  others  benefits  himself  most.  Technical  discussion  is 
of  inestimable  value  in  keeping  up-to-date  with  the  progress 


made  in  the  profession.  An  engineer's  best  asset  is  to  be 
well  and  favorably  known  and  the  society  gives  him  the 
opportunity.  The  society  should  try  to  increase  the  com- 
pensation of  engineers.  Anything  approaching  trade  union 
ism  cannot  be  considered,  but  eff'orts  to  place  engineers  in 
public  positions  requiring  engineering  training  and  to  in- 
sure good  salaries  are  justified.  Service  could  also  be  ex- 
tended by  helping  to  relieve  unemployment  among  engi- 
neers. 

In  national  affairs  the  engineer  needs  one  mind  and  one 
voice.  Reference  was  made  to  the  movement  originated  by 
the  four  great  founder  societies  in  New  York  and  of  the 
invitation  to  membership  extended  to  the  Western  Society 
and  all  local  engineering  associations  of  good  standing. 

Last  year  was  a  hard  one,  owing  to  the  large  number 
of  engineers  going  into  service.  The  loss  of  membership 
was  excessive,  but  notwithstanding,  the  roll  was  increased 
more  than  during  any  year  of  the  last  decade.  Creating 
new  sections  had  been  a  great  aid  and  it  was  the  speaker's 
belief  that  provision  for  an  industrial  section  would  double 
the  membership. 

For  the  ensuing  year  the  following  officers  were  an- 
nounced: President,  A.  S.  Baldwin,  vice  president,  Illi- 
nois Central  Ry. ;  first  vice  president,  Kempster  B.  Miller, 
consulting  engineer;  second  vice  president,  W.  M.  Kinney, 
general  manager  of  Portland  Cement  Association;  third 
vice  president,  J.  L.  Hecht,  mechanical  engineer  of  Public 
Service  Co.  of  Northern  Illinois;  treasurer,  C.  R.  Dart, 
bridge  engineer.  Sanitary  District;  chairman  of  electrical 
engineering  section,  J.  R.  Cravath,  consulting  engineer; 
chairman  of  bridge  and  structural  engineering  section,  G. 
A.  Haggander,  bridge  engineer,  C.  B.  &  Q.  R.R. ;  chairman 
of  hydraulic,  sanitary  and  municipal  engineering  section, 
Linn  White,  engineer  of  the  South  Park  Board;  chairman 
of  mechanical  engineering  section,  Fred  J.  Postel,  engineer 
of  the  Board  of  Public  Works,  State  of  Illinois;  chairman  of 
gas  engineering  section,  H.  H.  Clark,  industrial  gas  engi- 
neer of  Public  Service  Co.  of  Northern  Illinois;  trustee  for 
three  years,  E.  T.  Howson,  Western  editor.  Railway  Age; 
trustee  for  two  years,  W.  W.  Deberard,  Western  editor, 
Engineering  Neivs-Record;  trustee  for  one  year,  0.  F. 
Dalstrom,  bridge  engineer,  C.  &  N.  W.  Ry. 

A.  S.  Baldwin,  the  incoming  president,  expressed  the  real- 
ization that  the  honor  carried  with  it  serious  responsibili- 
ties and  said  that  a  disturbed  condition  existed  througliout 
the  whole  world.  It  was  reflected  in  all  branches  of  society. 
Among  engineers  it  was  evident  in  the  movement  of  the 
four  founder  societies  to  better  conditions  and  to  keep 
abreast  of  progress.  Affairs  of  engineers  were  at  flood 
tide.  Never  before  had  their  ability  been  so  widely  recog- 
nized. They  must  now  turn  from  war  to  work  for  the  bene- 
fit of  humanity.  Those  who  had  stayed  at  home  now  had 
exceptional  opportunity  to  further  the  interests  of  the  so- 
ciety and  by  doing  so  could  do  more  for  the  profession  than 
in  any  other  way.  In  the  coming  year  there  should  be 
unlimited  opportunity  for  progress  and  all  were  requested 
to  cooperate  and  join  in  the  march  forward. 

Dr.  E.  H.  Lewis,  introduced  as  toastmaster,  called  upon 
Brig.  General  J.  J.  Morrow,  Chief  of  Engineers,  First  Army, 
American  Expeditionary  Force,  for  the  first  address  of  the 
evening.  The  speaker  told  of  the  preparatory  work  in 
France  and  the  accomplishments  of  the  engineers  while 
with  the  army,  particularly  in  the  Verdun  Sector.  He  out- 
lined the  organization  and  enumerated  the  tasks  and  some 
of  the  experiences  the  engineers  had  while  in  service.  On 
the  whole  the  American  engineer  as  a  soldier,  he  said,  was 
splendid,  but  due  to  the  short  period  of  training  thei-e  were 
indications  of  a  lack  of  discipline,  a  lack  in  knowing  how 
to  take  care  of  things  and  a  lack  in  accuracy  of  doing  exactly 
what  they  were  told  to  do.  For  the  characteristic  last 
named  it  was  worth  while  for  every  engineer  in  civil  life 
to  develop  and  fit  himself  for  military  service.  There  had 
been  also  some  difficulty  in  switching  from  the  civil  view- 
point of  cost  to  the  military  idea  of  speed. 

The  final  speaker  of  the  evening  was  R.  A.  White,  Chi- 
cago's famous  travel  lecturer,  who  gave  an  illustrated  ad- 
dress on  "War  Conditions  on  the  Western  Front."  The 
things  he  saw  on  the  battlefield  and  the  impressions  he 
carried  back  were  of  exceptional  interest. 
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C(Hiv('iitioii  ol*  iMariiic  Kii<j;iii(M'i's 

Till'  Korty-fourth  annuiil  convention  of  the  Natiotial 
Murine  KnjfinciT.s'  Benofifial  Association  was  held  at  Huf- 
falo,  N.  Y.,  (luring  llic  wwk  bcKiimi'iK  Monday,  Jan.  liO, 
with  headiiuarters  at  the  Hotel  Slatler.  There  were  90 
delejrates  j)rosent,  representin>j  Kil  votes.  They  came  from 
all  parts  of  the  United  Slates  and  its  possessions,  includinK 
one  each  from  Panama  and   Honolulu. 

At  the  opening  session  on  Monday  morninR  the  delegates 
were  addressed  by  Mayor  George  S.  Buck,  who  pave  a 
brief,  hut  interesting,  history  of  the  C'ity  of  Buffalo,  and 
cordially  welcomed  the  convention.  National  President  Wil- 
liam S.  Brown  thanked  the  mayor  for  the  nice  things  he 
said  of  the  marine  engineers  and  assured  him  that  the  ad- 
dress was  doubly  appreciated  as  the  delegates  were  aware 
of  how  valuable  the  time  of  the  mayor  was. 

Tuesday  morninK  the  delepates  listened  to  an  interestinp 
talk  by  Mrs.  August  Molter,  of  the  Women's  Trade  Union 
League,  upon  the  aims  and  objects  of  that  organization. 
William  Kennedy,  a  charter  member  of  the  Cleveland  As- 
sociation No.  2,  who  has  for  44  years  been  in  active  service 
for  the  uplift  of  the  M.  E.  B.  A.,  addressed  the  Tuesday 
afternoon  session  and  was  greatly  appreciated. 

The  report  of  Treasurer  Jones  shows  that  the  associa- 
tion is  upon  a  firmer  financial  basis  than  ever  before  in 
the  history  of  the  organization.  The  increase  in  member- 
ship during  the  year  1918  was  upward  of  2500.  During 
the  week  a  charter  was  issued  to  Ocean  Association  No.  99, 
composed  of  deep-sea  engineers. 

A  vote  of  thanks  was  tendered  to  the  local  association 
for  its  generous  program  of  entertainment.  There  were 
many  features  of  entertainment.  On  Monday  evening  there 
was  a  smoker  at  Elmwood  Hall;  on  Tuesday  evening  the 
convention  visited  Shea's  vaudeville  theatre;  on  Wednesday 
there  was  a  grand  ball  at  Elmwood  Hall,  at  which  the  at- 
tendance was  fully  2000;  Thursday  morning  a  trip  was 
made  to  Niagara  Falls.  All  of  the  above  were  under  the 
auspices  of  Local  Association   No.   1. 

On  Friday  morning  the  convention,  as  guests  of  Mayor 
Buck  and  Fire  Chief  Murphy,  enjoyed  a  trip  around  the 
harbor  on  board  the  fire  tug  "Gratten."  On  Thursday  even- 
ing the  National  Marine  Engineers'  Supplymen's  Associa- 
tion gave  an  entertainment  and  banquet  at  the  Hotel 
Statler.  Altogether  the  convention  was  voted  as  being 
among  the  best  the  M.  E.  B.  A.  ever  had. 

Early  in  the  week  the  delegates  elected  national  of- 
ficers as  follows:  William  S.  Brown,  president;  John  S. 
Purdie,  first  vice  president;  William  H.  Hyman,  second 
vice  president;  Ed.  C.  Killian,  third  vice  president;  George 
A.  Grubb,  secretary;  Albert  L.  Jones,  treasurer.  The 
executive  committee  comprises  William  S.  Brown,  Charles 
S.  Follett,  William  T.  Garrett,  Robert  L.  Goelet,  Ed.  C. 
Killian,  Charles  M.  Sheplar. 

The  newly  elected  officers  of  the  Supplymen's  Association 
include:  J.  J.  Cizek,  The  Leslie  Co.,  president;  Andrew 
Lauterbach,  The  Lunkenheimer  Co.,  vice  president;  Charles 
A.  Wilhoft,  New  York  Belting  and  Packing  Co.,  secretary- 
treasurer. 

The  selection  of  the  next  convention  city  is  left  to  the 
discretion  of  the  executive  committee  to  be  decided  upon 
in  July  next. 

Foreign  Trade  Promotion 

Previous  to  the  war  and  owing  to  the  conditions  existing 
in  the  mercantile  marine,  comparatively  few  of  the  manu- 
facturers of  this  country  sought  foreign  markets  and  those 
who  did  held  to  a  rigid  system  of  credit  protection.  In 
Latin  America  an  eri'oneous  impression  prevailed  as  to  the 
integrity  of  America's  business  methods.  But  the  war 
changed  these  conditions  with  the  closing  of  the  markets 
of  Europe,  and  our  trade  with  the  twenty  countries  of  South 
America  increased  from  $7.50,000,000  in  1913-14  to  $1,750,- 
000,000  in  1917-18. 

Our  larger  banking  institutions,  principally  in  New  York 
City,  established  branches  in  all  the  countries  of  South 
America  and  the  people  of  these  countries  have  come  to 
appreciate  the  service  offered  them  by  our  financial  insti- 


tutionti.  ThuH  we  tire  today  in  a  pogition  t'>  compete  at 
never  before  for  thin  deHinible  buHinciis.  For  those  in- 
terested in  foreign-trade  expansion  the  Itureau  of  Foreijrn 
and  DomcHtic  Commerce  of  the  Department  of  ('ommcrc* 
haa  evolved  an  elaborate  plan  of  information  regarding  ex- 
port busine.MH,  and  in  prepare<l  to  furnish  data  as  follows: 

Foreign  Tariffs — Information  concerning  foreign  tariff 
and  customs  laws  and  regulations,  commercial  policies  of 
foreign  countries,  foreign  trademarks  and  patent  laws,  em- 
bargoes and  import  prohibition,  and  foreign  consular  reg^- 
iations. 

Research  —  Supplies  information  on  import  and  export 
statistics  of  all  foreign  countries,  foreign  sources  of  supply 
of  raw  materials,  translating,  and  researches  in  all  phases 
of  foreign  trade. 

Statistics — Supplies  information  regarding  import  and 
export  statistics  of  the  trade  of  the  United  States  with  all 
countries.  These  statistics  are  furnished  in  ten-day, 
monthly,  quarterly  and  yearly  periods. 

Far  East — Information  regarding  ports  and  transporta- 
tion facilities,  investment  opportunities,  mineral  resource! 
and  their  development,  and  the  markets  for  cotton  goods, 
wearing  apparel,  railway  eciuipment,  motor  vehicles,  shoes 
and  leather,  etc. 

Latin  America  —  Information  concerning  markets  for 
American  products,  regulations  for  guidance  of  commercial 
travelers,  trade  conditions  in  Latin  America,  specific  open- 
ings for  American  exports,  and  concerns  which  might  act 
as  representatives  of  American  exporters. 

Correspondence — Furnishes  American  exporters  infor- 
mation on  markets  in  foreign  countries,  including  advice 
on  methods  of  packing,  financing  export  shipments,  sources 
of  foreign  credit  data,  lists  of  importers  abroad,  and  names 
of  domestic  manufacturers. 

Editorial — Makes  available  to  the  business  public,  through 
publications  and  indexes,  information  on  commercial  and 
industrial  conditions  in  all  parts  of  the  world. 

District  Offices — Miniature  bureaus  at  New  York,  Boston, 
Chicago,  St.  Louis,  New  Orleans,  San  Francisco  and  Seattle. 
Recognized  centers  for  reliable  information  regarding  do- 
mestic and  foreign  trade.  Render  special  service  to  foreign 
buyers  seeking  goods  in  the  United  States,  and  adjusting 
trade  differences. 

Commercial  Attaches — Located  in  the  principal  capitals 
of  the  world,  furnish  first-hand  information  and  advice  on 
banking,  commercial,  industrial  and  investment  conditions 
abroad. 

Special  Agents — Technical  trade  investigators  who  study 
foreign  markets  for  specific  American  commodities,  also 
assist  American  manufacturers  and  exporters  to  establish 
satisfactory  trade  relations  with  particular  foreign  im- 
porters. 

Trade  Commissioners  —  Men  with  commercial  and  eco- 
nomic training  who  study  general  trade  conditions  abroad, 
with  particular  reference  to  increased  sale  of  American 
products,  supplying  the  raw  materials  necessary  in  Ameri- 
can industries,  etc. 

Flywheel  Explosion  in  St.  Louis 

In  a  rolling  mill  operated  by  the  American  Car  and 
Foundry  Co.,  in  St.  Louis,  a  fly^vheel  exploded,  damaging 
the  building  in  which  it  was  located  and  several  adjacent 
buildings,  the  property  damage  totaling  about  $3000.  For- 
tunately, no  one  was  injured.  The  flywheel  was  9  ft.  in 
diameter,  with  an  8  x  8-in.  rim  section  and  was  bolted  to 
the  crank  shaft  in  halves.  The  engine  to  which  it  be- 
longed is  of  the  old-fashioned  throttle-valve  Buckeye  type, 
running  120  r.p.m.,  with  cylinder  dimensions  12  x  30  in. 
It  was  belted  to  a  lineshaft  from  which  a  set  of  blowers 
and  other  auxiliary  apparatus  were  driven. 

The  explosion  can  be  traced  to  no  definite  cause.  At  the 
moment  of  its  occurrence  the  chief  engineer  was  examining 
a  shearing  machine  remote  from  the  engineroom.  He  heard 
two  preliminary  muffled  reports,  as  of  a  pow-der  blast,  fol- 
lowed instantly  by  the  loud  crash  of  the  disrupting  wheel, 
but  he  observ^ed  no  irregularity  in  the  running  of  the  shaft- 
ing. The  governor  was  found  in  working  order,  and  the 
belt  which  drove  it  was  intact. 
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Obituary 


Abram  T.  Kaldwiii.  president  of  the 
Precision  InslruniLiit  Co.  of  Detroit,  Jlicli., 
died  on  Jan.  8. 

Burt  O.  Case,  .superintendent  of  the 
Warren  (Arass.)  Steam  Pump  Co.,  widely- 
known  as  an  inventor  and  pump  e.xpert,  died 
at  his  home  in  Wai  reu,  Mass..  Jan.  9,  after 
a  few  da\  o  ilhiess.  of  bronchial  pneumonia. 
He  was  in  his  Tfith  year.  He  had  been 
associated  nearly  all  his  life  with  the  pump 
industry,  entering  the  employ  of  the 
Knowles  &  Sibley  Co.,  manufacturers  of 
sleam  pumps,  in  186  7.  For  about  forty 
years  he  was  as.-'ociatid  with  this  concern 
and  its  successors,  the  George  F.  Blake 
Manufacturing  Co.,  of  Warren  and  Boston, 
during  which  time  he  patented  many  useful 
and  practical  ideas  in  pumping  machinery. 
In  1905.  he  became  asb^ociated  with  the 
Warren  Steam  Pump  Company,  as  superin- 
tendent. He  had  travelled  extensively 
throughout  the  country,  having  charge  of 
many  water-works  installations.  At  the 
time  the  cruiser  "Xew  York."  now  the 
"Rochester,"  was  being  plaimed,  Jlr.  Gage 
helped  to  successfully  develop  a  vertical 
type  of  pump  occupying  small  floor  area 
and  known  today  in  the  pump  trade  as  the 
vertical  twin  air  pump.  This  type  of  pump 
is  still  in  successful  use  on  naval  vessels. 
After  becoming  connected  with  the  Warren 
Steam  Pump  Co.,  he  mvented  a  valve  gear 
for  direct-acting  single  pumps.  He  was 
also  the  originator  and  patentee  in  the  use 
of  monel  sheets  as  pump  liners. 
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Personals 


Charles  C.  Enderle,  who  has  been  in 
the  engine  sales  department  of  the  Ball 
Engine  Co.  for  some  years,  is  now  in 
charge  of  the  Philadelphia  district,  with 
offices  at  621  Commercial  Trust  Building, 
PhiladeliJhia. 

Herbert  W.  Gledliill,  who  was  formerly 
sales  engineer  at  the  Philadelphia  office 
of  the  Shepard  Crane  and  Hoist  Co..  has 
been  made  district  manager  of  that  ofRce. 
with  Glenn  Rumsey  and  Leland  Woodworth 
as   assistants. 

Charles  R.  Kmersou  has  been  appointed 
general  sales  manager  of  the  Foster  f^ngi- 
neering  Co.  He  was  formerly  manager  of 
the  company's  Boston  office  for  two  years 
and  manager  of  the  Philadelphia  office  for 
the  last  six  years. 

Captain  Edward  E.  Ashley,  Jr..  for  many 
years  consulting  mechanical  and  electrical 
engineer  for  Starrett  &  Van  Vleck.  Archi- 
tects, Xew  York  City,  has  resigned  his 
commission  in  the  Air  Service  of  the 
L'nited  States  Army,  to  accept  appointment 
as  sales  engineer  of  the  Jlercury  Manu- 
facturing Co..  Chicago,  manufacturers  of 
electrically-driven  tractors  for  use  in  con- 
nection with  industrial  haulage  systems. 


Engineering  AflFairs 


The    Amerifnn    .Assoriatioii    of    Engineers 

had  the  St.  Louis  Chapter  installed  at  a 
banquet  at  the  Planters  Hotel  on  the  even- 
ing of  Jan.  18  with  about  150  members 
enrolled. 

I-ibert,y'  Association  Xo.  IS  of  the  Natiolnal 
Association  of  Stationary  Engineers,  which 
was  formerly  the  First  German  Association 
of  Stationary  Engineers  of  Cincinnati, 
Ohio,  is  doing  good  work,  as  its  educational 
program  for  the  coming  season  shows:  On 
Jan.  25,  J.  W.  Fowler  will  speak  on  'Flue 
Gas  Analysis  and  Its  Relation  to  Boiler  Effi- 
ciency ;"  Feb.  8.  "Powdered  Coal  as  Fur- 
nace F^iel."  by  Theodore  Xielander ;  Feb. 
22.  "Steam  Jet  Ash  Conveyors."  illustrated 
with  lantern  slides,  by  William  E.  Muse ; 
liar.  8,  "Ventilation  and  Heating  of  Build- 
ings." by  A.  M.  Robinson;  Mar.  22.  "Care 
of  Electrical  Equipment,"  by  Charles  F. 
Kleine ;  Apr.  5.  "Power  Plant  Efficiencv." 
by  R.  W.  Parry;  Apr.  19.  "Sawdust.  Offal 
and  Tanbark  as  Fuel."  by  Judson  Pratt. 
All  meetings  will  be  held  in  the  hall  of 
the  association,  519  Main  St.,  at  8  p.  m. 


Miscellaneous  News 


The     Indiana      Power     and      Water      Co.. 

Vincennes,   Ind.,  will  expend  approximately 
$130. ono    for    improvements.      It    is    the    in- 


tention to  supply  power  and  light  to  the 
Illinois  oil  fields  to  the  west  of  Vincennes 
by  stringing  three  33.000-volt  wires  across 
the  Wabash  River,  spanning  the  stream 
from  one  of  the  main  streets  of  Vincennes. 
The  power  is  to  be  sold  to  the  Central 
Illinois  Public  Service  Co.  which  is  to 
si'pply  territory  near  Lawrenceville,  Bride- 
port  and  Stoey,  111.,  with  power  and  light 
and  to  provide  residents  along  the  proposed 
route  with  power  and  light  as  well. 

The  Bureau  of  T.abor  of  the  United 
States  Fuel  Administration  will  continue 
to  function  until  the  proclamation  of  peace, 
it  was  announced  recently. 

Under  an  agreement  published  July  23. 
1918,  all  labor  questions  pertaining  to  the 
coal-mining  industry  were  placed  definitely 
under  the  jurisdiction  of  tht-  Fuel  Adminis- 
trator, this  arrangement  having  the  sanc- 
tion of  the  Secretary  of  Labor  and  of  the 
United  Mine  Workers  of  America.  The 
agreement  included  the  provision  that  any 
dispute  failing  of  settlement  between  the 
parties  at  interest  must  be  submitted  to 
the  Fuel  Administration  for  final  disposi- 
tion without  stoppage  of  work. 

Fatal  Tube    Failure   in   St.  Louis — At  the 

Purina  Mills.  St.  Louis.  Mo.,  on  Jan.  15. 
a  tube  failure  in  a  250-hp.  water-tube 
boiler  resulted  in  the  death  of  two  men. 
The  engineer,  who  was  standing  in  front 
of  the  furnace,  was  almost  instantly  killed, 
and  the  fireman  was  so  badly  scalded  that 
he  died  two  days  later  in  the  hospital. 
The  boiler  was  equipped  with  3^-in.  tubes. 
The  accident  resulted  from  the  wearing 
away  of  the  external  surface  of  the  tube 
by  attrition.  The  tube  split  open  for  a 
length  of  about  24  inches.  As  the  result 
cf  an  inspection  following  the  explosion, 
the  entire  set  of  tubes  was  renewed,  many 
of  them  having  been  found  worn  to  less 
than  3"2  in.  thickness.  The  boiler  was 
installed  about  twenty  years  ago.  and  had 
been  run  continuously  with  the  original 
set  of  tubes.  It  was  practically  free  from 
scale,  and  there  was  no  evidence  of  tube- 
corrosion,  neither  Internally  nor  externally. 

The       United       States       Slupping       Board 

wants  at  once  500  American  seamen  of 
more  than  two  years'  experience  on  deep 
water,  and  five  hundred  mechanics  with 
engineering  experience,  to  be  trained  as 
deck  officers  and  marine  engineers  respec- 
tively, for  the  Merchant  Marine.  The 
seamen  will  be  trained  in  navigation  at 
twenty-one  free  navigation  schools  main- 
tained by  the  Board,  and  the  mechanics 
at  free  courses  in  technical  colleges  or  at 
the  special  marine  engineering  schools  of 
the  Board.  Stationary  and  locomotive  engi- 
neers, machinists,  v.ho  have  worked  on 
marine  engines  and  marine  oilers  and 
water  tenders  will  be  accepted  for  the 
engineering  courses.  When  the  sailors  have 
completed  a  six  weeks'  course  of  study 
and  the  engineers  a  month's  course,  they 
will  be  examined  for  licenses  as  third  mates 
and  third  assistant  engineers  respectively, 
and  sent  to  sea.  Engineering  schools  are 
maintained  at  Massachusetts  Institute  of 
Technology,  Cambridge.  Mass  ;  Pratt  Ins- 
titute, Brooklyn ;  Seaman's  Church  Insti- 
tute. Xew  York ;  Dickinson  High  School 
Building.  Jersey  City ;  The  Bourse.  Phila- 
delphia ;  Armour  Institute.  Chicago  ;  Case 
School  of  Applied  Science.  Cleveland ; 
University  of  Washington.  Seattle ;  Uni- 
versity of  California,  Berkeley,  and  Tulane 
University.  Xew  Orleans.  The  navigation 
schools  are  at  the  chief  coast  and  lake 
ports,  and  their  addresses  will  be  furnished 
applicants  by  the  U.  S.  Steamboat  inspectors, 
or  by  the  Sea  Service  Bureau  agents  of 
the  Shipping  Board  at  the  various  ports. 
General  information  about  the  schools  will 
be  furnished  by  Henry  Howard,  Custom 
House,  Boston. 


Trade  Catalogs 


Ross  Power  Equipment  Co.,  Indianapolis, 
Ind..  iias  issued  its  Bulletin  X'o.  9.  which 
supersedes  previous  bulletins,  and  gives  a 
partial  list  of  its  available  new  and  used 
equipment  for  sale,  for  steam  and  electric 
plants. 

Ladew  Leather  Beltine.  Edw.  R.  Ladew 
Co..  Inc.  X'ew  York  City.  .\n  attractive 
and  interesting  108-page  catalog.  6x9  in., 
fully  illustrated,  with  several  pages  de- 
voted to  a  discussion  of  belt  engineering 
and  belting  economics.  A  free  copy  may 
be  had  upon  request. 

Foxboro        Power        Plant        Instruments. 

The  Foxboro  Co..  Inc..  Foxboro.  Mass. 
Bulletin  115.  A  condensed  buUettn  briefly 
covering  the  company's  instruments  manu- 
factured especially  for  use  in  power  plants. 
A  copy  may  be  had  free  upon  reque.st. 


New  Construction 


PKOPOSEII     WOKK 

Mass.,  Montague  City — The  Turners 
Falls  Power  &  lOlectric  Co..  Turners  Falls, 
plans  to  install  another  unit  in  its  power 
house  here.  Plans  are  also  being  pre- 
pared for  a  44  .x  48  x  55  ft.  concrete,  steel 
and  brick  addition  to  its  present  building 
and  for  raising  concrete  canal  walls  about 
2    ft.  for  distance   of  5000   ft. 

Mass..  Xew  Bedford — The  Board  of 
Education  will  install  a  steam  heating  sys- 
tem in  the  2  story.  117  x  155  ft.  school 
building  which  it  plans  to  build  on  Emery 
St.  Total  estimated  cost.  $185,000.  F.  C. 
Brown,  Chapman  Bldg.,  Arch. 

Conn.,  Hartford — Libby.  McXeil  &  Lib- 
by.  252  Asylum  St..  will  soon  receive  bids 
for  the  construction  of  a  3-story,  50  x  112 
ft.,  cold  storage  plant  on  Edwards  St.  Es- 
timated cost,  $60,000.  Philip  Larmon.  c/o 
.'Jwift  &  Co.,  Union  Stock  Yards,  Chicasc 
III..    Engr. 

Conn..  Xew  Britain — The  State  plans  to 
install  a  vacuum  heating  system  in  the 
2  story.  64  x  110  ft.  school  house  which  it 
plans  to  build  on  Camp  St.  Total  esti- 
mated cost.  $100,000.  C.  D.  Hine.  Hart- 
ford. State  Supt.  Davis  &  Brooks,  Lewis 
and   Gold  St.,   Hartford.   Arch. 

Conn.,  Willimantic — The  State  plans  to 
install  a  steam  heating  system  in  the  3- 
story.  46  x  114  and  30  x  46  ft.  dormitory 
which  it  plans  to  construct  en  Valley  St. 
Total  estimated  co.st.  $150,000.  C.  D. 
Hine.  Hartford.  State  Supt.  Davis  & 
Brooks.  Lewis  and  Gold  Sts.,  Hartford. 
Arch. 

N.  T..  Albion — The  Directors  of  the  State 
Home  for  Refuge  for  Women,  Albany,  have 
applied  to  the  State  Legislature  for  an  ap- 
propriation of  §10.000  for  installing  new 
heating  line  and  equipment  and  $10,000 
for  covering  of  steam  lines  and  mains  at  the 
home  here ;  S30.000  for  building  a  cold 
storage   and    ice   making  plant. 

X.  Y..  Bath — The  Directors  of  the  New 
York  Soldiers  &  Sailors  Home  have  ap- 
plied to  the  State  Legislature,  Albany,  for 
an  appropriation  of  $24,000  for  new  elec- 
tric construction,  consisting  of  a  new  A,C. 
generator.  engine,  switchboard,  voltase 
regulator,  etc..  new  underground  feeders, 
and  transformers ;  also  $89,200  for  new 
heating  construction,  consisting  of  4  new 
boilers,  new  underground  heating,  line,  hot 
water   plant,    etc. 

X.  Y..  Broolilvn — The  Directors  of  the 
Williamsburg  Hospital.  342  Bedford  Ave., 
will  install  a  steam  heating  system  in  the 
7-storv.  126  x  150  ft.  hospital  which  they 
plan  to  build  on  South  9th  St.  and  Dri£gs 
Ave  Total       estimated       cost.       $350,000. 

Helmle  &  Corbett,   190  Montague  St.,  Arch. 

X.  Y..  Central  Islip — The  State  Hospital 
Commission.  Capitol.  Albany,  has  applied 
to  the  State  Legislature  for  an  appropria- 
tion of  $80,000  for  building  an  addition  to 
the  store  house  and  refrigerating  plant 
and  $10,000  for  3  new  boilers  and  piping 
at   the   Central   Islip    State   Hospital. 

X.   Y..   Hudson — The   Directors   of  the   X. 

Y  State  Training  School  for  Girls  have 
applied  to  the  State  Legislature.  Albany, 
for  an  appropriation  of  S48.000  for  building 
a  refrigerating  plant  and  store  house. 

X.   Y.,  Industrv — The  Directors  of  the  X'. 

Y  State  Industrial  School  have  applied  to 
the  State  Legislature.  Albany,  for  an  ap- 
propriation of  $20,000  for  improvements  to 
heating   system. 

X  Y.,  Iroquois — Bids  will  be  received  un- 
til Feb  15  bv  AV.  Hunt.  Pres.  of  the  Bd.  of 
Managers.  Thomas  Indian  School,  for  in- 
stalling refrigerating  equipment.  Estimated 
cost,    $10,000. 

N.  Y.,  Jay — The  Au  Sable  Forks  Electric 
Co  Inc..  Au  Sable,  plans  to  build  an  elec- 
tric-light plant  here.  Estimated  cost. 
$25,000. 

X.  Y..  Xewark — The  Directors  of  the 
Xew  York  State  Custodial  .Asylum  for 
Women  have  applied  to  the  State  Legus- 
lature.  Albanv.  for  an  appropriation  of 
$10,000  for  installing  a  low  pressure  heat- 
ing main  through  the  tunnel. 

N.  Y..  Xew  York — C.  MuUer.  Rockaway 
Park  will  install  a  steam  heating  system 
in  the  4  story.  100  x  200  ft.  garage  which 
will  be  built  on  West  Dykman  St..  west  of 
Sherman  A\  e.  Total  estimated  cost.  $100.- 
000  Joseph  T.  Powers.  220  Larkei  St 
Rockaway  Park,   --Vrch. 
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imriitUM   111   Mii^r  sill,:   prlwoii.  Minn..  Mountain  Iroji-  The  Honrd  of  Kilu-  Ciimiit  ,  " 

HO.OnO.     i..  V.   I'llih.r.  Stiitf  .MvJi.  ■  ^■'""••*'""n«»ln  Iron— Tlio  Board  of  Kdu-         nuiinilnoiii.,  $8  to  »N  75 

f.oui:.""a,[;i' »!;s.'uoo'V"'iiwlil'i',!z  !:;,':;;:;;;■■  "T"  ''""'■  *'""'•"""•  "  •■:  Mite's!.:!;  iciio'w""  '^'""*'''^-- "'  "•"  "-*-  "«"•'••  - 

nmtU-    .spriiiklir    sysltiu     in     tht>     Itoch'.sUT  ""•    Oxweno— The    citv     plan.s     to     lake  Cir       Imii 

State    Ilo.s„it«l  ItoUiLsttr      over   and    rebuild    the    plant    if   the   O.sw'ko  .-CZr    yCl  ^r      '",'", 

School  for  Hoy.s  which  it  plans  to  I  ui  ..   l'";-^ ^ """"^ '^'";  ^">'   ^"I'l    "'    ^'^vor  of  =""'*'      •   *^^     ^  •'«  Chc-tnul.    8.0& 

Sussex    .We.    and    1st    St.      Total    est  mated  '   ^""^    '*'?"^   '"'■   J45000    for    water-works 

cost.    $50(),.ioo       J.   H.   and   \V    C.   Ely    Klre-  "'"'    electrical    Impiovements.  BITUMINOUS 

.nans  Bldg..  Arch.  •  Mo     Sike»toi.-The  city  plans  an  election  CuT,'nl  ..uotalio.iH.  .croHH  tone.  ba«.d  on  Gov- 

V«    ""\'''7'    '^J^S"^-  ,K„\:-,'V'«    authorized    the    enlarKemenl    of  Central      PeniiBylvani.-.       iMine 

nnirv   i'    ;V''"~T^'<*    WashinKlon    County  ['^^  refrigerating    plant.s    at     Camp    Travis  '"^'-   Prepared  or  Slack)  ...  .J3.30           $.-,.45 

uairy   &    Produce    Co.    pans    to    build    -i    '>n  ''""    Fort    Sam    Houston     Hosiiii-ii«        i.'«iti  n. .        r,  .             „                                                 •'.■••» 

ton     ice    pi.uit     and     install     eU-.tHcpow;?  "^^'^^    cost     $10,000.       Work    lvl1''be    done  '&no  rPieW«"'"'^"'"'""''  * 

generator  in  order  to  furnish   light   for  the  ""']"':  '^e   direction   of  Major  K.   G    Cham-  Rii,  of  Mh  • 

city  of  Av>  .la.     The  company  is  in  the  nuir-  l>'  rlain.    Construction   Quartermaster.  Prepared       '' i9«  ^2?^ 

ery.  'T  Tt^I^%^^"^''''''"^    "'^^■'""-  ,  ion"' oon"trCy,t^?^  "boj.d""'"'  ^"   "'•""■             ^'""'  ••-•■•••-••--   '^^S"             4.9^' 

Penn..    :\lttu<Ii    Cl.unk— M     G     Prutzman  l"."^?m;"ts    to    the°'\vater°worlfl"and'%lec-  tumi'imns'°In,i  ^'n.V'^    "."""   '"""'»   '""   both    bi- 

DHn';'  "°"-''"'  '"""^  '°  '^"'"'  '^"electric  S  ""'°   '"^''^   ^"='"'-  oZ! 'T  ,C''diner'^n'ee 'fn  T^ii^ht  r^JSlT  "1   '^ 

P'»"'-            ^,  ni,'^*Kdi."on''r''"''.,1.T'l'^^    •^°"''^«'-"    C^l'fo---  ''''^'"--e  °f  tr3rw=:r%S\'i'^''-  ""''  ^™ 

I>.  C.  tirorKetown— The  Fussell-Youne  1'^  tdis^on  Co..  301  South  Broadway  lx)s  .-ri,.  i„  .  „ 
Ice  Cream  Co..  IL'th  and  V  St,  has  had  ^"«<'^^^-  i^s  had  surveys  made  bj-  k.  F  son  ortu/.!!h!'!' ?i"^-.,'^'^'='^'*"'°'-'- P°rt  John- 
plans  prepared  for  the  construction  of  a  P'^°"s.e-  •>sst.  Kngr..  for  a  large  hydro-  ITv  rL,^^?'"'^-  ^H''^^'  ^•"ii"''  ^'"'^  ^oulh  Am- 
iL'i.A'^  "  P"^^-^--  house.  Kstimated  cost  %^<'<'^"9  I>l?nt.  to  include  construction  of  a  ken  WYeh-.wkin  ^^T."^""?-  P^^'  L'berty.  Hobo- 
$25,000.  A-an  Rensaeler  H  Green  1V4  '^^"''-  '"  "em  River  Valley  Kstimated  reni'Jr„  c.  r  ^.^^^'"^''='"  °^ 
Xassau  St..  New  York'cUy.  Engr.^'"'  '"  <=°«'.  «10.000,000.  W.  Dennis,' Ch.'Engr"''''  a^^tolal  boa?7aTe^'s  ':,»*?« *Tome"'b!fu"m1r'=' 
n.  c.  Washington— The  International  ,,,<^"'!  '""'•^'V'^''^  *It.  -nTiitnev  Power  &  !fnn!?r".i!rV'"T  'I"''!. ''"^'■'y  The  rate  to  iJJc 
Association  of  American  Jiachinist.s  9th  St  'V^'^^'l''  ^°  •  ^15  West  Main  St..  Visalia^  """"  """^'^  '«  ^"^  *"fc'''er  than  to  the  lower  poru 
and   Massachusetts   Ave.,   plans   to    install    1  P'^^D^  ^°  expend   $60,000   for  extending  Iine,s          PHILADEIPHTa      rs.;^ 

n   ,ns  f,.""''"*'*   "".''     '"f'     •'"ilding  which     it     ^o»r^n  n   ■fr^r   ^"'^';?,/.'"°'"    -   P'^^^e.    6000  Richmond  lor  tide  shipmenHre  as  follows        ° 

plans  to  con.struct  on   9th  St.  and  Mt    Ver-     ]°-     I"}?  ^  Phase,   11000  volts;  also   $5000  c  as  loiiows. 

"°1     P>-     „TotaI     estimated     cost.  $150,000       ^°'"^'''»"   °"e    500    k.w.,    11.000    volt    trans-  '7; Line ,, Tide , 

Welburn,   Heister  &  Co.,   Engr  former    and    oneSOO    k.w..    200    volt    tratis-  ^"'-       One  Yr.      Cur-       6^^^ 

\»        M  .  „  former    m     the    Tulare    substation        v     n  rent  Ago  rent  A?o 

v^l /ii^rx^r i^^i^mj^-^s^f  "rrrr"^^  ^^^r-yni^  '?is  'i??  4? 

I^'i^ta.in^^lla?^?^^.-|S.St^!;i      ^^  i|  |  fo 

lVoT-^-o%V2'r  ^^;ifn^atrco'sr$12to%^^^  co'^'t:'$40,1.So.'^^""°'"''    ^'^    «-       '^^"--'^'^      ^°'"^'    ^'^  ^^         "^  g.lg 

»i,*^V  ^r-?''"-''— J-  S-  Owings  has  purchased     rt?'   ?^"'i,f "h^^'^^S'''"''!''  '^-  ^^ite  &  Son.         CHICAGO— Steam  coal  prices  f.o.b.  mines: 

Fla.,    Bunnell— The    citv    voted    in    favor  o„^"*"'     •    Alvinstoii— The        Hydro-Electric  Mine-run     .' .'    •I.xt-'^  50  ^onll?  ?? 

of   a    $15,000    bond    issue    for    the    construe-  TrZ'^fT'"''     °^    .Ontario,     University     Ave.  Screenings     S.oClSiaS  STsH^gS 

tion  of  an  electric-light  plant.     Address  the  ,h^J°"i'S;»  •''    V?<'e'^in&    bids    for    remodeling         BIRMI^'rHA^f_/>          .        •  -^•*— -'»" 

Mayor.  "^  ^uuress  tne  the    electric    light    plant    and    system     con-  f  o  b    min »?^^  '~S"n^"'    P"<*«    P«r    net    ton 

»i„      e  ,            n.u        .  -sisting    of    new    steam    boilers    and    interior                        "^  ^"^  ^*  follows: 
elecHc   h^iir.''";;?TnV   '^T^'   P'^S"   to   buii^   ^„  and    exterior    wiring.      F.    A     Gaby     Kngr                                                        „.  P^'    Slacker 
electric   light   plant.      Louis   Benish,    Mayor.  Xoted  Jan.  14.                                  v^au^,    i.iigr.                                                       jd^^  p^^^  Screen- 
Ohio.      Cleveland— The      Clover      Meadow          Ont..     St.     Marys- The    St     Marvs    w^r.^  Big  Seam.   Mary  Lee    New    ^""  ^'^*'       '"^^ 
Ave     wn'i  in°t-  „C'-r^f°'-!l    Kd.    and    Hough  Specialty    Co.    is'^fn    the   market    for    Md?o  S^^'"■■  ^""^  Cr'^etf '^Brook 
^i^;;.  V   '"■,*"■'"  ■'''''»'"   ''eating  svstem.  re-  motors,    10    to    30    h.p                                     ^**'^"  dale.  Milklale.    Henry  Ellen 

tri^X  f  ^^/2^a^;;;^/ll.^?^  ,^°>S^^      m^^    I^-jr^'^^'^    ^T'"'-    «'^'P'-"<'-      Caha^ri^aok  creek.- Mlh:'-*^     '^'^^     «^  "'^ 
to   build  at   1827    Hast    55th   St       Total  est i-      a    hoiT^V    h..,,       ^'^^''"''''^  ^*  •  P'^"^  to  build        dale.     Carter     and     Durie 
S^^^U:::'^^,    "X^^    G.^cV^^^^Vl.      ^^e^To  ^^^J^'    "-^^    -^-    '-P-ve-        ^^-s.   ^„a..d^^^Underwood 

po^::;-- &^"p''ji!rA''T^'^^  A«h.and  Light.  tol^sfe'ii^ii^errcri^^iiggf-SiaS^^Ei^it^t^^  Sf";.n%"a*.;j^n.^'^?x? 

hgVl':elfo,,^c^''"pLt^%n^X%,!^^^^^^^^^  ""'"     '^^'■'^'^     l4Sft."&"w^°r&Tcke.^'^^       '''       ^" 

Ai.2  Estimated    cost.    $1,750,000.      L     E      ^J'.-'    >Jfe"ort— The     Saskatchewan     Co-       ^''"e.     America.     Jagser. 

flCTnJ'  ^^-'  ^-^-"  «'^-<>-  Chicago;  sTrT^rpi^-t^^TnT^cr^e'a^i^e;?  "L^  a^e'"!;!  -p^  ^^""^i^^^^^^ 
Z^^l^  ^rTj^^V'l,  ^^-iT^  *  «-"  Co.,  Jame"s^-^R':ftldTe.  '^.^^^'"'''  ^"'^  ^'•"'•''"-'-  Ju"  Ca^l;'^"s^am^°oi!",l'^p^^r 
n^  a^  |dia^/in"^I^U.  ^'^J^"^  ij-^:     ,„  «-^  frl^d^?^-?^^  City  Council  plans       ^^.^L^.^Z^ 

|j^,f."^q;res''t^rt"el^c^o;^t^'^30«     ^^M^^^Vr^^^'^^r^     HeUTnr^.kness  .earns  ^^^       ^"^        -- 
JJ-mrstafi'a''^;*nTSfon^°^^^^^^  CONTRACTS     AWARDED  cSlSf.  ISS  near  Mayiene.   " ""        '•~°        ~'" 

fsol^lfr.  r.ZTJe  ?f^g.»i«ulTh,    E^r/r^      gf  ^.t  ^^^P^'^^r^^lt   III     "°  ^^^  ^^  """^^     W.lliemson  and 
Tri^itTes.  A^orgi'tTp^rl.   ^T^l^^,   ?"->^     K^timUd  ^^^t'.   $^^996^"'-'^"     «^-     ^^-"'^  ^feT-^^^t"  Sre" 

?lnt1la1iir  sJ'r'"^-  '''\"'    ^'"^    '"-haS     mem     OU  "^""o'^nT'^^    ^"■"'"j""     «°-em-      Prepared  sizes  riump.    ^"''Staunton      Standard 

man  je    ?^'   ^^*"?,=*^^'^  <^°^'-   JlOO-000.      Gor-      CamnHmt,.  Rh  ^''^    ^'''**''-^'    Hospital    at      Screening-s     ■Z.17<a>23"     i'soliso 

man  &  Jenssen,  Exchange  Bide     Fner              J:      ?  ^'"-  *°  Rhodes.  Currv  Co.    Ltd      Am  w  i.              x,                          -  -  o.-     i.ouigri.ou 

^use  ciag.,   tngr.               herst.     Estimated  cost.  $210'565               '  .J^''hamson-FrankIin  rate  to  St.  Lotus  is  51.10. 

'  other  rates  p.  95. 
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PRICES— MATERIALS  AND  SUPPLIES 


These    are   prices    to    the    power   plant    by    jobbers    in    the    larger    buying   centers  cast   of    the 
Mississippi.    Elsewhere  the  prices  will  be  modified  by  increased  freight  charges  and  by  local  conditions. 


POWER-PLANT  SUPPLIES 

HOSE 

Fire  50-Ft.  Lengths 

Underwriters'  2|-in 80c.  per  ft. 

Common,  2J-in 30% 

Air 
First  Grade       Second  Grade       Third  Grade 

1-in.  perft $0.55  $0  40  $0.30 

Steam — Discounts  from  List 
First  grade 25%         Second  grade 35%         Third  grade 40% 

RL'BBER  BELTING — The  following  discounts  from  list  apply  to  trans- 
mission rubber  and  duck  belting: 

Competition 50%        Best  grade 30% 

Standard      40% 

Note — Al  ove  discounts  apply  on  new  list  issued  July  I. 


LEATHER  BELTING- 

are  as  follows: 

New  York 

St.  Louis 

Chicago 

Birmingham 

Denver   


-Present  discotints  from  list  in  the  following  cities 


Medium   Grade 
40—5% 

45% 

45% 

35% 
35-5% 


Heavy  Grade 
35% 
50% 
40% 
35% 
30% 


RAWHIDE  LACING— 50%  for  cut;  45c.  per  sq.  ft.  for  ordinary. 

PACKING — Prices  per  pound: 

Rubber  and  duck  for  low-pressure  steam , $0 .  90 

.Asbestos  for  high-pressure  steam 1 .  60 

Duck  and  rubber  for  piston  packing 1 .  00 

Flax,  regular        1    20 

Flax,  waterproofed 1 .  60 

Compressed  asbestos  s'    et 1    00 

Wire  insertion  asbestos    iicet 1    20 

Rubber  sheet .60 

Rubber  sheet,  wire  insertion .80 

Rubber  sheet,  duek  insertion .50 

Rubber  sheet,  rloth  ins,  rtion .30 

Asbestos  packing,  twisted  or  braided  and  graphit&d,  for  valve  stems  and 

stuffing  boxes    1.20 

Asbestos  wick.  )-  and  l-lb.  balls .85 

PIPE   AND   BOILER   COVERING — ^Below   are   discounts   and   part   of 
standard  lists: 


BLOCKS  AND  SHEETS 
Price 
Thickness  per  Sq.Ft. 

5-in.  $0.27 

1  -in.  .30 
H-in.                                      .45 

2  -in.  .60 
25-in.  .75 

3  -in.  .90 
3J-in.                                   1 .  05 

Llist 

4-ply 58%  off 

3-ply 60%  off 

2-ply 62%  off 

GREASES — Prices  are  as  follows  in  the  following  cities  in  cents  per  pound 
for  barrel  lots: 


PIPE  COVERING 

Standard  List 
Pipe  Size  Per  Lin.Ft. 
1-in.  $0  27 
2-in.  .  36 
6-in.  .  80 
4-in.  .  60 
3-in.  45 
8-in.  1  10 
10-in.  1.30 
85  %  magnesia  high  pressure 

For  low-pressure  heating  and  return  lines 


Cup 

Fiber  or  sponge 
Transmission.  . 

Axle 

Gear 

Car  journal. .    . 


Pitts- 
burgh 
9 


Cin- 
cinnati 
7 

8  10 

7  9 

41  6 

Ai  9 

22(gal.)      21  (gal.) 


Chicago 
5i 
6 
6 
4 
■»f 
3§ 


St. 
Louis 
6  9 


4   1 
9  5 

4  5 


Bir- 
mingham 


Denver 


20 
5i 


COTTON   WASTE — The   following  prices  are   in   cents  per  pound: 

. New  York 

Current  One  Year  Ago     Cleveland  Chicago 

White II00tol3  00  13  00  16  50        12  00tol6  50 

Colored  mixed ...  .      8  50tol2.00  12  00  13.00        ll.50tol4  00 

WIPING  CLOTHS— Jobbers'  price  per  1000  is  as  follows: 

131x131  13ix20} 

Cleveland $52  00  $58  00 

Chicago 48  DO  50  00 

LINSEED  OIL — These  prices  are  per  gallon: 

■'—  New  York  — .   Cleveland .  . Chicago -^ 

Current        One       Current       One       Current       One 

Y'ear  Ago  Year  Ago  Year  Ago 

Rawinbarrels $149         $1.28         $190       $1.30         $165  $126 

5-gal.  cans 1   74  1   38  2.00         1.40  1   86  1.35 

WHITE  AND  RED  LEAD  in  500-lb.  lots  sell  as  follows  in  cents  per  pound: 


Current 


-Red- 


1  Year  Ago 


White — 

Current  I  Yr.  Ago 
Dry  Dry 


Dry 

lOO-lb.  keg   13  00 

25-  and  50-lb.  kegs.    .    13  25 

125-lb.  keg 13  50 

5-lb.  cans      

l-lb.  cans 


In  Oil 
14   50 

14  75 

15  00 


Dry 
12  25 
12  50 
12  75 
14  25 
14  25 


In  Oil 
12  50 

12  75 

13  00 

14  00 
14  50 


anrl 
InClil 
13  00 
13  25 
13   SO 

15  00 

16  00 


and 

In  Oil 

12  50 

12  75 

13  00 

14  50 
14  50 


AMMONIA — Price  per  pound  in  St.  Louis  for  26  deg.  U.  S.  P.,  lOO-lb.  car- 
boys, is  I  Ic;  in  lOOO-lb.  drums,  9c. 

RIVETS — The  foUowing  quotations  are  allowed  for  fair-sized  orders  from 
warehouse: 

New  York      Cleveland       Chicago 

Steel  A  and  smaller 40%  45-5%  40% 

Tinned 307(,  45-5%  40% 

Button  heads,  },  j,  I  in.  diameter  by  2  in.  to  5  in.  sell  as  follows  per  100  lb.: 
New  York...  $5  675     Cleveland...  $5. 15     Chicago. .  .$5.67    Pittsburgh...  4  65 

Coneheads.   same  sizes: 
New  York. ..  $5  775     Cleveland.   $5.  25     Chicago ...  $5 .  77     Pittsburgh...$4.75 

REFRACTORIES— FoUowing  prices  are  f.  o.  b.  works,  Pittsburgh: 

Chrome  brick net  ton 

Chrome  cement net  ton 

Clay  brick,  1st  quality  fireclay net  ton 

Clay  brick,  2nd  quality net  ton 

Magnesite,  dead  burned net  ton 

Magnesite  brick,  9  x  43  x  25  in net  ton 

Silica  brick net  ton 

Standard  size  fire  brick,  9  z  4}  x  2}  in.    The  second  quality  is  $4  to  $5 
cheaper  per  1000. 

St.  Louis— Fire  Clay,  $35  to  $50. 

Birmingham — Fire  clay,  $50;   silica,  $50;  magnesite,  $110;  chrome,  $165. 

Chicago — Second  quality,  $25  per  ton. 

Denver — Silica,  $35  per  1000. 


$120.00  at  Chester,  Penn. 
65.00  at  Chester,  Penn. 
40-30  at  Clearfield,  Penn. 
38-48  at  Clearfield,  Penn. 
37.50  at  Chewalah.  Penn. 
90.00  at  Chester,  Penn. 
45-55  at  .Mt.  Union,  Penn. 


FUEL  OIL- 

Louis. 


■Domestic  light,  22-26  deg.,  Baume,  is  IO§c.  per  gal.  in  St. 


BABBITT  METAL — Warehouse  prices  in  cents  per  pound: 


■ New  York . 

Current         One 

Year  Ago 
Best  grade. .. .    87  00         70.00 
Commercial...    42.00         40.00 


' Cleveland ■ 

Current  One 

Year  Ago 
80  00  93.00 

21.50  22.00 


• Chicago 

Current  One 

Year  Ago 
75.00  70  00 

15.00  25  00 


SWEDISH   (NORWAY)    IRON— The  average  price  per  100  lb.,  in  ton 
lots,  is: 

Current  One  Year  Ago 

NewYork $25.50-30  $15  00 

Cleveland 20. 00  15  50 

Chicago 19.00  15  00 

In  coils  an  advance  of  50c.  usually  is  charged. 

Note — Stock  very  scarce  generally. 

POLES — Prices  on  Western  red  cedar  poles: 

New  York  Chicago  Denver  San  Francisco 

6in.by30ft $5.82            $5.17  $4  55  $5   17 

7in.by30ft 7  65               6  85  6   10  6  85 

7  in.  by  35  ft 11.10             10  00  8.95  10  00 

8in.by35ft 12.65             11.35  1010  1135 

7in.by40ft 12.85             11.50  10  20  1150 

8in.by45ft 18.90             16.90  15  00  16  90 

8  in.  by  50  ft 22.65             20.30  18.00  20  30 

10c.  higher  freight  rates  on  account  of  double  loads. 

For  plain  pine  poles,  delivered  New  York,  the  price  is  as  follows: 

10-in.  butts,  5-in.  tops,  length  20-30  ft $9.  00 

1 2-in.  butts,  6-in.  tops,  length  30-40  ft II    50 

1 2-in.  butts,  6-in.  tops,  length  41-50  ft 12.50 

14-in.  butts,  6-in.  tops,  length  51-60  ft 21.00 

14-in.  butts,  6-in.  tops,  length  61-71  ft 23.  50 

PIPE — The  following  discounts  are  for  carload  lots  f.  o.  b.  Pittsburgh;   basing 
card  of  Jan.  1,  1919,  for  steel  pipe  and  for  iron  pipe: 

BUTT  WELD 
Steel 
Inches  Black      Galvanized  Inches 

J,J,andi 47%  20J%  J  to  U 

i 51%  36J% 

i  to3 54%  40J% 


Iron 

Black      Galvanized 
.   36%  20% 


L.\P  WELD 


2   47% 

25  to  6 50% 


34}% 
37}% 


J,  i  and  1 43% 

} 48% 

i  to  IJ 52% 


2 29%  15% 

2}  to  6 31%  18% 

nrTT  WELD,  EXTR.\  STRONG  PLAIN  ENDS 

;  to  1} 36%  21% 


25}% 
35}  % 
39}% 


LAP  WELD,  EXTRA  STRONG  PLAIN  ENDS 

2 45%  33}%  2 30%  17% 

2}to4 48%  36}%  25to4 32%  20% 

4}  to  6 47%  35}%  4}to6 31%  19% 

Stock  discounts  in  cities  named  are  as  follows: 

-NewYork-      -Cleveland-       Chicago   

Gal-  Gal-  Gal- 

Black  vanized  Black  vanized     Black        vanized 
3  to  3  in.  steel  butt  welded.   43%,       27%,       43%       26%,       41.1%         26.1% 
3}  to  3  in.  steel  lap  welded .      38%       29%       39%       23%       37.1%,  23.1% 

Malleable  fittings.    Class  B  and  C,  from  New  York  stock  sell  at  list  +  1 2}%. 
Cast  iron,  standard  sizes,  10%  off. 
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nOll.rR   TinRS       Thi-   following 
IMlKliiiriih: 

l.ni>W..|J<il.«<t.'.l 

})  tu  41  in 

2    to  Jlln 


Iirli-n  fur  rnrlimU  luta,  t.  u.  b 
(  liarri„il   Iron 


to  2  in 


»7 
27 
20t 
16 


n  lo  4)  u. 

)   to  )l  ID 

2t  lo  21  in 
2  to  21  in 
M  to  li  in 


151 
2 


-t  i'l 
+  J2 


Staudftitt  ComniprcUl  Scnmlt-sa^CoIti  DniHn  or  Hot  Uolliil 


I  in 

li   lU 

li  in. 
It  in 


Per  Net  Ton 

$334 

274 

264 

214 


r<T  N.-t  Ton 
J2I4 

184 

174 

194 

214 

Thnu-  primi  do  not  apply  to  s|M-riiil  HprrifirnlioiiH  for  locomotive  tulxii  nor  to 
KpiM'inl  niM'ritii'iitioiiH  fur  IuImk  fur  tlii'  Nuvy  Drpiirtinrnt,  wliirh  will  be  Hubji'Ct  to 
apocuil  nt'gotiiition. 

ELECTRICAL  SUPPLIES 


l>  in 

2  to  2)  in. . 

2!  to  H  in. 

4  in 

4)  tu  5  in. . 


(ioiirial  DoiIlilc  i:xpeit»l,  'lu  Ito  Noieil  in  Next  Issue 


ARMORED  CABLE- 

U  JcS.  Sill- 


No. 


Three  Coiid. 
M  tt. 
il38  00 
170  00 
235  00 
325  00 
472  00 


Two  Cond. 
I..eud 
M  Ft. 
$164  00 
211  00 
255  00 
345  00 
625.00 


Three  Cond. 
Lead 
M  Ft. 
$222  00 
290  00 
325  00 
450  DO 


Two  fond. 
M  Ft. 

14  solid $104  00 

12  solid 135  00 

10  solid  185  00 

No.  8»lr:uul.<l 235  00 

No.  6  straml.a       . .  370  00 

From  the  above  lists  discounts  are: 

Less  than  coil  lots Net   List 

Colls  to  1.000  ft 10% 

1.000  ft   and  over 15% 

BATTERIES,    DRY— Regular   No.    6  size  red  seal,  Columbia,   or  Ever 
Heady. 

Each,  Net 

l.i^s  than  12 $0.40 

I2to50   38 

50  to  1 25  (bbl.) 35 

1 25  (bbl.)  or  over 32 

CONDUITS.    ELBOWS   AND  COCPLINGS— Following  arc  warehouse 
net  prices  per  1 000  ft .  for  conduit  and  per  1 00  for  couplings  and  elbows: 

Couplings . 

Black       Galvanized 
100  and 


Black 
Siie.       1,000  Ft. 
In.        and  Over 
J. 


Galvanized 
1.000  Ft. 
and  Over 


$76  50  $SI   60 

101.20  108  10 

149  60  159.80 

202  40  216  20 

242  00  258  50 

325  60  347  80 

514  80  549  90 

673   20  719    10 

837  20  892  40 

1,013  70        1.079.  10 
5%  cash  10  days. 

From  New  York  Warehouse — Less  5%  cash. 
Standard  lengths  rigid,  1 0  f t .    Standard  lengths  flexible 
ard  lengths  flexible,  J  to  2  in..  50  ft. 

CONDUIT  NON -METALLIC,  LOOM— 


j... 
i. . .. 

1  .... 
I}.... 
U... 

2  .... 
2J.... 

3  .... 
3J.... 


Black 
100  and 
Over 
$18  24 
18  24 
24  00 
35.52 
45.45 
60  60 
111  II 
181  80 
484  80 
1,070  60 
1,237.25 


Galvanized 
100  and 
Over 
$19.38 
19  38 
25.50 
37.74 
48   15 
64  20 
117  70 
192  60 
513  60 
1,134  20 
1,310  75 


1 00  and 
Over 
$5.76 
6.72 
9.60 
12  48 
17  17 
21  21 
28  28 
40  40 
60  60 
80  80 
101   00 


Over 
$6  12 
7  14 
10  20 
13  26 
18  19 
22  47 
29  96 
42  8C 
64  20 
85  60 
107  00 


Size  I.  D,  In. 

A 

i 

t 

♦ 

I 

i 
I 

U 
i; 

2 


Feet  per  Coil 
250 
2S0 
250 
200 
200 
150 
100 
100 
Odd  lenirths 
Odd  lengths 


List,  Ft. 
$0.05,' 
06 
.09 
.12 
15 
.18 
.25 
.33 
.40 
.55 


I  in.,  1 00  ft.    Stand- 


CoUs       55%  Off.. 
Less  coils,  40%  off 


CLIT-OL*TS — Following  an-  net  prices  each  in  standard-package  quantities: 
CUT-OUTS,  PLUG 


S   P   M    L 
D.  P   M.  L. 
T.  P   M.  L 
D.  P.  S.  B 
D   P  D.  B. 


T.  P.  to  D. 
T.  P.  to  D. 
T.  P.  S.  B 
T.  P.  D.  B 


P.  S.  B. 
P.  T.  B. 


CUT-OUTS,  N.  E.  C.  FUSE 


0-30  .Amp.  3 1-60 .A ni] 

M.  L $0.33  $0  84 

ML        48  1    20 

SB      42  105 

81  1   80 

78  2   10 

1   35  3  60 

t 90  2.52 


D  P.  D  B 
T  P  D.  B 
T   P.  to  D. 


$0  24 
38 
33 
54 


60-100    Amp 

$1.68 

2  40 


FLEXIBLE  CORD— Price  per  1000  ft.  in  coils  of  250  ft.; 
No.   18  cotton  twisted    $22  00 


No.   16  cotton  twisted 

No.   1 8  cotton  parallel 

No.   1 6  cotton  parallel 

No.   1 8  cotton  reinforced  heavy 

No.   16  cotton  reinforced  heavy 

No.   18  cotton  reinforced  light 

Xo.   1 6  cotton  reinforced  lijrht 

No.   18  cotton  Canvasite  cord 

No.   16  cotton  Canvasite  cord 

FUSES,  ENCLOSED— 

250-Volt  Std.  Pkg. 

5-amp.  to    30-amp 100 

35-amp.  to     60-amp 100 

63-amp   to  1 00-amp 50 

10-amp.  to  200-amp 25 

25-amp.  to  400-amp 25 

2-map.  to  600-amp 10 


600-Voll 
Vnmp.  tn     30-niiip 
)5-uiiip.  to     bO^iiii  |i 
65-»in|.   to  ion  nih|, 

ll(»-|>ll.|l      lo    .2111)    Mil, |, 

225-iuiip    lo  4UII  :,!.>,, 
450-iunp.  to  bOU  aiii|i 

Uiscuunl:  I.im  l-5th  iiluiiiliir< 
l-5tli  to  Ktnniliitd  i 
Utttiidard  package 


FU.sE  plik;s,  mi{;a  cap 

0-30  aiiipere,  Hluiidaril  pi»  kuKc 

0-30  uinpere,  less  than  stundurd  puckngi 


LAMP.S— below    nre   prei 
quantities: 

Slrnlght-Sidc  Bulbs 

Mazda  H — 

Watts        Plain 

$0.35 

.35 

.35 

.35 

35 


,std    I'kg 

n> 

100 

40 

100 

60 

')0 

1  M 

25 

2  50 

25 

5  to 

10 

A  00 

1  imckiiii. 

30°; 

,111  kuur 

40<;: 

52% 

$5 

7 

25  f  ■ 

uckngc               .    , 

00  (; 

IcKK    Ihnn   Klaiiiliiiii   parkagi 
IVar-Slmpe  Bulbs 


10 
15 

2S 
40 
50 
60 
100 


Frosted 
$0  38 
38 
38 
38 
38 
45 
92 


Package    Wntts 


100 
1U0 
1U0 
100 
100 
100 
24 


75 

100 
150 
200 
300 
400 
500 
750 
1000 


Standard  quantities  are  subject   to  diHCount 
contracts  ranging  from  $150  to  $300,000  net  allow 


Clear 

$0  70 

I  10 

1  65 

2  20 

5  25 
4  30 
4  70 

6  50 

7  50 
of  10' 


No    ii 
Frost<-d     i'acksgc 


$0  75 
I    15 

1  70 

2  27 

3  35 

4  45 
4  85 

6  75 

7  75 
from   list. 

It  of  17  to  40 


PLUGS,  ATTACHMENT— 

Hubbell,  porcelain  No.  5406,  standard  package  250. 
Ilubbell  composition  No.  5467,  standard  package  50. 
Benjamin  swivel  No.  903,  Htaiularil  packagi'  250. 

Hubbell  current  taps  No.  5638,  standard  package     50. 


50 
24 
24 
24 

24 

12 

12 

8 

6 
Annual 
^",  from 


I-.a<l. 

$0  24 

32 


RUBBER-COVERED  COPPER  WIRE— Per  1000  ft.  in  New  York: 


No. 
14 
12 
10 
8. 
6 
4 
2 
I 

0 

00 

000 

0000 


Solid 

Single   Braid 

. ..  $13  00 

.    16  70 

23  52 

31  00 


Solid 
Double  Braid 
$16  00 
13  80 
26  10 
36  40 


Stranded, 

Double  Braid 

$18  00 

22  00 

29  10 

40  20 

62  00 

83  10 
122  40 
161  30 
189  68 
230  00 
282  40 
345.50 


I 


Duplex 

$32  00 

36  85 

50  60 

70.  10 


Prices  per  1000  ft.  for  Rubber-covered  Wire  in  Following  Cities: 

■ Denver St.  Louis .    . Birmingham 

Double                   .-single     Double  Sinsjle     Double 

Braid    Duplex    Braid      Braid    Duplex  Braid      Braid    Duolex 

$19  00  $38  40  $21    00  $16  00  $33  00  $13  00  $17.40  $36.80 

29  05     58   25      27   20     31    00     69   00  21    40     24  40     42.75 

78  65     38  00     42  00     78  00  42  35     44  35 

65   00    130.00  64  60     74  60 

93  00     101   75   106  05 

140.00     151.50 

182.00     201.00  .58  50 

242.00     276.00  /85  00     . 

290.00     :  17  00     30  00     

260  00     417  00  428  50 

435  00     516  00   ;i6  00     .        . 


Sin 

He 

No 

Bra 

Id 

14 

$15 

00 

10 

22  65 

8 

31 

95 

6 

54 

40 

4 

77 

50 

2 

115 

30 

1 

150 

05 

0 

00 

000 

0000 

39  20 
58  10 
83  00 

123  50      

161    20     

179  05     

243  35     

296  65        

361    50 
Pittsburg — 34c.  base;  discoui.t  50% 
SOCKETS,  BRASS  SHELL— 
J  In.  or  Pendant  Cap. 
Key,  Keyless.  Pull, 

Each  Each  Each 

$0.33  $0.30  $0  60 

Rss  1-5th  standard  package.    . 
l-5th  to  standard  package 
Standard  package 

WIRE.  ANNUNCIATOR  AND  DAArPPROOF  OFFICE— 

No.  18  B.&S.  regular  spools  (approx.  8  lb.) 50c.  lb 

No.  18  B.&S.  regular  l-lb   coils    52c.  lb. 

WIRING  SUPPLIES— 

Friction  tape,  I  in.,  less  100  lb.  iOc.  lb., 


Key, 
Each 
$0  39 


!    In.    Cap 

Keyless, 

Each 

$0  36 

-1-20% 
-10% 
-15% 


Pull, 
Each 
$0.66 


I 


100  lb.  lots 
Rubber  taoe,  J  in.,  less  100  lb.,  65c.  lb.,  100  lb.  lots. 

Wire  solder,  less  100  lb.  50c.  lb.,  100  lb.  lots 

Soldering  paste,  2  ox.  cans  Nokorode 


48c.  lb 
60c.  II, 
.  46c.  ll> 
.$l.20doz 


SWITCHES.   KNIFE— 

TY^PE  "C"  NOT  FUSIBLE 


28  40 
25  00 
32  00 

35  00 
42  00 
30  00 

36  00 

29  00 
35  00 

List 

$0.25 

.35 

.90 

2.00 

3.60 

5.50 


Size, 
.\mp. 

Single  Pole, 
Each 

Double  Pole. 
Each 

Thr.i   Pole, 
Each 

Four  Pol 
Eacn 

30 
60 
100 
200 

$0  42 
74 

1  50 

2  70 

$0  68 

1  22 

2  50 
4.50 

$1    02 
1.84 
3  76 
6  76 

$1    36 
2  44 
5  00 
9  00 

TYPE  "C 

FUSIBLE, 

TOP 

OR  BOTTOM 

30 
60 
100 
200 

.70 

1  18 

2  38 
4  40 

1   06 
1   80 
3  66 
6  76 

1  60 

2  70 
5  50 

10   14 

2.12 
3.60 
7  30 
13  50 

Discounts : 

Less  than  $10  00  list  \-alue +  5% 

$10  to  $25  list  value „...  —  8% 

$25  to  $50  list  value ." —15% 

$50  to  $200  list  value —20% 

$200  list  value  or  over — 25% 
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tJames  T.  Beard,  Jr. 


THE  character  of  a  musician  is  reflected  in  his 
sonatas;  an  architect,  in  his  buildings;  a  poet, 
in  his  verses.  The  individuality  of  every  man 
creeps  into  his  vi'ork,  and  by  his  vi^ork  vi^e  judge  him. 
The  boiler  room  furnishes  a  mirror,  reflecting  the  char- 
acter of  a  chief  engineer.  The  heat  that  he  is  able  to 
squeeze  out  of  the  coal  and  into  the  steam  is  the  true 
standard  of  his  capabilities,  but  a  quick  indication  of 
his  intelligence  is  the  care  that  he  takes  of  the  equip- 
ment for  squeezing  out  this  heat. 

I  was  standing  at  the  station  in  a  typical  small  Jersey 
town,  waiting  for  a  train  to  carry  me  back  to  the  city. 
Presently  I  heard  the  welcome  sound  of  a  whistle  far 
down  the  track.  The  station  attendant  ran  out  with  a 
few  mail  bags,  and  I  picked  up  my  grip,  glad  that  my 
half-hour  wait  was  over. 

As  the  train  approached  it  seemed  to  me  that  it  was 
not  going  to  stop.  I  was  not  acquainted  with  the  sched- 
ule of  the  road,  so  I  asked  the  boy,  "Does  this  train 
stop,  or  is  she  an  express?" 

He  looked  up,  surprised.  "Don't  you  know  that  en- 
gine?" 

I  explained  that  I  was  not  an  authority  on  locomotive 
engines  in  the  country. 

He  looked  at  me  with  a  sort  of  pity  for  my  ignorance. 
Then  he  pointed  down  the  track.  "See  the  way  she 
shines  when  the  sun  hits  her?  That's  Andy's  engine. 
I'd  know  her  in  a  thousand.  He  takes  care  of  her  just 
as  if  she  was  his  own." 

The  train  stopped.  I  climbed  aboard  and  settled  down 
in  my  seat.  The  boy's  words  still  haunted  me:  "I'd 
know  her  in  a  thousand.  He  takes  care  of  her  just  as  if 
she  was  his  own."  This  youngster  had  unconsciously 
given  a  wonderful  testimony  to  Andy's  ability  as  an 
engineer  and  character  as  a  man.  "He  takes  care  of 
her  just  as  if  she  was  his  own."  In  these  few  words 
he  had  written  for  Andy  the  best  recommendation  in 
the  world. 

I  began  to  think  of  some  of  the  boiler  rooms  I  had 
seen  during  the  past  month.  Ashes  from  the  last  clean- 
ing could  still  be  found  around  the  ashpit  doors.  Steam 
hissed  from  leaky  joints  and  fittings.   Hot  water  dropped 


down  my  back  from  the  maze  of  steam  piping  overhead, 
no  matter  where  I  stood.  Draft  gages  were  covered 
with  dirt,  leaving  the  scale  entirely  hidden  from  view. 
Sometimes  they  had  oil ;  more  often  they  had  not.  Many 
recording  instruments  hadn't  operated  since  no  one 
knows  when.  And  there  was  always  trouble.  Coal  was 
bad,  steam  was  down,  men  v/ere  dissatisfied  and  quitting. 

Then  I  thought  of  a  plant  that  I  had  visited  just  the 
day  before.  The  nickel  draft  gages  are  polished  faith- 
fully every  day.  The  glasses  are  clean  and  I  can  read 
the  scale  twenty  feet  away.  The  recording  instruments 
tick  off  the  flue-gas  temperatures  and  CO^  percentages 
every  day  in  the  year.  The  glands  of  the  feed .  pump 
are  well  packed.  The  boilers  are  clean  inside  and  out. 
The  atmosphere  of  the  boiler  room  is  healthy  and  the 
floor  looks  like  Sunday.  I  always  love  to  visit  this  plant. 
The  coal  is  good,  the  steam  is  always  there  when  it  is 
wanted,  the  men  are  happy  and  there  is  no  trouble. 

Two  kinds  of  plants  have  been  cited.  The  difference 
between  them  is  not  a  matter  of  better  equipment.  The 
acid  test  of  a  chief  engineer  is  that  he  get  the  most  out 
of  existing  equipment.  It  is  not  a  matter  of  labor  trou- 
bles at  the  plant.  A  capable  chief  can  handle  his  men. 
It  is  not  so  much  a  matter  of  poor  cooperation  from 
"the  men  upstairs."  An  intelligent  chief  will  command 
respect  and  cooperation.  The  difference  between  them  is 
a  difference  in  the  men  that  operate  and  care  for  them. 

The  boiler  room  reflects  the  character  of  the  chief 
just  as  surely  as  water  reflects  the  sky.  Give  me  one 
look  at  the  draft  gages  on  the  boilers  and  I  will  tell  you 
the  caliber  of  the  chief  engineer.  Not  because  a  pol- 
ished draft  gage  means  higher  CO,,  lower  flue-gas  tem- 
perature or  better  economy,  but  it  indicates  care  and 
pride  on  the  part  of  the  man  in  charge.'  It  means  that 
the  details  are  being  watched. 

The  man  who  sees  that  a  draft  gage  is  polished  will 
see  that  a  leaky  blowoff  valve  behind  the  boiler  is 
repaired.  He  will  see  that  the  cracks  in  the  setting  are 
plugged  up.  He  will  see  that  leaky  joints  in  the  steam 
line  are  made  tight,  a  leaky  trap  is  repaired.  He  has 
time  to  set  the  valves  of  his  engines.  He  takes  care  of 
the  plant  "just  as  if  she  were  his  own." 
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Care  of  Kconoiiiizers 

Hy  J.  I.  i)\(;(.i;i'i  + 

SoiiK'   llrlpfiil  Sii«;«i«'sti<>iis  as  to  ihr  Oprrution   and 

{'.live,  of  E<'oiioiiii/,«'rs.  I'rohalily  tlu' .MohI 

Neglected    ApparatiiM   in   llic 

Boiler  IMant 


ON  ACCOUNT  of  the  coal  shortage  and  the  high 
cost  cf  fuel,  economizers  have  been  installed  in 
most  stejun-power  plants  erected  in  the  last  three 
years.  As  many  of  the  men  in  charge  of  these  will  be 
using  economizers  for  the  first  time,  it  may  be  v.ell  to 
go  over  the  essential  points  pertaining  to  their  operation 
and  care. 

There  is  probably  no  boiler-house  adjunct  that  pays 
a  better  return  on  the  investment  than  the  economizer, 
and  it  is  probably  the  most  neglected  apparatus  installed. 
The  reason  why  economizers  are  usually  neglected  is 
that  they  are  installed  in  out-of-the-way  places  and  re- 
ceive attention  only  when  something  goes  wrong.  This 
neglect  is  not  intentional,  but  happens  principally  be- 
cause there  is  so  little 
c^^*""^^   oA^^^^/v      trouble  experienced  with  this 

^^'^^^ ^  apparatus.    I  have  inspected 

many  of  the  installations  in 
the  United  States  and  Can- 
ada, and  on  several  occa- 
sions have  heard  the  chief 
engineer  complain  that  he 
was  not  getting  the  results 
that  he  thought  he  should  get 
from  the  machine.  On  in- 
vestigation, it  was  found  that  in  almost  every  instance 
the  trouble  was  due  not  to  the  machine,  but  to  the  men 
in  charge  in  not  giving  it  the  proper  attention.  In  view 
of  the  foregoing  a  few  suggestions  as  to  the  operation 
and  care  of  economizers  may  be  helpful. 

An  economizer  should  not  be  fed  with  water  at  a 
temperature  lower  than  90  deg.  F.  Colder  water  causes 
condensation  on  the  lower  portion  of  the  tubes  and  on 
the  bottom  headers,  which  results  in  rapid  external  cor- 
rosion. The  soot  also  becomes  baked  hard  on  the  tubes 
and  prevents  the  scrapers  from  working. 

A  relief  valve  set  at  20  lb.  in  excess  of  the  working 
pressure  on  the  economizers  should 
be  placed  on  the  feed  pipe  between 
the  pump  and  the  economizer.  This 
will  take  care  of  excessive  pressure 
built  up  by  the  pump.  The  outlet 
valve  between  the  economizer  and 
the  boilers  should  always  be  kept 
open.  The  furnace  draft  should 
be  regulated  by  the  main  damper  at 
the  outlet  end  of  economizer,  and  not 
by  the  boiler  dampers.  The  latter 
should  be  used  only  in  case  a  boiler 
is  laid  off  or  when  the  economizer  is 
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shut  down.  Care  should  be  taken  to  prevent  cold  air 
from  leaking  into  the  main  flues  by  making  all  crevices 
in  the  brickwork  air-tight. 

The  economizer  should  be  blown  off  for  a  few  min- 
utes daily,  both  at  the  top  and  bottom,  through  the 
safety  and  blowoff  valves.  The  tail  pipe  from  the  blow- 
off  valve  should  fall  evenly  to  the  drain,  thus  enabling 
the  apparatus  to  be  emptied  when  necessary. 

The  safety  valve  should  not  be  set  more  than  20  lb. 
in  excess  of  the  working  boiler  pressure.  All  valves, 
and  especially  the  safety  valve,  should  be  carefully  ex- 
amined weekly,  and  all  waste  water  delivered  so  that 
it  will  not  drain  into  the  soot  pit,  flues,  or  cleaning-out 
space. 

The  scrapers  should  be  kept  constantly  running  when 
the  economizer  is  in  use.  The  cross-shaft  carrying  the 
clutch-box  should  run  at  55  revolutions  per  minute.  If 
the  scrapers  stick,  remove  the  setscrew  connecting  the 
chain  pulley  and  the  wormwheel  and,  by  means  of  a 
handle  on  the  t;/ase,>y/,er, 
pulley  spindle, 
work  the  scrap- 
ers up  and  down 
until  they  run 
freely.  The 
chains  and  chain 
wheels  must  not 
be  allowed  to  be- 
come greasy  or  they  will  slip.  After  a  time  the  chains 
stretch  slightly  and  should  be  shortened  so  that  the 
scrapers  may  traverse  the  whole  length  of  tubes.  When 
the  chains  get  worn,  turn  them  around  on  the  pulleys. 
Thermometers,  pressure  gages  and  pyrometers  should 
be  placed  at  both  ends  of  the  economizer  and  readings 
should  be  taken  daily.  In  this  way  the  internal  condi- 
tion can  be  noted ;  that  is,  if  there  is  falling  off  in  effi- 
ciency, the  temperature  of  the  water  and  gas  remaining 
the  same,  it  will  show  that  the  econ- 
omizer needs  to  be  cleaned,  as  there 
is  some  cause  preventing  the  proper 
transmission  of  the  heat  of  the  flue 
gas  to  the  water.  This  is  due  to  dirt 
either  inside  or  outside  of  the  tubes. 
If  the  feed  water  should  contain 
lime,  salts  or  other  impurities,  and 
an  anti-incrustation  fluid  is  used,  it 
should  be  introduced  by  means  of  a 
small  injecting  pump  into  the  feed 
pipe  before  entering  the  economizer. 
The  vertical  tubes  and  the  bottom 
headers  should  be  exam.ined  and 
cleaned    internally    at    least    every 
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twelve  months.  Do  not  allow  the  soot  chamber  below 
the  econonjizer  to  get  too  full.  It  should  be  cleaned 
out  at  least  once  a  month.  The  space  between  the  ver- 
itical  tubes,  bottom  headers  and  side  walls  should  also 
;be  thoroughly  cleaned.  Any  dampness  in  the  flues,  foun- 
'dation  or  soot  chambers  should  be  remedied  on  discovery. 
If  the  water  in  the  economizer  gets  too  low,  im- 
mediately open  the  bypass  flue 
damper  and  close  the  econ- 
omizer inlet  damper,  leaving 
the  outlet  wide  open.  Also 
open  the  direct  boiler-feed 
valve  and  close  the  inlet  and 
the  outlet  economizer  feed 
valves.  Remove  covers  from 
the  soot-pit  manholes  and  open 
all  doors  into  the  economizer 
chambers.  Do  not  touch  the 
safety  valve  until  the  tubes 
are  cool. 

Economizers  located  in  exposed  places,  when  not  in 
use,  should  be  emptied  in  frosty  weather. 

To  shut  down  an  economizer  open  the  bypass  flue 
damper  and  close  the  inlet  and  outlet  economizer  damp- 
ers, also  open  the  direct  boiler-feed  valve  and  close  the 
inlet  economizer  feed  valves. 

When  it  is  necessary  to  clean  an  economizer  internally, 
all  the  internal  caps  should  first  be  removed ;  then  it  will 
be  possible  to  clean  the  tubes  either  with  the  hand 
scraper  or  by  a  water-driven  turbine  cleaner.     The  lat- 


ter method  is  quicker  and  also  has  the  advantage  of  the 
water  flowing  through  the  tubes,  carrying  the  refuse 
with  it. 

When  cleaning  an  economizer,  be  careful  to  open  the 
blowofi  and  relief  valves,  also  knock  in  several  internal 
caps  in  different  parts  of  the 
machine.  Then  open  both 
inlet  and  outlet  dampers,  al- 
lowing the  hot  gases  to  pass 
through  the  economizer 
chamber  and  around  the 
tubes  for  a  period  of  about 
twenty  minutes.  During  this 
time  be  sure  to  keep  the 
scrapers  operating. 

If,  after  doing  this  the 
tubes  are  found  to  be  still 
dirty,  it  will  be  necessary  to 
burn  them  off,  but  this  meth- 
od requires  a  man  trained 
for  the  work  and  it  is  much 
better  to  apply  directly  to 
the  economizer  company 
for  a  man  who  is  familiar 
with  the  process.  The  foregoing  covers  the  essential 
points  in  the  operating  and  care  of  economizers.  Repairs 
are  better  treated  individually,  as  the  types  of  econ- 
omizers vary  somewhat  and  when  repairs  are  necessarj', 
it  is  best  to  get  a  man  from  the  manufacturers  who  is 
expert  and  experienced  in  this  kind  of  work. 


Carelessness  in  Refrigerating  Plants 


By  E.  W.  MILLER 


The  author  tells  in  a  vivid  way  of  some  of  the 
careless  acts  done  in  refrigerating  plants,  result- 
ing in  suffering  and  death  to  the  operatives. 
Usually,  the  carelessness  of  one  man  is  respon- 
sible for  the  suffering  of  many  others.  Leaving 
a  coil  or  receiver  full  of  cold  liquid  ammonia, 
with  no  opportunity  to  expand,  suddenly  break- 
ing pipe  joints  and  "spinning"  valves  shut  are 
causes  of  serious  accidents. 

THE  careless  man  is  probably  more  of  a  menace 
in  a  refrigerating  plant  than  in  any  other  branch 
of  power-plant  engineering,  as  a  large  volume  of 
ammonia  gas  suddenly  let  loose  can  prove  more  disas- 
trous to  human  life  than  a  boiler  explosion.  In  an  elec- 
tric plant  he  is  often  more  of  a  menace  to  himself  than 
to  others,  because  workmen  as  a  general  rule  can  take 
suflficient  precautions  to  protect  themselves.  In  the  re- 
frigerating plant,  however,  this  is  not  so  truly  the  case. 
Some  trouble  had  been  experienced  with  the  expan- 
sion valves  on  one  of  the  coils  in  a  large  beef  cooler 
in  a  packing-house  plant.  It  happened  to  be  on  a  very 
cold  day  and  the  ammonia  leaving  the  condenser,  which 
was  of  the  atmospheric  t}npe  and  located  on  the  roof 
where  the  wind  had  a  good  chance  at  it,  was  cold  enough 
so  that  even  the  liquid  receiver  was  slightly  frosted. 
The  liquid  line  and  the  coil  on  which  the  defective  ex- 


pansion valve  was  located  were  pumped  out,  the  valve 
cleaned  out,  a  bit  of  packing  being  the  cause  of  the 
trouble.  Pumping  out  the  liquid  line  of  course  reduced 
it  to  a  low  temperature  and  further  reduced  the  tem- 
perature of  the  liquid  when  it  was  again  turned  into  the 
line.  The  expansion  valve  on  the  coil  which  had  been 
repaired  was  opened  until  all  the  gas  and  air  were  out, 
as  determined  by  the  sound  in  the  valve.  It  was  then 
shut  off  because  the  cooler  at  this  time  was  below  the 
required  temperature. 

For  reasons  best  known  to  himself  the  assistant  en- 
gineer who  directed  the  repair  job  shut  off  the  stop 
valve  in  the  main  liquid  line  some  distance  back  frorr 
the  expansion  valve.  About  noon  men  began  to  load 
the  cooler  with  freshly  killed  beef,  and  the  temperature 
climbed  rapidly  from  about  29  deg.  to  about  48  deg. 
before  the  temperature  man  knew  of  the  loading. 

A  freshly  loaded  beef  cooler  is  as  hard  to  find  one's 
way  about  in  as  is  a  densely  foggy  morning,  and  the 
temperature  man  groped  his  way  through  the  rows 
of  hanging  beeves  to  the  back  of  the  room,  where 
the  expansion  valves  were  located.  There  were 
some  five  or  six  other  men  in  the  cooler  at  the  same 
time.  About  the  time  that  the  temperature  man  had 
reached  the  rear  of  the  cooler  a  gasket  in  one  of  the 
liquid  line  joints  near  the  cooler  exit  blew  out,  and 
the  liquid  in  the  line,  expanding  as  in  normal  operation 
in  the  coils  from  the  heat  in  the  room,  rushed  out 
through  the  opening. 
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The  leak  was  directly  in  front  of  the  door,  and  it 
was  impos.silile  for  anyone  to  pot  pa.'<t  it  without  hcinvr 
."■■prayed  with  the  e.seapinp  licpiid.  The  men,  terror- 
.xtric-ken.  had  to  back  up  into  the  rear  of  the  cooler. 
The  tenipernture  man,  on  heinpr  informed  of  the  acci- 
dent, opened  all  the  expansion  valve.^*,  which  were  close 
tojrether.  hopinjr  by  this  means  to  reduce  the  pressure 
in  the  line  .somewhat  and  thus  reduce  the  leak.  In  this 
he  was  more  successful  than  ho  had  expected,  because 
he  was  not  aware  that  the  line  was  shut  off. 

The  air  became  insufferable,  however,  except  near 
the  lloor,  which  all  of  them  huK^ed  as  clo.sely  as  possible 
while  they  yelled  for  help.  Finally  one  of  the  men  re- 
membered where  a  door  had  been  nailed  up  recently  and 
all  crawled  alonjr  the  wall  until  they  found  the  door. 
Then  pettinp  a  full  breath  they  would  hold  it  while  they 
jumped  up  and  tried  to  ram  the  door.  They  had  to 
work  quickly  as  they  were  w-inded  in  a  few  momenta 
and  breathing  was  impossible  while  standing  even  partly 
erect.  Two  of  them  finally  collapsed  when  the  other 
four,  getting  desperate,  made  one  last  attempt  and 
finally  rammed  the  door  open.  Two  more  collapsed 
just  outside  the  door,  and  the  other  two  had  just  enough 
energy  left  to  drag  out  into  the  other  room  the  two 
who  had  collapsed.  Three  of  them  were  unable  to  do 
anything  for  nearly  six  weeks. 

The  accident  was  due  to  the  engineer  shutting  off  this 
section  of  the  line  at  both  ends.  The  cold  ammonia  in 
the  line  expanded  to  a  very  high  pressure  when  the 
room  warmed  up  and,  as  it  was  a  solid  block  of  liquid 
with  no  chance  for  relief,  something  had  to  let  go — 
in  this  case  the  gasket.  Fortunately,  no  one  was 
killed,  but  only  the  resourcefulness  of  the  men  saved 
their  lives.  Liquid  in  the  ammonia  system  should  never 
be  shut  off  so  that  it  has  no  room  for  expansion.  Al- 
ways leave  some  outlet  open  for  relief. 

In  another  plant  a  gang  of  men  were  painting  the 
ceiling  and  girders.  At  this  time  they  were  working 
directly  above  two  200-ton  vertical  machines.  Trouble 
developed  with  the  packing  on  one  of  the  machines,  and 
the  chief  decided  to  shut  it  dowTi,  pump  it  out  and  re- 
pack it.  After  it  was  stopped,  he  ordered  one  of  the 
assistants  to  go  out  on  the  condensers  and  shut  off  the 
stop-valve  in  the  discharge  line  of  this  machine  at  the 
condenser. 

The  assistant  was  one  of  those  fellows  who  does  a 
thing  first  and  thinks  about  it  later.  Grabbing  the  stop 
valve,  he  gave  it  a  spin  that  sent  it  shut  at  once.  A 
series  of  reports,  like  those  of  a  small  gun,  followed 
inside  the  power  house  and  he  hastily  opened  the  valve 
again.  The  shock  created  by  such  manipulation  of  the 
valve  broke  some  joints  in  the  line,  liberating  am- 
monia. When  he  got  back  into  the  power  house,  the 
crew  were  carrying  one  of  the  painters  down  from  the 
deck  of  one  of  the  machines  and  were  working  over 
another  on  the  floor.  The  painters  had  been  unable  to 
find  their  way  down  and  finally  some  of  them  had 
dropi^ed  from  the  scaffold  above  the  machines  down  on 
the  deck  when  they  were  overcome  with  the  fumes. 
A  large  condenser  had  been  shut  down  for  repairs. 
On  the  day  that  work  was  to  be  started,  it  was  pumped 
out  thoroughly,  but  some  other  work  turned  up  and 
nothing  was  done  until  the  next  day.  In  the  morning 
the  steamfitter  and  his  helper  asked  for  another  pump- 


ing' on  the  condciiHcr  to  make  sure  that  it  was  dear 
The  assistant  engineer  to  whom  he  made  his  request 
however,  laughed  at  him  and  chided  him  for  being  toe 
careful.  The  .steamfitter  refused  to  go  to  work  on  the 
condenser,  however,  until  he  had  gained  his  point,  am 
sat  down  and  waited  for  the  chief  to  appear.  The  a.^- 
sistant  became  peeved  at  this  disregard  of  his  advice 
and  authority  and.  grabbing  a  couple  of  wrenches  and  a 
hammer,  went  out  in  the  condenser  .shed  to  break  open 
a  joint  to  show  the  old  steamfitter  that  he  was  too 
cautious. 

Someone  passing  the  .shed  heard  him  hammering  at 
something  and  there  was  a  sudden  report  and  roar,  as 
if  a  steam  pipe  had  burst.  The  men  who  rushed  to  the 
.scene  tried  to  get  inside  the  room,  but  the  ammonia 
fumes  were  .so  dense  that  the  men  were  blinded  the  mo- 
ment they  stuck  their  faces  inside  the  door.  Finally, 
one  of  them  with  a  gas  mask  managed  to  get  inside  and 
drag  the  man  out.    He  was  dead. 

One  of  the  valves  connecting  this  condenser  with  one 
of  the  others  had  leaked  sufficiently  to  practically  fill 
the  condenser  with  gas  up  to  probably  full  conden.ser 
pressure.  The  man  had  evidently  removed  all  the  bolts 
in  the  joint  which  he  went  to  open  and  then  hit  it  with 
a  hammer,  when  the  joint  had  sprung  wide  open.  He 
had  probably  been  directly  in  the  path  of  the  escaping 
fumes. 

Ammonia  joints  should  never  be  broken  in  a  hurry 
and  never  without  having  first  provided  an  oppor- 
tunity for  escape  in  case  the  fumes  should  become  ex- 
cessive. Loosen  up  each  just  a  little  and  then  gradually 
gently  work  the  joint  open  with  a  chisel  or  other  de- 
vice. If  then  there  is  pressure  on  the  joint,  there  is  at 
least  plenty  of  time  to  get  away,  and  generally  it  can 
be  tightened  up  again  before  the  fumes  become  dan- 
gerous. 

In  another  case  a  large  triple-pipe  brine  cooler  had 
frozen.  After  the  trouble  had  been  located,  the  en- 
gineer shut  off  the  cooler  both  at  the  expansion  valve 
and  on  the  suction  end.  He  then  proceeded  to  thaw  it 
out  by  blowing  steam  on  and  into  it.  It  stopped  the 
operation  of  one  of  the  departments,  and  quite  a  num- 
ber of  the  men  came  down  into  the  engine  room  to  find 
out  about  it.  The  cooler  was  in  a  small  compartment 
by  itself,  and  the  whole  crowd  was  inside  watching  the 
performance. 

Suddenly,  one  of  the  flanges  cracked  and  a  stream 
of  ammonia  liquid  shot  out.  It  was  only  a  few  feet 
from  the  entrance  to  the  compartment,  and  some  of  the 
men  were  nearly  strangled  before  they  got  out. 

The  engineer  was  further  back  in  the  room,  and  the 
clouds  of  steam  prevented  him  from  noticing  the  leak 
until  the  gathering  fumes  warned  him.  By  this  time 
they  were  so  strong  that  he  was  blinded  before  he  could 
reach  the  door;  probably  he  never  would  have  got  out 
if  one  of  the  oilers  had  not  gone  in  with  a  gas  mask 
and  partly  dragged  him  out. 

The  trouble  in  this  case,  the  same  as  the  one  related 
in  the  beginning  of  this  article,  was  due  to  the  cooler 
having  entirely  filled  with  liquid  when  the  cooler  froze. 
Shutting  it  off  on  both  ends  left  no  room  for  expansion, 
and  when  the  steam  was  turned  long  enough  to  warm 
up  the  liquid  in  the  cooler,  the  pressure  became  so  great 
that  something  had  to  let  go. 
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Load  Division  Between  Indnction-Type 
Frequency  Changer  Sets 


By  QUENTIN  GRAHAM 


IN  A  RECENT  article  in  Poiver,  "Load  Division  Be- 
tween Synchronous  Frequency  Changers  Operating 
in  Parallel"  (Oct.  8  and  Oct.  22,  1918),  the  load 
division  between  frequency  changer  sets  of  the  syn- 
chronous type  operating  in  parallel  on  both  ends  was 
discussed  in  detail.  It  is  the  purpose  of  this  article  to 
discuss  the  corresponding  problem  which  arises  when 
two  induction-type  frequency  changers  are  operated  in 
parallel.  The  term  induction  type  as  used  here  refers 
to  a  motor-generator  set  consisting  of  an  induction 
motor  and  a  synchronous  generator,  Fig.  1. 

The  problem  of  load  division  between  frequency 
changer  sets  of  this  type  is  much  simpler  than  the 
problem  of  load  division  between  synchronous  sets. 
In  fact  the  problem  is  the  same  as  that  encountered  in 
paralleling  engine-  or  turbine-driven  alternators. 

In  the  article  already  referred  to,  it  is  shown  that 
alternators  in  parallel  driven  by  engines  or  other  prime 
movers  divided  the  energy  load  in  accordance  with  the 
speed-load  characteristics  of  the  prime  movers.  That  is, 
each  prime  mover  delivers  a  certain  definite  amount 
of  power  at  each  speed,  and  since  the  speeds  of  the 
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FIG.  1.    INDUCTION-TYPE  FREQUENCY-CHANGER  SET 

two  paralleled  units  must  be  the  same  at  all  times, 
assuming  alternators  of  the  same  number  of  poles,  the 
output  of  each  unit  is  determined  by  the  speed-load 
curves.  The  same  reasoning  applies  to  alternators 
driven  by  induction  motors. 

Each  of  the  motors  has  a  speed-load  curve  which  is 
practically  a  straight  line  over  the  working  range,  as 
shown  in  Fig.  2.  The  speed  curves  shown  here  are 
for  two  motors  of  different  capacities,  and  the  reduction 
in  speed,  or  slip,  sho.wn  by  each  curve  is  6  per  cent, 
at  the  rated  output  of  the  motor.  At  any  other  slip 
the  proportion  of  load  carried  by  each  machine  is  the 
same.  Thus  if  each  motor  has  the  same  speed  as  the 
other  at  all  times,  the  proportion  of  load  which  each 


carries  is  fixed.  Since  the  generators,  which  are  driven 
by  the  motors,  are  in  parallel  the  units  must  have  the 
same  speeds  at  all  times.  It  is  to  be  understood,  of 
course,  that  if  the  motors  have  not  the  same  numbers 
of  poles  their  speeds  are  not  the  same  but  have  a  con- 
stant ratio  at  all  times. 

In  order  to  change  the  proportion  of  energy  load 
carried  by  each  set,  the  speed-load  curves  must  be 
changed.  With  engine-driven  units  the  speed-load 
curves  may  be  changed  by  means  of  the  governor  and 
the  division  of  load  may  be  controlled.  With  induction 
motors  something  analogous  to  an  adjustment  of  the 
governor  may  be  accomplished  by  varying  the  secondaiy 
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PIG.   2.      CURVES   SHOWING  RELATION   BETV\^EEN     INDUC- 
TION MOTOR  SLIP  AND  LOAD 

resistance.  With  increased  secondary  resistance  the 
speed  curve  has  a  greater  slope  so  that  the  drop  in 
speed  for  a  given  load  must  be  greater.  Thus  if  one 
or  both  of  the  motors  of  two  induction-type  sets  have 
wound  secondaries,  so  that  the  resistance  can  be  varied, 
the  division  of  energy  load  may  be  controlled. 

A  change  in  the  excitation  of  the  generators  has  the 
same  effect  as  with  engine-driven  machines.  The  power 
factor  of  each  machine  can  be  changed ;  one  machine 
can  be  made  to  carry  more  or  less  of  the  reactive  or 
wattless  component  of  the  load,  depending  upon  whether 
its  excitation  is  increased  or  decreased.  Such  varia- 
tions in  excitation  have  no  effect  whatever  upon  the 
energy  component,  however,  since  this  depends  entirely 
upon  the  speed  curves  of  the  motors. 

In  the  discussion  of  synchronous  sets  it  was  shown 
that  changes  in  excitation  have  a  decided  effect  upon 
load  division.  It  was  also  shown  that  by  shifting  the 
frame  of  one  of  the  machines  circumferentially  the 
division  of  load  could  be  changed.  With  an  induction- 
type  unit  such  a  procedure  has  no  effect  whatever, 
since  there  is  no  fixed  phase  relation  between  the 
induction-motor  rotor  and  the  supply  circuit.  To 
insure  satisfactory  parallel  operation  of  induction-type 
sets,  therefore,  it  is  necessary  that  the  per  cent.,  slip, 
or  speed  decrease  at  rated  load,  be  the  same  for  all 
motors. 
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Revision  of  A.  S.  M.  E.  Boiler  Code 

Pari  I,  Srclion  I 


RKFERRING  to  Part 
I,  Section  I,  in  nil 
formulas  that  arc 
ooiu-ornoii  with  thickness 
of  material,  t  is  used  to 
represent  tliis  value  if  the 
thickness  in  inches  is  to  be 
used.  Where  the  thickness 
is  to  be  taken  in  sixteenths 
of  an  inch,  T  is  used  to 
represent  the  thickness.  In 
some  instances  in  the  old 
Code  the  failure  to  make 
this  distinction  was  very 
confusing. 

Par.  9  has  been   modi- 
fied  to    allow    the    use    of    malleable    iron    for    cross-pipes, 
headers   and   cross-boxes   for   pressures   up   to   200   lb.    per 
sq.in.   provided   the   cross-section   of    such    parts   will   fall 
within  a  7  X  7-in.  rectangle   (see  A,  B,  C). 

Par.  12  has  been  changed  to  indicate  that  cast  iron  may 
not  be  used  for  nozzles  of  flanges  attached  directly  to  the 
boiler  (see  D).  The  intent  of  the  original  Code  was  to  the 
same  effect,  but  the  point  was  not  properly  brought  out. 

The  use  of  cast  iron  for  water-leg  rings  and  door  frames, 
^  in  vertical  fire-tube  boilers,  has  been  pro- 

^^^~^t         hibited  by  a  change  in  Par.  13   (see  E) 
/ri\  '^^^y        Par.  19  has  been  revised  to  show  tha 
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ested in  the  apnlii-alion  of  these  rules  as  refjarils  the 
constriK'tion  of  hoiU'rs. 
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the  intermediate  values  for  the  thick- 
ness of  butt  straps,  as  given  in  Table 
I  of  the  Code  are  to  be  determined  by  interpolation;  strap 
thicknesses  for  plates  over  \\  in.  in  thickness  are  given. 
The  strap  thickness  for  plates  of  1  in.  thickness  has  been 
changed  from  3  to   IJ   inch. 

A  table  giving  the  allowable  pressures  on  tubes  of  all 
sizes  from  J  to  5  in.  diameter  and  with  a  range  in  thick- 
ness from  17  to  5,  B.w.g.,  is  given  in  connection  with  Par.  21. 
The  pressures  given  in  this  table  do  not  materially  change  the 
pressures  allowed  for  tubes  from  3  in.  to  4  in.  diameter  in 


the  original  Code; 
sures  permitted 
creased  slightly 
sizes  within  this 
ters.  Radical 
requirements  for 
tubes  have  been 
vision.     In  the 


in  fact,  the  pres- 
have  been  in- 
for  commercial 
range  of  diame- 
changes  in  the 
the  smaller-sized 
made  by  the  re- 
case  of  tubes  for 


fire-tube  boilers,  as  given  in  Par.  22,  the  minimum  di- 
ameter to  which  the  table  applies  is  made  1  in.,  instead 
of  starting  at  zero.  The  last  part  of  this  para- 
graph has  been  changed  so  that  a  definite  increase  in 
pressure  is  allowed  for  each  gage  increase  in  tube  thick- 
ness. The  old  Code  allowed  an  unlimited  increase  in 
pressure,  above  175  lb.  for  one  gage  thickness  over  the 
gages    specified    in    the    table    given    in    this    paragraph. 

The  copper  content  specified  for 
firebox  steel  in  Par.  25  has  been 
eliminated. 

The  range  in  tensile  strength  for 
firebox  steel  has  been  changed  from 
8000  to  10,000  lb.,  as  given  by  Par. 
28.  A  new  part.  Section  h,  has  been 
added  to  this  paragraph,  which  re- 
quires a  minimum  elongation  of  24  ^ 
per  cent,  for  material  of  \l  in.  thickness  or  less.  From  the 
wording  of  Section  6  of  Par.  28,  it  appears  that  the  modi- 
fication for  the  elongation  for  thicker  plates  as  expressed 
in  Par.  29,  should  be  considered  in  applying  Section  h  of 
Par.  28.  However,  the  wording  of  Par.  29  appears  to  make 
the  modification  apply  only  to  Section  a,  of  Par.  28. 

In  Par.  30,  a  definite  location  from  which  the  test  speci- 
mens are  to  be  taken  is  given.  The  tension-test  specimen 
A    (see    F)    to   be   taken   from   the   bottom   of   the   plate 
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and  in  the  direction  of  the 
longitudinal  axiu  of  the 
ingot;  except  that  for 
I)lateH  that  are  to  be  used 
so  that  the  transverw! 
axis  of  the  platt;  is  to  lie 
in  the  circumference  of 
the  shell,  this  test  speci- 
men B  shall  be  cut  at 
right  angles  to  the  axis 
of  the  ingot.  The  bend- 
test  specimen  C  is  speci- 
fied to  be  cut  transversely 
from  the  middle  of  the 
top  of  the  plate.  Specify- 
ing this  location  and  di- 
rection for  the  bend-test  specimen  seems  to  be  entirely 
proper,  if  the  prescribed  test  is  one  that  all  portions  of  the 
plate  should  meet.  It  is  practically  certain  that  if  the  speci- 
fied sample  meets  the  requirements,  all  other  portions  of 
the  plate  will  be  up  to  the  required  standard. 

The  quench-bend  test,  as  previously  specified  in  Section 
6  of  Par.  30,  has  been  eliminated  in  the  new  Code. 

The  minimum  yield  point  of  0.6  of  the  tensile  strength  of 
the  material,  as  specified  in  the  second  line  of  the  table  in 
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Pars.  123  and  141,  has  been  changed 
to  0.5  of  the  tensile  strength  of  the 
material. 

The  manganese  content  for  tube 
material,  as  specified  in  Par.  165,  has 
been  changed  from  a  range  of  0.30  to 
0.50  per  cent.,  to  from  0.30  to  0.60 
per  cent.  The  flange  test,  as  given  in  Par.  167,  has  been 
materially  changed.  The  old  Code  made  a  uniform  require- 
ment calling  for  a  flange  of  2-in.  width  to  be  turned  on  tubes 
of  all  sizes  and  thickness.  The  new  Code  requires  the  flange 
test  only  for  tubes  6  in.  or  less  in  diameter,  and  where  the 
thickness  is  less  than  10  per  cent,  of  the  outside  diameter. 


to    determine    what 


thickness  does  not 
B.w.g.  The  width 
be  turned  is  also 
cent,  of  the  out- 
the  tube,  between 
and  J  inch, 
static  test  on 
Par.  169,  a  limit 
sq.in.  for  the 
d  u  c  e  d  by  the 
prescribed, 
is  exceeded  by  the 
specified,  a 
the    test   pressure 


and  provided  this 
exceed  No.  6 
of  the  flange  to 
limited  to  10  per 
side  diameter  of 
the    limits    of    | 

For  the  hydro- 
tubes  required  by 
of  16,000  lb.  per 
fiber  stress  pro- 
test has  been 
Where  this  limit 
test  pressure 
formula  is  given 
shall  be. 

The  requirements  for  workmanship,  as  specified  in  Par. 
174,  have  been  changed  so  as  to  make  a  distinction  between 
the  requirements  for  contour  for  tubes  3i  in.  in  diameter 
and   less,    and   those    of   larger   size. 

The  rule  for  back  pitch,  as  given 
i«  Par.  182,  has  been  changed  and  is 
now  in  a  more  easily  understood  form 
than  previously. 

Par.  183,  which  deals  with  the 
amount  of  lap  that  is  to  be  left  on 

longitudinal    seams,    now    specifies    a    " "" 1, 

maximum  as  well  as  a  minimum  limit 

for  this  dimension.  The  points  between  which  the  lap  is 
to  be  measured  are  also  indicated,  and  a  limit  for  the  angle 
of  the  bevel  on  the  calking  edge  has  been  designated  (see  G). 

The  addition  of  the  words,  "that  required  for,"  in  the 
third  line  of  Par.  184  a,  has  removed  an  inconsistency 
which  existed  in  the  previous  Code.  The  requirements  as 
now  stated  for  the  strength  of  girth  seams  in  this  para- 
graph are  based  on  the  required  strength  of  the  longitudinal 


IC 


February  11,  1919 


POWER 


197 


seams  instead  of  on  their  actual  strength.     By  an  addition 
made  to  Par.  186,  the  use  of  autogenous  welds  is  permitted, 
provided  such  welds  are  not  subject  to  stress  and  the  safety 
of  the  structure  does  not  depend  on  the  strength  of  the  weld. 
An    addition   to    Par.    187    indicates 
that   the    first    portion    of    this    para- 
graph, which  specifies  that  butt-strap 
construction   is   required   on   the   shells 
of  drums  over  certain  diameters,  does 
not   apply  to  the   portion   of  the  shell 
which    is    staybolted    to    the    firebox, 
as   in   the   case    of   the   vertical   fire-tube   type   of   boiler. 
By  the  addition  of  Section  c  to  Par.  192,  a  requirement 
for  the  relation  between  the  strength  of  the  longitudinal 
and  circumferential  ligaments  between  the  tube  holes  in  a 
drum  where  the  tubes  enter  the  shell,  is  given.     These  re- 
quirements  are   the   same    as   those   given   in    Par.    184   in 
reference  to  the  required  strength  of  longitudinal  and  cir- 
cumferential   seams.      The   treatment   of   the   strength    of 


diagonal  ligaments 
in  the  shell  of  a 
changed ;  a  d  i  a- 
substituted  for  one 
previously  used  in 
The  wording  of 
Par.  194,  relative 
revised  to  definitely 
longitudinal  joint 
or  over  in  diameter 
strap  construc- 


between  tube  holes 
drum  has  been 
gram  has  been 
of  the  formulas 
this  paragraph, 
the  first  part  of 
to  domes,  has  been 
indicate  that  the 
on  a  dome  24  in. 
must  be  of  the  butt- 
tion.     The  previous 


wording  of  this  paragraph  appeared  to  make  the  require- 
ment for  butt-strap  construction  hinge  on  the  requirement 
for  a  pressure  in  excess  of  100  pounds   (see  H). 

An  addition  has  also  been  made  to  this  paragraph  rela- 
tive to  domes,  which  specifies  limits  for  the  radius  used  on 
the  flange  of  the  dome. 

In  Par.  199  a  new  value  for  c  has  been  added.  This 
value  is  150  and  applies  to  stays  screwed  through  the  sheet 
or  to  taper-fit  stays,  provided  they  have 
heads  not  less  than  1.3  times  the  diame- 
ter of  the  stays. 

In  Par.  200  a  change  has  been  made 
which  removes  the  necessity  for  drilling 
the  ends  of  stay-bolts  as  specified  in  that 
paragraph,  provided  the  length  of  the  bolts  is  in  excess 
of  8  inches    (see   I). 

The  rules  in  Par.  201,  in  regard  to  the  stajnng  of  boiler 
heads,  have  been  elaborated  and  made  more  definite. 

Paragraph  203  has  been  made  much  more  explicit  and  is 
now  arranged  to  cover  the  spacing  of  every  kind  of  brace 
commonly  used  on  the  flat  surface  of  a  boiler  head. 

Paragraph  212,  which  was  a  two-line  paragraph  in  the 
^-x-  ^  former    edition     of    the     Code,     is 

•         '         ■  now   over   a   page   in   length.      This 

paragraph  formerly  dealt  only  with 
the  question  of  cylindrical  surfaces 
which     required     staying.       In     the 
*  present  Code  the   strength   of  con- 

structions similar  to  the  outer  fur- 
nace sheets  of  a  vertical  fire-tube  boiler  is  treated,  and 
also  the  strength  of  the  wrapper  sheet  of  a  locomotive- 
type  boiler.  Both  of  these  subjects  are  new.  Following 
the  above,  the  question  of  the  spacing  of  the  stays  on  a 
cylindrical  surface  is  considered.  Instead  of  requiring 
such  spacing  to  be  the  same  as  for  flat  surfaces,  as  was 
the  case  in  the  former  Code,  an  extra  allowance  is  given 
for  the  spacing  of  stays  on  cylindrical  surface.  The  re- 
quirements for  the  area  on  the  seg- 
ment of  a  head  to  be  stayed,  as 
specified  in  Par.  214,  have  been 
changed.  In  the  former  Code,  the 
surface  2  in.  from  the  tubes  and 
3  in.  from  the  shell  was  deducted  from  the  total  area  of 
the  head  to  find  the  area  to  be  stayed.  The  distance  from 
the  shell,  used  to  find  the  area  to  be  deducted  under  the 
new  rules,  may  vary  with  the  radius  of  the  flange,  the 
thickness  of  the  head  and  the  allowable  pressure.  The 
area  that  may  be  deducted  under  the  new  rules  will  gen- 
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erally  be  greater  than  was  permitted  under  the  former 
rules.  The  change  in  this  paragraph,  214,  has  also  been 
made  to  replace  the  first  portion  of  former  Par.  215,  re- 
lating to  the  heads  of  water-tube  boilers  (see  J). 

The  rule  specifying  the  distance 
apart  that  tubes  may  be  spaced  in  a 
fire-tube  boiler  without  requiring  the 
application  of  stays  as  expressed  in 
Par.  216,  has  been  changed;  the  in- 
tent of  the  new  wording,  however, 
appears  to  be  the  same  as  before. 
j^  The  formula  given  in  Par.  217,  for 

determining  the  area  to  be  stayed  on 
the  segment  of  a  head,  has  been  rearranged  so  as  to  comply 
with  the  changes  made  in  Par.  214. 

An  addition  has  been  made  to  Par.  218  which  makes  the 
minimum  distance,  in  the  clear,  between  through  braces 
placed  below  the  tubes  in  the  horizontal-tubular  type  of 
boiler,  10  in.  This  should  be  a  welcome  change  to  the 
boiler  inspector  and  to  the  boiler  cleaner  (see  K). 

Paragraph  220,  which  treats  of  the  subject  of  computing 
the  stresses  in  stays,  has  been  materially  lengthened.  Con- 
ditions which  arise  in  practice,  the  treatment  of  which  may 
be  confusing  to  the  designer  and  the 
boiler  inspector,  are  fully  explained 
(see  L). 

Two  lines  have  been  added  to  Table 
V,  which  gives  the  maximum  allowable 
stress  for  stays  and  stay-bolts.  One  of  these  additions 
indicates  that  for  hollow  stay-bolts  of  less  than  20  diame- 
ters in  length,  an  addition  in  the  allowable  stress  of  500 
lb.  per  sq.in.  is  permitted  over  that  allowed  for  similar 
bolts  that  are  solid  or  of  the  flexible  type.  The  other  addi- 
tion to  this  table  provides  for  the  allowable  stress  for  steel 
through  stays  that  are  over  IJ  in.  in  diameter 

To  determine  the  design  of  braces  and  brace  conditions. 
Par.  223  has  been  divided  into  eight  divisions,  and  the  whole 
subject  appears  to  have  been  covered.  The  former  wording 
of  this  paragraph  was  not  clear,  and  the  changes  made  will 
no  doubt  be  welcomed  by  the  designer  and  the  inspector. 
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A  limit  for 
distance  between 
where  a  staggered 
used,  has  been 
applying  the  re- 
Par.  234.  The 
cylindrical  f  u  r- 
in   Par.   239,  has 


minimum  vertical 
the  rows  of  tubes, 
arrangement  is 
given  for  use  in 
quirements  of 
subject  of  plain 
naces,  as  treated 
been  changed  con- 


siderably. The  formulas  used  have  remained  unchanged. 
Unstayed  furnaces  from  12  to  18  in.  in  diameter  have  been 
provided  for;  if  not  over  4 J  diameters  in  length,  they  are 
considered  as  furnaces,  if  of  greater  length  they  are  con- 
sidered as  flues.  It  is  now  arranged  that  for  furnaces  of 
more  than  18  in.  up  to  and  including  38  in.  in  diameter, 
if  over  six  diameters  in  length,  the  length  is  to  be  assumed 
as  being  of  six  diameters  for  the  purpose  of  calculating  the 
maximum  allowable  safe  working  pressure.  This  removes  a 
serious  criticism  of  the  former  rules  in  regard  to  long  fur- 
naces. It  has  been  shown  by  experiment  that  six  diameters 
is  the  critical  length,  and  that  beyond  this  point  length  is  not 
a  factor  to  be  considered  in  deter- 
mining the  strength  of  a  furnace. 

Paragraph  245  has  been  changed 
with  regard  to  the  pressure  that  is 
to  be  allowed  on  malleable-iron  head- 
ers. This  change  was  evidently 
made  to  obtain  agreement  with  the 
change  that  was  made  in  Par.  9. 

The  test  requirements  for  malle- 
able-iron headers  have  been  inserted 
in  Par.  246;  this  paragraph  has  also 
been  arranged  to  cover  the  subject  matter  of  old  Par.  247. 

A  new  Par.  247  has  been  inserted,  which  provides  for  the 
testing  to  destruction  of  a  boiler  or  boiler  parts  where  it  is 
impossible  to  calculate  the  strength  with  a  reasonable 
degree  of  certainty.  This  is  an  important  provision  and 
should  prove  useful. 

The  wording   of  Par.   250   has   been   changed   so   as   to 
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loqulrc  tho  hiuilinj;  of  both  nuls  of  the  tubi-s   in  tiri--tulH< 
lM>il«Ts    (sj'o  M  ) . 

I'Hriiirniph  LT)]  has  lict-n  modilu'il  to  (UTiiiit  tho  Wfldins: 
of  tube  c-nds  in  wuU>r-tube  boilers. 

Fit:.  liO.  on  patcv  71,  has  bi-en  adck-d.  This  illustratca 
tho  form  and  dinu'ii.sions  of  ai'i'i-plahlo  rivet  heads   (si>t«  N). 

It  \»  sprcilifd  m  I'ar.  'difi,  that  after  the  rivet  holes  have 
been   drilled   and    the   burrs    removed,   the    reassembling   of 
the   parts   shall    be   aceomplished   by 
the  use  of  barrel  pins  and  tack  bolts.  „    '     - 

A  requirement  that  has  been  added 
to  Par.  250  makes  it  necessary  to 
drive  a  rivet  each  side  of  each  tack 
bolt  used  before  the  tack  bolt  may 
be  removed   (see  ()). 

A  specification  of  the  anRle  to 
which  the  calkinp  edpes  of  plates, 
butt  straps  and  heads  are  to  be 
beveled,  is  inserted  in  Par.  257.  A  similar  requirement 
relating  to  the  calkinp  edges  at  the  Ipngitudinal  seams  has 
already  been  mentioned  in  connection  with  the  changes  made 
in    Par.    18!?. 

An  addition  made  to  Par.  258  makes  it  necessary  to 
reinforce  a  handhole  opening  where  the  longest  dimension 
of  such  opening  is  more  than  6  inches. 

The  treatment  of  the  requirements  for  reinforcing  man- 
hole openings,  as  given  in  Pars.  260  and  261,  has  been 
changed.  Par.  260  now  indicates  what  the  requirements 
are  that  must  be  met  as  regards  the  reinforcing  rings,  and 
Par.  261  indicates  what  the  requirements  are  that  must  be 
met  in  regard  to  the  strength  of  rivets   (see  P). 

The  wording  of  Par.  266,  which  deals  with  the  require- 
ments for  the  application  of  handhole  openings  has  been 
changed.  The  requirements  given  in  the  old  Code  do  not 
apply  to  boilers  of  24  in.  diameter  or  less;  two  openings  are 
specified  as  a  minimum  for  these  small  boilers   (see  Q). 

A  change  in  Par.  268  requires  that  for  all  boilers  to  be 
operated  at  pressures  of  over  100  lb.,  any  outlet  over  3-in. 
pipe  size  must  be  arranged  with  a  flanged  connection. 

Safety  Valves 

The  limit  for  the  size  of  safety  valves  where  one  may  be  used 
alone,  as  specified  in  Par.  269,  has  been  changed  from  3-in. 
diameter  to  a  limit  expressed  in  relieving  capacity,  this 
limit  being  2000  lb.  of  steam  per  hour. 
The  limit  for  the  maximum  lift  of  safety 
valves,  as  previously  specified  in  Par.  272, 
has  been  removed.  Any  lift  up  to  one 
that  will  give  a  discharge  up  to  the  full 
discharge  capacity  of  the  opening  at  the 
base  may  be  used,  provided  the  valve  is 
so  constructed  as  to  open  gradually,  so 
as  to  not  lift  the  water  in  the  boiler,  and 
further  provided  that  no  detrimental 
shocks  are  produced  through  the  opera- 
tion of  the  valve.  The  limits  for  diame- 
ters of  safety  valves,  as  previously  pro 
vided  in  this  paragraph,  have  also  been 
removed. 

The  requirements  as  regards  the  mark- 
ings to  be  placed  on  the  body  of  a  safety 
valve,  as  covered  by  Par.  273  have  been 
considerably  changed. 

The  safety-valve  relieving  capacity  that 
must  be  supplied  for  a  boiler,  as  required 
by  Par.  274,  has  been  changed  as  regards 
boilers  operating  at  pressures  of  100  lb. 
or  less.  For  such  boilers  a  basis  of  3  lb.  of  steam  per  square 
foot  of  boiler-heating  surface  per  hour,  is  used. 

Requirements  for  discharge  pipes  used  in  connection 
with  safety  valves  have  been  added  to  Par.  279. 

The  requirements  for  the  lifting  gear  to  be  supplied 
with  safety  valves,  as  given  in  Par.  282,  have  been  modi- 
fied. Without  steam  on  the  valve,  the  lifting  gear  must 
be  capable  of  lifting  the  valve  -h  in.  from  its  seat  instead 
of  one-tenth  of  the  valve  diameter,  as  previously  required. 

A  requirement  has  been  inserted  in  Par.  283,  that  the 
seat  of  a  safety  valve  must  be  fastened  to  the  body  of  the 
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valve  so  as  to  prevent  the  seat  lifting  with  the  valve. 
It  is  specified  in  Par.  2KI  that  a  safely  valve  and  iUi 
Hpring  must  be  so  cormtrucled  that  the  valve  may  lift  from 
itH  seal  one-tenth  of  the  diameter  of  the  valve  neat  befora 
there  i«  any  interference. 

A  change  in  Par.  2K()  permits  the  use  of  flat- f, iced 
flanges  for  .safety  valves  for  pressures  as  high  as  li.'.O 
lb.  Raised  faces  must  be  used  on  the  flanges  of  sufety 
valves  for  pressures  over  250  pounds 
(see  R). 

A  change  in  Par.  288  requires 
that  at  least  75  per  cent,  of  the  total 
safety-valve  relieving  capacity  that 
must  be  supplied  for  a  boiler  shall 
be  placed  directly  on  th;;  boiler,  when 
the  relieving  capacity  of  safety  'ngrp 
valves  that  are  attached  to  the  su-  / 
perheater  are  to  be  considered  in 
connection  with  the  total  relieving 
capacity  required.  An  addition  to  Par.  290  provides  for 
the  attachment  of  internal  collecting  pipes  or  splash  plates 
for  safety-valve  outlets;  certain  restrictions  in  regard  to 
the  design  of  such  devices  are  given. 

Water  and  Steam  Gages 

An  addition  to  Par.  291  specifies  how  the  lowest  per- 
missible water  level  for  the  various  types  of  boilers  may 
be  determined. 

The  absolute  restrictions  as  to  the  use  of  automiatic 
water  gages,  given  in  Par.  292  of  the  previous 
Code,  have  been  removed.  Such  devices  are  per- 
mitted, if  constructed  in  accord  with  specifica- 
tions for  automatic  water  gages,  given  in  the 
appendix  of  the  Code. 

A  provision  has  been  added  to  Par.  296,  to  per- 
mit the  proper  installation  of  valves  in  steam- 
gage  lines  where  the  gages  are  located  at  a  dis- 
tance from  the  boilers. 

Par.  299  has  been  increased  materially.  The 
added  matter  treats  of  the  use  of  cast-iron  and  steel  fittings 
and  clears  up  much  of  the  ambiguity  that  existed  in  the  pre- 
vious edition  of  the  Code  in  regard  to  the  this  subject. 

Blowoff  requirements,  as  specified  in  Par.  311,  have  been 
changed  so  that  the  requirements  specified  for  stationary 
boilers  do  not  apply  to  traction  or  portable  boilers. 

Par.  314  has  been  changed  by  removing  the  require- 
ments in  regard  to  the  use  of 
globe  valves  on  feed  lines  and 
placing  them  in  Par.  317  (see  S). 
A  method  of  attaching  the  sup- 
porting brackets  on  traction  or 
portable  boilers  that  differs  from 
similar  requirements  for  boilers  of 
other  types  is  given  in  Par.  325. 

The  requirement  for  inward 
opening  doors,  or  that  the  doors 
must  be  supplied  with  substantial 
latching  devices,  in  the  case  of 
water-tube  boilers,  is  now  made  to  apply  to  stoker-fired 
boilers  of  this  type  as  well  as  to  those  fired  by  hand,  ac- 
cording to  changes  that  have  been  made  in  Par.  328 
(see  T). 

The  stamping  of  boilers,  as  provided  for  in  Par.  332, 
has  been  materially  changed.  The  new  paragraph  on  this 
subject  takes  up  a  space  of  practically  two  pages.  It 
should  be  read  carefully  by  the  inspector  and  manufacturer. 
(Revisions  in  Part  I,  Section  II,  Heating  and  Hot-Water- 
Supply  Boilers;  Part  II,  Existing  InstaHations,  and  the  Ap- 
pendix will  he  given  in  the  next  issue  of  POWER,  Feb.  18.) 


The  new  giant  tri-plane  type  flying  machine  nearly  com- 
pleted by  Giovanni  Caproni,  to  be  driven  by  Liberty  motors, 
develops  21,000  hp.  It  is  of  six-ton  capacity  and  built  to 
carry  29  passengers.  The  plane  will  be  luxuriously  fin- 
ished. The  interior  will  be  modeled  after  a  limousine,  with 
upholstered  seats  and  glass-inclosed  passenger  compart- 
ment. It  will  be  heated  by  electricity  and  the  motors  will  be 
equipped  with  muffler. 
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Talks 

on 

DIESEL 

Engines 

by 
.M.  Morrison 


VI — At  this  meeting  the  talk  turns  to  piston  rings 
and  piston  construction.  Egan  explains  the  reason 
for  scoring  of  cylinders  and  sticking  of  pistons. 

ON  THURSDAY  NIGHT,  when  the  men  gathered 
for  their  regular  hour  of  discussion,  they  found 
Egan  waiting.  Kelly  was  still  engaged  on  his 
job  of  erecting  the  second-hand  Diesels,  and  the  im- 
portance he  inwardly  felt  was  reflected  to  some  extent 
in  his  manner. 

"Chief,"  he  inquired  as  he  rolled  a  cigarette,  "how 
bad  can  a  piston  be  scored  before  it's  got  to  be 
replaced?" 

J.  R.  smiled  as  he  asked  Kelly  the  reason  for  the 
question. 

"Well,  I've  found  the  pistons  on  those  Diesels  in  pretty 
bad  shape.  They  are  cut  right  above  the  pins.  I've 
measured  them  and  they're  about  a  thirty-second  inch 
out  of  round.  What  I  want  to  know  is — does  that  mean 
new  pistons?" 

"Kelly,"  said  Egan,  "when  a  piston  is  as  bad  as 
that,  you  may  as  well  give  up  all  hope  of  good  results 
until  you  get  a  new  piston.  There  seems  to  be  a  good 
bit  of  haziness  over  the  allowable  piston  wear.  Some 
engineers  think  that  new  rings  will  stop  all  compression 
leaks,  no  matter  hew  badly  the  piston  is  scored. 

"I've  interested  myself  in  this  question,  and  I've  never 
found  any  piston  delivering  the  goods  when  the  clear- 
ance between  cylinder  and  piston  was  over  one-hundredth 
of  an  inch.  I  might  even  go  stronger  and  say  that 
seven-thousandths  of  an  inch  is  the  maximum  clearance 
that  should  be  allowed." 

"Don't  you  think  rings  will  help?"  asked  Woods. 

"Why,    yes,    rings    will   help    in    any    case.      If   we 
had   no   rings,  we   would    lose    our    compression    even 
if    we    had    only     one-thou-     ^^^^_^^^^___^_^_ 
sandth  clearance.     The  point 
I  am  trying  to  make  is  that 
an  engineer  shouldn't  expect 
new  rings  to  remedy  a  worn 
piston." 


"I've  been  seeing  a  lot  of  advertising  of  the  two-piece 
ring,"  continued  Woods.    "Will  that  work  in  a  Diesel?" 

"I've  no  doubt  that  a  two-piece  ring  is  leak-proof  in 
a  gasoline  engine,  where  the  compression  is  below  100 
lb.  per  sq.in.,  but  it  won't  stand  up  in  a  Diesel.  You 
must  remember  that  here  our  compression  is  around 
550  lb.,  and  the  two  pieces  of  the  ring  will  wedge  to- 
gether. This  isn't  theory — I've  proved  it  to  my  own 
satisfaction  by  making  up  a  set  and  trying  them  out." 

"That's  funny,"  exclaimed  Kelly.  "In  those  Americans 
I'm  manhandling,  the  grooves  are  wide  and  take  two 
rings  per  groove." 

"Probably  some  bright  engineer's  experiment,"  J.  R. 
answered  drily.  "But,"  he  continued,  "I'd  suggest  you 
measure  the  width  of  the  groove  and  the  width  of  the 
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In  next  article  the  chief  explains  the  causes 
of  piston  distortion  and  fracture  and  methods 
of  overcoming  such  troubles 


Removed  io  bring .  ■■ 
Diameter  toM' 

7IG.   1.      FORM   OF  JOINT   IN  PISTON  RING 

two  rings.  You'll  find  that  the  groove  has  worn  consid- 
erably wider  than  the  rings.  This  play  of  rings  in  the 
groove  allows  the  charge  to  blow  past,  and  the  wear  is 
excessive  with  two  rings  per  groove." 

"Do  you  think  a  ring  should  be  turned  up  eccentric 
before  cutting?"  asked  Woods. 

"Such  a  ring  is  designed  correctly  and  from  a  the- 
oretical standpoint  is  better  than  any  other  kind.  How- 
ever, in  practice,  there  seems  to  be  no  advantage,  and  it 
is  harder  to  make.  In  having  our  rings  made  where 
the  piston  is  between  12  and  18  in.  in  diameter,  I  always 
order  them  -j-\r  in.  larger  in  diameter  than  the  cylinder 
bore.  When  machined  up,  there  is  then  about  j<l  in. 
to  be  cut  out  to  let  the  piston  enter  the  cylinder.  In 
_^__^_^__^_________  making  the  lap,  our  prac- 
tice has  always  been  to  cut 
the  rings  as  in  Fig.  1,  giv- 
ing about  4  in.  lap,  which  in- 
sures a  good  seal  at  this 
point." 
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"J.  K.,  what  clcaranco  do  you  allow  l)ct\vocn  tho 
groove  ami  the  sidi-s  of  the  riiiK?"  iiuiuirod  Kelly. 

"A  lot  of  engineers  have  new  rin^r^<  (H  loose  in  the 
grooves.  But  I'd  advise  ju.st  enough  clearance  for  a 
workinpr  fit — not  more  than  a  thousandth  of  an  inch 
on  each  side.  Then  there  won't  be  much  chance  for  tar 
deposits.  Another  thin)?  to  remember  is  that  it's  poor 
policy  to  round  off  the  edpes  of  a  new  ring,  foi  that 
causes  rapid  wear.  The  best  plan  is  to  smooth  up  the 
burrs,  if  there  are  any,  but  make  the  edges  perfectly 
true.  Usually  the  machine  shop  sends  the  rings  with 
a  fairly  good  finish,  but  even  if  the  surface  is  fairly 
smooth,  it's  a  good  idea  to  go  over  the  rings  with  fine 
emery  cloth.  For  the  smoother  the  rings,  the  longer 
they  will  last  and  the  less  lubricating  oil  required." 

"J.  R.,"  observed  one  of  the  men,  "I  noticed  that  one 
of  our  old  engines  has  two  pi.stons  with  four  rings 
apiece,  while  the  third  piston  has  five.     Why  is  that?" 

"That  engine,  when  it  came  from  the  factory,  had 
four  rings  per  piston,"  said  Egan.  "We  found  that  a 
small  amount  of  wear  allowed  the  charge  to  leak  by,  and 
so  we  put  a  fifth  ring  on  the  middle  piston,  since  the 
leakage  was  greatest  around  it.  This  was  not  done  on 
the  two  outside  cylinders  because  their  pistons  had  thin 
walls — quite  likely  a  case  of  slipped  cores.  You  see, 
there  is  a  thickening  of  the  piston  walls  behind  each 
ring  groove;  but  the  slipping  of  the  core  didn't  leave 
enough  metal  for  a  groove.  Another  thing,  you'll  notice 
we  added  on  all  the  pistons  three  oil  grooves  below  the 
center  of  the  piston.  Originally,  no  oil  grooves  were 
used,  but  we  found  they  helped  the  lubrication  of  the 
cylinder  and  reduced  piston  leakage. 

"In  regard  to  the  number  of  rings,"  continued  the 
chief,  "both  our  new  500-hp.  engines  have  six  rings 
per  piston,  but  I  don't  think  six  absolutely  necessary. 
In  fact,  two  of  the  pistons  are  short  a  ring  apiece  until 
we  can  get  new  ones. 

"Now,  boys,  when  it  comes  to  pistons,  you're  getting 
on  dangerous  ground.  Steam  engineers  and  critics  of 
oil  engines  always  harp  on  piston  failures.  But  if  you 
investigate,  you'll  probably  find  the  objection  based  on 
some  failure  that  occurred  years  ago,  on  one  of  the  first 
Diesel  engines.  In  recent  years  you  run  across  few 
actual  cases  of  piston  seizing.  When  they  do  occur,  you 
will  usually  find  the  trouble  due  to  poor  installation  or 
lack  of  attention.  This  company  has  twenty-five 
Diesels  of  four  or  five  makes,  and  I  know  of  but  one 
case  of  p-iston  seizing.  It  happened  right  here,  when 
Kelly  first  came  to  work  for  me,  and  it  wasn't  the  fault 
of  the  engine,  either.  I  had  ordered  a  new  piston  and 
when  it  came  it  was  too  snug  a  fit;  but  the  day  engineer 
forced  it  into  the  cylinder  by  using  a  sledge.  When  the 
engine  warmed  up,  of  course  the  piston  stuck." 

As  he  finished  speaking,  he  unfolded  several  sheets 
that  he  took  from  an  inside  pocket  and  spread  them  out 
on  the  table,  disclosing  a  series  of  sketches  like  those 
shown  in  Figs.  2  to  5. 

"These  sketches  will  give  you  men  an  idea  of  some  of 
the  different  types  of  pistons  you  may  run  against." 
the  chief  went  on.  "Fig.  2  is  *  section  of  the  piston 
generally  used  on  the  first  Diesel  engines.  If  you  are 
familiar  with  gas  engines,  you  Avill  agree  that  this  is  a 
typical  gas-engine  piston,  the  only  change  being  the 
ribs  to  strengthen  the  head.     This  is  the  same  piston 


that  wi'  have  in  our  old  American  Diesel  engincB." 
"Why  did  engine  builders  ([uit  using  this  pl.-iton?" 
incjuirod  Woods.    "It  looks  simple  and  ea.sy  to  make." 

"The  reason  i.s  the  answer  to  the  majority  of  com- 
plaints as  to  pistons  sticking  and  wrecking  engines.  If 
you  men  will  look  into  this  matter  you  will  .see  that  tht 
piston  walls  have  very  thin  sections.  The  head  is  well 
supported  by  the  ribs  and  doesn't  show  any  more  cracki 
than  does  any  other  type.  However,  the  heat  generated 
in  the  cylinder  is  partly  absorbed  by  the  pi.ston  pin,  and 
the  pin  expands  lengthwi.se.  The  bosses  supporting  the 
pins  are  fairly  heavy  and  resist  any  distortion.     But  an 
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FIGS.   2  TO   5.      FORMS   OF  PISTOXS   FOR   OIL  ENGINES 

the  bosses  join  onto  rather  thin  sections  of  the  wall,  and 
these  thin  portions  have  no  support,  the  piston  is  bent 
until  its  cross-section  has  the  form  of  an  ellipse.  The 
long  diameter  of  the  ellipse  is  greater  than  the  original 
diameter  of  the  piston,  and  both  the  piston  and  the 
cylinder  are  bound  to  be  scored.  When  the  piston  cools 
off  and  returns  to  its  former  shape,  the  ends  of  the 
ellipse  will  appear  flat." 

"Well,  chief,  what  do  you  do  when  such  scoring  does 
happen?"  asked  one  of  the  others. 

"Just  what  we  have  done  twice  at  this  plant — pull  out 
the  piston  and  smooth  the  scored  places  to  a  good  surface 
with  emery  paper. 
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"However,"  Egan  continued,  "ordinarily  there  is  no 
excuse  for  this  scoring.  If  the  operator  will  allow  the 
cooling  water  to  circulate  through  the  cylinder  jacket 
for  fifteen  to  twenty  minutes  after  shutting  down,  the 
engine  will  give  up  all  the  contained  heat  to  the  water, 
and  no  great  amount  of  heat  will  be  absorbed  by  the 
pin.  I  want  to  emphasize  the  fact  that  the  pin  expansion 
occurs  when  the  engine  is  shut  down  and  not  while  it  is 
running. 

"In  Fig.  3  the  head  is  made  concave  to  better  with- 
stand the  expansion.  Also  notice  that  the  ribs  are  all 
carried  well  down  toward  the  middle  of  the  piston,  which, 
of  course,  makes  the  walls  more  rigid.  While  the  ribs 
help  to  hold  the  piston  to  shape,  their  real  value  lies  in 
the  strength  they  give  to  the  head.    This  is  an  improve- 


ment over  the  one  in  Fig.  2,  but  it  can't  be  termed  a 
modern  design. 

"Fig.  4  shows  how  the  designer  has  practically  elimi- 
nated all  danger  of  piston  distortion.  The  head  is 
slightly  concave  and  has  short  ribs  to  give  additional 
support.  The  most  attractive  feature  is  the  ribs  A 
around  the  interior  piston  wall.  These  ribs  give  great 
strength  to  the  wall,  and  there  should  be  no  distortion 
because  of  temperature  conditions.  I  know  that  in  five 
of  our  engines  fitted  with  this  type  of  piston  we  have 
had  no  trouble  with  pistons  sticking. 

"In  Fig.  5  we  have  a  piston  built  along  similar  lines. 
However,  this  one  is  intended  to  be  water-cooled,  and 
a  water  chamber  is  provided  in  the  head,  as  you 
can  see." 


Difference  in  Water  Levels  in  Boilers 


By  f.  r.  McLean* 


IN  CONNECTION  with  the  differences  of  water 
levels  occurring  in  multiple-drum  boilers,  which 
have  been  discussed  at  some  length  in  recent  issues, 
a  brief  outline  of  many  observations  and  experiments 
made  over  a  period  of  several  years  may  be  of  interest. 

The  boilers  at  one  station  consisted  of  seventy-two 
650-hp.  three-drum  boilers  equipped  with  superheaters, 
and  at  another  station  there  were  thirty-two  boilers  of 
similar  design  and  size  but  without  superheaters.  In 
both  instances  they  were  set  in  pairs  having  a  common 
or  party  wall  and  the  drums  nearest  the  party  wall  were 
called  inside  drums.  Then  came  the  middle  drums  and 
adjacent  to  the  outside  walls  the  outside  drums. 

When  the  boilers  were  installed,  water  columns  were 
fitted  to  the  outside  drums.  Samples  of  water  were  col- 
lected from  these  columns  and  tested  to  regulate  the 
blowing  off.  It  was  found  after  much  experimenting 
that  these  samples  did  not  represent  conditions  in  the 
middle  or  in  the  inside  drums.  The  salinity  used  as 
a  measure  of  the  concentration  was  found  to  remain 
uniformly  low  over  extended  intervals,  whereas  the  sa- 
linities of  the  middle  and  inside  drums  would  rise  rap- 
idly almost  regardless  of  the  amount  of  blowing  off  to 
values  that  were  often  seven  or  eight  times  the  con- 
centration shown  in  the  outside  drum. 

Thousands  of  samples  were  taken  from  all  three 
drums  of  the  boilers,  and  the  outside  drum  always  con- 
tained water  with  the  lowest  salinity.  It  was  proved  con- 
clusively that  these  variations  were  caused  by  different 
rates  of  evaporation,  the  outside  drum  adjacent  to  the 
relatively  cool  outside  wall  evaporating  much  less  water 
than  the  middle  or  inside  drum  close  to  the  party  wall. 

Internally,  the  middle  and  inside  sections  of  the  boilers 
— that  is,  the  drums  and  tubes — would  contain  much 
more  mud  and  scale  than  the  outside  sections.  The 
feed-water  connections  were  arranged  to  distribute 
equal  amounts  of  water  to  each  drum,  but  as  the  middle 
and  inside  evaporated  more  water  than  the  outside,  they 
pulled  water  steadily  from  the  outside  through  the  mud- 
drum,  thus  stirring  up  the  mud  and  carrying  it  into  the 
middle  and  inside  sections.  This  emphasized  the  need 
for  frequent  inspection  of  the  internal  feed  lines,  drum- 
head check  and  stop  valves  to  see  that  they  were  in  no 
way  obstructed.     When  the  individual  feed  line  to  one 
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drum  was  found  obstructed,  that  section  would  show 
high  concentration  of  salts,  mud  and  scale.  By  the  in- 
stallation of  orifices  of  slightly  different  sizes  in  the  in- 
dividual feed  lines,  a  reasonably  uniform  concentration 
of  deposits  was  obtained  in  all  three  drums. 

Gage-glasses  were  Installed  on  all  three  drums  of  a 
number  of  boilers,  and  readings  were  made  under  differ- 
ent conditions  of  operation.  Some  of  the  boilers  were 
hand-fired,  and  many  of  the  stoker-fired  units  were 
equipped  with  underfeed  stokers.  On  a  hand-fired  boiler 
a  U-tube  consisting  of  two  water  columns  and  gage- 
glasses,  was  connected  into  the  steam  space  of  the  out- 
side and  the  inside  drum  to  determine  any  differences 
in  pressure  that  might  exist.  Under  all  normal  condi- 
tions of  operation  the  inside  drum  pressure  exceeded 
that  of  the  outside  drum  by  from  1  in.  to  4  in.  of  water. 
Firing  under  the  inside  drum  was  stopped  until  the 
fire  was  nearly  dead  on  that  side  before  the  excess  pres- 
sure changed  over  to  the  outside  drum.  These  differ- 
ences in  pressure  existed,  although  equalization  was  per- 
mitted through  the  superheater  and  safety-valve  cross- 
over pipes.  When  the  boiler  was  actively  steaming,  the 
differences  in  water  levels  were  not  great  unless  the  fire 
became  very  uneven.  The  doors  were  numbered  and 
fired  alternately  with  the  doors  of  the  adjoining  boiler. 

In  starting  the  boiler  up  from  a  cold  or  banked  condi- 
tion, alarming  differences  of  water  level  were  observed. 
For  instance,  with  the  water  at  half  a  glass  in  all  three 
drums  and  the  pressure  25  lb.,  the  water  in  the  outside 
drum  would  start  down  and  the  water  in  the  inside  drum 
start  up  as  the  pressure  increased  until  it  was  below 
the  bottom  in  one  case  and  above  the  top  in  the  other. 
This  again  was  the  result  of  the  relatively  cold  outside 
wall  and  hot  party  wall,  causing  a  great  variation  in 
the  densities  of  the  mixed  steam  and  water  on  the  two 
sides.  The  superheater  was  drained  at  all  times.  When 
the  boiler  cut  in  on  the  line  automatically,  the  water 
levels  would  readjust  themselves,  showing  only  compara- 
tively slight  differences. 

It  was  clearly  demonstrated  that  unequal  levels,  un- 
equal heat  concentration  and  unequal  accumulation  of 
mud  and  scale  were  for  the  most  part  inherent  in  the 
boilers,  owing  to  the  setting  in  pairs.  No  appreciable 
difference  in  levels  between  the  front  and  rear  ends  of 
any  one  drum  was  discovered. 
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IN  THE  application  of  carbon  brushes  to  any  given, 
service  there  are  certain  physical  characteristics  that 
must  be  taken  into  consideration.  These  are  de- 
termined by  the  manufacturer  of  the  brushes  through 
exhaustive  laboratory  and  service  tests  and  are  made 
available  to  the  user  by  means  of  tables,  curves  and 
descriptive  data.  It  will  be  interesting  to  discuss  some 
of  the  more  important  of  these  characteristics. 

Carrying  capacity  is  the  load-current  density  in  am- 
peres per  square  inch  of  cross-section  that  a  brush 
can  carry  without  serious  heating.  In  determining  the 
carrj'ing  capacity  of  a  given  grade  of  brush,  it  is  nec- 
essary to  consider  all  the  factors  affecting  the  tempera- 
ture of  that  brush  in  operation.  This  includes,  in  addi- 
tion to  the  specific  resistance  of  the  brush,  its  com- 
mutating  properties,  coefficient  of  friction  and  heat  con- 
ductivity. 

The  carrying  capacity  indicates  the  permissible  cur- 
rent density  in  the  brush  on  a  machine  of  average  de- 
sign under  normal  operating  conditions.  Higher  cur- 
rent densities  can  be  permitted  for  short  periods  of 
overload,  unless  the  conditions  affecting  the  brush  oper- 
ation are  unusually  severe.  The  following  table  gives 
some  idea  of  the  carrying  capacities  of  the  different 
types  of  carbon  brushes.  These  will  be  described  in  a 
subsequent  article. 

Carbon-graphite 30  to    40  amp.  per  sq  in. 

Graphite-carbon 35  to     50  amp.  per  sq  in. 

Graphite  55  to    70  amp.  per  sq  in. 

Elertrotrraplii  ic 30  to    65  amp.  per  sq  in. 

Metal-grapliiti'      50  to  1 25  amp.  per  sq.in.  for  comnuitators 

70  to  150  amp   per  sq  in.  for  slip  rings 

Carbon-gauze   80  to  100  amp.  per  sciin. 

Metal-Kau7f      I'p  to  200  amp.  per  sq.in.  on  slip  rings 

Copper-li'af  Up  to  200  amp.  prr  sq  in.  on  slip  rings 

On  motors  subject  to  intermittent  service,  such  as 
crane  motors,  vehicle  motors  and  railway  motors,  it  is 
possible  to  use  a  considerably  higher  rating  than  that 
normally  given.  This  is  because  the  brush  has  oppor- 
tunity to  cool  off  between  periods  of  use. 

When  considering  carrying  capacity  in  the  selection 
of  a  brush  for  any  given  service,  the  load-current 
density  should  be  figured  in  the  brushes  at  the  full  load 
on  the  machine  and  the  grade  selected  which  has  a 
carrj'ing  capacity  equal  to  or  above  the  current  density 
estimated.  If  the  machine  is  to  be  operated  for  long 
periods  at  a  considerable  overload,  it  is  well  to  make 
the  selection  as  regards  carrying  capacity  more  liberal 
than  for  a  machine  that  is  to  be  operated  at  or  near 
normal  load. 

The  resistance  at  the  contact  between  a  brush  and 
the  commutator  or  slip  ring  on  which  it  bears  varies 
approximately  in  inverse  ratio  to  the  current  density. 
In  other  words,  the  voltage  drop  across  the  brush  con- 


tact is  approximately  uniform  over  the  working  range 
of  current  densities,  and  for  this  reason  this  character- 
ffstic  is  expressed  as  contact  drop  rather  than  as  contact 
"resistance.  The  contact  drop  as  usually  given  by  man- 
ufacturers of  brushes  is  the  sum  of  the  drop  across 
the  positive  and  negative  brushes.  The  drop  across 
the  contact  of  one  brush  is  approximately  one-half  the 
figure  given  for  the  positive  and  negative. 

Fig.  1  shows  the  general  method  used  in  determining 
contact  drop.  The  brushes  to  be  tested  bear  on  a 
copper  ring  or  short-circuited  commutator  R  which  is 
driven  by  an  adjustable-speed  motor  so  that  the  contact 
drop  can  be  tested  at  any  desired  peripheral  speed. 
These  brushes  are  connected  through  an  ammeter  A 
to  an  external  source  of  power  which  may  be  either 
of  variable  voltage  or  controlled  by  a  rheostat  in 
series  with  the  brushes  B.  Leads  from  a  voltmeter  V 
are  placed  on  the  brushes  as  near  their  contact  surface 
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FIG.    1.      METHOD    OF    MEAS-    FIG.  2.     METHOD  OF  MEAS- 
URING BRUSH  CONTACT  URING   COEFFICIENT 
DROP  OF    FRICTION 

as  possible,  and  in  this  way  the  voltage  drop  across  the 
contacts  of  positive  and  negative  brushes  combined  is 
determined.  This  is  the  form  in  which  this  information 
is  usually  published.  If  it  is  desired  to  give  the  contact 
drop  of  either  positive  or  negative  brush  alone,  one  of 
the  voltmeter  leads  must  be  placed  in  contact  with  the 
ring  on  which  the  brushes  bear. 

Contact  drop  has  more  influence  than  any  other  on 
the  commutating  properties  of  a  brush.  For  this  reason 
it  is  desirable  that  it  should  be  as  high  as  possible  con- 
sistent with  other  characteristics  on  any  brush  which 
is  to  be  used  on  commutating  service  except  on  the 
lower  ranges  of  voltage.  On  machines  with  a  terminal 
voltage  of  less  than  100  it  becomes  desirable  to  keep 
the  contact  drop  of  the  brush  as  low  as  the  commutating 
characteristics  of  the  machine  will  permit,  otherwise 
the  heat  loss  at  the  brush  contact  may  become  a  con- 
siderable percentage  of  the  total  losses  in  the  machine. 

Most  brushes  used  on  industrial  and  power  apparatus! 
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of  110  volts  and  above  will  have  a  contact  drop  of  1.5 
to  slightly  over  2  volts.  Brushes  for  automobile-start- 
ing motors,  where  high  torque  rather  than  commutation 
is  the  determining  factor,  will  have  a  contact  drop  as 
low  as  0.2  volt.  This,  of  course,  can  be  secured  only 
in  a  metallic  or  composition  brush. 

Brushes  for  electroplating  generators,  battery-charg- 
ing generators,  vehicle  motors  and  other  types  of  low- 
voltage  machines  require  contact  drop  between  the 
ranges  previously  mentioned.  On  slip-ring  service  high 
resistance  at  the  brush  face  is  of  no  advantage,  and  for 
this  reason  the  contact  drop  should  be  kept  as  low  as 
possible  consistent  with  the  other  characteristics  re- 
quired in  the  brush. 

The  coefficient  of  friction  is  the  ratio  between  the  tan- 
gential pull  exerted  by  the  commutator  or  slip  ring  on 
which  the  brush  bears  and  the  radial  pressure  applied 
at  the  brush  face.  This  characteristic  determines  the 
peripheral  speed  at  which  it  is  permissible  to  operate  a 
brush  without  chattering  or  undue  heating.  It  is  cus- 
tomary among  brush  manufacturers  in  describing  their 
grades  to  give  the  maximum  peripheral  speed  to  which 
each  grade  is  adapted  rather  than  the  coefficient  of  fric- 
tion. Information  so  given  is  more  readily  used  in  ap- 
plying the  brush  to  service  than  the  abstract  figure 
fcr  coefficient  of  friction. 

In  measuring  coefficient  of  friction  a  machine  is  used 
similar  to  that  on  which  contact-drop  tests  are  made. 
In  fact,  the  same  apparatus  is  frequently  used  for  both 
tests.  In  making  the  coefficient  of  friction  tests,  how- 
ever, it  is  necessary  that  the  brush-holders  should  be 
supported  on  a  movable  yoke  which  is  capable  of  oscilla- 
tion about  the  same  axis  as  that  of  the  slip  ring  or  com- 
mutator on  which  the  brushes  bear.  A  spring  balance 
attached  to  this  yoke  at  any  point  and  held  in  a  position 
at  right  angles  to  it  will  give  the  tangential  pull  at  the 
point  of  attachment  due  to  the  friction  of  the  brushes 
on  the  ring  as  indicated  in  Fig.  2.  Multiplying  this 
figure  by  the  ratio  of  the  radius  arm  at  the  point  of  at- 
taching the  spring  balance  to  the  radius  of  the  ring  will 
give  the  tangential  pull  at  the  brush  faces.  This  figure 
divided  by  the  total  pressure  applied  to  all  the  brushes 
bearing  on  the  ring  gives  the  coefficient  of  friction. 

Another  type  of  apparatus  has  been  used  for  both 
contact  drop  and  coefficient  of  friction  test  in  which  the 
brushes,  instead  of  bearing  on  the  periphery  of  a  ring, 
bear  on  the  flat  surface  of  a  disk.  This  type  possesses 
certain  advantages  as  well  as  disadvantages  over  the 
ring  type,  one  of  the  principal  advantages  being  the 
accuracy  with  which  the  surface  can  be  ground,  insur- 
ing uniform  condition  at  the  start  of  every  test. 

Brush  manufacturers  are  at  times  unwilling  to  admit 
that  any  grades  of  their  products  possess  abrasive  prop- 
erties. This  is  due  to  a  prejudice  that  has  grown  up 
against  abrasive  brushes  and  the  belief  that  the  posses- 
sion of  any  abrasive  property  whatever  is  likely  to  result 
in  excessive  commutator  wear.  This  is  an  unfortunate 
condition,  as  there  are  very  often  circumstances  where 
the  possession  of  a  moderate  degree  of  abrasiveness  is  a 
decided  advantage  in  a  brush.  This  is  particularly  true 
on  commutators,  the  mica  of  which  has  not  been  under- 
cut, making  it  necessary  for  the  brush  to  cut  away  the 
mica  as  the  surface  of  the  copper  is  burned  down  under 
severe  operating  conditions. 

Where  the  mica  of  the  commutator  is  undercut,  it  i.s 


not  necessary  to  have  any  abrasive  property  in  the 
brush,  except  under  very  severe  conditions  of  operation, 
and  even  then  only  enough  abrasive  or  polishing  action 
is  required  to  overcome  whatever  burning  occurs  on  the 
commutator  surface  and  keep  it  in  a  nicely  poli.shed 
condition. 

Brushes  are  manufactured  which  are  absolutely  non- 
abrasive  as  near  as  such  a  condition  can  exist.  Other 
grades  are  manufactured  which  pos.sess  a  polishing  ac- 
tion and  still  others  which  possess  various  degrees  of 
abrasive  action.  A  few  grades  are  made  with  such  a 
degree  of  abrasiveness  as  to  result  in  serious  cutting 
action  on  the  commutator.  These  grades  are  not  to  be 
recommended  except  under  the  most  extreme  conditions. 
Unfortunately,  there  is  no  reliable  test  for  this  most 
important  brush  characteristic,  nor  is  there  any  unit 
by  which  it  may  be  described.  For  this  reason  the  best 
that  a  manufacturer 
can  do  is  to  describe 
this  characteristic 
of  his  brushes  in 
general  terms.  Hard- 
ness is  a  term  that 
is  frequently  con- 
fused with  abrasive- 
ness, but  as  a  mat- 
ter of  fact  is  an  en- 
tirely different  char- 
acteristic. It  relates 
to  the  compactness 
of  the  mass  of  the 
brush  as  -a  whole, 
whereas  abrasive- 
ness relates  to  the 
cutting  action  given 
a  brush  due  to'' 
the  presence  of 
more  or  less  gritty 
particles  in  the 
brush      composition. 

Hardness  has  less  influence  on  the  operation  of 
brushes  than  is  generally  supposed,  but  where  other 
conditions  are  equal  the  harder  brush  will  usually  have 
longer  life.  On  the  other  hand,  the  softer  brush  will  be 
quieter  where  there  is  a  tendency  for  vibration  or  chat- 
tering. While  a  very  hard  brush  may  possess  absolutely 
no  abrasive  property,  the  harder  of  two  grades  will 
usually  polish  a  commutator  or  ring  better  than  the 
softer,  provided  the  abrasive  characteristics  of  both 
grades  are  similar. 

It  is  customary  to  define  the  hardness  of  a  brush  by 
means  of  the  scleroscope  test.  This  is  a  small  instru- 
ment in  which  a  steel  weight  is  allowed  to  fall  from  a 
constant  height  upon  the  article  whose  hardness  is  to 
be  measured.  The  rebound  along  a  graduated  scale  is 
recorded  as  a  measure  of  the  hardness  of  the  article. 
The  following  table  gives  a  comparison  between  the 
scleroscope  reading  and  the  degree  of  hardness  as  re- 
lating to  brush  material: 


PIG.   3.     SCLEROSCOPE 


Sclcroscopi- 

Degree 

Oto  15 

\'.Ty  soft 

16  to  30 

Soft 

31  to  45 

Medium 

46  to  60 

H:ird 

61  aiul  ov,T 

\-cTV  hnrd 

The  scleroscope    consists  primarily  of  a  glass  tube  T 
about  10  in.  long  mounted  on  a  substantial  frame  and 
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adjustable  in  heijrht  !>>  mi-aii.s  of  the  lever  A  with  re- 
lation to  the  ba.se  of  the  frame  H.  Fijr.  .'?.  Before  mak- 
ing' a  tost  the  heavy  ba.se  plate  /?  is  carefully  leveled  by 
means  of  the  adjusting  screws  ^',  which  insures  the 
tube  T  beinjr  vertical.  A  sample  of  the  material  to  be 
tested  is  then  placed  on  the  ba.se  H  and  the  bottom  of 
the  tube  brouyrht  down  firmly  upon  it. 

Within  the  tube  is  a  small  loo.se-fitting  weight  or 
piston  /•  having  a  diamond  point.  The  diamond  point 
is  used  to  insure  uniformity  in  .shape,  inasmuch  as 
even  the  hardest  steel  would  gradually  change  shape 
under  continued  use  and  affect  the  reading  of  the  in- 
strument. By  means  of  the  bulb  R  this  piston  is  drawm 
to  the  top  of  the  tube,  where  it  is  held  by  a  latch  until 
released  by  another  pressure  of  the  bulb.  When  re- 
leased, it  drops  freely  upon  the  sample  being  tested  and 
rebounds,  the  height  of  the  rebound  depending  on  the 
hardness  of  the  material  on  which  it  is  dropped.  At 
the  back  of  the  tube  is  a  graduated  scale  by  means  of 
which  the  rebound  is  measured,  and  the  reading  of  this 
is   recorded  as  the  scleroscoi>e  indication  of  hardness. 

This  reading  does  not  represent  any  definite  unit,  but 
is  merely  an  arbitrary  scale.  It  is  a  fairly  accurate  in- 
dication of  the  relative  hardness  of  materials  of  like 
nature  that  cannot  be  used  to  judge  the  relative  hard- 
ness of  dissimilar  materials.  The  figures  given  in  the 
table  are  intended  to  convey  to  the  man  experienced  with 
brushes  some  idea  of  what  the  scleroscope  readings  in- 
dicate. That  is,  a  brush  that  he  would  class  as  being 
soft  would  probably  fall  within  the  range  of  16  to  30 
on  scleroscope  readings,  a  brush  which  he  would  class 
as  medium  in  the  range  30  to  45,  one  that  is  hard  in  the 
range  46  to  60,  and  so  on.  Specific  resistance,  mechani- 
cal strength,  and  density,  both  real  and  apparent,  are 
other  characteristics  which  are  studied  by  the  brush 
manufacturer,  but  which  are  of  minor  importance  to  the 
user  and  will  not  be  discussed  at  this  point. 

{The  next  article  ivill  discuss  the  composition  and 
construction  of  the  various  types  of  brushes  and  their 
application.) 

Lend  to  the  End! 

American  patriotism  fights  for  America  in  peace  as 
well  as  in  war.  We  talk  America,  think  America  and 
frequently  dream  America.  Our  armies  fought  and 
won  the  war  in  France.  We  fought  on  this  side  with 
our  labors  and  dollars.  Now  we  are  to  fight  again — 
in  the  new  day  of  peace,  to  insure  permanent  peace  and 
prosperity.  Again  it  is  a  question  of  patriotism,  with 
the  same  munition — dollars. 

Secretary  of  the  Treasury  Carter  Glass  estimates 
the  probable  amount  of  the  new  Victory  Loan  at  $5,000,- 
000,000.  Victory  Bonds  will  be  offered  for  popular 
subscription  within  a  few  weeks.  They  will  offer  to 
all  of  us  the  last  time  in  our  lifetime,  probably,  to 
strike  decisively  for  the  United  States  in  the  fight  to 
uplift  a  world  to  our  democratic  standards. 

Only  the  shirker  will  seriously  ask  why  another 
loan  is  necessary.  The  answer  is  plain.  America 
started  out  to  finish  a  big  job — the  biggest,  undoubtedly, 
she  or  any  other  nation  ever  attempted  to  accomplish. 
The  armistice  brought  a  cessation  of  hostilities,  but  it 
did  not  pay  war's  bills,  the  billions  required  to  provision, 
clothe  and  care  for  a  huge  army. 


We  still  have  an  army  of  one  million  men  in  France 
to  be  fed  and  otherwise  maintained  for  a  con.sidorable 
period  of  time.  Prior  to  this  war  such  an  army  would 
have  staggered  the  national  imagination,  but  world 
emergencies  dictate  that  we  must  maintain  it  at  present. 
We  assure  ourselves  of  emergency  capital  through 
support  of  the  Victory  Loan.  This  forthcoming  war 
bond  i.ssue  is  our  method  of  fini.shing  up  the  world's 
biggest  job.  Americans  never  quit;  they  fini.sh  strong, 
spurred  by  the  patriotism  peculiar  to  all  of  us. 

Citizens  of  a  republic  which  sent  two  million  men 
oversea  to  fight,  want  to  bring  them  back  as  soon  as 
possible.  They  want  to  give  a  chance  to  men  who  left 
their  work  to  develop  their  resources  again  in  a  debt- 
free  country.  Nobody  will  oppose  the  idea  of  teaching 
the  maimed  self-supporting  trades.  We  all  want  the 
wounded  to  receive  the  best  possible  care  until  the  last 
man  leaves  an  army  hospital. 

Accomplishing  these  things  is  constructive  fighting, 
in  which  patriotic  Americans  everywhere  can  partici- 
pate. Putting  over  the  Victory  Loan  will  be  the  finest 
sort  of  fighting  with  which  to  finish  the  "biggest  job." 

Refillable  Plug  Fuse 

Most  readers  of  Power  no  doubt  are  familiar  with 
the    various    types    of    refillable    cartridge    fuses    and 
multiple    types,    of   plug   and    cartridge    fuses    on   the 
market,  which  have 
been     described     in 
this    paper    from 
time  to  time.     Here 
is  another  one  of  the 
latest   of   the    refiU- 
able-fuse    family,    a 
refillable   plug   fuse, 
manufactured  by  A. 
F.  D  aum,   Pitts- 
burgh, Penn.     As 
shown  in  the  figure, 
the  only  metal  part 
to   this   fuse   is   the 
fuse  metal.    The  me- 
tal thread,  base  plug 
and  pait  of  the  cap 
used  in  the  old  type 
of  nonrefillable  fuse 
have    been    elim- 
inated.    There  are  only  three  parts  to  this  fuse:   A 
porcelain  base  B;  a  mica  cap  M,  which  is  pressed  into 
the  base,  but  which  can  be  removed  and  replaced  to  fill 
the  fuse;  and  the  fuse  metal  F.     The  fuse  metal  strip 
is  placed  in  the  plug  as  indicated  in  the  figure,  and 
when  the  fuse  is  screwed  into  the  cutout  socket,  contact 
is  made  between  the  fuse  metal  and  the  socket  at  the 
side  and  bottom.     These  fuses  are  made  in  sizes  from 
3  to  30  amperes  for  125-volt  circuits,  and  the  refillable 
fuse  strips  are  put  up  100  in  a  box,  in  any  amperage  up 
to  30.  

Because  of  the  inherent  shortcomings  of  raw  lignite 
as  fuel,  one  can  safely  say  that  it  will  never  be  used 
to  any  great  extent  in  its  raw  state.  The  fact  that  it 
contains  30  per  cent,  of  water  alone  would  prevent  its 
use  elsewhere  than  in  the  immediate  vicinity  of  the 
mine. 


SECTIONAL  VIEW  OF  FUSE 
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Combustion  and  Boiler  Settings — 11 


By  a.  D.  WILLIAMS 


The  effect  produced  on  the  combustion  reactions 
and  the  circulation  of  the.  gases  by  the  chilling 
due  to  contact  with  water-cooled  surfaces  is  de- 
scribed. 

WHEN  coal  or  other  commercial  solid  combustible 
is  burned  directly  in  the  firebox,  it  is  difficult 
and  in  some  cases  impossible  to  obtain  a  tem- 
perature around  1600  deg.  C,  though  the  theoretical 
combustion  temperature  of  a  good  grade  of  coal  in  an 
athermal  inclosUre  is  about  2050  deg.  C.  This  tempera- 
ture limitation  arises  from  the  fact  that  it  is  practically 


"<•— "Ch.iied    Gases  <      ••  Hottest  Gases 

FIG.  1.  PLOW  OF  GASES  IN  BOILER  WITH  BROKEN  BAFFLR 

impossible  to  force  sufficient  air  for  complete  combus- 
tion through  the  incandescent  bed  of  fuel;  in  other 
words,  the  bed  of  burning  fuel  acts  as  a  producer  of 
combustible  gases  which  in  turn  must  be  burned  by  an 
additional  air  supply. 

A  very  interesting  series  of  tests  on  "Combustion  in 
the  Fuel  Bed  of  Hand-Fired  Furnaces"  (Bureau  of 
Mines,  Technical  Paper  137)  has  been  made  by  Krei- 
singer,  Ovitz  and  Augustine.  One  of  the  features  of 
this  paper  that  attracted  the  writer's  attention  was  the 
fact  that  the  mass  of  air  per  unit  of  combustible  as  com- 
puted from  the  analysis  of  the  gases  in  the  upper  layers 
of  the  fuel  bed  was,  in  all  cases,  less  than  the  mass  of 
air  per  unit  of  combustible  as  measured  by  an  orifice 
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meter  introduced  into  the  ashpit.  The  quantity  of  air 
forced  into  the  ashpit  was  also  less  than  the  theoretical 
air  supply  required  for  the  fuel. 

In  endeavoring  to  obtain  an  explanation  of  this  dif- 
ference, it  was  found  that  the  computed  combustion 
temperatures  derived  from  the  heat  capacity  of  the 
gases  in  the  fuel  bed  agreed  very  closely  with  the  ob- 
served temperatures.  This  would  appear  to  indicate 
that  a  part  of  the  air  supply,  instead  of  passing  up 
through  the  fuel,  passed  up  the  walls  of  the  firebox.  An- 
other thing  the  writer  recalled  that  pointed  to  such  a 
conclusion  was  that  he  had  noticed  on  several  occasions 
that  a  fire  seemed  to  burn  faster  close  to  the  wall  than 
it  did  in  the  center  of  the  grate  and  that  he  had  fre- 
quently noticed  clinkers  along  the  walls  and  fused  to 
them  when  the  central  portion  of  the  fuel  bed  was  free 
from  clinkers.  This  last  would  seem  to  indicate  a  sort 
of  air-blast  or  oxidizing-zone  effect  close  to  the  walls, 
strong  enough  to  solidify  the  viscous  ashes. 

Another  indication  of  the  possibility  of  the  air  pass- 
ing up  between  the  wall  and  the  fuel  bed  lies  in  the  fact 
that  the  CO,  curve  in  a  number  of  the  tests  had  two 
peaks — one  a  high  peak  with  low  CO,  then  a  steady 
decrease  in  CO,  with  an  increase  in  CO,  this  valley  be- 
ing followed  by  an  increase  in  CO,  (and  a  decrease  in 
CO)  to  a  low  peak,  then  another  drop  in  CO,.  The 
last  drop  in  CO,  showed  in  only  a  few  cases,  and  may  be 
an  error,  as  it  is  very  slight. 

The  following  tabulation  of  the  results  with  a  12-inch 
fuel  bed  summarizes  the  combustion  results  obtained: 


Anthracite   Coal 

7  Tests 
Av.      Min.    Max. 


Coke 
7  Tests 
Min.    Max. 


7.32     3  80     9  55 


Pittsburgh   Coal 

7  Tests 
.Av.      Min.     Max. 

Carbon  in  ash,  per 
cent,  of  total  car- 
bon     7  98     3  95    17  90    10  76     2  96  24 

Carbon  burned,  per 
cent,  of  total  car- 
bon  92  02  82   10  96  05  89  24  75  20  97  04  92  68  90  45  96  20 

Per  cent,  of  carbon 

burned  to  COj .  .  .  1 7  00    11.00  25   00    16  95  .  7   90  31    50  22  00    14  90  29  00 

Per  cent,  of  carbon 

burned  to  CO. .      76  00  65  00  85   00  82   53  68  00  91    50   77  70  71    00  84  90 

Per  cent,  of  carbon 
burned  to  CH,, 
etc 4   00      1    00    10  00     0   52     0   30      I    00     0   30     0    10     0  60 

Pressure  in  ash  pit, 

inches  of  water..  0    13      1    33  0  20     2   36  0  05      I    67 

Pounds    of  coal  per 

sq.ft.,  per  hour 2100131.00  20  00  99   50  15   00118.60 

Pounds   of   air   per 

pound  of  fuel 410     610  5   70     7   50  610     730 

Pounds  of  air  per 
pound  of  combus- 
tibli-      5.00     8   20  7   30    10   70  8    10    10  60 

Pounds  of  air  per 
pound  of  combust- 
ible from  gases  5  20     7   20  5   90     6   60  6  60     7  60 

The  weight  of  air  required  to  burn  one  pound  of 
combustible  will  vary  from  11.5  to  15  lb.  and  have  a 
volume  at  ordinary  temperatures  of  from  144  to  187 
cu.ft.,  but  the  amount  of  air  that  can  be  forced  up 
through  the  fuel  bed  is  much  less.  The  specific  gravity 
of  coal  will  average  about  1.20,  and  a  cubic  foot  of  coal 
as  fired  will  weigh  from  40  to  50  lb.  From  this  it 
will  be  seen  that  the  volume  of  the  voids  will  be  between 
33  and  45  per  cent,  of  the  mass  and  this  will  give  the 
proportion  of  the  fuel-bed  area  through  which  the  air 
must  be  forced.  The  temperature  of  the  fuel  bed  and  of 
the  gases  leaving  it  will  be  about  1400  deg.  C,  and  the 
gases  will  have  an  impressed  velocity.  The  limit  of  ash- 
pit pressure  is  reached  when  the  ascending  volume  of 
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air  I'oiiod  tlirmijfh  tlii'  fiu'l  is  .siiirKMOiit  to  keep  it  lloiit- 
intr.  Sueh  iin  intense  draft  i)re.ssure,  however,  would 
tend  to  carry  unlxirnt  fuel  away  from  the  K^ate. 

When  the  liurniuK  jjases  leave  the  fuel  bed,  they  have 
an  ascensional  velocity  due  to  their  temperature  alone  of 
between  ;U)  and  SO  ft.  per  sec.  and  are  at  least  1000  deK- 
C.  hotter  than  the  heating:  surface  of  the  boiler.  As  a 
result  the  ascending  stream  of  hot  gas  will  be  much 
smaller  than  the  area  of  the  pass  and  the  firebox,  the 
remainder  of  this  area  being  occupied  by  cooler  eddies 
of  gases  chilled  by  their  contact  with  the  heating  sur- 
face of  the  boiler  and  the  walls  of  the  settings. 

An  interesting  illustration  of  the  way  gas  may  flow 
through  a  setting  was  shown  on  page  709  of  Power 
Nov.  17,  1914.  Mr.  Smith,  however,  has  the  arrows  in- 
dicating the  course  of  the  gases  pointing  wrong.  The 
corrected  figure  is  shown  in  Fig.  1.  The  hot  gases  from 
the  fire  rise  straight  up  to  the  coking  arch.  Below  this 
arch  they  are  forced  to  flow  horizontally  to  the  end  of 


^^^H  Hot  Gases   Rising  Gases  Chilled  by  Contact 

^^^™  I 1         with  wctter-cooled. 

■H|  Eddy  Areas  of  Partially      Surfaces  falling 
H^H  chilled  Gases 

FIG.   2.      FLOW  OF  GASES  IN  BOILER  WITH 
TIGHT     BAFFLES 

the  arch,  where  their  velocity  carries  them  through  the 
bank  of  tubes  and  the  hole  in  the  baffle.  In  fact,  it  is 
probable  that  the  failure  of  the  baffle  at  this  point  was 
due  to  the  continual  impinging  upon  it  of  the  hot  gases. 
The  current  of  chilled  gas  flowing  down  around  the 
tubes  of  the  boiler  would  also  tend  to  force  the  hot 
gases  flowing  out  from  below  the  arch  against  the  baffle. 
After  passing  through  the  break  in  the  baffle,  a  portion 
of  the  hot  gases  will  tend  to  rise  into  the  upper  portion 
of  the  first  and  second  passes,  while  the  remainder  will 
be  carried  down  by  the  current  of  cooler  gases  flowing 
down  the 'second  bank  of  tubes  and  will  pass  under  the 
second  baffle  and  then  will  immediately  rise  to  the  outlet, 
passing  up  the  space  between  the  second  baffle  and  the 
third  bank  of  tubes,  then  cro.ssing  the  tube  bank  near 
the  top,  under  the  rear  drum. 

The  explanation  of  this  action  is  very  simple.     Any- 


one who  has  sat  by  a  window  on  a  cold  day  knows  that 
the  air  chilled  by  contact  with  the  window  drops  to  the 
door,  and  that  the  velocity  of  the  air  current  is  appreci- 
able, although  the  difference  in  tenijjerature  between  the 
inside  of  the  room  and  the  outside  of  the  building  \a 
comi)aratively  small,  say  from  20  to  40  deg.  C.  The  same 
phenomenon,  except  that  the  current  of  air  rises,  may 
be  witnessed  in  the  vicinity  of  any  radiator  in  a  ateam- 
heated  building.  The  hot-air  furnace  installed  in  many 
homes  depends  upon  convection  currents  for  its  action. 
If  currents  can  be  established  at  such  low  temperature 
heads,  similar  currents  will  certainly  be  e.stablished 
where  temperature  differences  of  several  hundreds  of 
degrees  exist. 

A  phenomenon  similar  to  the  deflection  of  the  current 
of  heated  gases  flowing  through  the  broken  baffle  by 
cooler  downward  currents  can  be  set  up  by  using  an  elec- 
tric fan  to  break  up  and  distribute  the  current  of  hot 
air  rising  from  a  radiator.  The  mere  fact  that  a  certain 
amount  of  gas  is  being  drawn  off  at  one  point  of  the  set- 
ting and  a  corresponding  (luantity  of  gas  or  air  ad- 
mitted at  another  part  of  the  setting  will  not  affect  the 
local  convection  currents  any  more  than  the  drawing  off 
and  admission  of  air  into  a  room  affects  the  current  of 
cold  air  at  the  windows  and  of  the  heated  air  at  the 
radiators. 

Gases  Do  Not  Flow  Uniformly  in  Passages 

Unfortunately,  we  have  all  been  hypnotized  by  the 
idea  that  any  current  of  gas  passing  through  a  series 
of  inclosures  sweeps  uniformly  through  the  full  cross- 
section  of  all  the  passages,  entirely  forgetful  of  the  fact 
that  in  gases,  by  reason  of  their  high  coefficient  of  ex- 
pansion due  to  temperature  changes,  great  variations  of 
density  occur.  At  a  temperature  of  1638  deg.  C.  a  cubic 
meter  of  air  weighs  0.171  kg.,  while  at  0  deg.  C.  the 
same  volume  of  air  will  weigh  1.293  kg.,  or  7.5  times  as 
much.  One  thing  that  has  tended  to  obscure  the  great 
difference  in  density  that  occurs  in  gases  is  that  most 
engineering  works  consider  only  the  weight  of  gases 
passing  through  a  boiler,  disregarding  the  fact  that  a 
unit  weight  of  gas  in  the  firebox  will  occupy  approxi- 
mately three  times  the  volume  it  does  when  it  reaches 
the  smoke-flue  connection.  The  hottest  gases  will  tend 
to  float  above  the  cooler  gases.  Naturally,  convection 
currents  and  conduction  will  tend  to  equalize  the  ex- 
treme temperature  differences,  if  the  supply  of  heated 
gases  is  not  maintained,  but  equalization  in  this  manner 
will  be  comparatively  slow. 

Fig.  2  shows  the  type  of  boiler  with  the  broken  baffle, 
but  baffled  according  to  the  builder's  catalog.  The  heat- 
ed gases  rising  from  the  fuel  bed  impinge  upon  the  arch 
where  the  direction  of  flow  changes  to  horizontal.  These 
gases  when  they  reach  the  end  of  the  arch  will  have  a 
certain  velocity  of  flow  which  will  carry  them  beyond  the 
end  of  the  arch,  possibly  a  portion  of  them  into  and 
through  the  first  bank  of  tubes,  before  they  start  to  rise 
again.  The  upper  part  of  the  first  and  second  passes 
acts  as  an  inverted  pocket  into  which  the  hottest  gases 
flow,  the  section  under  the  front  drum  being  much 
hotter  than  that  under  the  second  drum.  The  tube 
banks  act  as  refrigerating  surface  for  the  gases  and 
heating  surface  for  the  water. 

The  current  of  hot  gases  in  front  of  the  first  bank 
of  tubes  is  at  least  700  deg.  C.  hotter  than  the  tubes. 
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Their  ascensional  velocity,  due  to  temperature,  is  suffi- 
cient to  carry  them  the  height  of  the  setting  in  a  small 
fraction  of  a  second.  A  part  of  the  gases  will  be  chilled 
below  the  ignition  temperature  and  below  the  tempera- 
ture which  would  permit  them  to  float  over  the  top  of 
the  first  baffle.  These  gases  will  circulate  down  in  the 
spaces  between  the  tubes,  depositing  soot  on  them,  until 
they  reach  the  uack  of  the  firebox,  where  they  will 
absorb  heat  and  tend  to  rise  again. 

Dissociation  of  CO  Deposits  Soot 

The  gases  in  the  top  of  the  second  pass  will  have  a 
temperature  in  excess  of  600  deg.  C,  which  is  about 
350  deg.  C.  hotter  than  the  second  bank  of  tubes,  a  tem- 
perature sufficiently  low  to  permit  75  per  cent,  of  the  CO 
present  to  dissociate  into  CO2,  with  an  accompanying  de- 
posit of  soot.  The  refrigerating  surface  of  the  second 
bank  of  tubes  will  chill  these  gases  still  further  so  that 
they  will  tend  to  drop  into  the  lower  part  of  the  setting 
where  a  portion  of  them  will  pass  under  the  second 
baffle.  This  portion  of  the  gases  will  be  hot  enough 
to  float  up  to  the  top  of  the  third  pass  after  mixing  with 
some  of  the  chilled  gases  that  have  flowed  down  the 
third  bank  of  tubes.  Some  of  the  gas  will  be  carried 
downward  by  the  cooling  action  of  the  third  bank  of 
tubes,  but  the  temperature  difference  between  the  water- 
cooled  refrigerating  surface  and  the  gases  is  not  very 
great  at  this  point  and  the  hottest  portion  of  these  gases 
will  tend  to  rise  farther  into  the  smoke  flue. 

A  number  of  attempts  have  been  made  to  distribute 
the  draft  loss  between  the  ashpit  and  the  stack  damper 
on  a  percentage  basis  between  the  different  passes.  All 
of  these  apparently  are  based  upon  the  static  pressure. 
In  the  boiler  shown  in  Fig.  2  there  are  three  vertical 
columns  of  gases.  These  columns  exert  a  pressure 
against  the  top  of  the  setting  proportional  to  their 
vertical  height  and  their  average  temperature,  in  the 
same  manner  as  the  gases  in  a  chimney.  As  the  gases  in 
the  first  pass  are  lighter  than  those  in  the  second  pass 
they  exert  more  pressure  and  therefore  tend  to  force  the 
gases  in  the  second  pass  down  and  under  the  second 
baffle.  In  the  third  pass  this  uplift  tends  to  accelerate 
the  movement  of  the  gases  to  the  smoke  flue.  The 
greater  the  height  of  the  setting,  the  greater  the  upward 
pressure.  These  pressures  will  naturally  affect  the  read- 
ing of  any  draft  gage  attached  to  the  boiler.  The  dy- 
namic pressure  due  to  velocity  of  flow  may  have  an  ad- 
ditive or  subtractive  effect  on  the  reading  of  the  draft 
gage,  depending  upon  the  location  of  the  connections  to 
the  setting. 

In  connection  with  baffles  designed,  ostensibly,  to  in- 
crease the  velocity  of  flow  of  the  off  gases,  the  fol- 
lowing table  gives  the  volumes  of  air  supply  and  the 
resulting  off  gases  from  an  exceptionally  good  grade  of 
coal  having  a  very  low  ash  content : 


100 

Air  Supply,  Per  Cent. 

\'olume  at   0  De^.   C. 

and    14.7  lb.   Pressure 

Air              Off  Gases 

Supply  in              in 

Cu.Ft.  per       Cu.Ft  per 

Lb.  Coal         Lb.  Coal 

139                   145 

110 

153 

168 
195 

209 
244 
278 

159 

120     .... 

174 

MO 

201 

150 
175 
200 

215 
250 
284 

20  per  Cent. 
Supply 

Air 

140 

per   Cent.    Air 
Supply 

106 
159 
212 

318 

123 
185 
246 
369 

As  the  composition  of  the  coal  varies,  these  volumes 
will  vary.      The  coal  consumption  per  hour  per  boiler 


horsepower  will  vary  from  two  pounds  up,  and  the  totai 
amount  of  coal  burned  on  a  grate  will  depend  on  the  size 
of  the  boiler  and  the  amount  it  is  forced  above  its  nom- 
inal rating.  As  large  sizes  are  the  most  interesting, 
consider  an  875-hp.  Stirling-type  boiler  operated  at 
several  loads.  The  total  volume  inside  the  setting  is 
about  5100  cu.ft.,  and  about  30  per  cent,  of  this  space 
will  be  occupied  by  tubes,  etc.,  so  that  the  net  volume 
will  be  about  3570  cu.ft.  A  boiler  of  this  size  should 
operate  on  a  coal  consumption  of  about  2.5  lb.  per  hp.-hr. 
with  20  per  cent,  excess  air.  The  gases  of  combustion 
will  have  the  following  volume: 

Volume  of  Waste  Gases  Cu.Ft .  per  Sec. 

i: 

Normal  rating 

150  per  cent  of  rating 
200  per  eent.  of  ratinp 
300  per  cent,  of  rating 

The  average  temperature  of  the  gases  within  the  set- 
ting will  be  about  800  deg.  C,  and  the  average  mini- 
mum and  maximum  gas  volumes  will  be  417  and  1455 
cu.ft.,  from  which  the  average  time  of  the  gas  inside 
the  setting  will  be  8.56  sec.  for  the  minimum  amount  of 
gas  and  2.46  sec.  for  the  maximum  amount  of  gas.  This 
gives  a  temperature  drop  of  from  117  deg.  to  407  deg. 
C.  per  sec.  The  distance  from  the  grate  to  the  smoke- 
flue  outlet  is  about  60  ft.,  which  gives  an  apparent 
velocity  of  flow  ranging  from  7  to  24.5  ft.  per  second. 

Upward  Pressure  of  Gases  Against  the 
Combustion  Arch 

Assuming  that  the  combustion  arch  is  about  6  ft. 
above  the  grate  and  that  the  gases  leave  the  fuel  at  a 
temperature  of  1400  deg.  C,  they  will  have  an  upward 
pressure  against  the  arch  slightly  less  than  0.10  in.  of 
water  and  their  velocity  will  be  about  42  ft.  per  sec. 
At  200  per  cent,  of  rating  the  volume  of  gases  rising 
from  the  fuel  bed  will  be  about  212  cu.ft.  per  second, 
which  at  1400  deg.  C.  will  have  a  volume  of  1300  cu.ft. 
The  firebox  of  the  boiler  has  a  width  of  15  ft.  and  the 
arch  will  be  about  12  ft.  deep  from  the  front  wall,  giv- 
ing an  area  of  180  sq.ft.  On  reaching  this  arch,  the 
gases  lose  their  vertical  velocity  and  turn  horizontally. 
The  horizontal  velocity  of  the  gases  flowing  out  at  the 
end  of  the  arch  will  be  about  15.25  ft.  per  sec,  and  the 
mean  velocity  will  be  about  10.20  ft.  per  sec.  As  soon 
as  they  pass  beyond  the  end  of  the  arch,  the  hot  gases 
will  have  an  ascensional  component  due  to  their  density 
of  zero  at  the  end  of  the  arch,  but  increasing  so  that 
their  rise  will  be  on  an  arc  of  a  parabola,  unless  inter- 
fered with  by  other  forces.  In  the  boiler  setting  these 
other  forces  are  a  current  of  colder  gases  descending 
among  the  tubes  and  the  tubes  themselves,  while  a  por- 
tion of  the  gases  flowing  out  from  under  the  arch  will 
penetrate  the  colder  layer  of  gases  and  possibly  reach 
the  baffle  in  back  of  the  tubes.  This  action  will  occur 
intermittently  according  as  the  current  of  hot  or  cold 
gas  is  stronger  in  its  surges.  Naturally,  these  sudden 
changes  in  the  temperature  of  the  gases  at  the  baffle  will" 
cause  cracks  and  ultimately  failure  of  the  baffle,  as 
shown  in  Mr.  Smith's  article  previously  mentioned. 
When  this  occurs,  the  hot  gases  will  pass  through  the 
break  as  indicated  in  Fig.  1. 

At  226  lb.  pressure,  absolute,  the  steam  temperature 
is  200  deg.  C.  The  temperature  of  the  outside  of  the 
iron  tube  should  not  exceed  220  deg.   C,   allowing  a 
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litiornl  (hop  hotwi'oii  the  wet  .tiirfaco  nntl  the  oniul.sion 
of  .steam  niid  water,  and  a.s.Hiiniiiijs'  that  the  tube  i.s  free 
from  both  .seale  and  .soot.  The  temperature  in  the  flre- 
lio.x  i.s  around  1100  dejr.  C,  and  it  has  been  cu.stomary 
to  as.sume  that  the  curve  repre.senting  the  drop  in  tem- 
perature from  the  tiro  to  the  .smoke-flue  outlet  is  »  repu- 
lar  logarithmic  curve,  but  thi.s  curve  is  based  on  a.s,sump- 
tions  which  violate  the  simplest  principles  of  elementary 
physics,  the  difference  of  1200  deg.  C.  between  the  hot 
tra.ses  and  the  water  tube  is  nearly  five  times  the  temper- 
ature difference  between  that  of  the  room  you  work  in 
and  that  of  liquid  hydrogen,  — 250  deg.  C.  The  re- 
frigerating effect  of  the  cold  tube  on  the  hot  gases  is 
almost  comparable  to  dipping  a  red-hot  bar  of  steel  in 
liquid  hydrogen. 

The  ignition  temperature  of  the  ga.ses  varies  between 
350  and  800  deg.  C.  and  any  portion  of  the  unburnt 
gases  coming  in  close  contact  with  the  tubes  will  be 
chilled  below  the  ignition  point.  In  the  case  of  CO  this 
may  result  in  its  decomposition,  forming  carbon  and 
CO.,,  which  is  an  endothermic  reaction  releasing  38.8  cal- 
ories per  molecular  volume  of  CO,  formed,  and  deposit- 
ing soot  on  the  tubes.  Another  .source  of  soot  lies  in  the 
hydrocarbons.  The  high  firebox  temperature  has  a 
tendency  to  break  these  up,  forming  soot,  CO  and  hy- 
drogen. The  luminosity  of  the  flame  in  the  firebox  is 
due  to  the  heating  of  the  soot  to  incandescence,  and 
unless  this  floating  carbon  is  burned  in  a  properly  de- 
signed combustion  chamber  a  considerable  portion  of 
it  will  be  carried  to  and  deposited  on  the  tubes. 

Combustion,  like  all  chemical  reactions,  follows  the 
law  of  mass  action  and  the  laws  of  chemical  equilibrium. 


The  velocity  of  the  reaction  is  affected  by  the  tempera- 
ture of  the  reacting  masses  and  the  mixing  of  the  com- 
bustibles and  the  comburent  and  by  the  dilution  with 
inert  gas.  The  velocity  of  the  reaction  increases  very 
rapidly  with  the  temperature.  P'or  example,  a  mixture  of 
hydrogen  and  oxygen  at  200  deg.  C.  will  require  nionthn 
to  combine  while  at  2200  deg.  C.  the  explosion  wave  in- 
dicates that  combination  occurs  in  one  ten-millionth  of 
a  .second. 

Increase  of  pressure  increases  the  velocity  of  the  re- 
action. This  factor,  while  important  in  internal-com- 
bustion motors,  does  not  amount  to  very  much  at  the 
slight  differences  of  pressure  that  exist  in  furnace  fire- 
boxes u.sed  in  industrial  heating.  Dilution  with  inert 
ga.ses  slows  down  the  reaction  velocity  by  rea.son  of  the 
increase  of  the  ma.ss.  The  mixing  has  a  considerable 
effect  on  the  velocity  of  the  reaction,  as  may  be  readily 
verified  by  ob.serving  the  flame  of  a  bunsen  burner  while 
altering  the  air  supply.  The  slower  the  reaction  veloc- 
ity the  longer  the  flame  and  the  greater  the  distance  the 
gases  travel  in  burning.  The  temperature  will  be  lower 
with  a  long  flame  than  it  will  be  with  a  short  flame. 

In  a  boiler  it  is  absolutely  necessary  that  combustion 
should  be  completed  before  the  water-cooled  surfaces  are 
reached,  as  complete  combustion  will  result  in  the  prac- 
tical elimination  of  the  soot  trouble,  with  a  resultant 
increase  in  the  efficiency  of  the  heating  surface.  Most 
boilers  and  settings,  however,  are  .so  designed  that  the 
incandescent  gases  are  shot  up  against  a  refrigerating 
surface  before  combustion  can  be  completed,  the  combus- 
tion arches  and  the  baffling  being  so  arranged  that  this 
refrigeration  will  be  promoted,  instead  of  combustion. 


The  Electrical  Study  Course — Three- Wire 
Systems  from  Two  Generators 


Describes  hoiv  a  three-wire  system  can  be  de- 
veloped from  two  two-wire  systems  and  goes 
on  to  show  how  the  currents  distribute  among 
the  wires  for  various  conditions  of  loading. 


IN  THE  preceding  lesson  it  was  shown  that  in  a 
three-wire  system  three  sources  of  voltage  are 
available,  two  of  which  have  the  same  value,  and 
the  third  being  equal  to  the  sum  of  the  other  two.  The 
instance  given  was  of  a  120-  to  240-vo!t  system,  which 
are  the  approximate  values  used  almost  universally 
for  such  service.  It  is,  however,  entirely  feasible  to 
employ  exactly  the  same  t\T3e  of  distribution  for  any 
other  set  of  voltages,  higher  or  lower,  that  might  be 
required  in  special  cases,  and  whatever  follows  in  re- 
•gard  to  the  120-  to  240-volt  system  is  equally  applicable 
to  them. 

To  bring  out  clearly  the  underlying  principle  of  the 
tJiree-wire  system,  let  us  first  give  our  attention  to  two 
L\vo-wire  systems  furnishing  current  to  lamps,  as  in- 
dicated in  Fig.  1.  Let  us  assume  that  we  have  two 
generators  G  and  G,,  each  supplying  120  volts  and 
each    furnishing    current    to    twelve    500-watt    lamps, 


making  the  load  on  each  12  X  500  ^^  6000  watts  or 
6000 


120 


50  amperes  when  all  the  lamps  are  turned  on. 


The  direction  of  the  currents  through  the  mains  A, 
X,  Y  and  B  is  that  indicated  by  the  arrow  heads. 
For  convenience  the  currents  are  designated  I,\,  Ix, 
Iy  and  Ib  respectively. 

Let  us  now  suppose  that  the  points  a  and  h  are 
joined.  This  may  be  done  without  causing  any  dis- 
turbance in  the  systems  since  they  are  entirely  separate. 
Although  a  is  negative  while  b  is  positive,  a  voltmeter 
connected  between  them  would  show  no  voltage  to  exist 
and  consequently  there  is  no  objection  to  joining  them. 
We  will  further  assume  that  the  two  wires  X  and  Y 
joining  a  to  c  and  6  to  d  respectively,  are  supplanted 
by  a  single  wire  N  as  in  Fig.  2.  The  current  in  this 
wire  will  be  the  sum  of  the  currents  in  X  and  Y, 
Referring  to  Fig.  1,  we  find  that  the  current  in  each 
is  50  amperes,  but  that  the  current  in  X  is  from  c 
toward  a,  whereas  that  in  Y  is  from  b  to  d.  The  re- 
sultant current  is  therefore  zero,  since  one  current  is 
positive  and  the  other  negative ;  that  is,  no  current  flow- 
ing in  N. 

An  arrangement  such  as  that  of  Fig.  2  is,  as  has 
already  been  stated,  known  as  a  three-wire  system. 
There  are  other  methods  of  providing  the  three  sources 
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of  voltage  required  besides  that  of  using  two  generators 
in  series;  they  will  be  presented  further  on.  For  the 
present  we  will  not  consider  the  other  methods  because 
the  theory  of  the  three-wire  system  is  independent  of 
the  apparatus  that  is  used  to  provide  the  voltages. 

Since  the  current  in  N  is  zero,  it  would  appear  that 
the  neutral  could  be  dispensed  with.  This  is,  however, 
true  only  when  the  load  is  balanced ;  that  is,  when  there 
are  just  as  many  lamps  connected  between  A  and  N 
as  there  are  between  B  and  A^  or,  to  put  it  more 
accurately,  when  the  loads  are  such  that  the  current  in 
A  has  exactly  the  same  value  as  that  in  B. 

To  show  what  happens  when  the  loads  are  not  the 
same,  let  us  go  back  to  Fig.  1  and  assume  that  three 


will  therefore  be  from  6  to  d  as  in  Fig.  4.  If,  on 
the  other  hand,  the  load  between  A^  and  B  is  made 
smaller  than  that  between  A  and  N,  we  would  find  Ix 
to  be  greater  than  ly  and  the  current  through  N  to  he 
from  c  to  a. 

The  following  deductions  are  to  be  made  from  the 
foregoing:  The  currents  in  the  outside  wires  A  and 
B  are  dependent  upon  the  loads  connected  between  A 
and  iV,  and  A'  and  B,  respectively.  The  currents  in 
A  and  B  attempt  to  flow  through  A^  in  opposite  direc- 
tions, consequently  we  must  subtract  one  from  the  other 
to  obtain  the  value  of  the  current  in  the  neutral. 

The  extreme  case  is  that  in  which  all  the  lamps  on 
one  side  are  turned  off  while  all  those  on  the  other 


FIG.  5  F1G.6 

FIGS.   1   TO   6.      SHOWS  HOW  A  THREE-WIRE   SYSTEM   CAN    BE   EVOLVED   FROM   TWO   TWO-WIRE   SYSTEMS 


of  the  lamps  between  A  and  X  are  turned  off,  leaving 
only  nine  in  service  between  these  mains  as  in  Fig.  3. 

9  X    500 


The  current  in  A   and  X  then   is 


120 


=  37.5 


amperes,  whereas  that  in  Y  and  B  remains  at  50 
amperes  as  before.  These  conditions  would  also  hold 
if  the  system  were  connected  as  in  Fig.  2,  and  we  should 
Aave  that  Ia  ■=  37.5  amperes.  Is  =  50  amperes,  and 
that  /i\^  is  equal  to  the  difference  of  the  currents  Ix 
and  7  k  of  Fig.  3.  The  former  of  these  is  known  to 
be  37.5  amperes,  flowing  from  c  to  a,  whereas  the 
latter  is  50  amperes,  flowing  in  the  opposite  direction: 
namely,  from  b  to  d.  That  is,  we  have  50  amperes 
attempting  to  flow  through  the  wire  N  in  one  direction 
while  37.5  amperes  attempt  to  flow  through  it  in  the 
reverse  direction.  The  consequence  is  that  the  current 
actually  flowing  will  be  the  difference  between  the  two, 
namely,  50  —  37.5  =  12.5  amperes,  whose  direction 
will  be  that  of  the  larger  current,   that   is,   Iy,    and 


are  burning.  Thus,  let  us  suppose  that  the  lamps  be- 
tween A^  and  B  have  been  turned  off.  Then  Ib  =^  0 
while  7.1  remains  50  amperes,  and  In  will  be  equal  to 
Ia  —  Ib  =50  —  0  =r  50  amperes.  That  is,  when 
the  system  is  loaded  on  one  side  only,  the  current 
through  the  neutral  has  the  same  value  as  that  through 
the  outside  wire  to  which  the  load  is  connected.  This 
is  the  maximum  value  which  the  current  in  the  neutral 
can  have;  as  lamps  are  lighted  on  the  unloaded  side 
the  current  in  the  neutral  is  decreased,  until  when  the 
loads  are  balanced  no  current  flows  through  it. 

We  may  go  a  step  further  than  in  Figs.  2  and  4  by 
using  a  single  line  for  the  two  wires  x  and  ?/,  as  is 
illustrated  in  Fig.  5,  in  which  the  arrows  indicate  the 
direction  of  flow  of  the  currents  as  before.  The  manner 
in  which  these  currents  are  then  distributed  in  the 
three  conductors,  under  various  conditions  of  loading, 
is  illustrated  graphically  in  Figs.  7  to  12.  The  mains 
are  indicated  by  lar2:o  pipes  which   are  connected  to- 
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^.'cthe^  o>  smaller  pipo.s  /,  wliicli  rrprosont  the  lamps. 
The  direction  of  the  currents  is  imlicnled  hy  the  arrows. 
Currents  llowinp  nwny  from  the  reader  arc  represented 
by  the  black  sections  and  those  (lowing  toward  the 
observer  by  the  hatched  ones.  The  magnitude  of  the 
current  is  indicated  by  the  amount  of  the  circle  that 
is  occupied  by  the  section.  Where  no  sectioning  appears, 
it  means  that  there  is  no  current  flowing  in  the  con- 
ductor. 

So  far  we  have  considered  only  loads  connected  be- 
tween A  and  N  or  N  and  B,  that  is,  across  120  volts. 
There  is,  however,  no  objection  to  connecting  loads 
directly  from  A  to  7? — that  is,  across  240  volts — as  for 
example  the  motors  M  shown  in  Fig.  (j.  In  fact,  that  is 
one  of  the  very  valuable  features  of  the  sy.stem.  We 
may  use  the  240-volt  supply  for  the  operation  of 
motors  or  other  large  loads,  and  the  120-volt  supplies 
for  the  lamp.-^.  We  thus  combine  the  advantages  of  a 
higher  voltage  for  motors  with  that  of  a  lower  one  for 
lamps.     The  current  taken  by  a  load  connected  to  the 


volts  to  fifty  100-watt  lamps  and  twenty  J-hp.  motors, 
if  the  size  of  the  wire  used  is  that  required  by  the 
Underwriters'  rulings.  The  first  thing  to  do  is  to  de- 
termine the  total  current  that  the  line  is  required  to 
carry,  upon  which  the  size  of  wire  necessary  is  looked 
up  in  the  table  of  capacities  pul)lishod  by  the  Under- 
writers and  given  in  the  last  lesson.  The  resistance 
of  that  size  wiro  is  then  determined  by  consulting  a 
wire  table  and  the  resistance  per  foot  as  found  is  multi- 
plied by  the  number  of  feet  of  line.  Finally,  the  drop 
and  loss  are  computed  from  the  resistance  and  the 
current.     To  get  the  total  current  we  find  the  watt8 

(power)  required  by  the  lamps  and  by  the  motors,  and 
divide  by  the  voltage  of  the  service.  The  lamps  require 
50  X  100  =  5000  watts.  Since  the  capacity  of  the 
motors  is  given  in  hor.sepower,  we  must  multiply  it 
by  746  to  obtain  the  output  in  watts;  for  the  twenty 
motors  we  would  have,  power  output  =  20  X  J  X  746 

=  1865  watts.  The  power  input  would  be  somewhat 
larger  than  this.  If  we  assume  the  motors  to  have  an 
eflficiency  of  70  per  cent,  we  would  have  0.70  X  input 

r-=  output,  from  which  we  obtain   input  ^^  -.^- 

1865 
6.7' 


2664  watts.     The  total  load  is  therefore  5000 


7664 


=  61 


-|-  2664  r=  7664  watts,  and  the  current  is    ,„_ 
amperes.     This  would   call   for  a   No.   4  wire,  the  re- 
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outside  wires  has  no  effect  whatever  on  the  current  in 
the  neutral.  Thus,  if  all  the  lamps  connected  to  the 
system  of  Fig.  6  were  turned  off  and  only  the  motor 
load  remained  on  the  service,  the  current  in  the  outside 
lines  -4  and  B  would  be  that  required  by  the  load, 
while  that  in  the  neutral  N  would  be  zero.  This  is 
evident,  since  there  is  no  connection  between  the  motors 
and  the  neutral.  Should  lights  be  turned  on  while  the 
motors  are  in  operation,  the  currents  required  by  them 
would  divide  among  the  three  wires  exactly  as  if  there 
were  no  motor  load,  and  the  motor  currents  in  the 
outside  wires  would  therefore'  be  increased  by  the 
currents  required  by  the  lights,  while  the  current  in 
the  neutral  would  be  the  difference  between  these  lamp 
currents,  which  is  of  course  the  same  as  the  difference 
between  the  outside  line  currents.  Thus,  if  the  motor 
load  M  were  20  amperes,  the  lamp  load  between  A  and 
-V  (namely,  H)  where  15  amperes  and  that  between  Ai^ 
and  B  (that  is,  K)  were  12  amperes,  we  would  have 
as  the  currents  in  the  three  lines,  Ia  =  20  -|-  15  = 
35  amperes,  Ib  =  20  -}-  12  =  32  amperes,  and  /.v 
=  15  —  .12  =  3  amperes;  or,  if  we  chose  to  use  the 
outside  line  current,  /y  :=  35  —  32  ;=  3  amperes. 

The  problem  of  the  preceding  lesson  was  to  find  the 
drop  in  voltage  and  the  power  loss  in  a  line  of  rubber- 
covered  wire  150  ft.  long  that  supplies  current  at  125 


sistance  of  which  is  0.248  ohm  per  thousand  feet.  Since 
the  line  is  150  ft.  long  and  there  are  two  conductors,  the 
total  length  of  wire  is  2   X   150  =  300  ft.  and  the 


resistance  is  tt^  X  300 


0.0744  ohm.     The  voltage 

drop  is  the  current  times  the  resistance,  or  61  X  0.0744 
=  4.5  volts,  and  the  line  loss  is  the  current  squared 
times  the  resistance;  that  is,  (61)'  X  0.0744  =  277 
watts. 

Let  Fig.  6  represent  a  110-220-volt  three-wire  sys- 
tem suplying  current  to  the  lamp  load  H  and  K  and  to 
the  motor  load  M.  Assume  that  load  H  consists  of 
eighty  50-watt  and  thirty  100-watt  lamps ;  that  the  load 
K  consists  of  seventy  50-watt  and  fifty  100-watt  lamps; 
and  that  the  motor  load  M  is  composed  of  one  i-hp.  and 
one  2-hp.  motor,  both  of  which  are  operating  at  75  per 
cent,  of  full  load  rating,  and  assume  that  the  average 
efficiencies  of  the  motors  is  70  per  cent.  Determine 
the  values  of  the  currents  in  the  mains  A,  B  and  N 
under  these  conditions. 


Moisture  in  the  coal  fed  to  a  furnace  is  a  direct 
cause  of  loss  of  heat.  It  is  converted  into  steam  and 
so  carries  away  the  latent  heat  it  has  absorbed;  also, 
it  is  superheated  to  the  temperature  of  the  flue  gases 
and  so  carries  off  additional  heat  due  to  superheating. 


February  11,  1919 


POWER 


211 


Special  Investigations  on  Power  Supply 


SECRETARY  LANE 
of  the  Interior  De- 
partment has  sent  to 
Congress  requests  for 
[two  appropriations  for 
special  investigations  and 
report  on  the  power  sup- 
ply. One  of  these  is  a 
request  for  an  appropria- 
tion of  $50,000  for  a 
survey  of  the  power  re- 
sources all  over  the  United 
States.  This  proposed  ap- 
propriation is  embodied  in 
the  Sundry  Civil  Bill, 
hearings  on  which  are 
now  being  held  before 
the  subcommittee  of  the 

House  Committee  on  Appropriations.  If  approved,  the 
work  would  be  done  by  the  Geological  Survey.  The 
other  request  is  for  an  appropriation  of  $200,000  for 
a  report  on  the  power  supply  for  the  industrial  region 
of  the  northern  Atlantic  seaboard,  extending  in  general 
from  Boston  to  Washington.  If  approved  this  work 
would  be  done  by  the  Geological  Survey  and  the  Bureau 
of  Mines  in  cooperation.  The  request  for  the  $200,000 
appropriation  has  been  approved  by  the  Secretary  of 
the  Treasury,  and  has  been  forwarded  to  Swagar 
Sherley,  chairman  of  the  House  Committee  on  Appropri- 
ations. 

In  a  letter  to  Mr.  Sherley,  explaining  the  necessity 
for  the  appropriation  just  mentioned.  Secretary  Lane 
says: 

I  am  today  sending  to  the  Secretary  of  the  Treasury  a 
supplemental  estimate  of  an  appropriation  of  $200,000  to 
be  expended  in  the  fiscal  year  1920  for  a  special  investiga- 
tion and  report  on  the  power  supply  for  the  industrial 
region  of  the  north  Atlantic  seaboard  extending  in  gen- 
eral from  Boston  to  Washington. 

I  respectfully  urge  that  your  committee  consider  this 
estimate  favorably  because  I  believe  the  investigation  will 
form  the  basis  for  a  constructive  national  policy  of  the 
highest  economic  and  industrial  significance.  The  country 
is  now  passing  through  a  period  of  transition,  which,  I 
firmly  believe,  will  soon  be  followed  by  one  of  industrial 
activity  and  expansion.  The  enormous  development  of  war 
industries  had  created  an  almost  insatiable  demand  for 
power,  a  demand  that  was  overreaching  the  available  sup- 
ply with  such  rapidity  that,  had  hostilities  continued,  it  is 
certain  that  we  should  now  be  facing  an  extreme  power 
shortage.  Happily,  such  a  crisis  was  averted  by  the  sign- 
ing of  the  armistice  and  the  ensuing  curtailment  in  the  de- 
mand for  war  materials  has  carried  us  past  immediate 
danger  of  a  power  famine  in  the  industrial  districts  of  the 
Northeast. 

This  subsidence  in  the  demand  for  power  will,  I  think, 
not  be  long  continued.  In  a  few  months  and  especially  in 
the  regions  mentioned,  I  anticipate  a  greatly  increased  de- 
mand for  energy,  for  which  present  facilities  are  inade- 
quate. This  demand  will  follow  the  resumption  of  industry 
under  the  operation  of  normal  economic  laws  and  in  the 
face  of  international  competition,  factors  that  have  been 
largely  inoperative  during  the  war.  If  the  country  is  to 
reap  the  full  benefit  of  this  returning  wave  of  activity  it 
must  be  prepared  to  furnish  industry  and  transportation 
with  an  adequate,  dependable  and  economical  power  sup- 
ply.   Only  by  increased  economy  in  the  production  and  dis- 


A  greatly  increased  demand  for  energy  will 
follow  the  resumption  of  industry  under  the 
operation  of  normal  economic  laws  and  in  the 
face  of  international  competition.  If  the 
country  is  to  reap  the  full  benefit  of  this  return- 
ing wave  of  activity,  it  must  be  prepared  to  fur- 
nish industry  and  transportation  with  an  ade- 
quate, dependable  and  economical  power 
supply.  Only  by  increased  economy  in  the 
production  and  distribution  of  power  will  it  be 
possible  for  our  manufacturers  to  decrease 
their  production  expenses  and  compete  success- 
fully in  the  world's  markets. 


tribution  of  power  will  it 
be  possible  for  our  manu- 
facturers to  decrease  their 
pi-oduction  expenses  and 
compete  successfully  in  the 
world's  markets,  maintain- 
ing at  the  same  time  the 
American  standard  of 
wages  and  living.  That 
there  is  opportunity  for  a 
system  of  power  supply  far 
more  economical  and  effi- 
cient than  that  now  exist- 
ing in  the  areas  under  dis- 
cussion can  not  be  doubted. 
It  has  for  its  central  idea 
the  development  of  a  plan 
for  the  generation  and  dis- 
tribution of  power  on  a 
scale  far  more  comprehen- 
sive than  now  exists  in  this 
territory  and  the  more  effi- 
cient use  of  the  power  in  industry  and  in  transportation. 
This  result  will  be  accomplished  through  the  interconnec- 
tion of  existing  power  centers  by  means  of  a  trunk-line 
transmission  system  of  high  efficiency.  Into  this  trunk  line, 
energy  will  be  fed  from  hydro-electric  plants  and  steam 
power  stations  located  at  tidewater  and  near  the  coal  mines. 
From  it  will  be  taken  the  power  required  for  each  principal 
industrial  center  and  for  the  electrification  of  trunk-line 
railroads  and  of  such  branch  lines  as  may  be  located  in 
metropolitan  districts. 

Such  a  comprehensive  system  of  power  supply,  making 
use  as  it  would  of  unutilized  or  undeveloped  water  power 
and  of  fuel  now  wasted  at  the  mines,  will  result  in  large 
savings  in  coal.  A  very  large  amount  of  coal  now  consumed 
by  steam-power  plants  can  be  replaced  by  the  development 
of  water  power.  Fuel  power  can  be  developed  near  the 
mines  and  the  wasteful  transportation  of  coal  by  railroad 
to  that  extent  avoided.  I  am  reliably  informed  that  as  a 
conservative  estimate  50  per  cent,  of  the  fuel  now  used  by 
the  railroads  in  this  territory  can  be  saved  through  the 
operation  of  trains  by  electricity  instead  of  by  steam  loco- 
motives, because  of  the  much  higher  efficiency  that  can  be 
obtained  in  the  economical  central  station  in  comparison 
with  the  wasteful  steam  locomotive. 

The  transmission  of  this  energy  as  electricity  instead  of 
the  hauling  of  coal  by  rail  will  relieve  the  railroads  of  this 
territory  of  an  enormous  freight  burden,  thereby  making 
available  transportation  for  the  hauling  of  other  commodi- 
ties. This  is  a  matter  of  far-reaching  importance.  Not 
only  would  the  railroads  in  the  immediate  territory  be  re- 
lieved of  hauling  the  coal  for  their  own  locomotives,  but 
other  railroads  supplying  them  with  coal  would  be  relieved 
proportionately.  This  easing  of  the  present  strain  on  track- 
age and  equipment  would  result  automatically  in  an  increase 
in  transportation  facilities,  the  necessity  for  which  the 
country  is  now  facing. 

Such  a  comprehensive  system  of  power  supply  will  give 
opportunity  for  the  more  continuous  use  of  existing  power 
plants  through  the  operation  of  the  diversity  factor;  that 
is,  power  for  which  there  is  no  demand  at  a  certain  time  in 
one  locality  can  be  transmitted  to  another  locality  needing 
power  at  the  moment.  Spare  units  in  one  power  center  can 
then  be  used  to  assist  other  power  centers  in  case  of  emer- 
gency or  breakdovwi.  A  large  amount  of  spare  capacity 
can  thus  be  brought  into  service  and  the  capital  already 
invested  in  existing  power  stations  thus  made  more  pro- 
ductive. 

That  such  economies  and  efficiencies  can  readily  be  ob- 
tained has  been  amply  demonstrated  by  the  repeated  ap- 
plication of  these  principles  to  local  situations.  It  is  my 
conviction  that  they  can  be  applied  regionally  with  even 
greater  success.     My  purpose  in  asking  for  the  appropria- 
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tion  is  to  make  possible  the  investiRation  necessary  to  their 
prnctira!  application  in  this  particular  rcRion.  The  report 
to  follow  would  present  a  ilefinite  plan  for  development  and 
estimate  aiiurately  the  savings  to  be  effected. 

I  am  urninjj  the  earlie.st  pc)r<siblo  action,  because  I  believe 
Buch  a  plan  should  be  formulated  at  once  before  we  enter 
upon  a  new  period  of  industrial  activity,  so  that  the  new 
construction  that  will  be  re(|uired  may  be  coiirdinated  with 
such  a  plan  and  <levelopments  that  will  not  harmonize  with 
the  plan  may  be  avoided. 

This  appropriation  is  requested  not  as  a  substitute  for 
but  as  supplemental  to  the  other  estimate  submitted  by  this 
department  for  the  investigation  of  fuel  and  power  problems 


coverinK  the  whole  United  States.  Fundamental  studies 
dealinjf  with  principles  of  power  supply  and  fuel  utilization 
are  |)riTC(iui.Hile  to  more  inti'nsive  investigation  of  the  kind 
that  1  am  bringing  to  your  attention  in  this  letter. 

The  wording  of  the  estimate  for  the  proposed  $50,000 
requested  by  .Secretary  Lane  is  an  follow.s: 

GKNKKAIi  KXI'KNSKS,    GKOLOT.ICAL   SUKVKY 

For  a  survey  of  power  production  and  distribution  in  the 
United  States,  incluiiing  the  investigation  of  methods  for 
the  further  utilization  of  water  power,  and  the  preparation 
of  reports  thereof,  one-fourth  to  be  immediately  avail- 
able   (submitted)     $50,000. 


Pointers  on  Pumping  Hot  Water 


By  M.  a.  SALLER 


WHEN  special  pains  are  being  taken  to  direct  at- 
tention to  and  eliminate  all  sources  of  waste  and 
inefficient  operation  in  the  boiler  and  engine 
plant,  it  is  well  to  consider  the  folly  of  the  still  widely 
prevalent  practice  of  introducing  cold  water  into  the 
pump  supply  line  whenever  trouble  i.s  experienced  in 
pumping  hot  feed  water.  Steam  is  used  to  heat  the  feed 
water  to  the  highest  possible  temperature  because  it  is 
appreciated  that  a  rise  of  10  deg.  in  the  feed  will  effect 
a  fuel  saving  of  approximately  1  per  cent.  After  this  is 
done,  the  engineer  or  fireman  calmly  injects  cold  water 
into  the  pump  suction  line  in  order  to  stop  knocking 
in  the  pump.  Instead  of  heating  the  feed  water  to  a 
high  point  and  then  cooling  it  down  so  that  it  can  be 
pumped  without  trouble,  the  logical  thing  to  do  would 
be  to  investigate  the  pump  and  the  piping  in  order  to 
remove  the  cause  of  the  trouble,  and  thus  be  enabled  to 
take  advantage  of  the  high  feed  temperature. 

In  pumping  hot  water  it  is  necessary  that  the  water 
should  flow  freely  to  the  pump  under  head;  that  is,  hot 
water  cannot  be  lifted  by  the  pump  like  cold  water, 
because  the  reduction  in  pressure  caused  by  the  suction 
of  the  pump  will  Increase  the  tendency  of  the  hot  water 
to  vaporize  and  give  off  steam,  which  is  the  cause  of  the 
pump  knocking.  Therefore  the  first  point  is  to  make 
sure  that  there  is  a  positive  head  of  water  from  the 
heater  or  hot  water  tank  to  the  pump.  The  distance 
between  the  level  of  the  pump  valves  and  the  working 
water  level  in  the  heater  should  be  not  less  than  36  in. 
If  this  positive  gravity  head  is  not  available,  the  pump 
must  be  lowered  or  the  heater  raised.  In  some  cases 
the  difference  in  level  between  the  hot-water  supply 
and  the  pump  valves  may  be  36  in.  or  more,  and  still 
the  pump  may  "balk"  at  handling  the  hot  water.  This 
may  be  because  the  friction  loss  through  the  pipe  be- 
tween the  heater  and  the  pump  is  excessive.  The  piping 
between  the  heater  and  the  pump  should  be  of  ample 
size — larger  than  would  ordinarily  be  run  for  cold  water 
— and  should  be  as  short  and  direct  as  possible.  Gate 
valves  should  be  used  in  the  suction  line,  instead  of  globe 
valves,  because  they  offer  less  resistance.  When  a  long 
pipe  run  is  necessary  between  the  heater  and  the  pump 
it  should  be  made  "extra  large"  and  should  be  pitched 
continuously  toward  the  pump  so  that  there  will  be  no 
air  or  steam  pockets. 

Trouble  is  often  experienced  in  handling  hot  water 
because  the  pump  is  too  small  to  handle  the  load.  Pumps 
for  handling  hot  water  should  be  of  such  dimensions 


that  the  piston  will  not  have  to  travel  faster  than  40  to 
50  ft.  per  min.  to  maintain  the  desired  capacity.  If  the 
piston  has  to  travel  at  a  high  rate,  difficulty  will  be  ex- 
perienced in  keeping  a  solid  body  of  hot  water  behind 
it  unless  a  high  head  of  water  is  available.  If  the 
passages  through  the  pump  chamber  or  valve  seats  are 
restricted,  it  will  of  course  be  more  difficult  for  the 
water  to  follow  the  piston,  and  hence  a  higher  gravity 
head  will  be  required.  If  the  pump  piston  travels  so 
fast  that  the  water  cannot  keep  up  with  it,  a  partial 
vacuum  is  formed  and  the  hot  water  gives  off  vapor 
and  immediately  the  pump  will  begin  to  pound  or  knock 
because  it  is  vapor-  or  stsam-bound. 

The  valves  of  pumps  often  cause  difficulty  in  handling 
hot  water.  The  ordinary  rubber  pump  valve  deterior- 
ates under  the  action  of  the  heat.  Pumps  for  handling 
hot  water  should  have  brass  piston  rods  and  metal  or 
special  composition  valves.  Trouble  is  also  likely  to 
occur  if  the  springs  on  the  pump  valves  are  too  stiff 
or  tight  causing  undue  friction  in  passing  the  water 
through,  all  tending  to  keep  the  water  from  freely  fol- 
lowing the  piston.  Where  there  is  a  long  pipe  line  and 
the  gravity  head  is  small,  it  is  advisable  to  erect  a 
standpipe  in  the  supply  line  near  the  pump  so  that  a 
supply  of  water  will  be  available  right  at  the  pump  and 
under  the  maximum  head.  The  standpipe  can  be  made 
of  a  section  of  pipe  extended  above  the  highest  water 
level,  and  it  should  be  vented  to  the  atmosphere  to 
prevent  airbinding.  Centrifugal  pumps  require  a 
greater  gravity  head  than  is  necessary  for  reciprocat- 
ing pumps  because  of  the  high  velocity  at  which  the 
water  must  travel.  A  head  of  eight  to  12  feet  should  be 
available  over  a  centrifugal  pump. 

Difficulty  in  pumping  hot  water  is  merely  the  result 
of  overlooking  one  or  more  factors  necessary  to  insure 
satisfaction.  The  main  thing  to  bear  in  mind  is  that 
the  hot  water  must  follow  the  pump  piston  under 
gravity  head,  and  to  insure  this  the  following  points 
should  be  borne  in  mind:  Place  the  pump  below  the 
heater  or  hot-water  tank  level;  run  ample  size  piping, 
slope  the  piping  toward  the  pump,  avoiding  air  pockets ; 
eliminate  all  unnecessary  valves  and  fittings  in  the 
supply  line;  use  larger-sized  pump  for  hot  water  than 
for  cold;  keep  piston  speed  below  50  ft.  per  min.;  use 
first-class  metal  or  composition  pump  valves ;  reduce 
tension  on  valve  springs  until  just  sufficient  to  close  the 
valves;  if  necessary  place  a  standpipe  near  the  pump, 
but  do  not  inject  cold  water  into  the  hot  water  line. 
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MIGHTY  interesting  stories  are  being  told  these 
days  about  how  our  American  boys  have  upheld 
the  honor  of  the  U.  S.  A.,  but  most  of  these 
stories  are  of  deeds  performed  on  the  battlefields  of 
France.  There  have  been  thousands  of  instances  of  brave 
and  heroic  deeds  that  will  never  be  recorded,  because 
they  did  not  come  to  the  attention  of  someone  with  a 
ready  pen.  Although  most  of  the  thrilling  accounts  re- 
late to  the  army,  the  army-transport  service  has  had  its 
stirring  experiences,  one  instance  of  which  is  as  follows : 
On  the  afternoon  of  Sept.  4,  1918,  the  U.  S.  Transport 

"Mount  Ver- 
non," former- 
ly the  German 
steamer 
"Kron  p  rin- 
zessin  Ceci- 
1  i  e,"  com- 
manded by 
Captain  Dis- 
mukes,  left 
Brest,  France, 
for  New  York, 

but  the  vessel  was  destined  to  participate  in  a  voyage 
that  was  far  from  uneventful,  and  finally,  after  being 
torpedoed  by  a  Hun  submarine,  reached  port  only  be- 
cause the  firemen  in  the  stoke  hole  stood  by  their  fires 
like  American  seamen. 

Upon  leaving  Brest  all  water-tight  bulkhead  doors 
below  deck  were  closed  so  that  in  case  the  ship  was  tor- 
pedoed there  would  be  a  chance 
for  it  to  remain  afloat.  This,  of 
course,  cut  off  the  stoke  holes  from 
other  portions  of  the  ship,  and  one 
stoke  hole  from  the  other.  By  clos- 
ing the  water-tight  doors  all  ave- 
nues of  escape  from  the  stoke  hole 
were  cut  off  except  a  precarious 
route  by  way  of  a  ladder  and  over 
the  boilers. 

A  route  was  taken  to  avoid  so 
far  as  possible  submarine  dangers, 
and  the  first  danger  zone  was  safe- 
ly passed,  and  the  chances  were 
that  the  trip  woulu  be  continued 
in  safety.  The  unexpected  usually 
happens,  and  the  "Mount  Vernon" 


was  no  exception.  The  next  morning  after  leaving 
Brest,  at  about  8  o'clock,  the  ship  was  steaming  along 
in  a  calm  sea,  making  about  20  knots,  when  the  lookout 
saw  a  periscope  on  the  starboard  bow  and  the  ship's 
guns  began  firing,  as  did  the  destroyers,  but  all  sub- 
marines are  not  blown  out  of  the  water  even  when 
sighted.  Although  the  steamer  was  under  convoy,  a  tor- 
pedo struck  and  she  at  once  began  settling  in  the  water, 
but  fortunately,  the  water-tight  doors  held  and  pre- 
vented the  undamaged  portion  of  the  ship  from  filling, 
although  she  settled  about  ten  or  twelve  feet  as  the 
water  flooded  the  damaged  portion  of  the  hull. 

The  engineer  reported  to  the  bridge  that  the  engines 
were      still 

running  and  ^^MiWIiMWM 
that  the 
means  of  com- 
mu  n  i  cation 
with  the 
bridge  were 
intact,  but 
that  water 
was     rushing 

into  the  fireroom  and  that  there  was  great  dan- 
ger of  a  boiler  explosion.  Fortunately,  but  one  of  the 
firerooms  was  damaged.  What  happened  in  the  stoke 
holes  cannot  be  adequately  described.  Thirty-six  of  the 
fireroom  crew  lost  their  lives  either  by  drowning  or  by 
being  killed  by  the  torpedo  explosion,  and  many  others 
were  badly  burned  by  the  flames  that  shot  out  from  the 
boiler  furnaces  when  the  water 
reached  the  fire.  Fortunately,  the 
inrushing  waters  helped  to  end 
their  agony  speedily. 

In  the  undamaged  boiler  room 
all  lights  went  out  with  the  explo- 
sion of  the  torpedo,  owing  to  the 
breaking  of  the  electric-light 
wires.  In  the  darkness,  wallowing 
in  water  that  covered  the  floor, 
blinded  by  fine  soot  and  steam-pipe 
insulation,  and  injured  by  fine 
pieces  of  metal,  working  in  fact 
in  the  face  of  almost  certain  death, 
these  firemen  and  water  tenders 
stood  at  their  stations  and  proved 
themselves    heroes.      They    knew 
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that  they  were  trapped;  they  knew  that  there  was  dan- 
per  of  a  boiler  explosion  that  would  completely  wreck 
the  ship  should  it  occur,  but  not  a  man  made  u  step  to- 
ward safety.  There  in  the  darkness  these  men  continued 
to  stoke  the  boilers,  using  for  a  time  the  light  from  live 
coals  or  from  a  torch  to  determine  the  water  level  in 
the  gage-glasses  until  such  time  as  other  illumination 
could  be  obtained.  Through  their  heroic  efforts  the 
"Mount  Vernon"  was  safely  navigated  back  to  port. 

This  is  but  one  instance  of  the  bravery  shown  by  men 
who  work  down  below  deck,  practically  unheard  of  and 
unseen.  It  takes  nerve  to  enable  a  man  to  stand  by  his 
station  in  times  like  this  when  he  cannot  see  or  obtain 
any  information  as  to  what  is  going  on  about  him. 
Darkness  adds  terror  to  any  situation,  and  alt  honor 
is  due  to  these  men  who  stood  by  their  station  under 
conditions  that  called  for  as  much,  if  not  more,  hero- 
ism than  is  required  to  storm  a  defended  position  on  the 
battlefield. 

Improved  Blonck  Boiler  Efficiency 
Meter 

The  coal  shortage  of  last  winter  and  the  efforts 
of  the  United  States  Fuel  Administration  to  conserve 
fuel  have  given  a  strong  impetus  to  improvement  in 
power-plant  economy.  This  has  been  indicated  by  the 
increasing  demand  for  instruments  of  all  kinds.  Partly 
because  of  this  increased  demand  and  partly  because 
a  new  principle  has  been  developed,  the  improved  meter 
shown  at  the  right  in  Fig.  1  has  been  put  on  the 
market  by  W.  A.  Blonck  fc  Co.  At  the  left  of  this 
view  is  one  of  the  original  meters  made  by  the  com- 
pany.    Fig.  2  is  an  enlargement  of  the  new  meter. 

A  primarj'  feature  of  the  new  design  is  that  the 
readings  are  unusually  easy  to  observe  and  to  interpret. 
In  the  older  type  of  Blonck  meter  no  effort  was  made 
to  supply  ranges  of  scales  designed  to  have  the  arrows 
opposite  to  each  other.  The  latest  tj-pe  is  based  on  the 
idea  of  "Each  meter  built  to  fit  the  drafts  of  the  boiler 
to  which  it  is  connected."  This  results  in  the  indicating 
oil  columns  standing  one  over  the  other  for  the  highest 
efficiency  of  combustion.  Hence  the  fireman  need  know 
nothing  of  the  principles  of  combustion  so  long  as 
he  is  capable  of  manipulating  the  damper  and  thickness 
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FIG.  1.   SHOWING  OLD  AND  NEW  METERS 

of  fuel  bed  to  maintain  the  columns  of  oil  in  line.  The 
minute  they  get  away  from  each  other  it  is  a  simple 
matter  for  him  to  refer  to  a  guide,  printed  on  the 
face  of  the  gage,  determine  what  the  trouble  is  and 
institute  corrective  measures. 

Parallel  motion  of  the  two  liquid  columns  is  obtained 
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FIG.  2.  EXL.\RGED  VIEW  OF  THE  METER  SHOWN  AT  THE  RIGHT  OF  FIG.  1 


FIG.  3.   BACK  LEGS  OF  METER  TUBES 

by  variation  in  the  calibration  of  the  back  leg  of  each ' 
tube,  as  shown  in  Fig.  3.  As  the  loss  in  draft  through 
the  fire  is  the  factor  varying  between  the  widest  limits, 
the  back  leg  of  the  lower  gage  is  made  of  nearly  the 
same  diameter  as  the  horizontal  leg,  so  that  the  move- 
ment of  the  fluid  in  the  horizontal  leg  is  retarded.  On 
the  other  hand,  as  the  drop  in  draft  from  the  furnace 
to  the  damper  is  less  than  that  through  the  fire,  the 
back  leg  of  the  upper  gage  is  made  larger  in  diameter 
so  that  the  movement  of  the  fluid  in  the  horizontal 
leg  is  accelerated.  This  simple  device  for  making  the 
two  columns  of  oil  travel  uni- 
formly together  when  the  ra- 
tio of  air  supply  to  pounds  of 
coal  burned  per  hour  is  cor- 
rect and  the  instructions  for 
correcting  conditions  when 
they  become  wrong,  are  the 
two  factors  favoring  the  new 
meter.  A  minor  refinement  is 
the  arranging  of  the  tubes  in 
a  horizontal  instead  of  an  in- 
clined position,  as  was  the 
case  in  the  old  gage.  This  is 
accomplished  by  putting  a 
slight  loop  in  the  tube  at  the 
point  where  the  horizontal 
changes  to  the  vertical.  The 
meter  is  easily  read  and  the 
directions  simplify  the  fur- 
nace management. 
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EDITORIALS 


Providing  an  Ample  Power  Supply 
for  Peace  Industries 

FOREHANDEDNESS  is  a  characteristic  that  was 
noticeably  lacking  in  the  United  States  at  the  time 
we  entered  the  great  war,  and  because  of  that  fact 
we  were  slow  in  making  our  weight  felt  in  the  struggle. 
We  had  taken  little  or  no  thought  as  to  the  methods 
of  raising  armies,  constructing  ordnance,  building  air- 
planes, extending  transportation  facilities  and  meeting 
the  thousand  and  one  other  increased  demands  upon  our 
industrial  machinery. 

Those  were  problems  brought  about  by  the  war,  but 
they  were  solved  eventually,  by  dint  of  much  hard  labor 
and  at  vast  expense.  Now  we  are  confronted  by  equally 
important  questions  that  have  arisen  as  a  result  of  the 
war  and  that  are  pressing  for  solution.  Among  them 
the  problem  of  an  ample  and  intelligently  arranged 
system  of  power  generation  looms  large,  because  the 
prosperity  of  the  country  is  intimately  bound  up  with 
the  matter  of  power  supply  to  industry. 

The  requests  of  the  Secretary  of  the  Interior  for 
appropriations  for  a  survey  of  the  power  situation  in 
the  United  States,  as  explained  on  page  211,  are 
therefore  commendable  examples  of  foresight.  Especial 
interest  attaches  to  the  larger  of  the  two  appropria- 
tions asked  for,  because  it  is  concerned  with  investiga- 
tion of  the  most  densely  populated  industrial  district  in 
the  country;  namely,  the  northern  Atlantic  seaboard. 
In  this  narrow  strip  of  territory  the  greater  part  of 
the  manufacturing  of  the  nation  is  concentrated,  with 
the  result  that  there  was  a  serious  shortage  of  power 
when  these  plants  tried  to  meet  the  output  demanded 
by  war  conditions. 

Secretary  Lane's  plan  is  intended  to  prevent  the 
recurrence  of  this  condition  under  the  stress  of  indus- 
trial expansion  to  meet  peace-time  needs.  It  embodies 
those  features  that  have  been  found  economical  and 
efficient  in  operation  during  the  war  period.  It  looks 
forward  to  the  generation  of  electrical  energy  by  steam 
plants  in  the  coal  fields  and  by  water-power  plants 
wherever  they  can  favorably  be  built,  with  interconnec- 
tion through  a  trunk-line  system.  The  desirability  of 
a  comprehensive  system  of  this  kind,  by  reason  of 
the  diversity  factor  and  the  freedom  from  shutdowns 
due  to  shortage  of  power,  needs  no  demonstration  to 
engineers. 

The  Secretary  plans  even  more  than  this,  however. 
He  sees  the  eventual  electrification  of  the  railroads  in 
the  congested  area,  thereby  relieving  them  of  the  trans- 
portation of  a  considerable  quantity  of  coal  and  at  the 
same  time  conserving  the  fuel  supply  by  reason  of  the 
difference  between  the  efficiencies  of  the  locomotive 
and  the  electric  generating  station.  This  reduction 
of  the  burden  on  transportation  would  help  to  relieve 
a  situation  that  has  been  critical  for  a  long  time. 

The  need   of  a    survey   such   as   this   appropriation 


would  render  possible  is  beyond  the  necessity  of  proof. 
But  no  time  should  be  lost  in  carrying  out  the  work, 
if  its  findings  are  to  be  of  immediate  value.  It  seems 
to  be  very  generally  believed  that  the  country  is  about 
to  enter  upon  a  period  of  industrial  activity  and  pros- 
perity such  as  it  has  never  seen,  and  power  is  at  the 
base  of  the  whole  industrial  structure.  Therefore,  if 
we  are  to  meet  the  new  demand  with  a  system  of 
power-producing  plants  scientifically  arranged  and  co- 
ordinated, prompt  action  is  necessary. 

Unpreparedness  for  the  duties  and  responsibilities 
of  waging  war  cost  us  heavily  in  time  and  money.  It 
is  to  be  hoped  that  we  have  learned  a  lesson  from  that 
experience  and  that  we  shall  enter  upon  the  era  of 
industrial  expansion  securely  fortified  against  lack  of 
power.  The  Geological  Survey  and  the  Bureau  of 
Mines,  under  whose  guidance  the  power  investigation 
would  be  made,  have  the  necessary  organization  and  the 
experience.  They  lack  only  the  needed  funds  and  those 
should   promptly  be  forthcoming. 

Carbon-Brush  Characteristics 

AS  EARLY  as  1885  carbon  brushes  were  suggested 
for  use  on  electrical  machinery  in  a  patent  taken 
out  in  that  year,  and  about  two  years  afterward  they 
came  into  use  and  are  still  with  us — in  a  greatly  im- 
proved form.  When  we  compare  the  characteristics  of 
the  old  copper-gauze  brush,  with  all  its  sparking  and 
arcing,  cutting  commutators,  the  necessity  of  shifting 
the  brushes  with  each  change  of  load  to  obtain  com- 
mutation, etc.,  with  the  results  obtained  with  a  modern 
carbon  brush  applied  to  the  service  for  which  it  is 
designed,  the  improvement  is   almost  phenomenal. 

That  the  carbon  brush  has  played  an  important  role 
in  the  development  of  the  electrical  industry,  especially 
of  direct-current  machinery,  is  generally  recognized, 
and  if  it  had  not  been  for  the  carbon  brush  no  doubt 
development  of  direct-current  electrical  equipment 
would  have  lagged  while  that  of  alternating-current 
apparatus  would  have  been  accelerated  to  even  a  greater 
extent  than  it  has. 

Many  of  the  types  of  direct-current  machinery  in 
use  would  be  impossible  of  commercial  development 
without  the  use  of  carbon  brushes  or  material  of  similar 
characteristics.  Chief  among  these  are  the  high-speed 
turbo-generator,  the  sixty-cycle  rotary  converter  and 
the  high-voltage  direct-current  railway  machinery. 

However,  for  many  years  little  consideration  was 
given  to  the  distinctive  features  of  carbon  brushes; 
coefficient  of  friction,  hardness,  abrasiveness,  lubricat- 
ing qualities,  contact  resistance,  etc.,  were  practically 
alien  to  the  art,  and  only  within  the  last  ten  or  twelve 
years  has  real  serious  consideration  been  given  to  the 
development  of  different  grades  of  brushes  to  meet  the 
different  classes  of  service  and  the  various  types  of 
machines.    The  possibility  of  a  universal  brush  is  today 
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ill   thi«   siinie  inti'K'oiy    as   that    of   a    iinivt'isal    motor 
both   liavo  passi'il   info  tlu-   realm   of  things   ap|)aioiitl.v 
impo.ssiblo. 

A.s  lonn:  a.s  hru.shos  wero  u.sod  without  any  considera- 
tion of  thoir  suitability  to  the  service  to  which  they 
were  beinjr  applied,  all  kinds  of  commutator  troubles 
were  oxperioncod.  If  a  nonabrasive  brush  happened  to 
be  applied  to  a  commutator  with  hard  or  too  thick  mica, 
blackeninvr  and  a  burninj;:  of  the  commutator  was  the 
result.  The  brushes  were  often  blamed  for  the  trouble; 
more  frequently  the  quality  of  the  commutator  was 
blamed  because  of  the  mica  being  too  hard,  when  in 
fact  both  were  contributory  causes.  Today  we  know 
the  remedy  is  to  undercut  the  mica  if  operating  con- 
ditions will  permit,  or  else  to  use  a  brush  that  possesses 
sufficient  abrasiveness  to  cut  down  the  mica. 

Undercutting  the  mica  in  a  commutator  has  gone  a 
long  ways  toward  improving  the  results  obtained  from 
different  types  of  brushes.  At  one  time  graphite 
brushes  were  condemned  for  certain  classes  of  service 
and  looked  upon  with  disfavor  in  other.s;  today  by 
undercutting  the  commutator  mica  they  are  considered 
equal  if  not  superior  to  other  grades  for  these  same 
applications. 

Another  practice  that  was  the  cause  of  considerable 
trouble  was  working  the  brushes  at  too  high  a  cur- 
rent density,  and  that  is  probably  not  given  the  con- 
sideration today  that  it  should  receive.  This  trouble 
generally  developed  after  the  machine  had  been  in  serv- 
ice for  a  considerable  period,  due  to  the  heating  of 
the  brushes  drying  out  the  lubricant.  In  many  cases 
the  trouble  was  corrected  for  the  time  being  by  giving 
the  commutator  and  brushes  a  bath  of  oil.  This  is 
now  considered  very  bad  practice,  and  brushes  of  the 
proper  characteristics  are  selected. 

Instead  of  the  old  idea  that  any  carbon  brush  was 
suited  to  any  service,  it  has  come  to  be  recognized 
that  there  is  one  best  grade  of  brush  for  each  class 
of  service.  Beginning  in  this  issue  on  page  202  is 
the  first  of  three  articles  on  the  "Characteristics, 
Composition  and  Application  of  Carbon  Brushes  to 
Electrical  Machinery."  These  articles  are  unique  in 
their  treatment  in  that  they  not  only  tell  what  the 
characteristics  are,  but  also  show  how  they  are  deter- 
mined by  tests  and  are  obtained  in  the  composition  of 
the  brush,  hence  giving  a  deep  meaning  to  this  ele- 
ment that  is  so  essential  to  the  satisfactoiy  operation 
of  electrical  machinery. 

The  Revised  A.  S.  M.  E.  Boiler  Code 

ON  PAGES  196  et  seq,  is  given  a  resume  of  revisions 
which  have  been  made  in  Part  I,  Section  I,  relating 
to  new  installations  of  power  boilers,  of  the  Boiler 
Code  of  the  American  Society  of  Mechanical  Engineers. 
These  revisions  are  the  outcome  of  four  years  of  prac- 
tical application  of  the  Code.  Frequent  meetings  have 
been  held  by  a  large  committee  of  experts  and  special- 
ists in  the  various  phases  of  the  subject,  comprising 
boiler  manufacturers  and  users,  manufacturers  of 
boiler  materials  and  appliances,  designing  and  con- 
sulting engineers  and  inspectors,  both  insurance  and 
governmental,  for  its  intei-pretation  and  modification. 
By  this  activity  the  society  has  placed  at  the  service 
of  the  profession,  of  governmental  inspection  depart- 


ments and  of  legislators  who  are  considering  meaHures 
of  public  .safety,  an  instrument  embodying  the  best 
thought,  knowledge  and  experience  of  the  profession, 
the  cost  of  which,  if  the  labor  ex|)en(led  upon  it  had 
been  requited  at  the  rates  ordinarily  paid  for  such 
.services  or  measured  by  the  actual  worth  of  the  time 
of  its  constructors  and  interpreters,  would  approach  a 
half   million    dollars. 

In  addition  to  the  work  of  the.se  experts  we  should 
like  to  bring  to  bear  upon  the  evolution  of  this  Code 
the  practical  thought  and  experience  of  Power  readers. 
Send  and  get  a  copy  of  the  complete  Code  from  the 
Secretary  of  the  American  Society  of  Mechanical  Engi- 
neers, 29  West  Thirty-Ninth  Street,  New  York.  The 
charge  is  one  dollar  to  nonmembers.  Then  see  how 
nearly  the  boilers  under  your  care  comply  with  its 
requirements.  Such  a  process  leads  to  interesting  engi- 
neering computations  and  to  a  new  intimacy  with  one's 
plant.  This  kind  of  knowledge  and  the  competency  to 
apply  it  broadens  a  man  and  increases  his  value.  If 
there  is  anything  about  the  Code  or  its  applications 
that  you  do  not  understand  or  approve  of,  or  if  any 
suggestions  occur  to  you  for  its  betterment,  write  to 
the  editor.  The  Code  ought  to  be  clear  and  understand- 
able to  and  workable  by  any  of  Power's  constituents, 
and  its  extensive  and  intelligent  application  by  Power's 
constituency  would  prove  its  worth  or  be  the  best  means 
for  pointing  out  further  desirable  changes.  We  hope 
to  see  it  universally  adopted. 


If  we  call  the  coal  operator  a  profiteer  when  he  makes 
a  profit  of  $1.10  per  ton,  what  are  we  going  to  call  the 
owners  of  the  coal  fields  who  charge  as  high  as  $1.50 
per  ton  for  the  mere  privilege  of  taking  out  of  the 
ground  that  which  nature  has  so  bountifully  bestowed! 
upon  us,  as  brought  out  recently  in  the  United  States 
Senate  Committee  investigation  of  conditions  in  the 
anthracite  fields? 


It  has  been  estimated  that  it  costs  one  large  corpora- 
tion from  forty  to  one  hundred  and  fifty  dollars  to  hire 
and  train  a  new  workman,  therefore  this  amount  is  lost 
if  he  is  discharged  or  if  he  leaves  of  his  own  accord. 
From  this  it  would  seem  that  it  would  be  a  paying  prop- 
osition to  maintain  attractive  working  hours  and  to  put 
out  a  satisfactory  pay  envelope. 


There  was  a  time  when  boiler  efficiency  appeared  to 
depend  largely  upon  peculiar  tube  arrangement.  Now 
attention  is  being  g!ven  to  proper  furnace  design  and 
to  proper  baffling.  In  focusing  attention  upon  furnace 
design,  engineers  are  attacking  the  problem  from  the 
right  angle. 


You  cannot  improve  efficiency  by  taking  indicator 
diagrams  from  your  engines  and  records  from  your  CO, 
apparatus  and  filing  them  away.  They  are  only  guides 
and  helps  to  a  system  of  management  that  you  must 
devise,  impress  and  maintain. 


Plan  your  future  on  the  assumption  that  the  present 
high  prices  are  not  going  to  fall.  If  they  do,  you'll  be 
agreeably  surprised;  and  if  they  do  not,  you  won't  be 
disappointed. 
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Heating  System  Gradually  Improved 

In  common  with  other  engineers  the  writer  has  for 
years  past  spent  considerable  time  in  study  and  plan- 
ning and  more  than  one  problem  has  been  gone  over  and 
solved  during  the  hours  intended  for  sleep — not  the 
wisest  plan  from  a  physical  standpoint  perhaps,  but 
nevertheless  "we  all  do  it"  at  times. 

One  heating  system,  like  Topsy,  "had  just  growed," 
judging  by  the  manner  in  which  the  piping  was  done. 
In  the  original  design  two  6-in.  pipes  with  globe  valves 
led  from  the  two  horizontal  return-tubular  boilers  and 
joined  at  a  6  x  6  x  5-in.  tee  from  which  a  5-in.  pipe  led. 
Imagine  two  6-in.  pipes  supplying  one  5-in  line!  On 
this  5-in.  line  there  was  a  reducing  valve  lowering  the 
pressure  to  15  or  16  lb.  This  valve  had  a  rubber  dia- 
phragm which  frequently  blew  out — on  a  cold  night 
about  2  a.  m.  Just  beyond  this  reducing  valve  there  was 
a  5-in.  connection  to  the  6-in.  exhaust  main.  This  con- 
nection was  not  used,  however,  as  the  exhaust  steam 
was  only  used  to  heat  the  coils  of  a  large  blower  which 
furnished  hot  air  for  some  of  the  shops  and  dry  rooms. 
There  was  a  lot  more  exhaust  than  could  be  used  in 
these  coils,  but  it  could  not  be  utilized  in  the  main  heat- 
ing system  because  it  was  necessary  to  supply  higher 
pressure  and  temperature  in  some  of  the  processes,  al- 
though it  was  proved  that  8  lb.  was  plenty  instead  of 
the  15  lb.  formerly  used.  The  condensation  from  the 
exhaust  was  wasted,  although  the  engine,  a  simple  Cor- 
liss, developed  about  130  hp.  and  required  at  least  26  lb. 
of  water  per  horsepower-hour.  This  condensate  con- 
tained 4,732,000  B.t.u.  per  day  of  10  hours,  figuring  from 
60  deg.  for  raw  water  to  200  deg.  for  the  condensate, 
equal  to  about  400  lb.  of  12,000  B.t.u.  coal  that  cost 
$3.90  per  ton  in  the  boiler  room. 

To  get  back  to  the  piping  layout,  the  5-in.  line  after 
passing  several  ells  rose  vertically  about  five  feet,  this 
riser  having  a  2-in.  drain  valve  to  the  returns.  The 
valve  was  fastened  so  that  the  amount  of  opening  could 
could  not  be  changed,  as  the  employees  seemed  to  like 
to  turn  the  wheel  for  nastime  regardless  of  the  effect 
on  the  heating  system.  The  5-in.  line  then  split  into 
a  4-in.  running  north  and  a  3-in.  south,  the  latter 
being  reduced  a  short  distance  farther  on  to  2 J  in., which 
size  was  carried  about  200  ft.,  where  it  divided  into  sev- 
eral branches.  The  4-in.  line  was  carried  about  300  ft. 
without  drains  to  a  riser,  full  size,  several  branches 
being  taken  off  without  valves  on  them,  making  it  nec- 
essary in  case  of  needed  repairs  to  shut  off  the  whole 
line.  At  the  extreme  northern  end  there  was  a  2-in. 
drain.  What  course  of  reasoning  would  cause  a  man  to 
think  a  4-in.  line  would  condense  enough  steam  to  re- 
quire a  2-in.  drain  pipe? 

The  returns  from  all  buildings  were  connected  to  the 
return  main  without  valves — a  very  poor  arrangement, 
particularly  when  repairs  were  necessary  in  cold 
weather.    All  condensate  flowed  by  gravity  to  a  receiver. 


thence  by  a  pump  to  the  boilers.  All  supply  pipes  with 
the  exception  of  a  few  short  sections  exposed  to  out- 
side temperature  were  uncovered.  The  radiating  sur- 
face was  equal  to  about  four  miles  of  1-in.  pipe.  The 
pipe  in  one  building,  being  actually  measured,  equaled 
over  5000  ft.  of  1-in.  pipe,  and  there  were  five  other 
buildings  of  nearly  the  same  size. 

Little  by  little  the  pockets  were  removed,  the  drains 
connected  and  the  pipe  covered.  During  this  period, 
however,  about  15,000  ft.  of  additional  piping  was  in- 
stalled. Although  efforts  were  made  to  utilize  the  ex- 
haust, nothing  was  actually  done  until  about  two  years 
ago,  when  the  closed  heater  was  replaced  by  one  of  the 
open  type.  The  returns  from  the  blower  coils,  as  well 
as  the  live  steam  condensate,  were  led  to  it  and  the  re- 
ceiver formerly  used  was  discarded.  Then  additional 
coils  were  connected  to  the  exhaust  main.  About  a 
year  later  a  cross-connection  was  made  between  the  live 
and  exhaust  systems  so  exhaust  could  be  used  during 
the  day  and  live  steam  at  night.  This  necessitated  the 
opening  and  closing  of  several  valves  each  night  and 
morning,  but  proved  successful  in  relieving  the  situa- 
tion. The  exhaust  from  two  air  compressors,  a  Corliss 
and  a  high-speed  engine  and  the  feed  pumps  was  all 
piped  to  the  heater,  and  there  was  an  abundant  supply 
of  exhaust.  This  improvement  resulted  in  sufficient  ap- 
propriation of  funds  to  change  the  entire  system. 

It  might  also  be  said  that  tests  made  without  the 
knowledge  of  employees,  using  steam  in  the  process, 
showed  that  it  was  unnecessary  to  carry  14  toi  16  lb.  on 
that  line— that  8  to  10  lb.  was  plenty.  The  changes 
were  not  radical  or  extreme,  although  effectual,  con- 
sisting in  extending  high-pressure  distributing  lines  to 
feed  into  the  low-pressure  system  through  reducing 
valves  at  remote  points  in  the  several  buildings.  This 
same  line  supplied  the  steam  used  in  the  processes  and 
then  discharged  into  the  heating  system.  By  this  means 
the  heating  steam  pressure  could  be  again  reduced  so 
as  not  to  put  excessive  back  pressure  on  the  engine. 
There  is  at  all  times  during  working  hours  an  abun- 
dance of  exhaust  steam,  the  temperature  of  the  feed 
water  rarely  drops  below  190  deg.  and  it  is  usually  over 
200  deg.  All  coils  and  drains  are  equipped  with  traps 
of  the  thermostatic  type,  and  all  returns,  from  whatever 
device,  are  connected  to  a  receiver  from  which  the  con- 
densate is  taken  by  a  vacuum  pump  and  discharged  into 
the  heater.  Although  we  are  getting  inferior  fuel  and 
have  a  larger  heating  and  mechanical  load,  a  comparison 
of  coal  consumed  with  that  of  the  corresponding  period 
four  years  ago  shows  practically  the  same  tonnage. 
Other  improvements  not  bearing  directly  on  heating 
have  been  made  in  the  boiler  room,  and  whereas  only  a 
short  time  ago  it  was  difficult  to  keep  firemen,  the  work 
is  now  so  much  easier  that  this  trouble  has  disappeared. 
It  took  years  of  hard  work  planning  and  persuading, 
but  everyone  concerned  is  financially  benefited  as  a  result. 

Trenton,  N.  J.  Harry  H.  Yates. 
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A  thiuoiiK'lil.v  first-cliis.s  hoiitinjr  .systi-ni  vvi\s  in- 
stalled in  a  .school  buildintr,  tcstod  out  l)y  the  dtsijrning: 
cMKinecrs  and  pa.><.sed.  Some  time  later  one  of  the 
engineers  of  the  firm,  havinjr  l)ii.siness  in  that  town, 
called  on  the  school  superintendent  to  incj'iire  how 
thinjrs  were  poinjr.  He  found  that  worthy  "a'l  het  up," 
liKuratively,  on  account  of  the  failure  of  the  heatinjf  and 
temperature-control  systems  to  function  properly.  He 
said  that  the  rooms  were  too  hot  and  that  it  seemed 
impossible  to  keep  the  heat  down.  They  wen  operating 
the  blower  -system,  although  the  weather  wa.i  mild,  sup- 
posedly to  get  ventilation.  The  illustratior  shows  the 
general  layout  of  the  heating  plant.  Thermostats  con- 
trolled the  steam  to  the  direct  radiators  and  also  to 
the  tempering  coils.  Upon  investigation  it  was  learned 
that  the  thermostat  for  the  tempering  coils  was  set  at 
about  105  deg.,  so  that  the  air  delivered  by  the  fan  and 
duct  system  was  so  hot  that  the  rooms  were  overheated 


stat.s,  wc"  wish  to  roilcrato  that  the  lens  they  are  manipu- 
lated the  more  satisfactory  will  he  the  nulomalic  control 
of  the  heat.  Should  a  teacher  desire  a  temperature  of  68 
de^r..  tile  tlierriiostats  should  he  adjusted  and  left  to  operate 
at  that  temperature  an<l  not  adjusted  to  the  momenlury 
feelings  of  the  teacher.  We  advi.se  you  to  make  arranife- 
mcids  with  the  makers  for  one  or  two  yearly  examinations 
of  the  thermostats. 

If  the  schoolrooms  become  very  cold  in  the  morning  and 
conditions  should  a^'ain  maintain  as  last  year,  when  the 
room  fein|)eratures  sometimes  went  below  the  freezinjf  point, 
wc  ask  you  not  to  forget  that  the  school  can  be  heated 
very  rapidly  by  hot  air  recirculated  by  the  blower.  It  will 
be  necessary  to  shut  the  air-inlet  dampers  and  open  the 
doors  between  the  blower  rooms  and  the  basement  play- 
rooms, but  shut  the  door  between  boiler  and  blower  rojms 
and  then  run  the  fan,  circulating  the  air  in  the  buildinK 
in  this  manner.  We  recommend  that  on  very  cold  days 
the  vent  registers  be  closed.  These  flues  are  all  located 
on  the  inside  walls  and  are  consequently  not  subject  to 
any  chilling  which  might  retard  the  air  flow.  The  capacity 
of  flues  (lei)ends  upon  the  diff'erence  of  temperature  be- 
tween the  inside  and  outside  air,  and  the  flues  therefore 
become  very  active  in  cold  weather,  because  of  the  extrpme 
temperature  difference.  The  large  amount  of  air  drawn 
from  the  classrooms  by  these  flues  may.  well  be  responsible 
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even  when  the  direct  radiation  was  all  shut  off.  The 
remedy  was  of  course  simple  and  easily  applied — when 
the  tempering  coil  thermostat  was  adjusted  to  about  65 
deg.,  there  was  no  difficulty  from  overheating.  The  fol- 
lowing instructions  were  then  supplied,  and  no  further 
difficulty  has  been  experienced: 

We  take  pleasure  in  furnishing  you  the  following  notes, 
which  may  be  helpful  in  the  operation  of  the  heating  and 
ventilating  plant  of  your  new  school  building. 

Generally  speaking,  in  the  milder  weather  the  heating  of 
the  building  is  to  be  effected  by  steam  rediators  only,  but 
in  colder  weather  the  air  supplied  by  the  ventilating  appa- 
ratus must  assist  the  heating.  The  radiators  placed  in  the 
classrooms  have  been  figured  to  heat  the  rooms  to  only  60 
deg.  temperature  when  the  outside  temperature  is  between 
0  and  10  deg.  F.  During  extremely  cold  weather  the  air 
supply  should  therefore  be  kept  at  a  considerably  higher 
temperature  than  the  room  temperature — say  at  85  to  95 
deg.  At  higher  outside  temperatures  the  air  supply  should 
be  kept  around  70  deg.  Thus,  for  instance,  on  a  day  of 
40  deg.  the  air  should  be  about  65  deg.,  but  when  the  out- 
side temperature  is  around  20  deg.  the  air  supply  should 
be  about  75  deg.  These  figures  are  only  illustrative  and 
should  be  slightly  varied  if  the  best  results  are  securad 
under   somewhat   different   conditions.      As   to   the   thermo- 


for  cold  classrooms  in  the  morning.  As  to  the  air-inlet 
dampers,  they  should  be  carefully  shut  off  overnight,  so 
as  to  prevent  freezing  up  the  tempering  coils,  in  case  of 
any  accumulation  of  water  in  these  coils,  due  to  leaky 
valves,  etc.  Your  engineer  should  be  instructed  never  to 
open  the  air  inlets  unless  he  has  a  pressure  c>f  at  least  one 
pound  on  the  boiler;  then  if  the  air  valves  are  properly 
adjusted,  an  active  steam  circulation  is  certain  and  freezing 
and  damage  is  prevented.  J.   LEWIS. 

New  York  City. 

Cost  of  Banking  Fires 

Having  read  the  editorial,  "Cost  of  Banking  Fires," 
in  the  Jan.  14  issue  of  Power,  I.  offer  the  following, 
based  on  the  records  of  the  plant  of  which  I  have 
charge.  It  does  not  seem  as  though  the  cost  of  banking 
coal  used  should  be  charged  directly  to  the  cost  of 
producing  power,  but  some  disposition  must  be  made 
of  this  item,  which  amounts  to  a  considerable  in  a  year. 

I  am  of  the  opinion  that  estimating  one-third  of 
the  coal  used  for  the  day's  run  is  used  for  banking 
purposes  is  excessive,   at  least   it   is   in   our  plant.     If 
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there  are  no  records,  it  is  difficult  to  estimate  with  any 
degree  of  accuracy. 

This  plant  is  not  one  of  the  large  stations,  but  daily 
records  are  kept  of  all  operations,  supplies,  water,  etc., 
and  perhaps  some  information  can  be  deduced  from  our 
experience.  We  have  two  125-hp.  hand-fired  return- 
tubular  boilers  operated  alternately,  under  forced  and 
induced  draft. 

A  mixture  (about  half-and-half)  of  hard-coal  screen- 
ings at  $2.25  per  ton  and  nut  and  slack  at  $4.60  per 
ton  is  burned,  averaging  about  $3.50  per  ton  as  fired. 
An  average  of  2.75  tons  of  fuel  is  burned  daily. 

The  fires  are  run  12  hours  daily,  then  burned  down 
and  banked  with  straight  nut  and  slack  coal,  an  average 
of  275  lb.  being  wheeled  out  while  the  fire  is  brought 
down  and  is  dumped  before  the  boiler  separate  from 
the  day's  run  coal  and  there  is  seldom  more  required. 

Operating  360  days  a  year  and  banking  coal  at  $4.60 
per  ton  means  49.4  tons  used,  costing  $228  per  year 
for  banking.  With  a  coal  consumption  averaging  880 
tons   an   estimate   of   one-third    is   excessive. 

Rochester,  N.  Y.  C.  M.  BOURCY. 

A  Cooling  Pond  Suggestion 

I  once  had  an  opportunity  to  observe  the  waste  of 
steam  and  coal  resulting  from  high-temperature  in- 
jection water  while  on  testing  work  on  a  10,000-kw. 
turbine  unit.  The  condenser  had  10,000  sq.ft.  of  cooling 
surface  and  the  cooling  pond  was  designed  to  be  of 
ample  capacity,  but  it  proved  inadequate  in  hot  weather 
and  only  about  6500  kw.  could  be  carried  on  the  turbine 
during  the  summer  when  the  outside  temperature  was 
82  to  85  deg.  Whenever  the  load  exceeded  6700  kw., 
it  was  necessary  to  run  the  spray-nozzle  pressure  up 
from  9  to  as  high  as  19  lb.,  and  under  these  conditions 
the  vacuum  would  drop  to  23  or  24  in.  Temperature 
readings  taken  in  the  center  of  the  pond  were  far  above 
the  air  surrounding  the  pond  even  when  the  wind  was 
blowing  briskly.  It  occurred  to  me  that  additional 
nozzles  set  10  to  12  ft.  higher  than  the  rest  would  im- 
prove the  cooling  eff'ect  quite  materially.  Tests  proved 
that  reducing  the  number  of  nozzles  reduced  the  volume 
of  water  circulated,  but  increased  the  injection  tem- 
perature greatly ;  hence  it  would  seem  reasonable  that 
increasing  the  number  of  nozzles  would  also  increase 
the  volume  of  water  circulated  by  speeding  up  the  steam- 
driven  circulating  pump. 

I  would  like  to  hear  from  readers  of  Poiver  who 
have  had  experience  along  this   line. 

Franklin,  Ohio.  W.A.LDO   Weaver. 

Calculating  Heat  Loss  in  Water 

A  few  months  ago  an  insurance  inspector  made  a 
report  that  there  was  oil  in  our  boilers.  As  we  use  ex- 
haust steam  to  heat  the  building,  we  decided  to  trap 
the  returns  to  the  sewer.  A  few  days  later  an  inspector 
from  the  Fuel  Administration  came  to  view  the  plant, 
and  he  said  that  we  were  wasting  coal  by  letting  the 
heating  returns  go  to  the  sewer. 

We  have  a  closed  heater,  and  all  the  steam  passes 
through  this  heater  before  it  heats  the  building.  The 
boiler-feed  pump  is  going  at  a  steady  rate,  and  the 
water  going  through  the  coil  in  the  heater  has  plenty 


of  time  to  get  heated  to  the  same  temperature  as  the 
steam  passing  through.  I  believe  we  only  lose  the 
water  going  in  the  sewer  and  would  like  to  know  through 
Power  how  much  heat,  if  any,  we  are  losing  by  letting 
the  heating  returns  go  into  the  sewer.  The  trap  dis- 
charging the  returns  does  not  leak  steam. 

New  York  City.  Patrick  Molloy. 

Changes  Improved  Matters 

When  the  steam-supply  line  to  a  new  250-hp.  unit 
was  put  up,  the  chief  was  on  sick  leave,  and  the  steam- 
fitters  ran  the  line  and  connected  it  to  the  header,  as 
shown  by  the  sketch,  using  an  elbow  at  A.  When  this 
unit  was  put  in  operation,  large  slugs  of  condensation 
from  the  header  would  carry  over,  causing  frequent 
shutdowns  during  the  day. 

On  returning  to  the  plant,  the  chief,  to  overcome  this 
trouble,  shut  down  the  engine  and  put  a  tee  in  the  line 
as  shown  at  A,  in  place  of  the  elbow.    He  then  connected 
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ARRANGEMENT  OF  THE  HEADER  PIPING 

a  6-ft.  leg  to  the  tee,  connected  a  trap  to  the  leg  and 
piped  the  trap  to  discharge  to  the  heater.  The  results 
were  very  satisfactory. 

The  exhaust  steam  from  this  unit  was  allowed  to 
escape  to  the  atmosphere.  After  a  few  weeks'  run, 
increasing  business  demanded  that  the  unit  be  run  at 
night  and  more  coal  was  consumed  than  was  necessary. 
During  the  day  run  other  units  supplied  exhaust  steam 
to  the  feed-water  heater,  keeping  the  feed  water  up  to 
210  deg.  F.,  but  at  night  these  engines  were  not  run, 
with  the  result  that  the  temperature  of  the  feed  water 
fell  to  50  deg.  Fahrenheit. 

The  chief  secured  a  back-pressure  valve  and  installed 
it  in  the  exhaust  line  of  the  new  unit,  and  the  exhaust 
steam  was  passed  through  the  open  heater,  with  the 
result  that  the  temperature  of  the  feed  water  was  raised 
to  210  deg.   Fahrenheit. 

In  round  figures  the  saving  on  the  coal  bill  averaged 
about  $80  per  month.  This  put  a  smile  on  the  superin- 
tendent's face  and  another  feather  in  the  chief's  cap. 

Memphis,  Tenn.  J.  A.  Landohna. 


220 


POWER 


Vol.  49,  No.  G 


Avoi<l  UnncccsHxiry  Piiin|Mng 

In  many  liiiildinK-s  inal  can  bo  saved  by  u  proper 
airrunKi'nu'nt  of  Uu'  water  pipinj?  so  that  water  directly 
from  the  city  main  supplies  the  lower  floors,  instead  of 
ilischarginK  into  a  suction  tank,  necessitating  pumping 
it  from  that  tank  to  the  entire  buiidinn-  The  lower 
doors  can  be  piped  separately  from  the  upper  ones, 
and  the  house  pumps  will  have  that  much  less  to  do, 
thus  savinK  wear  and  tear  on  the  pumps  as  well  as 
coal.  Sometimes  it  may  be  advisable  to  connect  the 
suction  pipe  of  the  pump  with  the  city  mains  direct, 
in  which  case  it  should  be  of  ample  size  to  jc've  full 
pressure  and  volume  at  the  pump,  thus  reducing  the 
work  that  the  pump  will  have  to  do.  It  is  advisable 
to  install  a  jra^e  on  the  suction  pipe  to  observe  the 
pressure. 

When  filters  are  in.stalled  in  the  line,  gages  should 
be  connected  on  both  inlet  and  outlet  of  the  filter  to 
show  the  drop  in  pre.ssure  through  the  filter  bed  and 
to  indicate  when  the  filter  needs  cleaning,  and  also 
when  the  fish  trap,  meter  or  any  part  of  the  supply 
line  gets  clogged.  W.  T.  Meinzer. 

Brooklvn.  N.  Y. 


Centrifugal  Pumps  Made  with 
Wooden  Casings 

I  have  read  a  number  of  articles  relating  to  centrif- 
ugal pumps,  but  I  have  not  seen  anything  about  their 
being  made  with  wooden  casings.  I  have  built  a  num- 
ber of  such  pumps,  using  bronze  impellers,  and  they 
have  given  excellent  service  in  coal  mines. 

On  a  wooden  casing  sulphur  or  mine  water  has  an 
opposite  effect  to  that  which  it  has  on  a  metal  one.  In 
the  latter  it  eats  away  the  metal,  but  on  a  wood  casing 
it  forms  a  scale  which  increases  in  thickness  with  the 
life  of  the  pump ;  this  causes  the  leakage  around  the  im- 
peller to  remain  more  nearly  constant  as  the  impeller 
wears  away. 

I  built  the  first  one  of  these  pumps  in  1915,  and  it 
has  been  in  operation  from  12  to  18  hours  every  day 
since  then.  The  first  impeller  put  in  this  pump  was  of 
cast  iron,  but  the  others  were  made  of  bronze,  the  third 
one  being  put  in  about  a  month  ago.  Where  this  pump 
is  used  the  water  contains  so  much  acid  that  a  cast-iron 
pump  would  last  only  about  two  weeks. 

When  the  first  bronze  impeller  was  put  in,  I  also  put 
in  a  bronze  shaft,  but  being  designed  for  load  only,  it 
wore  so  much  at  the  stuffing-box  that  it  broke  off  in 
about  six  months.  Since  then  I  have  been  using  a  steel 
shaft,  which  wears  less  in  the  stuffing  box  and  lasts  from 
four  to  five  months.  This  is  a  4-in.  pump  and  works 
under  low  pressure. 

Since  building  the  first  pump,  I  have  been  using  a 
shaft  with  large  cross-section,  which  stands  more  wear 
at  the  stufl5ng-box  before  getting  too  small  to  carry  the 
load. 

One  pump,  5x6  in.,  with  a  bronze  shaft,  was  in 
service  12  to  18  hours  a  day  for  about  13  months  before 
being  repaired.  The  impeller  was  badly  worn,  but  would 
have    lasted    two    months   .longer. 

These  pumps  are  all  of  the  side-suction  type.  I  have 
designed  an  impeller  that  is  water-balanced  when  un- 


der load.  A  thru.st  bearing  is  used  for  protection  when' 
starting  the  pump,  and  also  when  the  water  is  pumped 
low  enough  for  air  to  enter  the  suction  line,  which 
cau.ses  the  pump  to  lose  its  load  and  allows  the  water  to 
run  back  through  the  pump  in  case  the  foot  valve  be- 
comes worn.  This  makes  the  impeller  pull  toward  the  ' 
suction  side  and  wears  into  the  case  unle.ss  the  pump  is  i 
stopped.  One  of  these  pumps  (a  5  x  G-in.)  is  working 
on  a  line  4()()()  ft.  long  against  a  40-ft.  head. 

Most  builders  of  centrifugal  pumps  put  the  stuffing-' 
liox  at  the  end  of  a  long  sleeve,  which  wears  and  causes 
the  shaft  to  have  considerable  spring  on  account  of  the 
impeller  being  so  far  from  the  bearing.  With  this 
.springing  of  the  shaft  the  packing  soon  wears  away 
and  allows  the  pump  to  take  air  in  at  the  shaft,  which 
(auses  it  to  lo.se  its  water. 

I  put  the  stufi!ing-box  as  close  as  possible  to  the  im- 
peller and  thus  avoid   considerable  of  this  trouble. 

Rimersburg,  Penn.  J.  A.  Shaw. 

Wrong  Piping  Layout 

Commenting  on  the  letter  by  D.  T  Brown,  page  65, 
in  the  issue  of  .Ian.  14,  the  mo.st  interesting  thing  to 
me  is  not  the  phenomenon  of  varying  water  levels  when 
cutting  such  boilers  into  service,  but  how  long  such  a 
piping  connection  as  is  shown  was  allowed  to  exist  be- 
fore being  corrected  and  what  manner  of  engineer  was 
responsible  for  the  installation  originally.  It  all  serves 
to  emphasize  the  nec3ssity  for  some  form  of  inspection, 
by  competent  men,  of  all  boiler  and  piping  installations. 

Had  the  boiler  been  cross-connected  between  the  two 
drums  and  the  cross-connection  coupled  to  a  common 
outlet,  the  installation  would  have  cost  less  and  been 
safe,  whereas  the  connection  as  showm  is  an  invitation 
to  disaster.  In  connection  with  the  subject  of  correct 
piping  layouts  I  am  prompted  to  describe  a  condition 
that  existed  for  years  in  two  power  plants  with  which 
I  am  familiar.  Centrifugal  boiler-feed  pumps  were 
connected  to  a  common  feed  line,  with  one  or  more 
pumps  of  like  kind  or  duplex  pumps,  without  a  check 
valve  on  the  discharge  of  the  centrifugal  pumps.  Such 
a  connection  allowed  the  water  to  be  short-circuited 
from  the  discharge  of  other  units  back  through  the  cen- 
trifugal pump  in  case  the  suction  and  discharge  valves 
on  the  centrifugal  unit  were  opened  before  the  pump 
was  brought  up  to  speed.  This  sometimes  resulted  in  loss 
of  feed  to  the  boilers,  if  the  mistake  in  operation  was 
not  promptly  discovered.  This  condition  is  easily  cor- 
rected by  a  check  valve  in  the  centrifugal-pump  dis- 
charge line.  C.  B.  HUDSON. 

Holyoke,  Mass. 

Generator  Heats  Excessively 

In  the  Jan.  21  issue  of  Poiver,  page  102,  Peter 
Burkard,  writing  under  the  title,  "Generator  Heats 
Excessively,"  requests  information  regarding  the  cause 
of  the  trouble.  I  would  suggest  that  he  examine  the 
air  gaps  between  the  armature  and  polefaces,  for  it  is 
apparent  that  the  armature  is  rubbing  on  the  pole- 
pieces.  This  does  not  have  to  be  sufficient  to  injure  the 
armature  mechanically,  but  just  enough  to  cause  the 
necessary  friction  to  produce  the  heat  complained  of. 

Huron,  S.  D.  J.  N.  Challacombe. 
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INQUIRIES  OF  GENERAL  INTEREST 


•nergy  of  Coal  Utilized  by  Engine — With  an  evaporative 
nomy  of  8  lb.  of  water  per  pound  of  fuel  containing 
)00  B.t.u.  per  pound,  what  percentage  of  the  energy 
tained  in  the  fuel  required  for  generation  of  steam  is 
ized  by  an  engine  that  consumes  25  lb.  of  steam  per 
icated  horsepower-hour?  F.  G.  G. 

ine  B.t.u.  is  equal  to  778  ft.-lb.,  and  the  energy  contained 
1  pound  of  the  coal  would  be  10,000  X  778  =  7,780,000 
lb.  With  an  evaporative  economy  of  8  lb.  of  water  per 
nd  of  coal  the  energy  used  for  the  generation  of  25  lb. 
team  would  be  7,780,000  x  25  h-  8  =  24,312,500  ft.-lb.  As 

horsepower-hour  is  equal  to  33,000  X  60  =  1,980,000 
lb.,  the  percentage  of  fuel  energy  realized  by  the  engine 
lid  be  1,980,000  X  100  h-  24,312,500  =  8.14  per  cent. 
lemi-Bituminous  Coal  and  Semi- Anthracite — What  are  the 
racteristics  of  semi-bituminous  coal  and  of  semi-anthra- 
?  W.   R.   P. 

emi-bituminous  coals  resemble  anthracite  more  closely 
n  the  bituminous,  but  are  lighter  and  kindle  and  bum 
-e  readily,  giving  off  an  intense  heat  with  little  smoke 

make  a  clean  good  fire  with  little  attention.  The  analy- 
of  semi-bituminous  coals  is  about  as  follows:  Fixed 
bon,  70  per  cent.;  volatile  matter,  16  per  cent.;  sulphur, 
)  per  cent.;  ash,  12  per  cent.     Coals  containing  7  to  12 

cent,  of  volatile  combustible  matter  are  classed  as 
li-anthracite.     They  bum  freer,  are  lighter,  not  so  hard 

have  less  metallic  luster  than  true  anthracite,  showing 
m  analysis  about  89  per  cent,  fixed  carbon,  7.5  per  cent, 
itile  matter  and  about  3.5  per  cent.  ash. 
elocity  in  Pump  Discharge  Line — Having  a  duplex  pump 
h  water  cylinders  4  in.  diameter  and  6  in.  stroke  and 
h  piston  making  100  single  strokes  per  minute,  what 
lid  be  the  velocity  of  the  discharge  in  a  2-in.  discharge 
;  working  against  a  pressure  of  80  lb.  per  square  inch? 

N.  S. 
Vithout  allowing  for  the  space  taken  up  by  the  piston 
s,  the  area  of  each  piston  would  be  4  x  4  x  0.7854  = 
566  sq.in.,  and  with  each  piston  making  100  single  6-in. 
skes  per  minute,  the  total  piston  displacement  would  be 
566  X  6  X  100  X  2  =  15,079.2  cu.in.  per  min.  The 
ssure  that  the  pump  works  against  and  other  conditions 
jld  influence  the  percentage  of  slip  which  under  average 
ditions  amounts  to  about  5  per  cent.,  and  the  actual 
ume  discharged  would  be  about  15,079.2  X  (1  —  0.05) 
14,325  cu.in.  per  min.  As  the  cross-sectional  area  of  a 
1.  discharge  line  would  be  2  X  2  X  0.7854  =  3.1416  sq.in., 

velocity  in  the  discharge  line  would  be  14,325  h-   (3.1416 
12)    —  379.9  ft.  per  min.  or  about  6a  ft.  per  second. 
leconnecting  a   .lOO-Volt   Motor  for  220-Volts — I  have  a 
p.   500-volt   shunt-wound    motor   and   wish   to   reconnect 

0  operate  on  a  220-volt  circuit;  how  can  this  be  the  most 
ily  done?     The  armature  is  series-wound  with  only  two 
s  of  brushes  on  the  commutator.  C.  K.  B. 
v'o  doubt  the  most  satisfactory  way  to  do  this  would  be 
connect  the  armature  coils  in  a  single  pai-allel  winding 

1  the  field  coils  in  two  groups  of  two  in  series  and  the 
lups  in  parallel.  The  motor  wiU  now  require  a  new  brush 
ir  that  will  accommodate  four  sets  of  brushes  instead 
two.  These  can  be  secured  from  the  manufacturer  of 
:  machine. 

Vnother  way  of  reconnecting  the  armature,  if  the  brushes 
:  thick  enough  to  span  at  least  three  commutator  seg- 
nts,  is  to  connect  the  armature  coils  in  a  double  series 
iding.  This  would  allow  the  use  of  the  same  brushes, 
;  there  is  always  a  greater  possibility  of  commutator 
uble  usmg  this  type  of  winding,  consequently  additional 
lense  for  brush  gear  required  for  the  single  parallel 
iding  is  a  good  investment. 


Unbalanced  Load  on  Three-Phase  Circuit — A  three-phase 
Y-connected  alternator  supplies  an  unbalanced  load  to  a 
three-wire  circuit.  The  ammeter  readings  in  each  of  the 
thi-ee  phases  are  10,  6  and  5  amperes  respectively.  The 
load  is  noninductive  and  the  voltage  2300  between  terminals. 
What   is  the   total  power  delivered   oy   the   alternator? 

L  R.  S. 

The  answer  to  this  problem  may  be  obtained  in  two  ways. 
First,  find  the  average  reading  of  the  ammeters,  which  in 
this  case  is  (10  -f  6  +  5)  -h  3  =  7  amperes,  and  consider 
this  as  a  balanced  load  equal  to  the  average  value  obtained. 
Then,  when  the  load  is  noninductive, 

KilmvnfU  -  ^o^te  X  amperes  X  1.732  _  2300  X7XL732  _  „  r.^ 
Kilowatts  -  ^^  -  -       ~^^  -  27.89 

The  second  method  is  to  calculate  the  kilowatts  per  phase. 

When  the  load  is  noninductive,  Kw.  .—  ^  „„„,    when 

Kir.  is  kilowatts  per  phase,  E  volts  between  terminals  and  J 
amperes   per  terminal.     In   this   problem   the   kilowatts   in 

each    of    the    three    phases    are     ,  „^^    ^^ — ,  ^^^     =     13.29, 


2300    X    6 


=   7.96  and 


1000    X    1.732 
2300    X    5 


=  6.64  kilowatts 


1000    X    1.732   ~    1000    X    1.732 

respectively,  or  a  total  of  13.29    -|-    7.96    -|-    6.64   =    27.8ft 
kilowatts. 

Series  Motor  Connected  as  Shunt  Machine — I  have  a  110- 
volt  small  series  motor  that  runs  at  about  2000  r.p.m.  I 
tried  operating  this  machine  with  the  field  coils  connected 
in  parallel  with  the  armature,  thus  converting  it  into  a 
shunt  machine.  The  motor  then  got  very  hot  and  the 
speed  dropped  to  1150  r.p.m.  What  caused  the  change  in 
the  operation  of  the  machine?  A.  A.  F. 

The  field  coils  of  a  series  motor  always  have  a  compara- 
tively low  resistance  and  are  connected  in  series  with  the 


ai-mature  as  in  Fig.  1,  consequently  the  conductors  must 
have  sufficient  cross-section  to  carry  the  armature  cui-rent 
without  overheating.  When  running  as  a  series  machine, 
the  current  through  the  field  coils  is  limited  by  the  counter- 
electromotive  force  of  the  armature  and  not  by  their  re- 
sistance. 

If  the  field  coils  are  connected  in  parallel  with  the  arma- 
tU7-e,  KB  in  Fig.  2,  which  is  the  condition  in  a  shunt  machine, 
they  have  full-line  voltage  applied  to  their  terminals  and 
the  current  through  them  is  now  limited  only  by  their  ohmic 
resistance.  The  resistance  of  the  coils  being  low,  the  cur- 
rent is  very  high  and  consequently  they  become  very  hot. 
In  the  case  of  large  series  motors,  connecting  the  field 
coils  across  the  line  practically  amounts  to  a  short-circuit. 
In  the  case  of  small  series  fan  motors,  if  the  circuit  is 
fused  high  enough,  the  field  coils  can  remain  connected 
across  the  line  for  a  few  minutes  before  the  temperature 
becomes  high  enough  to  injure  the  insulation. 

The  decrease  in  speed  was  due  to  the  increased  current 
in  the  field  coils  building  up  the  magnetic  density  to  a 
value  where  the  armature  would  generate  practically  the 
same  counter-electromotive  force  running  at  1150  r.p.m.  as 
a  shunt  machine  at  2000  r.p.m.  operating  as  a  series  motor. 
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Annual  Mcelinji  of  ihc  Anirrican  vSocic^iy  ofllcalint 
and  Vc^nlilaliiiii  Knuincrrs 


I^^IIK  twonty-tifth  iinDUiil  nn>otin>r  of  the  Society  of 
lli-atiiijr  and  V'onlilatinjr  Kntrincers  was  held  at  the 
-  Eiijriiu'oriiiK  Socioties'  Huiliiin;;,  29  West  31)th  St.. 
New  York  City.  Jan.  28,  29  and  .iO  and  was  attended  by 
about  ir)0  dolotratea. 

The  openinjr  session  was  one  of  the  most  enthusiastic  on 
account  of  the  announcement  of  the  chairman  of  the  Com- 
mittee on  the  Bureau  of  Research  that  the  poal  of  $10,000 
per  year  for  five  years  had  been  reached— in  fact,  passe<l — 
so  that  the  establishment  of  a  research  laboratory  by  the 
society  is  assured.  Another  report  that  is  a  source  of  grati- 
fication is  the  substantial  increase  in  membership  of  300 
in  the  last  two  months,  makinjr  the  total  membersliip  about 
1200  with  the  new  slojjan  of  2000  members  by  1920. 

The  order  of  business  in  the  opening  session,  beginning 


by  Perry  West,  chief  engineer  of  the  Newark,  N.  J.,  pobli 
schools. 

Commen'.ng  on  the  paper  and  the  importance  of  ai 
washing,  K.  L.  Hallctt's  remarks  were  much  to  the  polnl 
He  said:  "The  most  important  point  in  Mr.  West's  paper  i 
emphasizing  the  necessity  for  publicity  and  popularizing  o 
the  subject  of  ventilation  most  needed  at  tlie  present  tim* 
The  public  is  not  aware  that  it  needs  good,  clean  air  t 
breathe.  Today  we  use  pure  water  to  drink,  but  twent 
years  ago  purification  of  water  was  unheard  of.  Th 
Government  inspects  the  food  we  eat  and  re(iuire8  that  i 
meet  the  pure-food  regulations.  Yet  so  far,  there  is  one  ele 
ment  that  comes  in  contact  with  our  bodies  that  ha«n' 
been  corrected,  and  that  is  the  air  we  breathe.  This  is  : 
matter  that  I  should  like  to  see  taken  up  by  our  Researcl 
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at  2  p.  m.  Tuesday,  Jan.  28,  was  the  appointment  of  tellers 
for  the  annual  election  of  officers,  address  of  the  president 
and  the  reports  of  the  various  committees.  The  officers 
elected  for  the  ensuing  year  were  as  follows:  President, 
Walter  S.  Timmis,  315  Fifth  Ave.,  New  Y'ork  City;  first 
vice  president,  E.  Vernon  Hill,  704  City  Hall,  Chicago,  111.; 
second  vice  president,  Dr.  Milton  W.  Franklin,  240  West 
Somerset  St.,  Philadelphia,  Penn.;  treasurer.  Homer  Adams, 
47  West  42nd  St.,  New  Y'crk  City;  Members  of  the  Council: 
Howard  H.  Fielding,  618  Boston  Bldg.,  Denver,  Colo.;  Harry 
E.  Gerrish,  501  South  Sixth  St.,  Minneapolis,  Minn.;  George 
B.  Nichols,  Albany,  N.  Y.;  Frank  G.  Phegley,  796  Rose 
Bldg.,  Cleveland,  Ohio;  Fred  W.  Powers,  5  South  Wabash 
Ave.,  Chicago,  HI.;  R.  W.  Pryor,  Jr.,  39  Cortlandt  St.,  New 
York  City;  Champlain  L.  Riley,  101  Park  Ave.,  New  York 
City;   F.  R.   Still,  1400  Russell  St.,  Detroit,  Mich. 

The  Tuesday  evening  session  was  the  first  in  which  pro- 
fessional papers  were  read  and  discussed.  The  first  paper 
was  by  E.  R.  Hayhurst,  M.D.,  of  the  Ohio  State  Department 
of  Health,  on  "Experiments  in  Air-Conditioning  in  Houses." 
This  was  followed  by  "The  Argument  Concerning  Mechani- 
cal and  Natural  Ventilation,"  by  E.  Vernon  Hill,  and 
"Air  Washing  and    Humidification   for    School    Buildings," 


Bureau,  and  it  is  one  of  the  most  important  subjects  the; 
could  investigate." 

The  next  session  was  Wednesday  afternoon  at  2  o'clock 
Papers  on  "Air  Duct  Design,"  by  Leo  Kraft,  "Arrangemenl 
of  Heating  Pipes  an  Important  Factor  in  the  Decay  of  Fafr 
tory  Roofs,"  by  F.  J.  Hoxie,  and  "Dust  Determination  h 
Air  and  Gases,"  by  E.  R.  Knowles,  with  their  discussion, 
occupied  the  time.  The  evening  session  Wednesday  wai 
opened  with  a  topical  discussion  on  clean-out  openings  h 
heating  boilers.  James  A.  Donnelly  urged  standard  sped- 
fications  requiring  two  2-in.  openings  in  the  lower  part  ol 
each  boiler  and  the  installation  of  a  surface  blower.  Hi 
said  in  part:  "A  boiler  should  be  thoroughly  cleaned  befon 
it  is  first  operated  to  get  rid  of  the  avirful  mess  that  ac- 
cumulates there.  I  have  found  everything  from  carbon, 
core  mixture,  to  6  in.  of  mud  in  the  bottom  of  new  boilert, 
This  should  be  washed  out  before  the  boiler  is  fired,  and 
this  can  be  best  done  by  the  use  of  plenty  of  hot  wateit 
The  code  should  provide  for  openings  so  that  they  can  bt 
cleaned  out  at  the  start  and  then  there  won't  be  any  prim* 
ing." 

P.  J.  Dougherty  said:  "I  agree  with  everything  Mfi 
Donnelly  has  said.     It  is  absolutely  essential  that  boilers  b€ 
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}aned  at  the  start  if  trouble  is  to  be  avoided  later."  The 
aring  on  the  code  for  testing  low-pressure  heating  boilers 
IS  then  opened  after  Professor  Allen  had  read  the  proposed 
de  for  1919,  which  had  been   drafted  by  the   committee, 

which  Homer  Addams  was  chairman.  Frank  K.  Chew 
Dved  that  the  report  as  read  by  Professor  Allen  be  ac- 
pted  as  the  1919  code.  The  motion  was  adopted  by  a 
lanimous  vote  for  the  first  time  in  the  history  of  the 
ciety  on  this  subject. 

Frank  I.  Cooper,  chairman  of  the  Committee  on  School- 
use  Standards,  reported  very  complete  fiindings,  with 
merous  charts  showing  percentages  of  floor  areas  in 
fiools  all  over  the  United  States  used  for  education,  ad- 
nistration,  heating  and  ventilating,  and  other  purposes, 
le  best  school  building  in  the  country  was  designed,  it 
IS  pointed  out,  to  have  67  per  cent,  of  the  floor  space  de- 
ted  to  educational  purposes.      The  worst  school  building 

point  of  educational  facilities  he  found  to  be  one  of  the 
rgest  in  New  York  City.  From  3  to  12  per  cent,  is  the 
erage  floor  space  in  school  buildings  given  to  heating  and 
ntilating,  Mr.  Cooper  found.  C.  B.  J.  Snyder,  superin- 
ident  of  buildings  of  the  New  York  City  Board  of  Edu- 
tion,  expressed  the  opinion  that  10  per  cent,  of  the 
ace  should  be  given  to  heating  and  ventilating.  Chicago 
thorities  say  that  7  per  cent,  is  sufficient.  In  many  in- 
inces  a  surplus  of  space  has  been  given  to  coal  storage, 
e  report  showed,  which  tabulated  141  school  plans  in  as 
iny  cities. 

E.  L.  Hallett  said :  "I  believe  that  too  much  space  can- 
t  be  given  for  the  storing  of  coal  reserve,  even  if  it 
rces  the  superintendent  of  the  school  out  of  office  room. 
!  superintendent  of  engineering  in  the  St.  Louis  schools, 
liave  found  it  cheaper  to  deliver  our  entire  winter's  coal 
pply  in  the  summertime  than  month  by  month.  I  have 
ved  from  fifty  cents  to  a  dollar  a  ton  by  such  deliveries, 

you  can  see  how  much  money  can  be  saved  by  having 
equate  space  to  store  coal.  I  have  also  found  that  the 
)st  unsatisfactory  schools  in  our  St.  Louis  system  are 
Dse  where  there  has  been  crowding  in  the  boiler  rooms." 
The  Thursday  morning  session  was  opened  by  President 
ill  reading  a  paper  by  F.  A.  De  Boos  on  "Fuel  Conserva- 
in  by  Means  of  Automatic  Temperature  Regulation," 
lich  was  then  discussed,  as  follows : 
H.  L.  Williams — There  is  need  of  seeing  that  the  janitor 

school  buildings  has  an  interest  in  and  understands  how 

use  the  automatic  control  system  to  make  it  effective. 

C.    R.    Bradbury  —  In  one  of  Washington's  Government 

ildings  steam  is  purchased  but  the  occupants  are  in  the 

bit  of  opening  the  window  rather  than  shutting  oflF  the 

diator.     This  makes  clear  the  need  of  wider  use  of  auto- 

itic  control. 

Perry  West — I  am  positively  in  favor  of  automatic  con- 

)1,  but  there  is  need  of  a  better  understanHing  of  the  use 

d  value  of  such  service. 

^.  R.  Still — In  this  work  the  use  of  tne  wet-bulb  ther- 

)meter   for    taking   temperature    should    become    general. 

wet-bulb  temperature  kept  right  will  enable  the  dry-bulb 

iiperature  to  vary  8  deg.  without  complaint. 

The  report  of  the  Committee  on  Automatic  Heat  Control 

Chairman  Samuel  R.  Lewis  was  then  read  and  discussed, 
llowed  by  a  paper  by  John  R.  Allen  on  "A  Test  of  the 
nductivity  of  Window  Shades."  Discussion  was  then 
ken  up  of  the  topic  "Capacities  of  Automatic  Roof  Ven- 
ators." 

The  final  session,  on  Thursday  afternoon,  was  opened 
th  the  reading  of  Konrad  Meier's  paper  on  "Limiting  the 
lel  for  Domestic  Heating,"  by  the  secretary,  by  abstract. 
I  the  paper  was  written  last  August,  before  the  armistice 
is  signed,  it  was  more  timely  then  in  that  it  offered  ideas 
r  the  solution  of  problems  arising  from  war  conditions, 
^erage  coal  consumption  is  computed  per  1000  cu.ft.  of 
ace.  Records  are  given  covering  a  large  number  of  Amer- 
in  residences  which  give  a  requirement  of  approximately  5 
t.u.  per  cu.ft.  of  heated  space  for  city  residence,  6  B.t.u. 
r  suburban  brick  houses  and  7  B.t.u.  for  frame  houses, 
ve  causes  of  waste  are  shown,  all  of  which,  it  is  ex- 
lined,  may  be  avoided  to  some  extent.     Construction  can 

improved,  ventilation  can  be  shut  off  where  not  needed, 


boiler  efficiency  can  be  raised,  the  application  of  heat  can 
be  brought  more  into  harmony  with  the  needs,  are  some 
of  the  suggestions  made. 

John  R.  Allen  said:  "There  is  a  distinct  difference  in 
localities  as  to  the  amount  of  fuel  needed.  Now,  in  Minne- 
apolis we  burn  'ess  coal  with  the  temperature  at  30  deg. 
below  zero  than  they  do  in  Detroit,  where  the  climate  is  less 
severe,  and  we  use  smaller  heating  units,  too.  The  reason 
for  this  is  that  in  my  part  of  the  country  every  house  has 
a  'winter  overcoat,'  and  has  proper  insulation  to  hold  heat." 

The  paper  that  followed  considered  another  phase  of  the 
same  topic  and  advanced  the  theory  that  in  fuel  consump- 
tion weather  control  over  heating  is  a  most  important  fac- 
tor. The  subject  was  "Engineering  Economics  of  Heating," 
and  was  presented  by  M.  William  Ehrlich,  of  New  York, 
(published  in  Power,  Feb.  12  and  Mar.  5,  1918.)  Many  fig- 
ures were  presented,  representing  actual  conditions  in  cities 
all  over  the  country,  in  the  development  of  the  theory. 
While  the  human  element  modifies  the  results  somewhat, 
control  over  heating  is  the  most  important  factor,  it 
is  explained.  Combining  the  two,  all  figures  are  at  once 
placed  on  an  empirical  basis  and  the  coal  consumption  is 
determined  by  this  new  condition.  Formulating  this  theory 
gives  a  method  for  predetermining  the  coal  requirements, 
which  in  turn  becomes  a  standard  for  measuring  the  rela- 
tive fuel  economy  of  any  heating  plant.  The  new  theory, 
it  is  asserted  by  the  author,  proves  that  it  is  not  fair  to 
relate  coal  consumption  to  cubic  contents  of  the  building 
heated,  nor  does  a  relation  of  coal  consumption  to  installed 
heating    surface    give    conclusive    results. 

The  last  paper  was  on  "Byproduct  Coke,"  by  William 
T.  Hannes,  of  Detroit. 

The  Entertainment  Committee  acquitted  itself  with  credit 
throughout,  the  closing  event  being  the  annual  dinner-dance, 
held  at  the  Hotel  McAlpin,  which  was  well  attended  and 
thoroughly  enjoyed.  Following  Toastmaster  Still  and  a 
speech  by  President  Timmis,  Mr.  Staples,  of  Buffalo,  made 
a  speech  and  W.  F.  Wetmore  entertained  with  recitations, 
both  receiving  hearty  applause. 

Annual  Meeting  Indiana  Engineering 
Society 

During  its  thirty-ninth  annual  convenv.ion,  held  from  Jan. 
23  to  25  at  Indianapolis,  the  Indiana  Engineering  Society 
devoted  an  entire  session  to  the  discuss'on  of  power-plant 
subjects.  A.  R.  Holliday,  Federal  fuel  administrator  for 
the  state,  spoke  of  the  phenomenal  rise  in  the  price  of  fuel 
in  Indiana.  Screenings  that  had  formerly  cost  90c.  per 
ton  rose  to  $5  per  ton.  In  1915  seventeen  million  tons  were 
mined,  and  in  the  next  three  years  the  figures  jumped  to 
nineteen,  twenty-four  and  thirty  million  tons  respectively, 
the  rate  in  October,  1918,  being  thirty-six  million  tons. 
The  speaker  described  the  general  work  of  the  Fuel  Ad- 
ministration and  indicated  that  in  Indiana  it  had  been  so 
successful  in  its  campaign  of  education  that  there  was 
enough  coal  on  hand  in  the  fall  to  take  care  of  any  kind 
of  a  winter  even  though  the  mines  shut  dov^Ti,  and  that 
now  there  was  such  a  supply  on  hand  that  the  mines  could 
remain  inoperative  for  20  days  without  anyone  suffering. 

Prof.  Frank  C.  Wagner,  of  Rose  Polytechnic  Institute, 
presented  a  paper  on  fuel  conservation  in  the  steam  plants 
of  Indiana,  with  special  reference  to  the  grading  of  the 
plants  from  the  questionnaires  sent  out  by  the  Fuel  Ad- 
ministration. Vov  most  of  the  first-class  plants  the  rating 
averaged  about  75  per  cent.  Throughout  the  state  600 
plants  were  graded;  483  of  these  were  power  plants,  the 
others  being  used  for  heating  only.  Of  these  483  plants, 
aggregating  287,884  hp.,  38.6  per  cent,  reported  that  they 
had  made  improvements  or  would  shortly  do  so;  93  per 
cent,  reported  no  defects  in  boiler  settings,  although  the 
speaker  explained  that  many  took  the  occasion  to  plaster 
up  the  holes  before  the  reports  were  made.  Feed-water 
heaters  were  used  in  77  per  cent,  of  the  plants;  57.2  per 
cent,  weighed  the  coal,  12  per  cent,  measured  the  feed 
water,  12i  per  cent,  had  draft  gages,  and  10  per  cent,  had 
COj  apparatus.     The  average  marking  was  70.13  per  cent. 
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Nine  plaiil.H  hml  ii  rntiiiK  of  l>ri  i)er  cent,  tind  hi-lU-r,  and  MJ 
plants  were  K>'i>*l«?tl  between  90  and  l)r)  per  cent.  The 
priiu-ipal  advantai^e  aceruiiiK  from  the  oanipaiKn  was  in 
the  education  that  certain  economical  operating:  conditionsi 
must  exist,  and  that  complete  operatinjr  records  must  be 
available  before  any  jrn'nt  improvements  in  economy  could 
be  expected. 

tieorjre  W.  llubley,  administnitivo  eni^incer  for  Kentucky, 
jrave  the  following  figures  for  that  state:  Of  llUt)  (|ues- 
tionnaires  sent  out  to  the  plants  in  the  state,  r),")?  were 
returned.  Nineteen  plants  were  rated  between  81  and  93 
per  cent.;  314  between  (U  and  SO  per  cent.;  198  between  41 
and  (iO  per  cent.;  2i.)  between  21!  and  40  per  cent.;  the  aver- 
ajre  for  the  state  was  ()2.l  i)er  cent.  Referring  to  the  bUl 
plants,  57. ;{  per  cent,  weighed  the  coal,  7.3  per  cent,  metered 
the  feed  water,  7G.9  per  cent,  had  feed-water  heaters.  11.9 
per  cent,  had  draft  naueSj  and  5.5  per  cent,  used  COi 
apparatus. 

Public  Utilities  in  the  War  Period 

H.  0.  Garnian,  chief  engineer  of  the  Indiana  Public  Serv- 
ice Commission,  read  a  paper  on  "Public  Utilities  in  the 
War  Period."  He  said  that  the  making  of  large  quantities 
of  munitions  within  the  borders  of  the  state  had  resulted 
in  an  unprecedented  demand  on  the  power  stations  of  the 
public  utilities.  Before  the  war  period  the  power  consumers 
of  electricity  had  succeeded  in  reducing  the  power  rates  to 
but  little  more  than  the  switchboard  costs,  and  the  largest 
one  item  of  cost  was  coal.  Coal  costs  jumped  from  $1.25 
and  $1.50  per  ton  to  $3.50  and  $5.  The  coal  cost  per  kilo- 
watt-hour ran  from  0.35  to  0.75c.  before  the  war,  and  dur- 
ing the  war  it  ran  up  to  1  to  3c.,  and  in  some  cases  of  bad 
management  and  poor  maintenance  to  as  much  as  4c.  per 
kilowatt-hour,  the  coal  consumption  ranging  from  17  lb. 
downward  to  3h  lb.  of  coal  per  kilowatt-hour.  To  over- 
come the  increased  cost  of  production  the  commission  had 
arranged  for  surcharges  for  electrical  energy  based  on 
cents  per  kilowatt-hour,  and  not  per  cent.,  for  the  reason 
that  the  large  increase  in  cost  of  electrical  energy  was 
caused  by  the  unprecedented  rise  in  the  cost  of  coal,  and 
coal  did  not  enter  into  the  various  rates  with  an  equal  per- 
centage. For  example,  assume  a  coa!  cost  of  0.5c.  per 
kw.-hr.,  a  power  rate  of  Ic.  per  kw.-hr.  and  a  lighting  rate 
of  10c.  per  kw.-hr.  If  the  coal  cost  doubled,  then  there 
would  be  added  0.5c.  per  kw.-hr.  to  each  of  the  rates,  or  the 
new  power  rates  would  be  1.5c.,  an  increase  of  50  per  cent., 
and  the  new  lighting  rate  would  be  10.5c.,  or  an  increase  of 
only  5  per  cent.  Power  rates  are  always  competitive  rates, 
for  utilities  must  bid  against  the  cost  of  power  in  the  iso- 
lated plants.  The  potential  competitive  element  is  always 
a  factor  in  power  rates,  but  on  account  of  the  higher  cost 
of  labor,  prime  movers  and  coal,  the  competitive  potential 
has  been  i-aised  so  that  power  rates  will  never  settle  back 
to  their  original  datum,  or  level,  although  they  will  settle 
back  some  from  the  present  abnormally  high  costs. 

Heating  Plants  Profitless 

Central-station  heating  plants  were  sorely  pressed,  both 
hot-water  and  steam  plants;  many  of  them  would  have 
abandoned  the  service  entirely  if  the  commission  would 
have  permitted  it,  and  if  it  could  have  been  done  without 
causing  suffering  to  their  patrons.  None  of  the  37  heating 
plants  in  Indiana  made  a  fair  return  on  its  value,  and  by 
agreement  three  of  them  have  abandoned  service  perma- 
nently. 

On  account  of  incompetent  management  of  many  of  these 
heating  plants,  comparatively  large  investments  and  ex- 
travagance of  consumers,  it  costs  about  twice  as  much  to 
heat  a  dwelling  from  a  central  station  as  it  would  to  heat 
it  independently.  During  the  last  year  the  commission  in 
coordination  with  the  United  States  Bureau  of  Standards 
has  developed  and  adopted  a  set  of  standards  for  central- 
station  hot-water  heating,  which,  together  with  close  com- 
mission supervision,  is  probably  responsible  for  saving 
many  of  the  Indiana  heating  plants  from  the  junk  heap. 

Next  to  the  heating  plants  the  gas  plants  were  sorely 
pressed  by  a  shortage  of  labor,  zoning  out  of  coal,  poor 
gas-coal    substitutes,    high    prices    and    poor    management. 


Water-supply  utilities  sulfered  only  the  usual  war  incroam 
in  cost  of  purilicution  malerials,  coul  and  labor,  and  whi- 
normal  prices  are  restored  again  they  will  be  buck  nearl 
to  a  pre-war  basis.  New  economic  conditions  are  facin 
the  street  railways  and  interurban  railways,  and  the  sufel 
of  the  invi'stments  is  l)cing  seriously  impaired,  'i'elephon 
utilities  have  suffered  the  least  of  all,  due  to  war  conditiom 

In  conclusion  it  was  observed  that  the  public  utilitie 
situation  is  clearing  up  immensely  compared  with  what  bp 
pearcd  to  be  the  outlook  one  year  ago.  Standards  of  servic 
will  be  much  better  maintained  in  the  immediate  futurt 
and  when  the  price  of  coal  is  reduced,  the  abolition  of  th 
war  surcharges  may  be  anticipated. 

The  following  officers  were  elected  for  the  ensuing  year 
Prof.  0.  A.  Young,  president;  Charles  Cheney,  vice  prwi 
dent;  Charles  Brossman,  secretary-treasurer. 


Midwinter  Convention,  A.  I.  E.  E. 

The  American  Institute  of  Electrical  Engineers  will  holi 
its  seventh  annual  midwinter  convention,  Feb.  19-21,  1919 
in  the  Engineering  Societies  Building,  33  West  39th  St 
New  York  City.  The  convention  will  open  Wednesday  after 
noon  in  joint  session  with  the  American  Institute  of  Mininj 
Engineers,  at  which  five  papers  on  electric  welding  will  hi" 
presented:  "Microstructure  of  Iron  Deposited  by  Electrii 
Arc  Welding,"  by  G.  F.  Comstock;  "Path  of  Rupture  ii 
Steel  Fusion  Welds,"  by  S.  W.  Miller;  "Welding  Mild  Steel,' 
by  H.  M.  Hobart;  "Electric  Welding  in  Shipbuilding,"  b) 
S.  V.  Goodall;  and  "Fusion  in  Arc  Welding,"  by  0.  H.  Esch 
holz.  Wednesday  evening  will  be  devoted  to  a  lecture  b> 
Dr.  John  A.  Brashear,  on  "An  Evening  with  the  New 
Astronomy,"  which  will  be  followed  by  an  exhibition  oi 
technical  moving  pictures  as  adopted  by  the  United  States 
War  Department  for  the  instruction  of  the  Army  in  the 
operation  of  various  mechanical  devices. 

On  Thursday  morning  there  will  be  a  technical  session 
opened  by  an  address  by  President  C.  A.  Adams,  followed 
by  the  presentation  of  two  papers:  "The  General  Equation 
of  the  Electric  Circuit — III,"  by  C  P.  Steinmetz;  and  "Re- 
view of  Work  of  Subcommittee  on  Wave-Shape  Standard, 
of  the  Standards  Committee,"  by  H.  S.  Osborne.  Thurs- 
day afternoon  will  be  devoted  to  a  technical  excursion  to  the 
Brooklyn  Navy  Yard.  Opportunities  to  visit  the  prominent 
electrical  plants  in  New  York  and  vicinity  during  the  time 
of  the  convention  have  also  been  provided.  On  Thursday 
evening  there  will  be  a  dinner-dance  at  the  Hotel  Astor 
for  members  and  guests  in  attendance  at  the  convention. 

Friday  morning's  technical  session  is  under  the  auspices 
of  the  Electrophysics  Committee  and  papers  will  be  pre- 
sented on:  "Ionization  of  Occluded  Gases  in  High-Tension 
Insulation,"  by  G.  B.  Shanklin  and  J.  J.  Matson;  "The 
Dielectric  Strength  of  Air  Films  Entrapped  in  Solid  Insula- 
tion," by  F.  Dubsky;  and  "Abnormal  Voltages  in  Trans- 
formers," by  L.  F.  Blume  and  A.  J.  Boyajian.  On  Friday 
afternoon  the  final  session  of  the  convention  will  be  held 
under  the  auspices  of  the  Telegraphy  and  Telephony  Com- 
mittee, at  which  the  following  papers  will  be  presented: 
"Aero  Telephony,"  by  E.  B.  Craft  and  E.  H.  Colpitts; 
"Theory  of  Transient  Oscillations,"  by  John  R.  Carson; 
"Telephone  Circuits  with  Zero  Mutual  Induction,"  by  W.  W. 
Crawford. 


Petroleum  oil  as  it  issues  from  the  well  contains 
certain  light  fractions  of  the  petrol  and  paraffin  series, 
which  it  is  not  only  desirable  to  extract  from  the  crude 
by  distillation,  on  account  of  their  higher  values,  but 
which,  if  left  in  the  crude  oil  and  used  as  fuel  would 
be  a  wasteful  procedure,  and  further,  would  lower 
the  flash  point,  which  has  been  very  properly  fixed 
for  fuel  oil,  says  the  Engineer,  London,  by  British  authori- 
ties, namely,  Lloyds'  Register  of  Shipping,  150  deg.  F., 
British  Admiralty,  175  deg.  F.,  London  County,  175  deg.  F. 
The  crude  oil  is  therefore  subjected  to  what  is  known  as  a 
"topping  process,"  which  is  a  distillation  which  cuts  out 
those  lighter  fractions,  leaving  a  product  having  a  calorific 
value  of  about  19,000   B.t.u.  per  pound. 
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Progress  in  Turbine  Ship  Propulsion' 

By  FRANCIS  HODGKINSON 
Chief  Engineer,   Machine  Department,   Westinghouse  Electric  and   Manufacturing  Co. 


THE  high-speed  turbine  with  the  floating-frame  reduc- 
tion gear,  invented  by  Admiral  G.  W.  Melville  and 
John  H.  Macalpine,  has  proved  its  reliability  not  only 
for  use  on  land,  but  in  marine  service  as  well.  The  records 
of  the  Westinghouse  Electric  and  Manufacturing  Co.  show 
that  between  November,  1915,  and  September,  1918,  31 
ships  using  this  equipment  had  been  put  into  service  and 
of  these  23  have  had  no  trouble  with  the  propulsion  ma- 
chinery, 4  experienced  some  trouble  due  to  improper  lubri- 
cation, 2  to  defective  material,  and  1  to  errors  in  assembling 
the  apparatus.  None  of  these  troubles  was  vital,  and  all 
were  of  a  kind  that  might  happen  to  any  machine. 

As  large  turbines  are  now  being  built  which  can  deliver 
to  the  shaft  about  80  per  cent,  of  the  energy  theoretically 
available  in  the  steam  supplied  to  them,  it  is  evident  that 
further  improvements  in  the  turbine  itself  will  not  mate- 
rially raise  this  efficiency.  Therefore  to  improve  the  per- 
formance of  the  ship's  power  plant,  a  matter  of  importance 
in  view  of  the  rising  cost  of  fuel,  we  must  pay  more  at- 
tention to  the  auxiliaries  and  study  the  practice  of  the  cen- 
tral-station engineer,  who  has  been  able  to  obtain  excellent 
results  in  reducing  power  costs. 

Feed-Watbir  Heating  Systems 

A  much-desired  system  is  one  that  will  automatically 
maintain  a  predetermined  temperature  in  the  feed-water 
heater  at  all  times,  bleeding  from  the  main  turbine  when 
more  heat  is  needed  and  permitting  surplus  steam  from 
the  auxiliaries  not  condensing  in  the  heater  to  reenter  the 
turbine  and  do  useful  work.  Such  heat-balance  systems 
have  been  used  on  land  for  some  time  and  should  be  de- 
veloped for  use  at  sea.  Automatic  valves  that  maintain  the 
proper  steam  pressui-e  and  temperature  balance  are  already 
available. 

With  the  advent  of  turbine-driven  auxiliaries  and  elec- 
trical winches,  all  the  exhaust  steam  produced  can  be  kept 
free  from  oil,  so  that  the  less  expensive  and  more  efficient 
open  type  of  heater  can  be  used  in  place  of  the  standard 
marine  tubular  type. 

Central-station  engineers  are  today  considering  the  use 
of  steam  at  pressures  as  high  as  600  lb.  because  of  the 
higher  operating  efficiency  thus   secured. 

Economizers  do  not  appear  to  have  been  used  on  ships, 
but  there  seems  to  be  no  reason  why  they  should  not  be  ap- 
plied on  express  steamers  where  they  should  permit  a  net 
gain  of  about  10  per  cent,  in  fuel  consumption. 

Superheat  has  never  been  recommended  in  connection 
with  the  old  slow  speed  direct-connected  turbines,  but  super- 
heats of  as  high  as  100  deg.  F.  should  present  no  difficulties 
with  the  high-speed  geared  marine  turbine.  This  should 
save  some  4  or  5  per  cent,  of  fuel. 

With  a  properly  designed  turbine  the  steam  consumption 
will  be  7  per  cent,  better  with  29  in.  of  vacuum  than  with 
28  in.  The  desirability  of  the  use  of  such  a  vacuum  is 
therefore  obvious,  but  it  can  be  obtained  only  when  the 
most  efficient  condensing  apparatus  is  used  and  when  the 
greatest  care  is  exercised  to  prevent  air  leakage. 

Importancb  of  the  Oiling  System 

The  oiling  system  is  vital  to  the  proper  operation  of  the 
turbine,  and  too  much  attention  cannot  be  given  to  the  lay- 
out of  the  system  so  as  to  insure  an  extreme  degree  of  sim- 
plicity and  reliability.  In  an  ideal  system  the  oil  pumps 
should  be  placed  at  as  low  a  level  as  possible;  the  drain 
tank  should  be  large  and  thoroughly  drain  the  turbines 
through  large-sized  pipes;  the  pump  suction  should  be 
placed  several  inches  above  the  bottom  of  the  drain  tank 
so  as  to  avoid  drawing  dirty  oil,  but  an  auxiliary  suction 
should  be  provided  also  that  the  tank  can  be  completely 
emptied  for  cleaning;  the  pump  should  discharge  through 
coolers  into  an  overhead  gravity  tank  located  about  20  ft. 

•Abstract  of  p^por  read  before  the  Society  of  Naval  Architects 
and   Marine   Engiuecis,  Philadelphia.    1918. 


above  the  machinery;  duplicate  coolers  should  be  provided 
so  as  to  permit  either  one  to  be  cut  out  of  service;  the  oil 
pressure  in  the  coolers  should  be  higher  than  the  water 
pressure  so  that  no  water  can  mix  with  the  oil  in  case  of  a 
leak;  the  overhead  gravity  tank  should  be  supplied  with  a 
strainer  and  should  contain  a  float-operated  valve  for  con- 
trolling the  speed  of  the  oil  pumps;  and  arrangements 
should  be  provided  so  that  the  presence  of  water  in  the  oil 
can  be  immediately  detected. 

Cross-compound  turbines,  in  which  the  steam  regularly 
flows  first  through  the  high-pressure  cylinder  and  then 
through  the  low-pressure  cylinder,  are  essentially  designed 
for  vessels  that  always  operate  at  their  maximum  speeds. 
Where  cruising  speeds  are  required,  the  divided-flow  tur- 
bine is  applicable.  In  this  type  all  the  steam  passes  through 
an  impulse  element  in  the  high-pressure  cylinder  and  then 
divides,  one  portion  continuing  through  the  high-pressure 
cylinder  to  the  condenser  and  the  other  portion  going 
through  a  separate  low-pressure  cylinder  and  then  into 
the  condenser.  For  cruising,  the  low-pressure  cylinder 
can  be  cut  out  of  service.  This  arrangement  is  also  adapt- 
able to  constant-speed  steamers.  It  will  give  nearly  as 
good  performance  as  the  cross-compound  type  and  has  cer- 
tain constructional   advantages. 

A  modification  of  the  divided-flow  type  is  the  series  di- 
vided-flow turbine,  in  which  certain  of  the  turbine  elements 
are  operated  in  parallel  for  maximum  speeds  and  in  series 
for  reduced  speeds.  This  obviates  the  use  of  a  separate 
cruising  turbine. 

Simple  Turbine  for  Patrol  Boats  and  Cutters 

For  patrol  boats  and  cutters  an  exceedingly  simple  form 
of  turbine  has  been  designed.  It  consists  of  a  single  re- 
entry impulse  wheel  with  reversing  buckets  cut  in  the 
shrouds  of  the  ahead  blades,  and  with  steam  pressure  of 
330  lb.  and  27  in.  vacuum,  the  steam  consumption  by  actual 
test  is  14.9  lb.  per  shaft  horsepower-hour  at  600  hp. 

It  is  frequent  practice  to  provide  two  valves,  one  for 
ahead  and  the  other  for  astern,  but  as  this  arrangement  is 
somewhat  inconvenient  and  permits  both  valves  to  be  opened 
at  the  same  time,  the  Westinghouse  company  prefers  to 
provide  a  single  valve  which  controls  the  steam  in  both 
directions  and  is  more  easily  manipulated. 

There  is  much  difference  of  opinion  as  to  the  relative 
merits  of  the  electric  and  the  geared  turbine  drive.  Elec- 
tric drive  is  being  installed  on  certain  battleships,  and  while 
its  operating  success  is  certain,  the  question  as  to  whether 
the  increased  complications,  increased  cost  and  weight  of 
machinery,  and  increased  steam  consumption  per  propeller 
horsepower  are  warranted,  can  only  be  answered  by  future 
developments. 

One  system  of  electric  drive  has  been  proposed  which  has 
promise  of  excellent  economy.  This  consists  of  the  use  of 
a  number  of  small  Diesel  engines,  with  cylinders  not  greater 
than  ten  inches  in  diameter  and  therefore  well  within  the 
limits  of  reliability,  each  of  which  is  to  drive  a  small  gene- 
rator. These  units  can  of  course  be  located  anywhere  in 
the  ship. 

Information  and  Education  Service, 
Department  of  Labor 

The  Working  Conditions  Service,  Department  of  I>abor, 
announces  in  connection  with  its  plans  for  safety  work  dur- 
ing the  coming  year  that  the  following  codes  will  be  first 
taken  up,  with  the  cooperation  of  the  Bureau  of  Standards, 
Department  of  Commerce : 

Plant  arrangement,  including  routing  of  material  and 
product,  design  of  buildings  and  layout  of  plant;  yard  en- 
trance and  exit  gates,  roadways  and  walkways,  railroad 
tracks,  material  piles,  clearances  and  illuminations;  fire 
hazards,  including  fire-fighting  equipment,  water  mains 
and  hydrants,  spacing  between  buildings  as  related  to  oc- 
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cupiincy,  nnd  nrrnnRpmcnt  of  ynrd  matorlnl  as  related  to 
oiTiipimfy   of   builditiKii- 

lUiililin^  c'liuipnu'iU,  including  Htnira  iind  exits,  skyliKhts, 
liulilcis,  railings,  mid  tooboards  (Cixcd),  plalforins  and 
KcatroldinK^  (lixi-d),  illumination  and  window  cleaning;. 

Fire  pri'vcntion  and  protfction. 

Klevators,  including  shaftways  and  hatchways,  shaft- 
way  e(iuipnu'nt,  cahk's.  counterweiKhts,  puide  rails  and 
bumpers,  landings,  landing;  dours  and  Kates,  cars  and  car 
construction,  machines,  machinery  and  machine  rooms,  car 
and  machine  safety  devices,  control  and  siKnals,  and  esca- 
lators. 

Cranes  nnd  derricks,  including  controllers  and  wirinR, 
hoist  mechanism  and  brakes,  clearances,  bridge,  tower  and 
gantry  cranes,  locomotive  cranes  and  derricks,  and  hand- 
power  cranes. 

Conveyors  and  conveyinp  machinery. 

Steam  engines  and  turbines,  including  pipinR  and  valves, 
overspeed  devices  and  governors,  safety  valves  and  guarding. 

Hydraulic  machinery,  including  piping  and  valves,  over- 
speed  devices   and   governors,   safety   valves  and   guarding. 

Oil  and  gas  engines,  including  piping  and  valves,  over- 
speed  devices  and  governors,  safety  valves  and  guarding. 

Mechanical  transmission  of  power,  including  shafting 
and  bearing,  shifters,  shippers  and  belt  fastenings,  gears, 
clutches  and  friction  devices  and  control  of  power. 

Head  and  eye  protection,  including  protectors  for  chip- 
pers,  riveters,  calkers,  babbitting  and  similar  operations, 
sealing,  grinding  and  similar  operation,  dipping  and  brush 
coatings,  sandblasting,  oxyacetylene  welding  and  furnace 
work,  and  electric-arc  welding  and  cutting. 

Lumber  and  wood-working  machinery. 

Textile  machinery. 

General  chemicals,  including  acids,  anilines  and  coal-tar 
derivatives,  caustic  alkalies,  gases  now  not  used  for  power 
production,  oxidizing  materials,  phosphorus  and  matches 
and  alcohols. 

Explosives. 

Rubber  and  composition  goods. 

Proposed  Engineers'  License  Law  for 
West  Virginia 

A  bill  has  been  introduced  in  the  West  Virginia  Senate 
by  Senator  Luther,  of  McDowell  County,  requiring  the  li- 
censing of  stationary  engineers.  The  measure  in  brief 
provides: 

That  it  shall  be  unlawful  for  any  person  to  operate  a 
steam  boiler  or  engine  in  the  State  of  West  Virginia  of 
more  than  50  hp.,  except  locomotive  boilers  and  engines, 
and  other  boilers  and  engines  under  the  jurisdiction  of  the 
United  States  Government,  without  having  been  duly  li- 
censed so  to  do,  as  herein  provided.  And  it  shall  be  unlaw- 
ful for  any  owner  or  user  of  any  steam  boiler  or  engine, 
other  than  those  excepted,  to  operate  or  cause  to  be  operated, 
such  steam  boiler  or  engine  without  a  duly  licensed  person 
in  charge. 

The  office  of  the  chief  examiner  of  engineers  is  created.  The 
Labor  Commissioner  shall  appoint  as  chief  examiner  with  the 
approval  of  the  Senate  some  citizen  of  the  state  entitled  to 
vote,  who  has  had  not  less  than  ten  years'  experience  as  a 
practical  steam  engineer  and  whose  term  of  office  shall  begin 
May  1,  1919,  and  shall  continue  for  four  years  and  until  his 
successor  has  been  appointed  and  qualified,  unless  he  is 
sooner  removed.  He  shall  give  bond,  with  good  security, 
to  be  approved  by  the  Governor,  in  the  penalty  of  $.3000,  for 
the  faithful  performance  of  all  his  duties  and  for  account- 
ing for  and  paying  over,  as  required  by  law,  all  money  which 
may  come  into  his  hands  by  virture  of  said  office,  and  such 
bond  shall  be  filed  in  the  office  of  the  Secretary  of  State. 
The  Labor  Commissioner  may  remove  such  officer  in  case 
of  incompetence,  neglect  of  duty,  gross  immorality  or 
malfeasance  in  office,  and  in  case  of  a  vacancy,  whether  oc- 
curring by  removal  or  otherwise,  may  declare  the  office 
vacant  and  fill  the  same  by  appointment  for  the  unexpired 
term. 

The  Labor  Commissioner  of  the  State  of  West  Virginia, 
together  with  the  chief  examiner  of  engineers,  shall  divide 
the  state  into  three  examination  disti;jcts.  The  chief  ex- 
aminer shall  appoint  an  examiner  for  three  districts  out- 
side of  that  occupied  by  the  chief  engineer,  who  shall  have 
had  five  years'  practical  experience  in  the  operation  of  steam 


engines  and  boilorn  nnd  whoso  bond  shall  be  in  the  Mum 
of  J'JOOO.  The  said  district  examiner  hIuiII  receive  a  Halury 
of  $'2000  per  year  and  not  to  ex(cc<l  $1200  for  traveling  ex- 
penses while  in  the  discharge  of  his  official  duties,  which 
sh.'ill  bo  paid  by  the  auditor  from  funds  appropriated  for 
that  purpose,  upon  receipt  of  a  properly  certified  expense 
account. 

Any  person  who  desires  to  act  as  a  steam  engineer  or  fire- 
man shall  make  application  in  the  district  in  which  he  re- 
sides, to  the  district  examiner  of  steam  engines  for  a  li- 
cense so  to  act,  upon  a  blank  furnished  by  the  examiner,  and 
shall  pass  an  examination  on  the  following  subjects:  The 
construction  and  operation  of  steam  boilers,  steam  engines 
and  steam  pumps,  under  such  rules  and  regulations  as  may 
be  adopted  by  the  chief  examiner. 

Any  person  to  whom  a  license  is  issued  under  the  provis- 
sions  of  the  act,  shall,  at  the  expiration  of  one  year  from  the 
date  thereof,  be  entitled  to  a  renewal  thereof  for  one  year 
unless,  in  the  opinion  of  the  district  examiner  of  his  dis- 
trict the  person  shall  have  the  right  to  appeal  to  the  chief 
examiner  provided  for   in   .Section   8. 

It  shall  be  the  duty  of  each  examiner  to  notify  every 
person  operating  a  boiler  or  engine  in  his  district  men- 
tioned in  Section  1  and  not  included  in  the  exceptions  there- 
in specified,  to  apply  for  a  license  under  the  act  within 
sixty  days  and  give  such  persons  a  reasonable  opportunity 
to  take  the  examination  therefor. 

Any  owner  or  user  of  boilers  or  engines,  or  any  engineer 
or  fireman  who  after  being  notified  as  provided  in  Section 
9  of  the  act,  violates  any  of  the  provisions  of  the  act,  shall 
be  fined  not  more  than  $50  and  not  less  than  $25.  The  ex- 
aminers shall  have  the  authority,  and  are  hereby  em- 
powered to  vis'*-  any  and  all  engine  rooms  or  boiler  rooms 
in  the  state  at  all  reasonable  hours,  for  the  purpose  of 
seeing  whether  unlicensed  persons  are  operating  steam 
engines  or  boilers. 

New  Airplane  Engine 

The  Liberty  engine,  which  is  of  the  multicylinder  V-type, 
weighs,  in  the  400-hp.  size,  over  2.7  lb.  per  hp.,  wdth  acces- 
sories and  including  cooling  water  and  radiator.  A  new 
engine  now  being  developed  by  John  W.  Smith,  of  Philadel- 
phia, is  expected  to  deliver  the  same  horsepower.  It  has 
ten  cylinders  5i-in.  bore  by  6'-in.  stroke,  and  an  estimated 
weight  of  but  1..3  lb.  per  hp.  A  British  engine  vdth  nine  of 
these  cylinders  is  said  to  develop  310  hp.  and  weigh  640  lb., 
or  2.06  lb.  per  horsepower. 

The  new  engine  is  of  the  fixed  radial  cylinder  type,  air- 
cooled.  At  the  recent  convention  of  the  Society  of  Auto- 
motive Engineers,  Mr.  Smith  gave  out  many  interesting  de- 
tails concerning  his  experimental  work  in  developing  the 
engine.  He  believes'  that  the  air-cooled  engine  will  soon 
displace  the  water-cooled  types,  for  aeronautic  use. 

During  the  first  two  years  of  the  war,  Mr.  Smith  ex- 
plained, he  was  in  England  conducting  experiments  on  fixed 
radial  air-cooled  engines  for  the  British  government.  Two 
designs  were  perfected,  and  both  have  seen  actual  service. 
Official  British  j-eports  regarding  the  ten-cylinder  engine 
credit  it  with  a  fuel  consumption  of  less  than  0.50  lb.  of 
gasoline  per  b.hp.-hr.  and  a  lubricating-oil  consumption  of 
less  than  0.02  lb.  per  b.hp.-hr.,  while  the  nine-cylinder  en- 
gine is  reported  to  use  less  than  0.45  lb.  of  fuel  per  b.hp.-hr. 
These  figures  indicate  a  remarkably  high  economy  of 
operation.  

There  is  a  real  necessity  that  the  future  responsible  chief 
should  shoulder  responsibility  without  defin-te  guidance 
at  an  early  age.  It  may  be  said  that  few  engineers 
begin  their  life  work  until  thirty;  the  previous  years  are 
those  of  training,  education,  experience  and  guidance. 
The  next  decade  establishes  results  and  furnishes  proof  of 
ability  under  the  increasing  load.  If  at  50  the  individual 
is  not  in  responsible  charge,  it  is  safe  to  assume  he  will 
never  get  much  further.  Accumulation  of  knowledge  is 
most  rapid  in  the  earlier  years,  but  time  is  required  for 
stability  and  balance,  and  responsibility  accelerates  these 
indispensable  qualities.  No  one  has  ever  finished  learning 
until  decay  supervenes;  in  the  school  of  experience  we 
are  all  pupils.  Some  at  20  know  virtually  all  they  will 
ever  acquire,  subsequent  experience  is  a  permutation  of 
the  knowledge  gained;  in  other  cases  atrophy  of  intellect 
is  defeiTed  to  extreme  old  age. 
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Biiuminous-Coal   Production  in   1918 

All  records  of  bituminous-coal  production  in  the  United 
tales  went  by  the  boards  during  the  year  just  closed,  ac- 
irding  to  a  statement  issued  by  the  National  Coal  Asso- 
ation  Jan.  1.  Official  figures  of  the  United  States  Geo- 
gical  Survey,  supplemented  by  a  conservative  estimate 
r  the  National  Coal  Association  for  that  portion  of  the 
!ar  not  yet  recorded  by  the  Government,  place  total  bi- 
.minous-coal  production  in  1918  at  587,500,000  tons,  an 
crease  of  approximately  36,000,000  tons,  or  nearly  7  per 
nt.,  over  production  in  1917,  in  itself  a  record. 
The  nation's  war-time  demand  for  coal,  the  heaviest  in 
e  country's  history,   has  been   met  in  full.     The   mining 

this  banner  tonnage  during  1918  also  vii-tually  insures 
e  country  against  a  repetition  of  the  distressing  shortage 

bituminous  coal  experienced  last  winter.     With  fair  op- 
ating  conditions  and  intelligent  distribution  of  the  prod- 


uct, it  is  likely  that  there  will  be  sufficient  bituminous  coal 
for  the  nation  during  the  winter. 

The  year's  record  tonnage  has  been  mined,  under  the 
spur  of  war-time  necessity,  with  fewer  men,  generally,  in 
the  coal  mines  of  the  country  than  during  1917,  when  the 
output  was  materially  lower.  Increased  efficiency  of  man- 
agement, the  patriotic  desire  of  operators  and  employees 
to  support  the  Government  in  prosecuting  the  war  to  the 
maximum  of  their  ability,  and  a  better  car  supply  and 
movement  under  the  operation  of  the  United  States  Rail- 
road Administration,  are  chiefly  responsible  for  the  increase 
in  production. 

A  year  ago  the  country  faced  an  unprecedented  coal 
shortage;  today  it  faces  the  prospect  of  a  sufficient  bi- 
tuminous-coal supply  to  meet  its  requirements.  The  change 
has  been  brought  about  by  a  year  of  the  utmost  activity, 
vigorous  action  and  close  cooperation  with  the  United 
States  Fuel  Administration. 


Personals 


J.  Paul  Clayton,  who  has  been  associated 
th  the  Middle  West  Utilities  Co..  at 
licago.  has  been  elected  a  vice-president 
the  Central  Illinois  Public  Service  Co.. 
d  has  moved  to  Mattoon,  111. 
George  H.  Sliarpe..  who  until  recently 
IS  fuel  engineer  for  the  conservation  de- 
rtment  of  the  United  States  Fuel  .\d- 
nistration.  has  become  associated  with 
ame.  Friend  &  Stineman.  Inc..  at  Xew 
iven.  Conn. 

Herbert  B.  Reynolds,  formerly  a  fuel 
?ineer  in  the  United  States  Bureau  of 
nes.  has  returned  to  the  motive-power 
[lartment  of  the  Interborough  Rapid 
ansit  Co.,  Xew  York  City,  as  mechanical 
search  engineer. 

Melvin  B.  Newcomb.  formerly  chief 
iftsman  of  the  hydraulic  department  of 
:  Wellman-Seaver-Morgan  Co..  Cleveland, 
io,  has  been  appointed  chief  engineer 
the  rubber  machinery  department  at  the 
ron  works   of   the   saine   company. 


Engineering  Affairs 


rhe  N'ew  Kneland  Water-Works  .\sso- 
tion  will  hold  a  meeting  at  the  Hotel 
unswick,  Copley  Square,  Boston,  Mass., 
Feb.  12. 

rhe  .\merican  J^ociet.v  of  ^lerhaiiical 
Blneers  is  to  hold  an  organization  din- 
-meeting  of  the  engineers  in  Havana, 
ba,  on  Feb.  22. 

Oie     .San     Francisco     Section     of     the     A. 

M.  E.  will  hold  a  meeting  at  the  En- 
icers'  Club  on  Feb.  13.  The  subject  will 
on  "The  Present  Status  of  Electrical 
^  Welding."  by  F.  A.  Anderson,  electrical 
pector  of  the  United  States  Shipping 
ard. 


Miscellaneous  News 


riie  WeMtinghouse  Electric  and  Manu- 
turing  Co.  has  completed  and  opened  the 
ssingtun  Club"  for  the  exclusive  comfort, 
ivcnience  and  entertainment  of  its  em- 
yees  at  the  Essington  Works.  South 
iladelphia,  Penn.  The  equipment  of  the 
ablishment  is  of  the  most  modern  and 
■  operation  of  the  club  is  in  charge  of 
special  management.  It  is  one  of  the 
gest  places  of  its  kind  in  the  Delaware 
ustrial  section. 

tlartinsburg  Power  System — ^With  the 
ing-in"  of  the  new  transmission  line 
1.  12  from  the  recently  completed  gen- 
ting  station  at  Dam  No.  5,  on  the 
tomac    river,    to    the    substation    located 

the  Potomac  flight  and  Pov.-er  Co.'s 
am  plant,  at  Wartinsburg  the  last  link 
the  improved  power  system  for  Martins- 
•g.  W.  Va.,  was  forged.  This  link  com- 
tes  the  chain  that  connects  the  steam 
nt  at  Security,  Md.,  and  the  hydro  plant 
Dam  No.  5,  with  the  steam  plant  at 
rtinsburg  and   the   hydro   plant   at  Dam 

4.  The  line  and  plant  construction  has 
ailed  the  expenditure  of  vast  sums  of 
ney  and  was  built  with  the  sole  purpose 
furnishing  the  City  of  Martinsburg  and 

immediate  vicinity  with  the  best  elec- 
;  service  obtainable. 


Business  Items 


Warren  Webster  &  Co.  announce  the 
opening  of  an  office  at  805  Sumpter  Build- 
i'lg.  Dallas.  Tex.,  with  W.  B.  Irwin  in 
charge  as  district  representative. 

Butler  and  Hayes,  Inc.,  have  opened  an 
office  at  220  Devonshire  St..  Boston.  Mass., 
as  mechanical  and  chemical  consultants 
and  experimental  engineers ;  and  their 
testing  laboratories  are  fully  equipped  for 
the  study  of  industrial  problems. 

The  American  Bosch  Masneto  Corpora- 
tion is  the  official  name  of  the  former 
Bosch  Magneto  Co..  which  was  recently 
sold  by  the  Alien  Property  Custodian  of 
the  United  States  to  the  highest  bidder. 
The  entire  holdings  and  organization,  in- 
cluding the  Bosch  works  at  Springfield. 
Mass.,  have  been  taken  over  and  the  large 
output  will  now  be  devoted  entirely  to  the 
requirements  of  American  manufacturers 
and  the  public. 

The  American  Pipe  Bending  Machine 
Co.,  of  Boston,  is  about  to  open  u\)  pipe- 
bending  plants  in  all  large  cities  through- 
out the  country.  The  first  plant  is  al)out 
ready  for  operation  at  Lowell.  Mass.  The 
company  will  make  a  specialty  of  furnish- 
ing bent  pipe  and  make  delivery  of  small 
orders  in  forty-eight  hours  notice.  Each 
plant  will  have  facilities  for  turning  out 
fiom  1000  to  3000  bends  per  day.  and  will 
be  in  charge  of  an  expert  pipe  bender. 


Trade  Catalogs 


The     Expanded     Metal     Engineering     Co., 

of  Xew  York  City,  has  recently  issued  a 
40-page  illustrated  booklet  entitled  "Steel- 
ciete  Machine  Guards,"  which  contains 
much  useful  information  regarding  speci- 
fications and  machine  guard  requirements 
for  anyone  desirous  of  installing  machine 
guards.  A  copy  of  the  booklet  may  be 
had    upon    request. 


New  Construction 


PROPOSED     WORK 

Me.,  Portland — The  Russell  Shi'pbuilding 
Co.  will  rebuild  its  boiler  plant  and  saw 
mill,  recently  destroyed  by  fire.  Estimated 
cost,    $25,000. 

Mass.,  Belchertown — The  Commonwealth 
of  Massachusetts  will  install  a  steam  heat- 
ing system  in  the  2-storv,  75  x  90  ft. 
dormitory  which  it  plans  to  build  at  the 
Home  for  the  Feeble-Minded  here.  Total 
estimated  cost,  .$100,000.  .\ddress  G.  M 
Kline,  36  State  House,  Boston,  Dir.  of 
Mental  Diseases.  Kendall.  Tavlor  &  Co.. 
94   Federal   St..   Boston.   Arch. 

Mass,,  New  Bedford — H.  T.  Borden,  Chn. 
of  the  Hospital  Comn..  154  Fair  St..  will 
receive  bids  in  the  spring  for  the  con- 
struction of  a  power  house,  laundry,  etc.. 
in  connection  with  the  grouu  of  hospital 
buildings  which  will  be  constructed  on  Mt 
Pleasant.  Myrtle.  Van  Buren  and  Jefferson 
St.  Total  estimated  cost.  $100,000.  J  R 
Worcester  &  Co..  79  Milk  St.,  Boston,  Engr. 

Mass.,  Rutland — The  Central  Xew  Eng- 
land Sanitorium  will  build  a  3-story,  40  x 
90  ft.  administration  building  and  two  3- 
story.  35  x  100  ft.  ward  buildings.  A 
steam-heating    system    will    be    installed    in 


same.  Total  estimated  co.st,  $250,000.  B. 
T.  Crane,  Supt.  E.  F.  Stercus,  9  Park  St.. 
Boston,  Arch. 

Conn.,  Hartford — The  Johnson  &  Web- 
ster Co..  327  Trumbull  St.,  will  install  a 
steam  heating  system  in  the  6-story,  40  x 
126  ft.  apartment  hotel  which  it  plans  to 
build  on  Washington  and  Park  St.  Total 
estimated  cost.  $l(;o.OOO.  Russell  F.  Bar- 
ker,   43   Ann   St.,    Arch. 

X.  Y.,  Forest  Hills — The  Board  of  Edu- 
cation. 500  Park  A\e..  New  York  Citv,  will 
install  a  steam  heating  system  in  the  2- 
story.  105  x  108  ft.  public  school  building 
which  it  plans  to  construct  here.  Total 
e.stimated  cost.  $200,000.  C.  B.  J.  Snvder. 
Municipal    Bldg.,    New    York    City.    Arch. 

N.  Y.,  Xew  York — The  Board  of  Educa- 
tion. 500  Fifth  Ave.,  will  install  a  steam 
heating  system  in  the  5-storv,  60  x  142 
ft.  public  school  building  which  it  plans 
to  build  on  Tremont  and  Brvant  Ave., 
Bronx  Borough.  Total  estimated  cost, 
$200,000.  C.  B.  J.  Snyder.  Municipal  Bldg., 
Arch. 

X.  Y.,  Xew  York — The  Board  of  Educa- 
tion. 500  Fifth  Ave.,  will  install  a  steam 
heating  system  in  the  5-story.  118  x  192 
ft.  public  school  building,  which  it  plans 
to  build  on  Crotona  Ave.  and  181st  St 
Bronx  Borough.  Total  estimated  cost. 
$543,474.  C.  B.  J.  Snyder,  Municipal  Bldg., 
Arch. 

X.  Y.,  Xew  York — B.  F.  Keith.  1564 
Broadway,  will  install  a  steam  heating 
system  in  the  3-story.  200  x  228  ft  theatre 
which  he  plans  to  build  on  Fordham  Rd 
and  Valentine  Ave..  Bronx  Borough.  Total 
estimated  cost,   $300,000. 

X.  Y..  Xiagara  Falls — The  Hydraulic 
Power  Co.  has  been  authorized  by  the 
Public  Service  Commission  to  issue  $2  - 
000.000  bonds  for  extensions  and  improve- 
ments to  its  plant,  to  include  the  construc- 
tion of  an  addition  to  power  house  No  3 
and  the  installation  of  new  electric  gen- 
erating and  hydraulic  machinery.  Noted 
Dec.    10. 

Penn.,  Honesdale — The  Honesdale  Con 
solidated  Heat.  Dight  &  Power  Co.  plans 
to  build  a  1 -story  electric  power  plant 
Estimated  cost.  $50,000.  P.  H.  Eisele  110 
Seventh   St.,   Mgr. 

Del.,  Wilmington — The  Standard  Kid 
Manufacturing  Co..  4th  and  Monroe  St.. 
plans  to  build  a  1-storv.  40  x  60  ft  .  steam 
power  plant.  Estimated  cost.  $25,000  R 
C.  McMullen.  Mgr..  in  charge.  J.  J  Ken- 
nedy,   925    Market    St.,   Arch. 

Md.,  Baltimore — The  Western  Maryland 
Dairy.  1125  Linden  Ave.,  plans  to  build  a 
1-story,   49  x  74  ft.  boiler  house. 

Md.,  M.versville  —  The  Hagerstown  & 
Frederick  Railway  Co..  Terminal  Bldg . 
Frederick,  plans  to  rebuild  its  electric  plant 
here,  recently  destroyed  by  fire  M  A 
Poller,   Frederick,   Gen.   Mgr. 

Ga.,  Atlanta — The  city  plans  to  appro- 
priate $70,000  for  the  construction  of  a 
generating  plant.  R.  C.  Turner,  City  Elec- 
trician. 

Oa.,  Atlanta — The  City  Council  plans  an 
election  March  5,  to  vote  on  $500,000  bond 
i.ssue  for  improvements  to  the  water-works, 
including  installation  of  additional  pumps. 
H.  L.  Collier,  City  Engr. 

Ohio.  Sandusky — David  Olmstead,  c/o  H. 
L.  Stevens,  .\rch..  910  South  Michigan  Ave., 
Chicago,  111.,  will  install  steam  heating 
system  in  the  6-story  hotel  which  will  be 
constructed  here.  Total  estimated  cost, 
$200,000. 
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Ohio,  Tolrtio  —  Till-  Tolcito  Tlnllwiiy  ft 
I^IkIiI  Co.  .'^lultli  ami  Itukcr  HIiIk  pliiim 
to  iMHUf  13, •-•on. 000  ImiiuIh  for  llir  iici|1|IhI- 
tloti.  <-.iii(<truclli>n.  i-xtcMiMl(.ii  iiiiil  <'i|IiI|>|>Iiik 
of  lulilllloiiiil  pioiicrl.v  ;  iiIho  for  Impiovc- 
mi'lllN  lliul  cXtl'IIHlotlN  to  Ihc  oxiHtlim  IlKlit 
mill  imwcr  pliintH.  Nniin  of  tl«>  inoiii-y  to  In- 
rnlHi'd  b.v  t[ww  IioihIh  Im  to  l>r  himhI  iipnn 
HlriTl  nillway  propi-ily  K.  U.  Coatt-H, 
I'r«'».    and   (Ion.    MKr. 

Intl.,  <J«ry— Tlu«  r<Milrnl  Hi-ntlnir  Co 
plaiiH  lo  foiiHtnift  a  liiiKf  powiT  lif)um>  In 
.•onn.'fllon  with  tin-  li.:illiiK  P'""'  wlil<li  " 
will  iMillcl  on  the  htKli  llnr  riillrojiil  wfHt 
of  Uroadwnv  :  (Ir.sl  Jinit  will  In-  In  <ip.Ta- 
llon  bv  Sopti-nibcr.  Kstlmatcd  co»t,  J200,- 
000. 

Mich.,  notrolt — H.  S.  Stnrkey.  Socy  . 
Board  of  rommlsiHloncrs.  232  Jeffrr/ton 
Av.v.  will  r.MTlv."  bids  until  Fob.  10  for 
the  constnictlon  of  a  l-8lory.  r>4  x  !I0  ft 
holler  hoiisi-  In  Ihc  water- worku  park  ;  boll- 
.•r.s.  monorail  and  beam  In  front  of  bollerw. 
stoker.-)  and  wlndbox  will  be  InHtalled  In 
same. 

MIrh..  netroH— The  Hetrolt  Heat  Tront- 
Intr  Co..  St  Paul  and  Hellevue  St..  will  In- 
stall electric  motor.s  in  llic  1  story.  13  x 
fifi  ft  heat  treating  pliint  which  It  plana  to 
build.  Urowri  X-  Pieaton.  S49-51  •  Uavid 
Whitney  HUitr..    .\rch. 

MUh..  Wyandotte — The  city  will  receive 
bids  until  Feb.  18  for  InslallinK  2  pumps 
for  iinmediate  use  (2  to  be  provided  ul- 
timately). 1  motor  driven  pump  and  1 
auxiliary  motor  and  oil  enpine  In  connec- 
tion with  the  improvements  which  It  plans 
to  the  seweraRo  svstem  in  the  western 
section  of  the  citv.  Total  estimated  cost, 
$15.''i.OOO.  JI.  L.  Brown  &  Co..  820  Chamber 
of   Conmierce.    Detroit.    Knpr. 

III..  Aurora — The  Trustee."!  of  the  Second 
Xational  Bank  have  awarded  the  contract 
for  the  oonstruclion  of  a  5-story  bank 
buildinK.  to  Uopeson  Bros..  485  Fifth  .\ve  . 
New  York  Citv.  N.  V.  A  steam  heatinK 
svstem  will  be  installed  in  same.  Total 
estimated  cost.   $100,000. 

III.,  ChicABii — The  .\cine  Malting  Co.. 
175  West  Jackson  Blvd..  has  had  plans 
prepared  for  the  construction  of  a  1 -story 
power  plant  at  Cortland  St.  and  Kilbourne 
Ave.     Estimated  cost.  $15,000. 

III.,  Streator — D.  C.  Murray.  309  Kast 
JIai-n  St..  will  install  a  steam  heating  sys- 
tem in  the  5-storv.  50  x  142  ft.  store  and 
office  building  which  he  plans  to  build. 
Total  estimated  cost.  $175,000.  O.  C,  Nun- 
mons  &  Co..  120  South  Michigan  Ave..  Chi- 
cago,  Arch. 

Wis.,  Jim  Falls — The  .American  Public 
T'tilities  Co..  C.rand  Rapids  Savings  Bank 
Bldg..  Grand  Rapids.  Mich.,  plans  to  build 
a  power  house  and  dam  here.  Estimated 
cost.    $2,000,000. 

Minn.,  St.  Paul — The  Northern  Pacific 
Mutual  Benefit  Association.  203  Railroad 
Bldg..  will  receive  bids  in  March  for  the 
construction  of  a  4-story  hospital  and  pow- 
er plant,  on  Simoson  and  Kd wards  St.  Ks- 
fimnted  cost.  $300,000.  T.,.  Bassindale.  321 
Capital   Bank   Bldg.,    Arch.      Noted    Xov.    5. 

Minn..  Tyler — The  city  plans  a  $20,000 
bond  issue  for  the  construction  of  an  elec- 
tric-light  plant   and   water-works   system. 

Kan.,  Hiawatha — The  city  plans  an  elec- 
tion soon  to  vote  on  a  bond  issue  of  $25.- 
000  for  improvements  to  the  water-works 
system,  to  include  the  installation  of  pumps 
at  the  spring  pn  the  county  farm,  also  ex- 
tending the  transmission  line  to  the  city 
system.      J.    B.    Liebengood.    City   Clk. 

Neb..  Xorfolk — The  State  I^egislature. 
I.,incoln,  has  been  petitioned  to  appropriate 
$35,000  for  building  an  addition  to  power 
house  and  sinoke  stack  at  the  State  In- 
stitution   here. 

S.  !».,  Watertown — The  city  plans  to 
build  and  operate  an  electric-light  and  pow- 
er plant  of  sufficient  size  to  take  over 
the  lighting  of  the  streets  and  parks,  run 
the  pumping  machinery  of  the  water-works. 
Estimated  cost.  $250,000. 

Wye,  Manville — The  town  has  granted 
franchise  to  E.  P.  Bacon  Casper,  to  build 
and  operate  a  heating,  lighting  and  power 
system   here. 

Wyo.,  Thermopolis — The  town  has  adopted 
a  resolution  to  make  application  to  the 
Wyoming  Public  Service  Commission  for  a 
transferable  franchise  to  build  a  municipal 
light  and  power  system.  This  action  was 
taken  in  connection  with  an  application 
to  the  Wyoming  Public  Service  Commis- 
sion by  the  Hot  Springs  Light  &  Power 
Co..  for  increase  in  rates,  which  was  op- 
posed by  town  on  grounds  of  poor   service. 

Mo.,  Kansas  City — The  Kansas  City 
Light  &  Power  Co..  1500  Grand  Ave.,  plans 
to  improve  its  plant.  Estimated  cost.  $5,- 
500.000.     Hugh  Blackwell,   Vice-Pres. 
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Oklii.,  Hliawnrp-Thi-  Hiy  plaim  an  elec- 
tion mioii  to  vole  (III  n  $500.0110  bond  Ihhuc 
for  the  I'oiiHtructlon  of  a  iiioderii  IlKbl  niid 
power  plant. 

Oklit.,  Yiilr — The  city  biiK  had  plaim  pre- 
pared for  exteiisloiiH  to  llie  IlKht  and  water 
.MyHteniH.  to  Inelilde  linproveiiieiilH  lo  the 
power  plant,  power  llneH,  Hliick,  Hwltch- 
lioiird,  engine  anil  boiler  eiiulpineiit.  (>.  B. 
tJelder.    Clly    Clk 

Colo.,  I.aiunr — The  Clly  Council  haa  ap- 
plied to  the  Colorado  I'tllltleH  Commlnnlon 
for  autborlt.v  to  conHlriicI  an  electric-llijhl 
iilaiit.  If  permll  Is  granted  an  election  will 
lie  held  this  Hprliig  to  authorize  lioiidH  for 
Hume.     W.   C    Fie,  Clly   Atty. 

WuhIi.,  .S|M>kunr — The  city  plana  to  In- 
stall a  refrlgerallng  plant  In  connection 
with  the  alterations  It  plans  to  the  city 
market  on  Wall  iind  Trent  St.  Estimated 
cost.  $10,000.  Tj.  L.  Rand,  Arch..  Rookery 
Bldg.,    preparing    plans. 

Cnl.,  Itrundy  Clly — The  Brandy  City 
Mining  Co  plans  lo  build  a  power  planl 
to  supply  electricity  to  operate  the  macjiin- 
ery  in  its  mines.  The  company  also  plans 
to  build  a  150  ft.  dam  on  the  North  Yuba 
River  below   Bullards  Bar. 

Cal.,  .Sacramento — The  city  plans  to  build 
an  electrically-operated  pumping  plant  at 
the  waler-works.  Thomas  Coulter,  Comn. 
I'ub.   Works. 

Ont.,  Newmarket — The  city  plans  to  In- 
stall special  pumiiing  apparatus,  thereby 
increasing  the  existing  water  supply.  James. 
Loudon  &  Itertzberg.  Excelsior  Life  Bldg., 
Toronto.   Consult.    Engr. 

Ont..  rembroke — The  Town  Clerk  will 
receive  bids  until  March  7  for  furnishing 
and  installing  1  water-works  pumping  unit, 
to  consist  of  turbine  pump  of  2000  gallons 
capacity  against  330  ft.  head  and  a  steam 
turbine  or  gasoline  engine  directly  con- 
nected to  pump. 

CONTRACTS   AWARDED 

N.  Y..  Brooklyn — E.  Riegelman.  Borough 
President,  has  awarded  the  contract  for 
reserving  and  furnishing  electric  generat- 
ing capacity,  etc..  during  the  year,  to  the 
hMison  Electric  &  Illuminating  Co.,  Pearl 
.St.      E.stimated  cost,   $47,400. 

X.  Y.,  New  Y'ork — P.  L.  Dowling.  Bor- 
ough President,  has  awarded  the  contract 
for  reserving  and  furnishing  electric  gen- 
erating capacity  for  use  of  high  pressure 
fire  service  pumping  station  for  the  year, 
to  the  New  Y'ork  Kdison  Co..  130  East  15th 
St.      Estimated    cost.    $48,600. 

N.  Y.,  New  Y'ork — The  New  York  .Acade- 
my of  Medicine.  17  West  43rd  St..  has 
awarded  the  contract  for  the  construction 
of  a  6-story.  25  x  100  ft.  addition  to  the 
college,  to  M.  Eidlitz.  30  East  42nd  St. 
A  steam  healing  system  will  be  installed 
in    same.      Total    estimated    cost.    $175,000. 

N.  Y'.,  New  Y'ork — Sperry  &  Hutchinson. 
2  West  45th  St.,  has  awarded  the  contract 
for  the  construction  of  two  2-story.  105  x 
200  ft.  theatres  on  West  42nd  St..  between 
7th  and  8th  Ave.,  to  Tliompson-Starrett 
Co..  49  Wall  St.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost.    $400,000. 

N.  J.,  .Jersey  Citv — The  Pennsylvania  R. 
R..  Broad  St.  Station.  Fliiladelphia,  Penn,, 
has  awarded  the  contract  for  recovering 
power,  heating  and  vacuum  lines  from  the 
power  house  at  Washington  St.  to  the 
depot  on  Exchange  PI.,  to  the  W.  W.  Far- 
rier Co.,    44    Montgomery   St. 

N.  J..  Newark — Peter  Hauck.  85  Clifton 
Ave.,  has  awarded  the  contract  for  in- 
.stalling  power  equipment  in  his  factory, 
to  W.  G.  Sharwell.  377  North  5th  St.  Noted 
Feb.    4. 

Minn.,  St.  Paul — The  Northern  Pacific 
Mutual  Benefit  Association.  203  Railroad 
Bldg..  has  awarded  the  contract  for  in- 
stalling a  heating  and  ventilating  system 
in  the  4-story  hospital  which  it  plans  to 
build  on  Simpson  and  Edmund  St..  to 
Neiler.  Rich  &  Co..  1407  Manhattan  Ave.. 
Chicago,  111.  Total  estimated  cost,  $300.- 
000. 

Cal.,  Sacramento — The  Northern  Califor- 
nia Milk  Producers'  Association.  Califor- 
nia Fruit  Bldg..  has  awarded  the  contract 
for  the  construction  of  a  plant,  to  include 
power  house,  cold-storage  plant,  etc..  to 
the  Clinton  Construction  Co..  357  Pine  St.. 
San  Francisco.  Total  estimated  cost. 
$125,000. 

N.  B.,  Marysville — The  Nashwaak  Pulp 
&  Paper  Co.  has  awarded  the  contract  for 
the  construction  of  a  large  dam  to  supply 
power  for  their  new  mill,  to  the  Ambursen 
Hydraulic  Construction  Co.,  10  Cathcart 
St.,  Montreal,  Que. 
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All  rail  to  BoHlon  Ih  $2.80. 

niTIJMlNOUS 
Ilitunilnouii.  SH  to  SN.75. 

I'oeiiliontiui  anil  New  River,  f.o  li.  IkHIm 
SN.'li'i  lo  $H.I)0. 

NEW  VOKK — Current  iiuotallona  in*  fri. 
ton  Job  TIdewiiler  ul  the  lower  iiortii*  are  .. 
fullowH: 

III  ■ 


CIr- 

Inill- 

Cir 

i-ular 

Villlllll 

eul.ii 

Pea    .  . 

.  .  »<t.r>.') 

»7;ni 

TJrokon  . 

.$7  Hll 

Bllek.    . 

.  .    5.10 

.'i.IHI 

Etfif     . .  . 

.    7.7(1 

Kill'    .. 

.  .    4.05 

5.10 

StiA-c    . . 

.    7,95 

N.irlcy 

..    4.1.') 

4. -10 

Cliextnut. 

,    8.0& 

MITIIMIN0U8 

Currant  quotationH,  uroim  Ions,  based  on  Oo-. 
eriiment  prices  at  the  mines,  net  ton:  l.o.b. 
Tidewater,    at    the    lower    ports,    are    as    foUewi 

Mine  F.O.B.S.T 
OroBH        Groai 
Central      Pennsylvania       (Mine 

run.    Prep.ircd    or   Slack)  ...  .83.110  $>'>.4 

I'niier   Potoniar.  Cumberland  & 
Pieilnioiit   Fields: 

Run   of  Mine .3.08  6.': 

Prepured      .'i.-Tl  6.' 

Sl,-ifk   .  .  .i 2.80  4.:' 

Quotations    at    the    upper    ports    for    lioth  I 

tuniiiioiiH   and    anthracite    are   5c.    hieher   on  .1 

count  of  the  ilifference  in  freicht  rates,  and  ar 
exclusive  of  the  '•!  "}'<    war  freicrht  tax. 

•The  lower  ports  are:    Elizatiethport.  Port  JOhi 
son.   Port   ReadiiiK.   Perth   Amboy  anil  South  Am 
boy.      The  upper  ports  are:   Port   Libert v     Hf.t 
ken.  Wcchawkon,  Ecljfcwaler  or  Cliffsirlc  n      1, 
tenberg.     St.  Geoite  is  in  between  anil  si,':    1 
a  special   boat    rate   is   made.      Some   bilurii::r 
is  shipped   from    Port    Liberty.      The  rate   to  1 
upper  ports  is  .">c.  hisher  than  to  the  lower  por 

PHILADELPHIA — Prices  per  ktoss  ton  f.n 
cars  at  mines  for  line  shipment  ami  f.o.b.  Poi 
Richmond  for  tide  shipment  arc  as  follows: 

, Li  lie V   . Tide 

Cur.  One  Yr.  Cur-  OneYi 

rent  A?o  rent  AfO 

Pea    $4.80  S;j.40  $6.05  $4,30 

Barlev    '^AO  1.90  .I.IO  2.1 ' 

Buckwheat      .  .    3.40  -2.90  4.45  3.r,' 

Rice     2.90  2.40  :t.80  3.i 

Boiler    2.70  2.20  :t.70  3Mi 

CHICAGO — Steam  coal  prices  f.o.b.  minea: 
Illinois  Coals  Southern  Illinois  Northern  lUlnol 
Prepared  sizes.  .  .82.5.5 — 2.70  $.3.2.5 — 3.40 

Mine-run     2.3.5 — 2..50  3.00 — 3.16 

Screeningrs     2.05 — 2.30  2.75 — ^2.90 

BIRMINGHAM — Current    prices    per    net    to 

fob.   mines  are   as  follows: 

Pre-  Slack  1 
Mine-  pared  Screen 
Run    Sizes       ing' 

Big-  Seam.  Mary  Lee,  New 
Castle.  Blue  Creek.  Brook- 
dale.  Milldale.  Henr.v  Ellen 
or  Acmar    $2.45      $2.7.'»      S-  4 

Cahaba.  Black  Creek.  Mill- 
dale.  Carter  and  Durie 
seams.  and  Underwood 
seam  in  Etowah  and 
Blount  Ccunties.  Jefferson 
seam  in  Marion.  Walker 
and  Winston  Counties. ...    .3.45        3  75       3  1 

Pratt.  Brookwoori.  Nickel 
Plate.  America,  Jasr^er, 
Coal  City.  Jeffer-son  (ex- 
cept in  Walker.  Marion 
and  Winston  Counties). 
Mt.  Carrael  seam  or  upper 
branch  of  Biir  Seam  on 
Birminffham  Mineral  south 
of    Bessemer    2.85        .3.05        2.4 

Helena  and  Harkness  seams 
and  coal  mined  by  No.  2 
Belle  Helen,  and  Young- 
blood    seam     2.90        3.20       "■  ' 

Climax  seam  near  Maylene: 

ST.  LOUIS — Prices  per  net  ton  bitumiBO 
coal  f.o.b.  mine  today  as  compared  with  a  je 
ag:o  are  as  follows: 

Williamson  and 
Franklin  Coun- 
ties. Mt   OHve 
and  Staunton      Standan 
Prepared  sizes  (lump. 

egg.    nut.    etc.)...      82.551^2.75  $2.40®2. 

Mine-run     2.35ia>2.50      2.20(92. 

Screenings     2.17®2.32      1.50@1. 

Williamson-Franklin  rate  to  St.  Louis  is  91.] 
other  rates  p.  95. 
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Osgood's  Dope  Book 


When  Anderson,  our  former  chief,  resigned  to 
take  charge  of  a  new  industrial  plant  that  was 
nearing  completion  on  the  other  side  of  the  river, 
there  naturally  was  a  good  bit  of  speculation  as  to 
who  would  succeed  him.  I  confess  that  1  was 
tickled  when  I  got  the  message  that  Osgood,  the 
manager,  wanted  to  see  me  in  his  office. 

There  was  little  suspense.  As  soon  as  we  had 
our  cigars — Osgood's  cigars,  rather — going  well, 
he  quietly  informed  me  that  I  had  been  chosen  to 
fill  Anderson's  shoes.  He  didn't  decorate  his  an- 
nouncement with  verbal  bouquets.  He  was  as 
matter-of-fact  as  though  he  were  telling  the 
butcher  to  cut  off  three  pounds  of  steak. 

I  let  him  know  that  I  was  pleased,  but  I  tried 
not  to  slop  over  in  doing  it.  Then  I  asked  him  a 
point-blank  question. 

"If  it  isn't  a  state  secret,"  I  said,  "I'd  like  to 
know  just  how  you  came  to  select  me  for  this  job." 

"I  don't  mind  telling  you,"  he  smiled. 


From  a  pigeonhole  he  pulled  out  a  notebook 
bound  in  red  leather,  opened  it  and  held  it  out  so 
that  1  could  see  my  name  at  the  top  of  one  page, 
followed  by  many  lines  of  fine  writing. 

"I  call  that  my  Dope  Book,"  he  remarked.  "It 
contains  a  record  of  every  man  in  the  plant — his 
disposition,  health,  habits,  strong  and  weak  points, 
experience,  training,  home  life  and  everything  else 
that  could  possibly  be  of  value  in  determining  his 
fitness  for  advancement.  It  has  helped  me  in  select- 
ing a  good  many  men  for  promotion  and  I  keep  it 
more  carefully  than  a  schoolgirl  does  her  diary." 

I  thanked  him  for  the  information  and  went  back 
to  my  new  job.  But  I  couldn't  help  wondering 
whether  other  employers  weren't  following  the 
same  plan  and  whether  many  an  engineer's  failure 
to  get  ahead  might  not  be  due  to  certain  unfavor- 
able entries  in  somebody's  unsuspected  Dope 
Book. 
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A/echamcal  EqmpTnent 

of  a. 

j^odern  Hotel   ' 


THE  Ilotei 
Pennsylva- 
nia, New 
York  City,  is  the 
w  o  r  1  d's  largest 
hostelry.  It  occu- 
pies a  ground 
space  200  by  400 
ft.,  is  19  stories 
above  grade  and 
contains  2  2  0  0 
guest  rooms,  a 
large  number  of 
living  rooms  for 
employees,  busi- 
ness offices,  dining 
rooms,  grill  room, 
roof  garden, 
swimming  pools, 
turkish  baths,  etc. 
The  illustrations 
are  for  the  most 
part  from  the  ac- 
tual contractors' 
blueprints  loaned 
by  courtesy  of 
Messrs.  Tenney 
and  Ohmes,  con- 
sulting engineers 
for  the  architects. 
McKim,  Mead  & 
White.  Sizes  or 
capacities  are 
noted  in  many  in- 
stances to  add  in- 
terest. At  present 
there  are  no  boil- 
ers in  the  build- 
ing, although  pro- 
vision has  been 
made  for  them  if 
it  is  found  desir- 
able to  put  them 
in.  Steam  and 
electric  power  is 
supplied  by  con- 
tract from  the 
Pennsylvania  Railroad  Co.  Service  station  at  150  lb. 
gage  pressure  through  either  one  or  both  of  two  pipe 
lines,  one  12  and  the  other  8  in.  in  diameter.  The  con- 
densate is  returned  to  the  boiler  house  by  gravity 
through  either  of  the  return  lines,  one  5  in.  and  the  other 
3J  in.  in  diameter.  The  pipe  lines  follow  approximately 
the  plan  shown  in   Fig.   1.     The  steam  passes  throuirh 


It  is  the  purpose  in  two  or  three  articles  to  describe  the 
mechanical  equipment  of  a  modern  hotel  plant  coming  under 
the  charge  of  the  chief  engineer  and  his  operating  staff.  Noth- 
ing sensational  or  revolutionary  is  found,  but  taken  as  a  whole  it 
comprises  a  complete  community  service  station  probably  with 
as  diversified  equipment  as  may  be  found  anywhere.  The  reader 
who  is  not  familiar  with  this  branch  of  engineering  may  get  an 
insight  into  the  duties  and  responsibilities  of  his  fellow  engineer. 


.separators  iotated 
as  shown  in  Fig, 
2,  which  is  near 
the  point  of  junc- 
tion of  the  Penn- 
sylvania Railroad 
Co.'s  s  e  r  v  i  f  e 
lines  and  those  of 
the  hotel.  The 
course  of  the  high- 
pressure  steam 
lines  within  the 
building  and  the 
various  cross-con- 
nections, reducing 
valves  and  supply 
branches  may  be 
traced  on  this 
plan.  A  careful 
study  of  the 
steam  require- 
ments was  made 
based  on  the  ac- 
tual steam  con- 
sumption in  other 
hotels,  extending 
over  a  period  of 
years,  so  that  it 
is  probably  the 
best -a  n  a  ly  z  ed 
proposition  of  the 
day  as  to  heat 
balance.  As  a  re- 
sult of  this  study 
it  was  found  that 
much  of  the  ma- 
chinery could  be 
s  t  e  a  m-d  riven 
and  the  exhaust 
used  for  other 
purposes,  thereby 
making  the  best 
possible  use  of 
the  heat  in  the 
.steam;  and  as  a 
parting  service, 
all  of  the  conden- 
sate is  put  through  a  closed  heater,  in  which  it  gives 
up  more  of  its  heat  to  the  incoming  cold  water  that 
is  to  be  heated.  It  was  found  that  during  a  large 
part  of  the  heating  season  more  low-pressure  steam 
would  be  required  than  would  be  passed  through  the 
steam-driven  ammonia  and  air  compressors,  pumps, 
etc. ;    therefore    a    500-kw.    direct-connected    generator 
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set  has  been  put  in,  to  be  operated  as  much  of  the 
time  as  the  exhaust  from  it  can  be  utilized — the  engine 
acting  as  a  steam  pressure-reducing  valve,  the  gen- 
erator supplying  as  much  current  as  it  may,  to  supple- 
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FIG.   1.     APPROXIMATE  RUN  OF  SERVICE   LIXES 

ment  the  service  from  the  service  plant.  The  "heat 
balance"  can  in  this  way  be  kept  almost  ideal.  There 
are  numerous  other  steam  units,  including  three  hori- 
zontal steam-engine-driven  double-vertical  single-acting 
ammonia  compressors.  Each  unit  is  rated  at  90  tons' 
refrigeration.  Two  of  the  units  operated  at  a  time  are 
expected  to  take  care  of  the  maximum  demand,  leaving 
one  in  reserve.     Details  of  this  and  other  power  units 


will  be  taken  up  in 
connection  with 
their  respective 
sections.  The  ma- 
jor part  of  the 
heating  is  by  direct 
radiation,  of  which 
there  is  approxi- 
mately 100,000  sq. 
ft.  of  surface.  To 
supply  these  radia- 
tors there  are  more 
than  100  pairs  of 
risers  (supply  and 
return  pipes),  to- 
taling about  15 
miles  of  vertical 
risers  and  12  miles 
of  branch  piping  or 
radiator  connec- 
tions. The  returns 
are  under  a  moder- 
ate vacuum,  each 
radiator  having  a 
thermostatic  trap 
at  the  outlet  and  a 
modulated        inlet 
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FIG.  2.     SUB-BASEME.VT  PL.\X.  .SHOWING  GENERAL   LAYOUT 


G.    3.      TYPICAL    RADIATOR 
COXXECTIOX 

valve.  Indirect  heating  is  em- 
ployed in  the  roof  restaurant. 
All  exposed  radiators  are 
suspended  on  concealed  wall 
brackets,  and  the  pipe  con- 
nections come  through  the 
wall  and  not  the  floor;  so 
there  is  nothing  to  in- 
terfere with  carpeting  or 
cleaning.  A  typical  radiator 
with  connections  is  shown  in 
Fig.  3.  All  steam  risers  are 
provided  with  expansion 
loops  at  the  third  and  ninth 
floors  to  allow  for  expansion 
and  contraction.  These  loops 
are  made  up  of  two  6-  to  7-ft. 
lengths  of  pipe  joined  by  two 
elbows,  and  a  nipple  or  short 
piece  of  pipe.  Fig.  4  shows 
a  typical  section  of  the  heat- 
ing risers,  giving  the  pipe 
size  and  the  amount  of  radia- 
tion supplied  at  each  floor. 
In  a  few  instances  concealed 
radiators  are  located  beneath 
the  windows  and  consist  of 
two  separately  piped  sec- 
tions, a  little  heat  being  al- 
lowed on  the  smaller  radia- 
tor continuously  in  frosty 
weather  to  keep  the  window 
glass  clear.  Ventilation  is 
accomplished  by  motor-driven 
fans,  of  which  there  are  9 
now  in  place  on  the  air  sup- 
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|ily  iiiul  provision  for  I  ollu'is  laliT,  and  U>  e.\hau.st  faius 
now  in,  and  ducts  for  2  more  if  needed.  There  are  9 
other  fan.s  in  connection  with  the  air  wa.shers,  heal  reg- 
ulation, etc.     The  air-supply  fan  motors  average  about 


25  hp.  each,  or  a  total  of  227  hp. ;  ttie  exhaust-fan 
motors  ahout  27  hp.  each,  or  a  total  of  428  hp.  The 
Krand  total  for  the  fan  motors  i-mimerated  is  no  less 


FIG.    4.      SECTION    OF    RISER    ELEVATION    PLAN 


FIG.    7.      RETURX-PUMP   COXXECTIONS 
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than  700  hp. 
Outside  air  is 
taken  in  at 
the  level  of 
the  third  floor 
on  the  Thirty- 
third  Street 
side  of  the 
building  and 
is  conducted 
downward  to 
the  air  wash- 
ers and  fans 
through  three 
ducts,  totaling 
300  sq.ft.  area. 
The  pipe 
shafts  located 
between  the 
bathrooms  of 
ad j  0  i  n  i  ng 
rooms  also 
serve  as  ex- 
hau  s t  air 
ducts  but 
vent  ducts  are 
kept  free  of 
all  piping 
wherever  pos- 
sible with  this 
exception. 
These  shafts 
are  approxi- 
mately 2  by  7 
ft.  and  con- 
tain the  hot- 

and  cold-water  supply  pipes,  the  refrigerated  drinking- 
water  pipe  and  the  waste  pipes  from  the  bath  tub,  toilet 
and  wash  basin  and  the  bathroom  radiator  piping,  etc., 
as  shown  in  Fig.  6.  The  register  shown  near  the  ceiling 
is  for  the  bathroom  ventilation.  Each  duct  main  register 
is,  as  required  by  the  city  fire  regulations,  fitted  with  a 
self-closing  damper  constructed  as  shown  in  Fig.  5,  in 
which  a  fusible  link  that  will  melt  at  a  low  temperature 
is  employed  to  hold  the  damper  open  normally ;  but  in 
case  of  a  slight  increase  in  temperature,  the  link  will 
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Sec+ion       A-B 
FIG.  8.     PL,.A.X  AXD  ELEVATIOX  OF  PART  OF  HEATING  MAINS 


fuse  and  allow 
the  damper  to 
close  and  pre- 
v  e  n  t  the 
spread  of  fire. 
A  small  door 
for  entrance 
to  the  shaft 
5  is  provided 
just  above  the 
wash  basin.  It 
will  be  ob- 
served by  any- 
one who  has 
had  experi- 
ence  with 
pipe  work 
that  there  is 
no  great 
amount  of  ex- 
cess room  for 
w-orkmen  to 
make  repairs 
when  they  be- 
come neces- 
sary. Many 
of  the  trans- 
fer spaces 
where  piping, 
ducts,  etc.,  are 
carried  hori- 
zontally be- 
t  w  e  e  n  the 
hung  ceiling 
and  the  true 
ceiling    p  r  e- 

sent  a  surprising  and  intricate  network  of  piping. 
The  returns  from  the  heating  system  are  con- 
nected to  vacuum  pumps  in  duplicate.  The  connections 
and  pipe  sizes  are  shown  in  Figs.  7  and  8.  Fig.  9 
is  a  floor  plan  of  the  fifth  to  fifteenth  floors, 
those  below  being  slightly  modified  by  the  dining 
and   other   large   public    rooms. 

A  section  to  follow  will  deal  with  the  refrigerating 
plant  and  distributing  piping  and  another  with  the  elec- 
tric and  telephone  systems. 
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FIG.    9.      TYPICAL   PLAN   AND  ROOM   .\RRAXf.EMEXT   OF   UPPER   FLOOR.-?   OF   THE   HOTEL  PEXX.«;VLVAXIA 
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Meeting  Emergeneies 


ill   liefritieraliiiii  Plants 


Hy  k.  w.  millkr 


To  MKAR  some  of  t»u 
Old  Timers  talk,  oiu' 
would  be  held  to  l>c- 
lieve  that  the  days  of  rapid- 
fire  thinking  and  the  ne- 
cessity for  quick  action 
were  things  of  the  past.  In 
the  good  old  days  these  fel- 
lows solved  a  half-dozen 
hair-raising  i)roblems  in  a 
day,  and  some  of  them  evi- 
dently lay  awake  nights 
figuring  out  some  new 
wrinkle  to  shut  the  plant 
down  and  make  a  record  for 
rectifying  the  trouble. 
However,  the  youngsters  of 

today  might  be  able  to  show  them  a  thing  or  two  that 
would  leave  the  veterans  scratching  their  heads. 

Not  long  ago  in  a  large  combined  power  and  refrig- 
erating plant  the  crew  were  having  some  trouble  with 
the  governor  on  one  of  the  power  engines,  and  it  took 
the  combined  efforts  of  a  man  at  the  switchboard  and 
an  oiler  at  the  throttle  of  the  engine  to  keep  the  engine 
from  racing  or  taking  the  entire  load  and  eventually 
tripping  the  circuit-breaker  and  shutting  down  the 
plant.  One  of  the  assistant  engineers  was  in  the  mean- 
time trying  to  find  out  what  was  wrong  with  the 
governor  and  rectify  it  if  possible. 

A  200-ton  Wolf  ammonia  compressor  was  running 
next  to  the  contrary  power  unit.  Between  the  two 
was  a  floor  drain  which  had  become  plugged,  and  two 
men  with  a  hose  were  trying  to  clear  it  by  pumping 
into  it  water  at  a  high  pressure.  Without  warning, 
part  of  the  gasket  in  a  flange  in  the  discharge  line  of 
the  ammonia  compressor,  just  above  the  floor,  blew  out. 
In  a  few  moments  the  place  would  have  been  so  filled 
with  ammonia  fumes  that  it  would  have  been  impossible 
to  stay  there,  so  everybody  headed  for  the  doors. 

The  Quick-Witted  Assistant  Engineer 
Saves  the  Day 

The  assistant,  who  was  tinkering  with  the  governor 
of  the  outlaw  power  engine  took  in  the  situation  at 
a  glance  and  realized  that  if  left  to  itself  the  power 
would  be  off  in  a  few  seconds.  Indeed  one  or  more  of 
the  engines  might  be  wrecked. 

Yelling  to  the  oiler  and  the  man  at  the  switchboard 
to  stick  to  their  places  and  watch  the  engine,  he 
grabbed  the  hose,  which  had  been  abandoned  the  mo- 
ment the  gasket  let  go,  and  turned  the  full  stream  of 
water  on  the  leak.  At  the  same  time  he  yelled  to 
r-nother  oiler  who  was  heading  for  the  door  to  shut 
dcwTi  the  ammonia  compressor. 

Another  man  was  sent  pell  mell  up  on  the  roof  to 
chut  off  the  valve  in  the  discharge  line  at  the  con- 
denser. The  suction  valve  on  the  machine  was  shut 
before  it  stopped,  the  bypass  valves  were  opened  and 
the  machine  kept  turning  slowly  until  the  head-pressure 
gage  showed  zero.  This  required  but  a  few  minutes,  as 
the  discharge  check  valve  held  nearly  tight  and  a  few 


\  iltratioii  t-aiiscd  hy  a  riinawav  <ii<;iii<-  allo\v<-<l 
tin-  fiaskri  ill  tin-  aiiiiiioiiia  «li«.rliar<i«'  line  !<» 
blow  out.  if  tlir  ■iM-n  liail  <.(>aii<l<Mi*<l  tlir  run- 
away l»»Taiis«'  of  tin-  liiiiK-s.  llir  rii<;iii(-  and 
oIIht  niacliiiirry  would  have  Imtm  d4-iiH>lislir<l. 
'I'lir  assistant  rn<;in«'rr"s  <|uick  wil  wavrd  llir 
;<iluatioM.  With  llir  «!av  load  comiIiii;  om 
a|»a<-r  and  4»nly  on<-  >^niafl  (-n<;iii<-  loadrd.  tlu* 
v<>l!m<-U'r  rrlusrd  to  rcffiiHirr  wlicii  llir  rnfji- 
n«UT  was  about  t«»  parallel  llw  lar<;«-  unit.  But 
hf  «l«'vi.s«'d  a  nu-an.s  an<i  ".sliot"  tlu-  inacliini- 
ill  without  injury  and  in  time  to  |»r(>v<'nt  hlow- 
iiij;  thr  circuit-hrt'akrr  on  th«'  nniall  unit. 
These  and  other  nituations,  sueh  as  \ou  have 
found  yourself  in,  are  told  about  by  the  author. 


revolutions  of  the  machine 
pulled  the  gna  out  of  the 
line  up  to  thi.s  valve  and 
l)rought  the  pressure  down 
to  utmo.spheric.  In  the 
meantime  the  stream  of 
water  directed  at  the  leak 
absorbed  much  of  the 
fumes.  As  soon  as  the  pres- 
sure on  the  line  came  down 
to  zero,  a  rag  was  tied 
around  the  leak  and  a 
stream  of  water  kept  gent- 
ly playing  over  it.  The  by- 
pass valve  around  the  dis- 

charge    check     valve    was 

slowly  opened  until  the 
head-pressure  gage  showed  a  rise  in  pressure.  In 
this  manner  the  discharge  line  back  to  the  con- 
dr-nser  was  pumped  down  to  atmo.spheric  pressure. 
When  this  was  done  the  stream  of  water  was  shut  off 
and  the  joint  plastered  with  some  boiler  coating,  after 
which  a  high  vacuum  was  pumped  on  the  line.  This 
cleared  it  and  allowed  steamfitters  to  replace  the  gasket. 
The  quick-wittedness  of  the  assistant  in  using  the 
water  hose  to  kill  the  ammonia  fumes  was  probably  all 
that  saved  the  power  equipment  from  demolition.  The 
men  stuck  to  their  posts,  and  when  the  leak  was  stopped 
it  was  found  that  a  piece  of  waste  had  got  caught  in  the 
governor. 

Voltmeter  Refuses  To  Register 

When  getting  ready  to  parallel  a  large  power  unit 
one  morning,  it  was  found  that  the  voltmeter  refused 
to  register,  when  switched  to  this  unit.  The  engineers 
lost  considerable  time  trj'ing  to  locate  the  trouble  and 
finallj'  discovered  that  one  of  the  fconhections  wa.«  . 
broken.  No  wire  was  at  hand  to  make  a  new  connection, 
and  besides  it  was  in  an  awkward  location  where  it 
would  probably  take  half  an  hour  to  rig  up  even  a 
temporary  connection. 

In  a  few  minutes  the  load  would  be  coming  by  leaps 
and  bounds  and  the  smaller  unit,  which  was  just  able 
to  take  care  of  the  regular  night  load,  was  laboring 
to  keep  up  normal  speed,  while  the  brushes  on  the 
commutator  were  spitting  fire  and  letting  out  an  un- 
earthly squeal  every  once  in  a  while. 

The  engineer  spied  a  lamp  cord  on  the  floor,  and 
yanking  out  his  jackknife,  he  cut  this  off  a  few  feet 
back  from  the  lamp  and  skinned  the  ends  of  the  two 
wires,  making  an  improvised  test  lamp.  Testing  across 
the  terminals  of  the  machine,  he  found  that  the  light 
came  up  glaringly  bright.  Readjusting  the  rheostat 
to  about  the  point  where  he  normally  had  it  when 
cutting  in  this  unit  and  having  one  of  the  men  slow 
it  down  with  the  throttle,  he  finally  reduced  the  voltage 
to  a  point  where  it  was  slightly  more  brilliant  than 
when  placed  across  the  bus  terminals. 

Stationing  a  man  at  each  throttle  with  orders  to  the 
one  at  the  larger  unit  to  open  up  quite  lively  if  he 
managed  to  cut  it  in  safely,  he  slammed  in  the  switch. 


February  18,  1919 


POWER 


235 


The  larger  machine  took  more  than  a  fair  share  of  the 
load,  but  no  serious  difficulty  was  experienced.  Two 
minutes  later  the  load  had  climbed  up  to  normal  for 
the  larger  machine.  If  it  had  not  been  cut  in  by  this 
time,  the  other  machine  would  certainly  have  tripped 
the  circuit-breaker  and  left  the  plant  in  darkness. 

The  Equalizing  Switch  Was  Broken 

In  another  plant  two  badly  overloaded  compound- 
wound  generating  units  were  carrying  the  load.  A 
gang  of  men  were  installing  an  additional  unit  along- 
side the  other  two  and  were  bringing  in  one  of  the 
heavy  parts  with  the  crane.  It  was  coming  along  quite 
lively,  and  when  passing  one  of  the  pedestals  for  the 
equalizing  switch  in  front  of  one  of  the  units,  it  made 
an  unexpected  swing  and  knocked  this  clear  off,  break- 
ing the  connections. 

The  two  machines  never  got  along  very  well  together 
even  with  the  equalizing  switches  in,  and  the  moment 
the  switch  was  broken  one  of  the  units  started  to  take 
the  load  while  the  other  began  to  take  things  easy. 

The  switchboard  was  some  distance  from  the  engines, 
and  the  man  in  charge  of  them  saw  that  he  had  a 
small  chance  of  getting  to  the  board  and  adjusting  the 
rheostats  before  the  one  machine  would  trip  out.  The 
engineer  saved  the  day,  however,  by  an  ingenious  trick. 
Grabbing  the  two  leads  to  the  broken  switch,  he  laid  the 
two  bare  ends  on  the  cement  floor  and  dropped  a  heavy 
casting  on  them.  This  renewed  the  equalizing  connec- 
tion, and  the  machines  promptly  and  with  good  grace 
took  up  their  equal  shares  of  the  load. 

An  Oiler  Shows  Commendable  Presence  of  Mind 

While  attending  to  the  oiling  of  his  machines  on  the 
first  deck  of  a  250-ton  York  vertical  machine,  the  oiler 
in  a  large  refrigerating  plant  showed  rare  presence  of 
mind  that  would  do  credit  to  a  more  experienced  man. 
While  up  there  the  stuffing-box  blew  out  a  cloud  of 
ammonia,  at  suction  pressure.  The  pressure  forced  the 
fumes  directly  downward,  and  for  the  moment  the  oiler 
was  above  them  and  out  of  danger. 

Noticing  that  there  was  a  window  even  with  the  top 
deck,  leading  out  on  an  adjoining  roof,  he  yelled  to 
the  engineer  at  the  machine  to  shut  it  down,  which  he 
did  and  ducked.  The  oiler  gave  the  suction  valve  a  spin 
that  sent  it  nearly  shut  and  a  few  more  turns  were 
sufficient  to  shut  it  tight.  He  then  raced 
to  the  upper  deck  and  did  likewise  to  the  '  V 

discharge  valve.     By  this  time  breathing  ,  .        -•  ' 

was  getting  difficult  and  the  tears  in  hi?         /^';'^ 
eyes  blinded  him,  but  lie  found  his  way 
out  through  the  window  onto  the  roof. 
The  ammonia  loss   was  not   noticeable, 
owing   to   his    quick   action.      A   month 
later  the  same  thing  happened  an  another 
machine   on   the    night    shift    and    over 
1500    lb.    of    ammonia    was    lost. 
During    a    hot    spell    one    sum- 
mer   an    ammonia    suction    line 
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sprang  a  leak  in  one  of  the  rooms  where  a  large 
number  of  people  were  working.  In  a  short  time  the 
fumes  were  too  strong  for  them  to  remain  in  there 
with  the  windows  shut.  If  the  windows  had  been 
opened  the  temperature  would  have  been  too  high  for 
the  product  handled,  so  it  looked  as  if  the  department 
and  possibly  a  large  number  of  the  others  would  have 
to  be  shut  down  until  the  leak  was  repaired.  The 
plant  was  running  night  and  day  on  rush  orders.  Re- 
pairing the  leak  would  require  the  better  part  of  a 
day,  as  it  was  in  an  awkward  position  and  two  other 
joints  would  have  to  be  removed  before  it  could  be 
reached. 

How   the   Engineer   Stopped   the   Leak 
Without  a  Shutdown 

The  engineer  solved  the  problem.  First  he  wrapped 
some  burlap  around  the  joint  and  rigged  up  a  hose  to 
run  a  small  stream  of  water  over  it  and  down  into  a 
barrel  underneath.  This  absorbed  the  ammonia  fumes 
as  the  leak  was  not  very  bad,  but  only  a  little  is  sufficient 
to  make  the  air  unbearable  in  a  closed  room.  A  man 
was  stationed  to  carry  the  water  away  from  the  barrel 
as  it  filled  up.  This  allowed  the  men  to  go  to  work 
again. 

He  next  found  a  pipe  slightly  larger  in  diameter  than 
that  of  the  flange  of  the  joint  where  the  leak  was 
located.  This  was  sawed  in  halves.  Two  boards  had 
holes  cut  in  them  of  the  same  diameter  as  the  pipe 
and  these  were  also  cut  in  halves.  When  he  was  ready 
to  go  to  work,  two  large  ladles  of  babbitt  were  melted 
on  a  forge  near  the  room  where  the  work  was  to  be 
done.  The  line  was  pumped  down  until  the  leak  stopped 
and  the  machine  was  run  slowly  to  hold  it  just  at  this 
point. 

The  two  halves  of  the  pipe  were  then  placed  over 
che  leaky  joint  and  clamped  in  place.  The  two  boards 
were  butted  up  to  hold  the  split  pipe  and  the  two 
halves  of  each  board  nailed  together  with  crosspieces. 
By  means  of  ropes  they  were  then  pulled  tightly  against 
the  ends  of  the  pipe.  A  plank  was  placed  across  two 
stepladders  for  the  pipe  to  rest  on  and  the  whole 
banked  up  with  fireclay.  A  hole  had  been  drilled  at  each 
end  of  the  split  pipe,  one  for  pouring  the  babbitt  and 
the  other  for  an  air  vent. 

Just  before  the  split  piece  of  pipe  was  placed  over 
the  joint,  it  was  heated  with  blowtorches  to  remove  the 
moisture  and  make  a  better  joint.  When 
everything  was  ready,  the  babbitt  was  poured 
into  the  mold.  As  soon  as  it  was  cold  the 
pressure  was  turned  on.  The  joint  was  tight. 
■r?/!  It   remained   in   place   for   over   six   months 

^  until  winter  came  along  and  the  line  could 
be  shut  off  long  enough  to  do  a  permanent 
II  job  on  it  without  interfering  with  operations. 
The  engineer  would  do  well  to  have  in 
mind  that  while  level-headedness  in  emergen- 
cies is  desirable,  emergencies  may  frequently 
be  avoided  by  the  exercise  of  vigilance  and 
forehandedness. 
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UNDER  the  hendinR. 
"  Maximum     Allow- 
able WorkitiK  Pres- 
sure "    a    numbor    of    im- 
portant chanjies  have  been 
made    in    this    section    of 
the  Code.    Quite  extensive 
additions  have  been  made 
to   Par.  ;W8.     These  addi- 
tions indicate  that  the  pressure  to  be  allowed  on  a  boiler  used 
on  a  closed  system,  either  for  hot-water  heatinp  or  hot-water 
supply,  shall  be  one-half  that  allowed  on  the  same  boiler  if 
operatinn  on  an  open  system.     This  paragraph  also  defines 
what  is  meant  by  open  and  closed  systems  (see  A). 

The  wording  of  Par.  339  has  been  changed,  apparently 
with  the  object  of  using  fewer  words  and  more  clearly  ex- 
pressing the  intent  of  the  original  paragraph. 

Par.  345,  which  relates  to  the  subject  of  washout  holes, 
has  been  changed  so  that  its  provisions 
apply  equally  to  steam-heating  boilers 
and  boilers  used  for  hot-water  heating, 
as  well  as  to  hot-water  supply  boilers. 
A  change  made  in  Par.  349  makes 
it  clear  that  its  provisions  shall  apply 
to  both  hot-water  heating  and  hot- 
water  supply  boilers.  This  paragraph 
also  indicates  that  water-relief  valves 
that  may  be  used  on  such  boilers  shall 
"*  be  of  the  diaphragm-operating  type.    It 

is  further  specified  that  such  valves  shall  be  so  designed 
that  the  diaphragm  will  fail  at  a  pressure  not  in  excess  of 
50  per  cent,  above  the  allowed  pressure,  in  case  the  valve 
fails  to  operate  (see  B).    Not  allowed  (see  C). 

The  later  portion  of  old  Par.  349,  which  related  to  the 
discharge  connections  from  water-relief  valves,  has  been 
made  Par.  350  in  the  new  Code.  This  rule  in  regard  to 
water-relief  valves  for  hot-water  boilers  built  for  maxi- 
mum allowable  pressures  in  excess  of  30  lb.  pressure,  as 
given  in  Par.  350  in  the  old  Code,  has  been  removed. 

The  permissible  sizes  for  safety  valves  and  water-relief 
valves,  as  specified  in  Par.  351,  have  been  changed.  The 
limiting  sizes  for  the  range,  1  to  4i  in.,  as  given  in 
the  old  Code,  now  refer  only  to  safety  valves.  Water-re- 
lief valves  may  be  S  to  2  in.  in  size. 

In  Par.  352  duplex  valves  have  been  added,  so  as  to 
make  it  clear  that* this  type  of  valve  is  allowed   (see  D). 

A  change  has   been  made  in  the  requirements  for  the 
lifting  gear  for  safety  valves,  as  given  in  Par.  356.     This 
requires   that   such   gear   shall   be   capable   of   lifting   the 
valve    -k    in.   from   its   seat  instead   of 
one-tenth  the  nominal  diameter  of  the 
valve  as  required  by  the  old  Code.   This 
change  is  the  same  as  made  for  safety 
valves  for  power  boilers. 

The  capacity  required  for  safety 
valves  for  heating  boilers,  for  both 
steam  and  water  heating,  as  given  in 
Par.  358,  have  been  changed.  The 
actual    amount    of    capacity    for    the  ^ 

safety  valves  for  steam-heating  boilers 
has  not  been  changed,  but  a  new  table  for  determining  such 
capacity  has  been  placed  in  the  Code.  The  values  for  the 
evaporation  per  square  foot  of  grate  surface,  as  used  in 
this  new  table  more  nearly  meet  the  conditions  found  in 
heating  work.  A  new  table  has  been  added.  Table  9A,  to 
show  the  requirements  for  capacity  of  water-relief  valves. 
The  formula  in  this  paragraph,  358,  has  been  changed  so  that 
W  now  represents  the  weight  of  water  evaporated  per  square 
foot  of  grate  per  hour  instead  of  per  second,  as  formerly. 
An  addition  to  Par.  360  provides  for  the  determination 
of  the  capacity  required  for  a  relief  valve  when  placed  on  a 
heater  heated  with  steam. 
Changes    made    in    Par. 
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for  steam-presHure  gagei, 
specify  that  if  the  gnge  ii 
located  more  than  5  ft. 
from  the  boiler,  the  con- 
necting pipe,  if  leHH  than 
1-in.  pipe  size,  shall  be  of 
brass,  copper  or  bronze 
composition.  Where  the 
distance  to  the  gage  is 
less  than  5  ft.,  the  connecting  pipe,  if  less  than  i-in.  pipe 
size,  must  be  of  brass,  copper  or  bronze  composition. 

Similar  changes  to  those  made  in  Par.  360  have  been 
made  in  Par.  361,  relative  to  pressure  and  altitude  gages 
for  hot-water  boilers. 

An  addition  to  Par.  303  requires  that  a  temperature 
regulator  must  be  used  in  connection  with  all  hot-water 
heating  systems  where  the  pressure  exceeds  30  lb.  and 
also  on  all  closed  systems,  irrespective  of  the  working 
pressure.  Such  regulators  must  keep  the  temperature 
of  the  water  from  rising  above  200  deg.  F. 

Extensive   changes    have    been    made    in    Par.   374.     The 
first  change  is  in  regard  to  the  pressure  to  be  allowed  on 
—1  a  cast-iron  boiler  used  for  hot-water  heat- 

ing or  hot-water  supply;  the  old  Code  gave 
no  limit  to  the  pressure  that  might  be  used 
on  such  a  boiler,  provided  it  satisfactorily 
withstood  a  test  of  2i  times  the  working 
pressure.  The  new  Code  limits  the  pressure 
to  be  allowed  on  cast-iron  boilers  to  160  lb. 
It  is  further  provided  that  boilers  intended 
for  use  on  closed  systems  must  be  tested  to 
twice  the  pressure  required  under  the  same 
conditions  for  boilers  to  be  operated  on  open 
systems.  Field  tests,  equal  to  the  shop  test, 
must  be  applied  to  all  boilers  to  be  operated 
^  on  open  systems  at  pressures  in  excess  of 

50  lb.  or  on  closed  systems  in  excess  of  25  lb.  These  tests 
are  2J  and  5  times  the  working  pressure,  for  open  and  closed 
systems  respectively. 

Changes  have  been  made  in  Par.  377  to  provide  for 
proper  stamping  to  indicate  the  pressures  for  which  a 
boiler  is  designed  and  constructed  for  use  in  connection 
with  either  a  closed  or  open  system.  It  also  provides  that 
heating  boilers,  built  under  the  Code  rules,  shall  be 
stamped  "A.  S.  M.  E.  Standard." 

Part  II — Existing  Installations 

Few  changes  have  been  made  in  the  rules  for  boilers 
already  installed.  The  most  important  change  noted  in 
this  section  is  in  relation  to  Par.  384,  which  deals  with  the 
condemnation  of  boilers  in  which  a  lap-seam  crack  has  been 
discovered.  The  wording  of  the  old 
paragraph  was  as  follows:  "No  pres- 
sure shall  be  allowed  on  a  boiler  on 
which  a  crack  is  discovered  along  the 
longitudinal  riveted  joint."  As  will 
be  noted,  this  wording  did  not  define 
any  particular  class  of  crack.  It  is 
clear,  from  the  revised  wording,  that 
the  kind  of  crack  that  was  meant  was 
what  is  commonly  known  as  a  "lap- 
seam  crack."  The  original  wording 
would  have  required  the  condemnation  " 

of  a  boiler  if  any  other  kind  of  a  crack  appeared  at  the 
longitudinal  seam.  The  revised  wording  of  Par.  384  makes 
it  clear  as  to  the  kind  of  crack  that  is  referred  to  as  well 
as  stating  definitely  that  the  rule  is  to  apply  to  butt-strap 
constructions  as  well  as  to  lap  seams  (see  E). 
"A  change  m  Par.  402,  which  deals  with  the  arrangement 
of  blowoff  connections,  adds  bronze  and  brass  as  materials 
allowed  for  the  fittings  that  may  be  used  on  such  con- 
nections. A  new  sentence  has  been  added  to  this  para- 
361,    in    regard    to    connections      graph,  specifying   that   in   case   of  replacement   of  the  fit- 
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tings  of  pipes  on  blowoff  connections,  the  installation  shall 
be  in  accordance  with  the  rules  for  new  construction. 

Old  Par.  409  has  been  placed  with  Par.  408  and  an  en- 
tirely new  Par.  409  placed  in  the  Code.  The  subject  of  this 
new  paragraph  is  repairs.  It  specifies  that  when  repairs 
are  to  be  made  that  will  affect  the  safety  of  a  boiler,  a 
properly  qualified  inspector  must  be  consulted  in  regard 
to  them. 

Appendix 

A  number  of  changes  have  been  made  in  the  Appendix 
to  the  Code.  Par.  41 G,  which  in  the  original  Code  con- 
sisted of  two  illustrations  and  the  detailed  instructions  for 
calculating  the  efficiency  of  a  quintuple-riveted  joint,  has 
been  rem,oved.  This  was  no  doubt  a  good  move  to  save 
space,  the  quintuple-riveted  joint  not  being  adapted  to 
boiler  work. 

The  numbers  of  all  paragraphs  from  417  to  427  inclu- 
sive, in  the  old  Code,  have  been  reduced  by  one,  a  new 
paragraph,  No.  427,  being  placed  in  the  new  Code  and  it 
will  be  referred  to  later. 

The  caption  for  Table  XIV,  which  gives  the  net  area  on 
the  segment  of  a  head  to  be  stayed,  has  been  changed  to 
indicate  that  the  values  given  in  this  table  apply  only 
whei-e  d,  as  given  in  Pars.  214  and  217,  is  equal  to  3  inches. 

A  new  figure,  32,  has  been  added  to  the  appendix,  illus- 
trating various  applications  of  Par.  205  and  206  to  the 
staying  of  boilers. 

The  method  of  computing  the  discharge  capacity  for 
safety  valves   as   given   in   Par.   420    (Par.   421   in   the   old 

Code)    has    been    ma- 


terially changed  in 
wording.  The  results 
obtained  by  the  use 
of  the  rules  given  in 
this  paragraph  are 
the  same  as  in  the  old 
Code.  However,  the 
present  form  in  which 
the  information 
is  given  is  more  easily 
understood.  There  has 
been  added  a  calculation  for  determining  the  discharge  from 
a  safety  valve  with  a  seat  beveled  at  any  angle.  There  has 
also  been  added  formulas  giving  the  weight  of  steam  that 
may  be  handled  by  a  valve  in  an  hour's  time. 

The  examples  given  in  Pars.  422,  423,  424  and  425  (new 
numbers)  have  been  changed  so  as  to  conform  with  the 
changes  made  in  Par.  420. 

The  table  giving  the  discharge  capacities  for  safety 
valves,  which  in  the  old  Code  was  known  as  Table  8  and 
was  placed  in  the  body  of  the  Code  in  connection  with 
Par.  274,  has  now  been  placed  in  the  Appendix  and  numv- 
bered  15. 

The  illustrations  that  accompany  Tables  16  and  17  (new 
numbers)  and  which  were  formerly  known  as  Fig.  30,  are 
now  Fig.  31. 

The  new  Par.  427,  which  has  already  been  referred  to, 
deals  with  the  requirements  that  must  be  met  in  the  con- 
struction of  any  automatic  water  gage  that  may  be  used 
under  the  Code  rules.  It  is  doubtful  if  any  of  the  attach- 
ments of  this  kind  that  are  now  on  the  market  will  meet 
the  requirements. 

An  addition  has  been  made  to  Par.  428  dealing  vdth  the 
question  of  filling  to  be  used  with  fusible  plugs.  This  addi- 
tion requires  that  the  filling  must  be  renewed  once  each 
year.  This  is  an  excellent  requirement  for  fusible  plugs 
if  they  are  to  be  expected  to  operate  properly    (see  F). 

In  giving  the  proper  location  for  fusible  plugs,  in  Par. 
430,  a  new  Section  u  has  been  inserted  and  the  former 
Section  u  has  become  v.  This  new  section  deals  with  the 
proper  water  level  in  fire-engine  boilers. 

More  than  two  pages  of  new  material  have  been  in- 
serted in  the  Code  at  the  end  of  the  Appendix.  This  con- 
sists of  recommendations  in  regard  to  repairs  that  may 
be  made  to  boilers  by  the  autogenous  process  of  welding. 
These  recommendations  are  the  same  as  the  rules  of  the 
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Board  of  Supervising  Inspectors  given  in  the  Steamboat- 
Inspection  service  rules  for  the  use  of  this  form  of  weld- 
ing. The  recommendations  do  not  appear  to  conflict  with 
the  new  portion  of  Par.  186,  which 
deals  with  the  subject  of  autogenous 
welding. 

A  manufacturers'  data  report  form 
has  been  made  a  part  of  the  Appen- 
dix. This  form  is  intended  to  be  used 
for  boilers  built  under  the  Code  rules. 
The  changes  made  in  this  edition 
of  the  Code  appear  to  have  consider- 
P  ably  improved  this  set  of  boiler  rules. 

The  clearing  up  of  a  number  of 
points  that  were  in  doubt  as  to  the  application  of  the  rules 
as  expressed  in  the  old  Code  will  be  welcomed  both  by  the 
manufacturers  of  boilers  and  by  the  inspectors  who  must 
see  if  the  rules  are  lived  up  to. 

Automatic  Substation  Development 

In  1912  the  first  substation  to  be  controlled  without 
an  operator  in  the  station  was  put  into  service  on  the 
Detroit  Edison  Co.'s  system  and  consisted  of  a  500-kw. 
rotary  converter  connected  to  the  City  of  Detroit's  light- 
ing system.  This  machine  was  controlled  entirely  by 
the  operator  in  another  station  about  a  mile  away. 
Although  this  station  was  not  automatically  but  re- 
motely controlled,  it  was  nevertheless  the  forerunner 
of  the  automatic  power  plant  and  substation  of  today, 
the  latter  of  which  is  coming  into  use  with  great 
rapidity. 

In  1917  there  was  put  into  service  in  the  State  of 
Iowa  a  1500-kw.  automatically  controlled  hydro-electric 
power  plant  consisting  of  three  500-kw.  two-phase  60- 
cycle  2300-volt  alternators  controlled  through  float 
switches  by  the  water  level  in  the  forebay,  as  described 
in  Potver,  Dec.  11,  1917.  How  fast  automatically  con- 
trolled substations  are  coming  into  use  is  indicated  by 
the  fact  that  one  electric  manufacturing  company  in 
this  country  has  built  and  put  into  operation  26  such 
station  equipments  and  has  30  others  under  construction. 
These  stations  are  both  rotary-converter  and  syn- 
chronous-motor, direct-current  generator  sets.  Some  of 
the  motor-generator  sets  are  to  supply  1500-volt  direct- 
current. 

From  the  foregoing  the  possibilities  of  an  auto- 
matically controlled  system  of  power  plants  and  sub- 
stations with  the  machines  cutting  in  and  out  auto- 
matically to  meet  the  power  demands  do  not  look  to  be 
so  much  of  a  wild  dream  after  all. 

American-Built  Locomotives  Shipped 
to  France 

Shipment  of  more  than  400  American-built  loco- 
motives weighing  each  73  tons  and  assembled  all  but 
the  smokestack  and  tender,  so  they  could  move  away 
under  their  own  steam  within  six  hours  after  arriving 
in  France,  is  amoung  the  accomplishments  of  the  United 
States  army  transport  service.  This  number  was  in 
addition  to  1200  which  were  shipped  in  sections — nine 
to  a  locomotive — packed  in  cases.  Ships  used  to  trans- 
port these  locomotives  complete,  were  of  special  type, 
with  three  holds.  Into  each  of  the  three  holds  was 
placed  12  locomotives — 36  to  a  ship.  The  time  con- 
sumed in  the  movement  of  the  locomotive  from  the 
builders  to  the  base  of  action  behind  the  battle  line  was 
less  than  12  days. 


238 


r  u  w  10  u 


Vol.  41),  No.  7 


Talks 


on 


DIESEL 

Engines 

by 
H.  Morrison 


VII — The  men  sJioic  considerable  interest  in  the 
construction  of  pistons  and  J.  R.  explains  the 
causes  of  piston  troubles  and  methods  of  over- 
coming them. 


W: 


HEN  the  meeting  broke  up  last  Thursday 
evening,"  Woods  remarked  to  the  chief,  "you 
were  talking  about  water-cooled  pistons. 
What's  your  opinion  of  them,  anyway?  I  visited  the 
Syracuse  plant  a  couple  of  months  ago  and  they  had 
just  cracked  two  water-cooled  pistons." 

J.  R.  knocked  the  ashes  from  the  end  of  his  cigar. 


a  good  bit  depends  on  the  speed.  You  can  easily  see  that 
a  high-speed  engine  might  require  water  cooling  where  a 
slow-speed  engine  of  the  same  bore  would  not  need  it. 
On  the  other  hand,  water  cooling  is  more  successful  on 
slow-speed  engines.  At  speeds  of  more  than  200  r.p.m., 
the  check  valves  in  the  water  passages  do  not  close 
quickly  enough,  and  there  is  always  danger  that  the  en- 
gine isn't  getting  the  water  at  all.  In  an  inclosed  en- 
gme  you've  got  to  keep  close  watch  on  the  water  piping. 


A^i.    +, 


Bi- 


FIG.   1. 


PISTON  LIABLE  TO  FORMATION   OF   STEAM 
POCKETS 


"Whenever  the  cylinder  diameter  gets  so  big  that  the 
piston  head  takes  up  more  heat  than  it  can  give  up  to 
the  cylinder  walls,  water  cooling  is  necessary.    We  have 

engines  here  with  IS-in.  water-      i 

cooled  pistons,  but  I  doubt 
whether  water  cooling  is  nec- 
essarj'  until  the  pistons  are 
larger  than  20  in.    Of  course. 


At  the  next  meeting  the  various  causes  of 
cracked  piston  heads  Mill  be  discussed,  and 
Egan  Mill  tell  a  stor>'  \*-ith  a  dramatic  ending 


FIG.   2.      PISTON  CRACKED  BY  CARBON  DEPOSITS 

I  know  that  in  plants  where  we  have  water-cooled  pis- 
tons, we've  had  a  lot  of  trouble  with  leaky  water  con- 
nections. The  water  will  creep  into  the  big-end  bear- 
ings and  cause  them  to  heat  up. 

"As  for  fractured  water-cooled  pistons,"  continued 
the  chief,  "I  recall  that  the  outfit  you  refer  to  is  a 
horizontal  two-cycle  engine  with  the  exhaust  ports  un- 
covered by  the  piston,  as  in  Fig.  1.  In  this  engine 
the  circulation  of  the  water  depends  on  the  pumping  ac- 
tion of  the  piston.  The  exhaust  gases,  as  they  pass 
along  the  bottom  of  the  piston  head  into  the  exhausb 

, port,  give  up  a  great  amount 

of  heat  to  this  part  of  the 
piston  head.  The  heat  dis- 
tribution over  the  piston  head 
is  evidently  very  uneven.     If 
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the  water  circulation  is  not  very  rapid,  there  is  a  ten- 
dency for  steam  pcckets  to  form  at  the  point  I  mark  C. 
So,  if  the  check  valves  leak,  the  steam  pressure  often 
blows  the  water  back  through  the  inlet  telescopic  piping 
until  the  pressure  is  relieved.  The  water  then  resumes 
its  proper  flow,  and  we  have  comparatively  cold  water 
striking  a  very  hot  surface.  Is  there  any  wonder  that 
you  often  hear  of  this  type  of  piston  fracturing?  The 
two-cycle  feature  in  the  Diesel  engine  demands  piston 
water-cooling,  and  if  the  piping  and  valves  are  not  kept 
absolutely  tight,  the  water  causes  fractures." 

His  cigar  had  gone  out  during  this  long  speech,  and 
he  paused  to  relight  it  before  he  resumed  his  discussion 
of  piston  fractures. 

"There  is  one  all-important  precaution  to  be  taken 
where  engines  with  water-cooled  pistons  are  used,"  he 
said." 
"What  is  that?"  asked  Woods. 

"Well,  boys,  I've  mentioned  that  leaky  water  piping 

is  a  common  occur- 
rence; also  that  this 
water  got  into  the  lu- 
bricating oil.  Now, 
if  the  water  Is  not 
removed,  the  entire 
oiling  system  will 
soon  be  charged  with 
a  water  and  oil  mix- 
ture that  makes  a 
poor  lubricant,  espe- 
cially for  a  Diesel 
engine.  Therefore  I 
say  that  in  such  in- 
stallations, this  oil 
should  be  passed 
through  a  steam-coil 
heater  to  boil  out 
the  water.  Some 
depend  on  a  filter 
to  refine  the  oil.  The 
ordinary  filter  will 
remove  grit  and 
metallic  particles, 
but  the  temperature 
is  never  high  enough 
to  get  rid  of  water." 
"Well,  chief,"  asked  the  ever-curious  Woods,  "what 
causes  piston  heads  to  crack  even  when  they  have 
strong  ribs?" 

"Often  the  core  used  in  molding  the  piston  is  green 
and  when  the  iron  is  run  the  surfaces  of  the  ribs  are 
chilled  and  very  small  cracks  are  started.  These  may 
develop  into  serious  fractures  when  the  engine  is  put 
into  service.  However,  I  suspect  you  mean  those  cracks 
which  show  on  the  face  of  the  piston.  These  are  usually 
due  to  carbon  deposits.  As  you  probably  know,  when 
the  oil  is  thrown  from  the  pi.ston  pin  onto  the  hot  pis- 
ton head,  a  hard  carbon  deposit  forms,  and  it  is  a  poor 
conductor  of  heat.  The  piston  head  is  unable  to  rid  it- 
self of  the  heat  absorbed  and  starts  to  expand.  Since 
it  is  strongly  ribbed,  it  can't  increase  the  radius  of 
curvature  of  the  concave  portion.  As  a  relief  it  sort  of 
swells  up  in  a  ridge.  When  the  engine  stops,  the  metal 
contracts  again  and  of  course  fractures  develop  in  the 
readjustment  of  the  metal." 


FIG.  3.     PISTON  BAFFLED 
FOR  COOLING 


He  opened  his  loose-leaf  book  and  took  out  h  page 
showing  Fig.  2. 

"I  happen  to  have  a  clipping  showing  a  cracked  pis- 
ton," he  said.  "From  the  photo  I  would  gu.ess  that 
carbon  deposit  was  the  cause  of  the  trouble.  In  such 
cases  the  best  remedy  is  to  drill  holes  about  ,■'„  to  I  in. 
in  diameter  all  along  the  fracture,  spaced  about   I'e  in. 


FIG.   4.      BUILT-UP  PISTON.  SECTION  OF  WHICH  IS 
SHOWN   IN  FIG.    3 

apart.  After  tapping  these  holes  screw  in  copper  plugs 
and  cut  them  off  even  with  the  surface.  Then  drill  and 
tap  a  second  set  of  holes  between  the  copper  plugs,  and, 
after  you  insert  this  second  row  of  j\  in.  plugs,  peen  the 
entire  row.  This  lacing  can  be  done  very  neatly  and 
will  prevent  any  blowing  through  the  fracture  and  at 
the  same  time  will  keep  the  crack  from  extending. 
One  advantage  of  the  water-cooled  piston  is  that  the 
water  cavity  prevents  the  oil  deposits  from  settling  on 
the  hot  head." 

"If  that  is  true,"  Woods  ventured,  "why  don't  the 
builders  make  a  false  head  or  a  partition  to  keep  the 
oil  away?" 

"The  objection.  Woods,  is  the  difficulty  of  cleaning 
the  head  in  case  the  oil  should  get  by  the  partition. 
Another  thing  you  should  bear  in  mind  is  that  the  air 
currents  set  up  by  the  moving  piston  help  to  a  con- 
siderable degree  in  cooling  the  piston.  A  partition 
would  destroy  this  effect. 

"However,"  continued  Egan,  "a  builder  of  horizontal 
engines  has  used  the  baffle  idea  in  his  engine,  as  shovsm 


FIG.   5.     PISTON  FOR  HORIZONTAL.  ENGINE 

in  Fig.  3.  The  baffling  in  this  case  is  in  two  parts,  to 
allow  the  air  to  partly  cool  the  head.  Here's  -another 
view  of  this  piston" — he  showed  them  an  illustration 
similar  to  that  in  Fig.  4. 

"What's  the  idea  of  the  manhole  plate  in  the  piston 
head?"  inquired  Kelly. 

J.  R.  indulged  in  a  hearty  laugh  before  he  attempted 
to  reply  to  the  question. 

"That  isn't  a  boiler,  Kelly.  It's  a  piston.  The  thing 
you  call  a  manhole  plate  is  a  removable  piston  head. 
This  feature  is  new  but  successful.  It  has  been  found 
that  the  pistons  of  horizontal  engines  are  subject  to  dis- 
tortion, which  is  not  usual  in  the  vertical  type.  This 
is  due  probably  to  the  weight  of  the  heavy  piston  being 
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nt  all  times  on  th  Ivlfom,  which  niij.'ht  IpikI  fn  flatlcn 
the  piston. 

"Now,  if  the  piston  is  made  as  snuj?  as  in  the  vertical 
enprinc,  the  expjr.sion  of  the  head  cau.ses  further  dis- 
tortion and  usuall.v  the  piston  will  stick.  We  could 
ohviata  this  h.v  making  the  clearance  between  walls 
greater,  but  in  so  doing  we  would  lose  the  compres- 
sion. If  the  head  could  be  made  of  a  material  that 
did  not  expand  under  heat,  the  distortion  would  not 
occur,  ("onsequentl.v,  the  head  is  made  of  a  nickel-steel 
allo.v  which  has  a  low  coeflicient  of  expansion.  I  do 
know  that  piston  sticking  was  ver.v  common  in  one  make 
of  horizontal  engine  until  alloy-steel  heads  were  used." 

"If  a  little  bit  is  good,  a  whole  lot  ought  to  be  better," 
said  Kelly.  "So  why  not  make  the  whole  piston  oi 
nickel.?" 

"Too  expensive,"  Egan  answered.  "Besides,  it's  too 
hard  for  a  rubbing  surface.  The  best  material  for  pis- 
tons is  good  gray  cast  iron.  It  machines  easily,  polishes 
well  and  maintains  a  glass-like  surface.  Pistons  should 
always  be  made  of  a  softer  iron  than  the  cylinder  liner. 
If  you  ever  have  a  piston  made  at  a  machine  shop,  in- 
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FIG.  6.     MEASUREMENTS  FOR  FINDING 
WEAR   OF   CYLINDER 

sist  that  it  be  cast  fiom  iron  having  a  small  amount  of 
scrap  in  it. 

"Another  example  of  horizontal  engine  piston  is 
shown  in  Fig.  5.  Here  the  manufacturer  allows  for  the 
expansion  by  making  the  head  in  the  shape  of  the 
frustum  of  a  cone." 

Egan  unfolded  a  blueprint  and  smoothed  it  out  on  the 
table,  disclosing  a  drawing  like  that  in  Fig.  6. 

"The  Diesel  superintendent  left  this  last  week,"  he 
said,  "with  orders  that  we  were  to  take  the  indicated 
measurements  every  time  we  pulled  a  piston.  You  see, 
two  measurements  of  the  cylinder  diameter  are  taken — 
one  parallel  with  the  piston  pin  and  one  at  right  angles 
to  it — at  each  of  the  four  points  indicated.  The  figures 
in  the  table  at  the  top  are  the  actual  measurements 
taken  from  one  of  the  company's  engines.  This  looks 
lil:e  a  good  scheme  to  follow,  for  it  shows  the  wear  that 
tcikes  place." 

Woods  was  ready  with  a  question. 

"How  often  should  pistons  be  pulled?"    he  asked. 


"If  there's  no  pounding  or  Iohh  of  compreHsion,  almut 
once  every  four  ".nonths  will  do.  That's  our  rule  here, 
and  I've  noticed  that  if  we  wait  much  longer  the  pis- 
ton rings  are  badly  gi:mmcd  up.  When  a  piston  is 
pulled,  it  should  be  cleaned  thoroughly  with  kerosene,  all 
.soot  scraped  from  the  top,  all  carbonized  oil  removtd 
from  the  interior  and  all  rings  cleaned.  In  many  w^ri 
the  piston  is  the  life  of  the  engine. 

"Now,  on  engine  liners  little  need  be  said.  Some 
still  cast  the  liner  solid  with  the  jacket  wnlls,  but 
gradually  they  are  all  coming  to  the  removable  liner. 
It  gives  little  trouble  and  outside  of  reboring  seldom 
needs  attention." 

"What  about  reboring?"  Woods  spoke  up.  "Can  ft 
liner  be  rebored?" 

"Sure!  It's  often  done.  I  believe  any  liner  has  ample 
thickness  to  stand  one  reboring.  But  in  reboring  the 
average  engineer  is  up  against  a  snag.  Even  where  the 
plant  contains  several  engines,  it  isn't  profitable  to  own 
a  boring  bar,  for  that  represents  an  investment  of  aboot 
six  hundred  dollars.  Such  a  plant  will  not  do  enough 
reboring  to  cover  the  interest  and  depreciation.  Our 
own  company,  with  its  several  plants,  has  one,  and  of 
course  it's  used  fairly  often,  especially  on  the  old  en- 
gines. A  fair  charge  for  reboring  a  cylinder  from  16 
to  18  in.  in  diameter  is  $150.  So  always  recommend 
that  this  be  performed  by  some  shop  that  has  a  boring 
bar. 

"There's  one  more  thing,  before  we  quit  for  tonight 
You  want  to  take  care  in  pulling  vertical  pistons.  As 
you  know,  there  are  usually  two  eye-bolt  holes  in  the 
piston.  I've  noticed  some  of  you  are  in  the  babit  of 
merely  passing  a  chain  through  the  eyebolts  and  looping 
it  over  the  hoist  he  c.  Don't  do  that — you're  liable  to 
break  off  the  bolts.  Put  a  spreader  between  the  part* 
of  the  chain,  near  the  piston,  so  that  the  pull  on  each 
bolt  is  in  line  with  its  axis.  Of  course,  if  the  piston 
is  tapped  for  only  one  bolt,  this  doesn't  apply," 

Boiler  Feed -Water  Treatment  and 
Metal  Preservatives 

By  p.  R.  Duffey 

Many  companies  will  purchase,  upon  a  salesman's 
recommendations,  a  trial  lot  of  water  or  metal  treatment 
and  with  a  few  hasty  instructions  turn  it  over  to  the 
chief  or  operating  engineer  for  trial.  The  engineer 
in  turn,  has  probably  learned  to  be  doubtful  of  good  re- 
sults to  be  obtained,  will  make  a  hurried  test  perhaps 
in  a  haphazard  way  and  condemn  the  possibly  good  and 
needed  treatment. 

In  order  that  he  may  find  out  the  truth  the 
chief  engineer,  or  the  man  held  directly  responsible  for 
the  boiler  plant,  should  personally  inform  himself  of  all 
details  possible  for  the  manufacturer  to  give,  and  fol- 
low up  the  tests  over  a  sufficient  period  of  time  to  war- 
rant his  approval  or  rejection  of  the  treatment.  The 
manufacturer  should  conscientiously  represent  his  goods 
and  give  the  purchaser  the  benefit  of  his  experience, 
impart  all  information  possible  and  follow  the  method 
used  by  the  man  detailed  to  perform  the  test,  being  satis- 
fied that  a  square  deal  is  given  each  party.  The  water 
and  metal  treatments  now  on  the  market  will  no  doubt 
do  what  is  claimed  for  them  if  properly  used,  but  if  not 
used  as  intended,  it  is  likely  they  will  fall. 
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Electrical  -  Machinery 
Brush  Composition 

By  WARREN  C.  KALB 

The  Various  Types  of  Brushes  Used  on  Elec- 
trical Machinery,  Their  Composition,  Method 
of    Manufacture    and     Field     of    Application 


CONSIDERING  brushes  in  relation  to  the  mate- 
rials of  which  they  are  composed,  they  fall  into 
eight  classes  as  follows:  Carbon-graphite, 
jraphite-carbon,  graphite,  electrographitic,  metal- 
graphite,  carbon-gauze,  metal-gauze  and  copper  leaf. 

The  carbon-graphite  brush  is  the  type  usually 
jpoken  of  as  an  ordinary  carbon  brush.  It  is  composed 
irincipally  of  amorphous  carbon,  usually  in  the  form  of 
:oke,  to  which  is  added  sufficient  graphite  to  give  the 
?rush  some  lubricating  property  and  increase  its  con- 
iuctivity  to  some  extent.  Natural  graphite  is  generally 
ised  for  this  purpose,  and  as  this  usually  contains  a 
:onsiderable  percentage  of  foreign  material  of  more 
)r  less  abrasive  nature,  brushes  of  this  class  as  a  rule 
ire  abrasive  to  an  appreciable  degree. 

The  practice  is  quite  common  among  both  manufac- 
urers  and  users  to  impregnate  brushes  of  this  class 
vith  some  lubricating  material.  This  not  only  tempers 
he  abrasive  characteristic  of  the  brush  and  reduces 
ts  friction,  but  improves  the  commutating  property 
IS  well,  due  to  the  higher  contact  resistance  created 
)y  the  film  of  lubricating  material  which  forms  at  the 
)rush  face. 

The  disadvantages  of  this  treatment  are  that  it  is 
Iriven  off  when  the  brush  encounters  conditions  of 
ligh  temperature.  It  has  a  tendency  to  collect  dust 
'rem  the  atmosphere,  and  if  this  happens  to  be  of  an 
ibrasive  nature,  as  is  the  case  around  cement  mills  and 
imilar  service,  the  commutator  wear  resulting  from 
his  cause  may  be  quite  severe.  Finally,  brushes  with 
ubricating  treatment  have  a  much  greater  tendency 
han  others  to  collect  copper  on  the  face  of  the  brushes. 

Most  brushes  of  the  carbon-graphite  class  are  within 
he  medium  range  of  hardness.  They  are  not  adapted 
0  undercut  mica,  due  to  their  abrasiveness  and  the 
irtificial  lubrication  they  generally  require.  Most 
grades  of  this  class  are  of  low  carrying  capacity  and 
ire  not  adapted  to  high  peripheral  speed.  However, 
his  type  of  brush  will  take  care  of  a  wide  range  of 
iperating  conditions  within  the  limits  of  its  character- 
sties  and,  considering  its  moderate  price,  must  be 
lassed  as  a  good  all-around  brush. 

There  is  another  class  of  brushes  in  which  a  con- 
iderable  or  even  the  predominating  percentage  of  the 
omposition  is  graphite,  the  remainder  being  coke  or 
ome  other  form  of  amorphous  carbon.  These  are 
:nown  as  graphite-carbon  brushes.  A  great  many 
:rades  of  brushes  fall  within  this  class,  so  that  the 
lass  as  a  whole  covers  a  very  large  field  of  application, 
Ithough  the  individual  grades  may  not  apply  to  such 
.  broad  range  of  service. 


Brushes  in  this  class  usually  contain  sufficient 
graphite  for  lubrication,  so  that  lubricating  treatment 
is  seldom  used.  Artificial  as  well  as  natural  graphites 
are  used,  depending  on  the  characteristics  that  it  is 
desired  to  incorporate  in  the  brush,  and  the  abrasive 
properties  will  depend  upon  the  graphite  that  is 
selected.  Some  brushes  within  this  class  possess  very 
little  abrasive  action,  while  there  are  others  possessing 
considerable.  In  point  of  hardness  these  brushes  will 
range  from  soft  to  medium  hard.  The  carrying  capacity 
will  usually  be  higher  than  the  grades  in  the  carbon- 
graphite  class,  but  the  contact  drop  of  most  of  these 
brushes  is  medium  or  low  unless  a  lubricating  treatment 
is  used. 

Brushes  of  this  type  find  an  extensive  application  on 
industrial  motors,  moderate-speed  generators,  mining- 
and  mill-service,  and  railway  motors.  Certain  grades 
of  this  type  are  especially  well  adapted  to  fan  motors, 
magnetos  and  other  small  machines  both  of  the  direct- 
current  and  universal  types.  Some  excellent  grades  of 
moderate-priced  brushes  will  be  found  among  the  vari- 
ous makes  of  graphite-carbon  brushes. 

There  are  numerous  grades  of  brushes  on  the  market 
composed  entirely  of  graphite  except  for  the  binding 
material  necessary  to  hold  the  particles  of  graphite 
together.  These  are  characterized  by  high-carrying 
capacity,  medium  contact  drop  and  low  coefficient  of 
friction,  adapting  them  especially  to  high  commutator 
speeds. 

There  are  a  few  grades  of  graphite  brushes  on  the 
market  manufactured  by  special  methods  that  give  the 
material  a  very  high  resistance  and  a  somewhat  im- 
proved commutating  characteristic  over  the  ordinary 
type  of  graphite  brush.  These  grades,  Jiowever,  have 
a  rather  limited  field  of  application.  There  are  also 
grades  possessing  very  low  specific  gravity.  These  are 
manufactured  in  this  way  to  reduce  the  inertia  of  the 
brush  as  much  as  possible,  adapting  it  to  very  high 
rotative  speeds. 

Most  brushes  in  the  graphite  class  are  nonabrasive 
or  at  most  but  slightly  abrasive  and  should  generally 
be  used  on  commutators  of  which  the  mica  is  undercut. 
A  few  of  the  slightly  abrasive  grades  can  be  used  on 
unslotted  commutators  where  conditions  are  not  severe. 
All  the  brushes  in  this  class  are  soft,  some  of  them 
being  very  soft.  They  possess  low  mechanical  strength, 
so  are  incapable  of  meeting  severe  mechanical  condi- 
tions and  should  be  operated  at  low  spring  pressure. 
Where  quietness  of  operation  is  an  essential  charac- 
teristic, this  type  of  brush  has  much  in  its  favor. 
Classes  of  service  in  which  they  are  used  to  a  con- 
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siHoral)lo  oxtont  aro  lus  follow.s:  Turbo-Kt'iienilor.s  and 
othor  hiKh-spccd  types,  automohilc-liKhtiiiK  Kcnerator.s, 
clwtrir- vehicle  and  battery-locomotive  motor.s,  battery- 
charjrinK  and  other  low  voltaic  generators,  .slip  rinps 
and  occa.sionally  a.s  lubricatiii}?  brushes  on  electro- 
plating Kt'iierators. 

Electrograpiiitic  Brusuks 

Perhaps  the  hijrhe.st  stape  in  the  development  of 
carbon-brush  manufacture  up  to  the  pre.sent  time  has 
been  reached  in  the  electropraphitic  brush.  This  type 
is  made  up  in  the  first  place  of  certain  forms  of 
amorphous  carbon  carefully  selected  to  give  the  desired 
characteristics  to  the  finished  product.  In  the  final 
baking  operation  it  is  carried  to  an  extremely  high 
temperature,  which  results  in  a  modification  of  the 
material  composing  the  brush,  leaving  all  or  part  of  it 
in  the  form  of  graphite.  It  is  possible  to  make  this 
♦.ype  as  near  absolutely  nonabrasive  as  any  brush  can 
be  made.  It  is  also  manufactured  with  varying  degrees 
of  abrasiveness  to  meet  special  requirements. 

In  relation  to  other  tjijes  of  brushes  this  class  is 
hard  and  some  grades  are  extremely  so;  still,  owing 
to  its  dense  structure  high  conductivity  is  attained. 
Mechanical  strength  and  toughness  are  pronounced 
characteristics  of  nearly  all  grades.  The  commutating 
properties  of  brushes  of  this  class  are  above  the  aver- 
age, and  by  proper  selection  of  raw  materials  it  is 
possible  to  secure  a  very  high  contact  drop  without 
the  use  of  any  impregnating  treatment.  This  high 
contact  drop,  combined  with  the  high  conductivity  and 
low  coefficient  of  friction,  gives  an  ideal  combination 
of  brush  characteristics,  making  certain  grades  ap- 
plicable to  a  verj'  wide  field  of  service. 

Electrographitic  brushes  have  been  used  on  practically 
every  conceivable  application  except  electroplating 
generators,  and  even  on  these  the  more  graphitic  grades 
are  sometimes  used  for  lubrication.  The  nonabrasive 
grades  are  especially  well  adapted  for  use  on  undercut 
commutators,  the  hardness  of  the  brush  giving  a  clean- 
ing action,  which  polishes  the  surface  of  the  commutator 
well  without  causing  any  wear.  For  use  on  collector 
rings  the  electrographitic  brush  is  well  adapted  wher- 
ever mechanical  conditions  are  severe,  due  to  its  greater 
ruggedness. 

These  brushes  may  be  used  up  to  current  densities 
as  high  as  80  amperes  per  square  inch  on  the 
alternating-current  rings  of  rotary  converters,  and 
occasional  instances  of  successful  application  at  even 
higher  current  densities  have  been  noted. 

Trend  in  the  Use  of  Brushes 

The  trend  of  development  at  the  present  time  seems 
to  be  away  from  the  use  of  metal-graphite  brushes  on 
slip  rings  and  toward  the  use  of  graphite  and  electro- 
graphitic brushes  at  current  densities  that  are  suited 
to  these  grades.  There  are  many  things  to  be  said  in 
favor  of  this  tendency  on  all  classes  of  alternating- 
current  machines.  However,  a  serious  objection  is  met 
with  on  induction  motors  of  the  slip-ring  tj^pe  where 
it  is  desired  to  keep  the  slip  at  as  low  a  figure  as 
possible.  Here  the  higher  contact  drop  of  graphite  and 
electrographitic  brushes  will  result  in  a  greater  per- 
centage of  slip  than  will  be  experienced  with  metal- 
graphite  brushes. 


For  certain  rla.ssos  of  service  u  brush  is  required 
having  a  contact  drop  much  lower  than  that  poHaesHed 
by  any  carbon  brush,  yet  above  that  of  pure  metal. 
For  this  purpos'j  brushes  are  manufactured  of  a  com- 
position made  up  of  graphite  and  metal  powder.  Copper 
powder  is  used  in  some  grades.  However,  pure  copper 
powder  does  not  make  the  best  brush  for  use  on  slip 
rings,  owing  to  its  tendency  to  cut  the  rings.  For 
this  reason  it  is  customary  to  alloy  the  copper  to  .some 
extent  with  tin,  zinc,  lead  or  some  other  metal,  making 
a  brush  that  is  much  less  liable  to  .score  the  rings. 
Copper,  however,  remains  the  predominant  element  in 
the  composition. 

The  materials  are  thoroughly  mixed  in  the  desired 
proportions  with  a  binding  material  to  hold  the  metal 
and  graphite  particles  together.  It  is  then  molded  at 
high  pressure,  after  which  it  is  baked  to  carbonize  the 
binder.  In  some  grades  the  binding  material  is  omitted 
and  the  temperature  carried  to  a  point  of  partial  fusion 
of  the  metal,  so  that  the  material  is  bound  together 
into  a  compact  mass  without  the  use  of  any  additional 
binding  agent.  In  addition  to  raising  the  contact  drop 
somewhat  above  that  of  the  pure  metal,  thus  making 
it  possible  to  secure  good  commutation  on  machines 
of  low  voltage,  the  graphite  has  another  function — 
that  of  lubrication.  Where  properly  applied  these 
brushes  can  be  used  on  commutators  and  slip  rings 
at  a  fairly  high  peripheral  speed  without  difficulty  being 
encountered. 

Brushes  for  Use  on  Slip  Rings 

On  machines  of  the  commutating  type  the  selection 
of  the  proper  grade  of  brush  depends  largely  on  the 
commutating  characteristics  of  the  machine,  a  brush 
of  sufhcient  contact  drop  being  required  to  keep  short- 
circuit  current  well  within  control.  On  collector-ring 
service  the  selection  is  based  on  the  required  carrying 
capacity  of  the  brush  and  its  freedom  from  cutting. 
The  lower  the  contact  drop  the  better  suited  for  this 
service,  other  characteristics  being  correct. 

Considerable  difficulty  has  been  encountered  at  times 
in  the  attempt  to  apply  metal-graphite  brushes  to  serv- 
ice on  collector  rings.  This  usually  takes  the  form 
of  rapid  brush  wear  and  serious  cutting  of  the  rings. 
Undoubtedly,  this  condition  is  influenced  to  a  consider- 
able extent  by  the  relation  between  the  composition  of 
the  ring  and  that  of  the  metal  in  the  brush. 

Another  source  of  considerable  cutting  has  been  the 
tendency  to  use  too  high  current  density  in  metal- 
graphite  brushes.  In  best  practice  at  the  present  time 
a  current  density  of  125  amperes  is  never  exceeded 
with  brushes  of  the  highest  metal  content,  and  it  is  a 
frequent  practice  to  keep  the  current  density  down  to 
100  amperes  or  less. 

When  current  densities  are  kept  this  low  on  collector- 
ring  service,  much  of  the  advantage  of  the  composition 
brush  is  lost  except  on  slip-ring  type  induction  motors 
where  it  is  desirable  to  keep  the  slip  of  the  motor  as 
low  as  possible.  For  this  reason  there  is  a  growing 
tendency  toward  the  use  of  graphite  and  electro- 
graphitic brushes  on  collector-ring  service  putting  on 
brushes  of  sufficient  size  and  in  sufficient  number  to 
keep  the  current  density  around  75  to  80  amperes  per 
square  inch.  This  practice  has  an  added  advantage  in 
certain  classes  of  service,  such  as  cement  mills,  where 
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the  tendency  for  cutting  is  aggravated  by  the  presence 
of  an  abrasive  dust. 

It  is  a  characteristic  of  the  composition  brush  that 
when  the  polish  of  the  brush  face  and  the  collector 
ring  is  once  destroyed  there  is  a  tendency  for  the 
cutting  to  continue  for  a  considerable  period  before 
the  polish  again  forms.  This  is  not  the  case  with 
electrographitic  brushes  and  is  one  of  the  reasons  this 
type  of  brush  is  meeting  with  increasing  favor  for 
service  under  conditions  such  as  those  just  described. 

While  the  tendency  is  away  from  the  use  of  com- 
position brushes  on  collector-ring  service,  this  type  of 
brush  is  still  holding  its  own  on  low-voltage  machines 
of  the  commutating  type  and  possesses  many  advan- 
tages over  any  other  type.  Some  of  the  classes  of 
service  in  which  it  is  extensively  used  are  automobile- 
starting,  lighting  and  ignition  apparatus,  railway- 
switch  and  signal  motors,  and  electroplating  generators. 

One  of  the  earlier  attempts  at  the  manufacture  of 
composition  brushes  took  the  form  of  a  carbon-gauze 
brush  made  up  with  alternate  layers  of  metal  gauze 
and   carbon.    Fig.    1,   the   carbon   layers    usually   being 


FIG  1 

COPPER  OAUZE 
FIGS.   1   TO   3.      TYPES   OF   CARBON-GAUZE   BRUSHES 

about  1  in.  thick.  This  brush  had  an  appreciably  higher 
conductivity  than  the  ordinary  carbon  brush,  owing  to 
the  longitudinal  layers  of  gauze.  Its  commutating 
property,  however,  approached  that  of  carbon  except 
for  the  narrow  line  where  the  gauze  layer  came  in 
contact  with  the  commutator.  Owing  to  the  tendency 
of  the  gauze  to  burn  back  from  the  contact  face  of  the 
brush  this  brush  was  not  successful  on  machines  of 
high  voltage.  On  low-voltage  machines,  however,  it 
met  with  considerable  success  and  is  still  used  on  some 
tj-pes  of  electroplating  generators  and  low-voltage 
motors.  It  is  especially  well  adapted  to  machines  that 
must  operate  over  a  wide  voltage  range,  such  as  cer- 
tain types  of  switch  motors  which  operate  as  a  motor 
on  110  volts  and  generate  a  short-circuit  braking  cur- 
rent of  low  voltage  after  the  power  is  thrown  off  the 
motor.  An  all-carbon  brush  of  sufficiently  high  contact 
drop  to  commutate  on  110  volts  will  not  pick  up  the 
generating  action  quick  enough  to  function  properly 
on  this  type  of  motor.  The  presence  of  the  gauze,  how- 
ever, accomplishes  this  result.  This  brush  also  finds 
considerable  application  on  collector-ring  service. 

Small  brushes  of  carbon  and  gauze  combination  are 
frequently  manufactured  by  inserting  a  core  of  metal 
gauze  in  a  hollow  shell  of  carbon.  Fig.  2.  Still  another 
tjT)e  is  made  by  winding  a  few  layers  of  gauze  around 
a  core  of  carbon  or  graphite.  Fig.  3.  Such  brushes 
have  a  limited  field  of  application  on  magnetos  and 
certain   machines   of   special   design. 

In  the  last  two  types  of  brush   it  is  customarv  to 


use  brass  gauze  instead  of  copper,  inasmuch  as  suffi- 
cient conductivity  is  given  to  the  brush  in  that  way  and 
the  brass  gauze  is  much  less  liable  to  scratch  a  com- 
mutator than  is  copper  gauze.  In  the  layer  type  of  brush, 
however,  where  the  area  of  contact  of  the  gauze  is  dis- 
tributed, this  precaution  is  not  necessary  and  copper 
gauze  is  used.  There  is  no  fixed  ratio  for  the  proportion 
of  gauze  to  carbon  in  these  brushes,  the  types  illus- 
trated representing  what  is  perhaps  an  average  pro- 
portion. 

Metal-gauze  brushes  are  composed  entirely  of  metal 
gauze,  the  process  of  manufacture  being  to  wind  this 
gauze  into  a  roll  as  compactly  as  possible,  after  which 
it  is  pressed  into  the  desired  shape.  In  some  cases 
the  pores  of  the  brush  are  then  impregnated  with 
graphite  to  furnish  a  lubricating  action.  This  t>T)e  of 
brush  finds  some  use  on  automobile-starting  motors, 
electroplating  generators,  and  slip-ring  service,  but  is 
being  largely  superseded  in  all  of  these  fields  by  the 
metal-graphite  composition  brush. 

Copper-leaf  brushes  are  composed  of  a  large  number 
of  layers  of  thin  copper  strapped  or  soldered  together 
at  different  points  to  prevent  their  .spreading.  About 
the  only  application  to  which  this  tj-pe  of  brush  is 
adapted  is  collector-ring  service.  Even  on  this  service 
it  is  troublesome,  requiring  frequent  attention  to  keep 
the  face  of  the  brush  trimmed  up  and  the  rings  lubri- 
cated to  avoid  cutting,  therefore  it  is  rapidly  passing 
out  of  use. 

(The  next  and  last  article  ivill  consider  the  applica- 
tion of  brushes  to  electrical  machinery  to  meet  the 
conditions  met  with  in  various  industries.) 

A  Legal  Aspect  of  Boiler  Rooms 

By  a.  L.  H.  Street 

An  employee  of  a  factory  in  an  occupation  unrelated 
to  the  power  plant,  on  coming  to  the  factory  one  morning 
pursued  common  practice  in  going  to  the  boiler  room 
and  placing  on  a  boiler  a  bottle  of  tea  to  keep  it  hot  until 
her  midday  meal.  On  her  way  out  of  the  boiler  room 
she  slipped  on  a  staircase  and  was  injured.  Her  right 
to  collect  compensation  under  the  New  York  Work- 
men's Compensation  Act  was  denied  on  the  ground  that 
she  was  not  injured  within  the  course  of  her  employ- 
ment, within  the  provisions  of  the  act.  But  the  Appel- 
late Division  of  the  New  York  Supreme  Court  overrules 
this  contention  and  sustains  an  award  in  claimant's 
favor,  saying: 

In  order  to  be  acting  in  the  course  of  her  employment,  it 
was  not  necessary  that  she  should  have  been  actually  en- 
gaged in  the  work  thereof.  It  was  sufficient  if  she  was 
performing  some  act  upon  the  premises  of  her  employer 
which,  though  directly  beneficial  to  herself,  was  an  ordinary 
incident  of  a  day  of  employment. 

This  claimant  was  performing  such  an  act  in  placing 
her  bottle  of  tea  upon  the  boiler  to  keep  it  hot  for  a  mid- 
day meal.  Of  course,  if  she  had  been  forbidden  to  enter 
the  boiler  room,  she  was  acting  in  violation  of  her  duty  and 
therefore  not  in  the  course  of  her  employment.  It  is  true 
that  her  employer  had  long  previously  promulgated  a  rule 
prohibiting  the  use  of  the  boiler  room  and  the  boiler  by  its 
employees.  However,  it  was  the  common  practice  of  em- 
ployees at  the  time  of  the  accident  to  make  use  of  the  room 
as  did  the  claimant.  The  acquiescence  of  the  employer  in 
this  practice  was  sufficient  to  abrogate  the  rule.  (Etherton 
vs.  Johnstown  Knitting  Mills  Co.,  172  New  York  Supple- 
ment, 724.) 
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The  Mrrliaiiical  Fj|iii|Hiirnt  of  Indiislrial 


Buildings — I 

By  CHARLES  L.  HUBBARD 


Tilt  author  lirnts  broadly  of  the  selection  of 
rqiiiliment  for  industrial  buildings.  In  this 
installment  he  considers  sources  of  power  and 
power  and  hcatinfj  requirements. 

THE  accompanying  illustration  .shows  a  type  of 
building  that  has  been  erected  in  large  numbers 
during  recent  months,  ovv'ing  to  war  conditions. 
Something  relating  to  its  mechanical  equipment  should 
therefore  be  of  especial  interest  to  designing  and  operat- 
ing engineers.  The  subject  will  be  treated  somewhat 
broadly,  taking  up  matters  connected  with  the  selec- 
tion and  an-angement  of  equipment  and  general  meth- 
ods of  operation  rather  than  details  of  construction.  The 
great  variety  of  manufactures  carried  on  in  such  build- 
ings makes  it  impossible  to  touch  upon  the  special  de- 
vices employed  in  actual  production,  but  such  matters  as 
power  generation  and  distribution,  heating,  ventilating, 
etc.,  are  more  or  less  com- 
mon to  all,  and  this  article 
will  therefore  be  confined 
to  those  subjects. 

There  are  three  possible, 
sources  of  power,  depend- 
ing upon  local  conditions : 
Electric  power,  purchased 
from  a  central  station ;  a 
private  water-power  devel- 
opment, either  adjacent  to 
the  building  or  having  elec- 
trical energy  transmitted 
from  a  distance;  and  a 
steam  plant  located  on  the 
premises.  If  power  can  be 
purchased  at  a  sufficiently 
low  rate,  it  has  certain  ad- 
vantages   that    should    be 

carefully  considered.  Among  these  may  be  mentioned 
the  element  of  time,  conservation  of  fuel,  saving  in  space 
and  general  convenience.  In  many  cases  buildings  of 
this  kind  are  rushed  to  completion  so  that  if  the  con- 
struction of  a  power  plant  may  be  eliminated  the  saving 
in  time  will  often  prove  an  important  factor. 

Furthermore,  the  possibility  that  the  business  may  be 
of  a  temporary  nature  (for  the  duration  of  a  war,  for 
example)  should  be  taken  into  account,  and  this  may 
lead  to  the  immediate  purchase  of  power  with  the  idea 
of  adding  private  power  equipment  should  the  plant 
later  become  established  on  a  permanent  basis.  Con- 
servation of  fuel,  even  if  the  cost  to  the  owner  of  the 
plant  is  practically  the  same,  should  be  taken  into  ac- 
count for  both  patriotic  and  private  reasons.  In  gen- 
eral, less  fuel  will  be  required  per  unit  of  power  de- 
veloped in  a  large  central  station  than  in  an  isolated 
plant,  and  if  the  central  station  develops  its  electricity 
by  water  power  the  saving   in  fuel  will  of  course  be 
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still  greater.  Under  present  fuel  conditionH  it  may  work 
out  to  the  advantage  of  the  plant  owner  to  purchase 
power,  even  though  it  may  cost  more  than  to  generate 
it  on  the  nremi.ses,  as  the  supply  may  be  more  reliable. 
For  example,  if  power  is  obtained  from  a  large  hydro- 
electric plant,  fuel  shortage  will  have  no  direct  effect 
on  the  continuous  operation  of  the  factory,  and  even 
when  purcha.sed  from  a  station  employing  steam  power 
there  is  less  liability  of  interruption  than  would  be  the 
case  with  a  private  plant  of  much  less  importance.  An 
enforced  shutdown  of  a  week  or  two,  due  to  fuel  .short- 
age, would  off'set  a  considerable  difference  between  the 
cost  of  power  from  a  private  plant  and  that  from  a  cen- 
tral station. 

Saving  in  space  is  often  a  deciding  factor  in  pur- 
chasing power,  especially  when  the  building  is  located 
where  land  is  expensive.  In  taking  into  account  the 
space  occupied  by  a  power  plant,  it  is  neces.sary  to  in- 
clude not  only  that  required  for  the  generating  units 
and  their  auxiliaries,  but  also  that  necessary  for  the 
storage  of  coal,  the  han- 
dling of  ashes  and  possibly 
side  tracks,  etc.,  connected 
with  this  equipment.  As  a 
matter  of  general  con- 
venience, nearly  all  points 
are  in  favor  of  purchased 
current.  There  is  less  like- 
lihood of  a  shutdown  for 
repairs,  and  many  details 
relating  to  water  and  fuel 
supply  are  eliminated.  It 
is  true  that  the  buildings 
must  be  heated,  but  this  is 
necessary  for  only  about 
half  the  year,  whereas 
power  requirements  are 
continuous.  Until  the  ad- 
vent of  electrical  transmis- 
sion of  power  it  was  necessary,  in  case  of  water-power 
development,  to  locate  the  factory  beside  the  stream.  As 
other  requirements  had  to  be  considered,  such  as  trans- 
portation, nearness  to  centers  of  population,  etc.,  steam 
power  was  largely  relied  on  for  driving  shops  and 
factories,  except  in  special  cases. 

Electrical  transmission,  together  vdth  the  shortage 
of  fuel,  has  again  turned  the  attention  of  the  engineer 
to  the  development  of  unused  water  powers.  While  the 
more  extensive  ones  have  already  been  taken  up  by 
large  power  companies,  there  are  still  available  good 
opportunities  on  some  of  the  smaller  streams  for  the 
development  of  power  sufficient  to  supply  the  needs  of 
factories  of  fair  size.  When  these  are  within  reason- 
able distance  of  desirable  sites  for  manufacturing 
plants,  they  should  be  considered  as  possible  sources  of 
power.  When  the  time  element  is  an  important  factor, 
or  where  there  is  a  liability  that  the  life  of  the  factory' 
may  be  limited  to  the  special  market  conditions  caused 
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by  a  war,  it  may  not  be  advisable  to  consider  hydraulic 
power  unless  the  outlook  is  especially  favorable.  In 
instances  of  this  kind  it  may  be  possible  to  purchase 
power  temporarily,  with  a  view  to  installing  a  private 
hydro-electric  plant  at  a  later  date  if  market  condi- 
tions favor  a  permanent  layout  of  this  kind. 

In  each  of  the  cases  thus  far  considered,  attention  has 
been  confined  to  the  power  side  of  the  problem  only.  In 
the  greater  part  of  the  country,  and  especially  in  the 
more  important  manufacturing  sections,  the  factory 
must  be  heated  for  a  period  ranging  from  four  to  seven 
months  of  the  year.  This  condition  has  an  important 
bearing  on  the  selection  of  a  source  of  power  because 
during  the  heating  season,  when  exhaust  steam  can  be 
utilized  for  heating  and  ventilating,  the  actual  fuel 
requirements  for  power  alone  are  comparatively  small. 
For  example,  in  the  average  case,  less  than  20  per  cent. 
of  the  steam  supplied  to  the  engine  is  condensed  in  the 
performance  of  useful  work  and  in  the  cylinder  losses. 

If  an  engine  is  using  24  lb.  of  steam  per  indicated 
horsepower-hour  and  80  per  cent,  of  this  is  utilized  in 
heating  the  building,  only  24  X  0-20  =  4.8  lb.  of  steam 
per  indicated  horsepower  can  be  charged  to  power  de- 
velopment. The  building  must  be  heated,  and  if  the 
steam  can  first  be  passed  through  an  engine  or  turbine 
the  actual  expenditure  for  power  will  be  very  small,  as 
just  shown.  In  making  an  estimate  of  this  kind,  how- 
ever, it  is  necessary  to  consider  only  the  exhaust  that 
can  be  utilized  and  not  that  which  is  produced;  and 
furthermore,  the  entire  twelve  months  of  the  year  must 
be  taken  into  account.  In  a  general  way,  the  heat  loss 
from  a  building  of  this  type  is  large,  and  perhaps  all, 
or  at  least  a  considerable  portion,  of  the  exhaust  can  be 
utilized,  especially  in  the  colder  months.  In  other  cases, 
where  the  manufacturing  is  of  such  a  nature  as  to  re- 
quire only  a  minimum  of  power,  the  exhaust  may  not  be 
sufficient  for  heating  purposes,  in  which  case  the  full 
benefit  will  be  realized,  as  in  the  example  previously 
given. 

Steam  Charged  to  Power  Account 

Suppose,  for  illustration,  that  the  available  exhaust 
is  just  suflScient  for  all  heating  purposes  in  zero  weather 
and  that  the  plant  is  run  2700  hours  per  year.  Sup- 
pose also  that  the  heating  season  lasts  seven  months, 
with  an  average  outside  temperature  of  35  deg.  F. 
(average  conditions  for  New  England  and  similar  lati- 
tudes). Taking  the  same  engine  as  before,  the  steam 
requirements  per  horsepower  per  year  are  24  X  2700 
=  64,800  lb.  While  the  total  exhaust,  or  24  X  0.80  = 
19.2  lb.  per  indicated  horsepower-hour,  can  be  utilized 
for  heating  in  zero  weather,  only  half  that,  or  19.2  h-  2 
=  9.6  lb.,  can  be  utilized  per  hour  when  the  average 
heating  season  is  considered.  Assuming  a  heating  sea- 
son of  1638  working  hours  (seven  months  with  twenty- 
six  9-hour  working  days  per  month),  it  will  be  possible 
to  utilize  9.6  X  1638  =  15,725  lb.  of  steam  per  indicated 
horsepower,  bringing  the  total  to  be  charged  to  power 
down  to  64,800  —  15,725  =  49,075  lb.  per  i.hp..  or 
49,075  ~  2700  =  18.2  lb.  per  i.hp.-hr.,  when  the  average 
for  the  entire  year  is  considered.  From  these  results, 
the  steam  to  be  charged  to  the  power  account,  under 
different  conditions,  is  as  follows:  In  zero  weather, 
4.8  lb.  per  i.hp.-hr.;  average  for  the  heating  season, 
18.2  lb.  per  i.hp.-hr.;  and  during  the  nonheating  sea- 
son, 24  lb.  per  i.hp.-hr. 


With  these  data  at  hand  it  is  possible  to  make  a 
comparison  of  costs  between  purchased  power  and  that 
generated  on  the  premises,  taking  into  account,  of 
course,  fixed  charges  on  the  cost  of  the  private  plant. 
This  evidently  applies  only  to  the  particular  conditions 
assumed  and  for  simplicity  takes  into  consideration 
only  the  average  day  load  for  operating  the  plant.  Ad- 
ditional power  required  for  lighting,  where  the  exhaust 
must  be  thrown  outboard,  must  be  charged  up  to  the 
annual  power  account,  thus  increasing  the  steam  per 
horsepower-hour.  If,  on  the  other  hand,  the  normal  day 
load  failed  to  furnish  the  required  amount  of  steam  for 
heating,  then  the  additional  lighting  load  during  the 
evening  would  furnish  more  available  exhaust  and  thus 
reduce  the  annual  fuel  cost  per  horsepower-hour  based 
on  the  normal  day  load,  as  in  the  example. 

advantage  of  Private  Steam  Plant 

The  principal  advantage  of  the  private  steam  plant 
comes  from  the  low  cost  of  power  when  conditions  are 
such  that  the  exhaust  can  be  utilized  to  advantage  for 
heating  purposes,  and  this  should  always  be  taken  into 
account  when  comparing  this  source  of  power  with  hy- 
draulic power  or  central-station  service. 

Among  the  governing  factors  in  the  selection  of  a 
boiler  are  the  pressure  to  be  carried,  size  and  number 
of  units,  available  space  and  cost.  To  these  may  be 
added  such  details  of  construction  as  relate  especially  to 
accessibility  for  inspection,  cleaning  and  repairs. 

When  boilers  are  furnished  by  builders  of  established 
reputation,  it  is  not  usually  necessary  for  the  engi- 
neer to  prepare  detailed  specifications.  General  require- 
ments as  to  pressure,  amount  of  heating  and  grate  sur- 
face, type  of  furnace  and  setting  are  furnished  the 
builder  and  from  these  he  in  turn  prepares  specifications 
for  the  owner  or  his  engineer,  which  are  submitted  with 
his  bid.  This  applies  especially  to  water-tube  and  pat- 
ented boilers,  of  which  there  is  a  great  variety.  In 
the  case  of  horizontal  fire-tube  boilers  the  engineer  often 
furnishes  specifications,  particularly  when  any  depar- 
ture from  standard  construction  is  desired. 

Choosing  Type  of  Steam  Boiler 

In  making  a  choice  between  fire-tube  and  water-tube 
boilers,  one  must  be  guided  largely  by  local  conditions. 
So  far  as  efficiency  is  concerned,  for  a  given  size,  there 
is  very  little  difference  provided  they  are  designed  and 
operated  with  equal  care.  In  general,  return-tubular 
boilers  are  more  frequently  confined  to  plants  of  small 
and  medium  size  and  to  pressures  not  exceeding  150  lb. 
per  sq.in.  Individual  boilers  are  commonly  limited  to 
about  150  rated  horsepower,  which  corresponds  to  a  72- 
in.  shell  with  ninety-eight  Sl-in.  tubes  19  ft.  in  length. 
While  larger  sizes  might  easily  be  constructed,  it  has 
been  found  by  experience  that  the  shell  plates  should 
not  exceed  i  in.  in  thickness,  or  i  in.  at  the  most,  which 
limits  the  diameter  possible  with  a  given  pressure.  Boil- 
ers of  this  type  are  lower  in  first  cost  than  water-tube 
boilers,  they  require  a  minimum  of  repairs,  and  when 
properly  designed  and  set,  all  parts  are  comparatively 
easy  of  access  for  inspection  and  cleaning. 

For  larger  units  and  higher  pressures  the  water-tube 
boiler  has  largely  superseded  the  horizontal  fire-tube 
type.  It  is  more  expensive  to  install  for  a  given  capac- 
ity, but  requires  considerably  less  floor  space.   It  is  made 
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in  units  of  all  xizen  ranpinp  from  about  50  hp.  up  to 
2000  hp.  or  more,  .so  that  almost  atiy  division  for  a 
KIN  on  capacity  may  be  obtained.  Wator-tubo  boilers 
re.spond  quickly  to  chanjjres  in  load  and  are  practically 
immune  from  dangerous  explosions. 

In  laying  out  the  boiler  plant  for  a  manufucturinp 
establishment,  the  first  step  is  to  determine  the  ma.\i- 
nium  steam  requirements  for  all  purposes,  in  pounds  per 
hour  from  and  at  212  deg.  F.,  which,  divided  by  34.5, 
will  give  the  nominal  horsepower  ratinp.  The  greatest 
<teani  consumption  will  depend  on  the  relation  between 
the  power  and  heating  requirements.  In  determining 
this,  compute  the  maximum  steam  requirements  for 
power  and  heating  .separately,  also  the  average  day  load 
when  lights  are  not  required.  If  the  available  exhaust 
steam  from  the  day  load  exceeds  the  maximum  heating 
reiiuirements,  then  the  boiler  capacity  may  be  based  on 
the  power  load  alone.  If,  however,  the  maximum  heat- 
ing requirements  exceed  the  available  exhaust  from  the 
average  day  load,  then  the  boiler  capacity  must  be  based 
on  the  power  requirements  at  day  load  plus  the  steam 
necessary  for  heating  in  addition  to  the  exhaust  at  day 
load.  Furthermore,  this  should  be  checked  up  with  the 
available  exhaust  from  the  maximum  evening  load,  and 
if  the  latter  is  not  found  sufficient  for  all  heating  pur- 
poses, the  total  boiler  capacity  must  be  based  on  the 
evening  power  load  plus  the  additional  steam  for  heat- 
ing instead  of  on  the  day  load.  The  "power  load"  should 
include  all  engines,  turbines,  pumps,  etc.,  of  whatever 
kind,  which  are  supplied  with  live  steam,  while  the 
term  "heating  requirements"  should  include  warming 
the  buildings,  ventilation,  hot-water  service,  feed-water 
heating,  etc. 

Economical  Overloads  for  Boilers 

Having  determined  the  maximum  boiler  capacity  in 
pounds  of  steam  per  hour,  or  its  equivalent  rating  on  a 
basis  of  34.5  lb.  per  horsepower-hour,  the  next  step  is 
to  decide  on  the  amount  of  heating  surface,  or,  to  put 
it  a  different  way,  the  percentage  of  overload  that  can 
be  economically  carried  above  the  normal  rating.  Fire- 
tube  boilers  are  commonly  rated  at  one  nominal  horse- 
power for  each  12  sq.ft.  of  heating  surface  and  water- 
tube  boilers  on  a  basis  of  10  sq.ft.  of  heating  surface. 
With  improvements  in  furnace  construction  and  meth- 
ods of  operation,  so  as  to  burn  larger  quantities  of  fuel 
per  unit  of  heating  surface  under  conditions  more 
nearly  approaching  complete  combustion,  it  has  been 
found  that  the  capacity  of  a  given  boiler  may  be  greatly 
increased  with  only  a  slight  drop  in  efficiency,  while  in 
some  cases  the  efficiency  is  actually  increased  up  to  a 
certain  point. 

While  many  tests  have  been  run  which  show  that  a 
boiler  may  be  made  to  develop  a  capacity  of  from  250 
to  300  per  cent,  of  its  normal  rating  at  a  relatively  high 
efficiency,  the  most  desirable  overload  in  any  given 
case  will  aepend  on  various  circumstances,  such  as 
length  of  run,  whether  continuous  or  intermittent; 
method  of  firing,  whether  by  hand  or  with  stokers;  de- 
sign of  furnace  and  method  of  supplying  air,  etc.  While 
the  best  rate  of  forcing  can  be  determined  only  by  test, 
the  following  may  be  taken  as  a  guide  in  laying  out 
new  work  equipped  with  boilers  and  furnaces  of  the  best 
design  of  medium  size:  For  continuous  operation,  24 
hours  per  day,  125  to  150  per  cent,  above  rating ;  for  10- 


lo  12-hour  runs,  150  to  175  per  cent.;  and  for  peak  load- 
of  2  or  3  hours'  duration,  175  to  200  per  cent.  These 
figures  apply  especially  to  plants  equipped  with  mechan- 
ical stokers,  where  the  rate  of  fuel  supply  is  easily  in- 
crea.sed.  In  case  of  ^land-fired  plants  the  increa.se  can- 
not usually  be  carried  above  150  per  cent,  under  average 
conditions. 

The  importance  of  increasing  the  capacity  of  a  boiler 
in  this  way  is  readily  .seen,  especially  in  shops  and 
factories  where  a  lighting  load  must  be  added  to  the 
ordinary  day  load  for  a  varying  length  of  time  depend- 
ing on  the  season  of  the  year.  If  this  can  be  done  with- 
out adding  to  the  number  or  power  of  the  boilers  re- 
quired for  the  day  load,  simply  by  forcing  them  from 
150  to  200  per  cent.,  it  will  save  materially  on  the  first 
cost  of  the  installation  as  well  as  on  the  expense  of 
carrying  banked  fires  for  20  hours  or  more  when  the 
boilers  are  to  be  used  only  3  or  4  hours  per  day  at  the 
most. 

Value  of  Mechanical  Stokers 

While  the  capacity  of  a  boiler  must  necessarily  be  de- 
termined by  the  weight  of  .steam  to  be  furnished  in  a 
given  time,  its  normal  rating  on  the  usual  basis  of  10 
or  12  sq.ft.  of  heating  surface  per  horsepower  will  de- 
pend on  the  percentage  of  overload  it  is  deemed  advis- 
able to  carry  at  times  of  maximum  demand  in  any  given 
case.  It  has  already  been  stated  that  increase  in  boiler 
capacity  depends  principally  on  the  ability  to  supply 
and  burn  more  fuel.  The  first  requirement  is  limited 
in  the  case  of  hand-firing;  hence  the  importance  of 
mechanical  stokers  in  this  connection. 

The  value  of  mechanical  stokers  will  depend  largely 
on  the  size  of  the  plant,  the  percentage  of  overload  it 
is  desired  to  carry,  and  the  possibility  of  installing  over- 
head chutes  and  coal-handling  machinery.  They  are 
generally  employed  in  plants  of  1500  hp.  and  over,  and 
have  also  been  found  effective  in  many  cases  where  the 
boiler  capacity  did  not  exceed  200  or  300  hp.  As  the 
plant  diminishes  in  size,  their  advantage  is  offset  by 
the  added  cost,  not  only  of  the  stoker  itself,  but  of  the 
other  equipment  that  goes  with  it,  such  as  coal-  and 
ash-handling  machinery. 

Factors  Governing  Use  of  Stokers 

Among  the  factors  that  govern  the  use  of  mechanical 
stokers  are  the  grade  of  fuel  to  be  used,  cost  of 
skilled  labor,  and  smoke  regulations.  Under  ordinary 
conditions  one  efficient  fireman  can  attend  to  about  200 
hp.  of  hand-fired  boilers,  while  with  mechanical  stokers 
with  overhead  coal  bins  and  chutes,  he  can  easily  care 
for  a  plant  of  1000  to  2000  hp.,  depending  on  the  grade 
of  fuel  and  type  of  equipment.  The  chief  advantages  of 
this  method  over  hand  firing  are  saving  in  labor,  a  uni- 
form supply  of  coal  without  opening  the  feed  doors,  and 
greater  accuracy  in  proportioning  the  air  supply  to  the 
needs  of  combustion,  all  of  which  are  in  the  line  of 
greater  efficiency. 

When  fuel  economy  is  an  essential  feature,  as  at  the 
present  time,  a  considerable  saving  maj"^  be  made  by 
the  use  of  superheated  steam.  It  has  not  been  used  in 
this  country  to  any  great  extent  in  the  past  in  con- 
nection with  reciprocating  engines,  owing  to  the  diffi- 
culty experienced  in  lubricating  the  cylinders  and  to  the 
unequal  expansion  produced  at  such  high  temperatures. 
Improvements  in  design   and   in   lubricating  oils  have 
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overcome  these  obstacles  to  such  an  extent  that  super- 
heat is  now  quite  generally  employed  in  the  best  class 
of  work,  especially  in  the  case  of  turbines. 

In  American  practice  the  degree  commonly  employed 
runs  from  about  100  deg.  to  a  maximum  of  160  deg., 
being  limited  to  a  total  temperature  of  about  500  deg. 
F.  for  engines  of  ordinary  construction.  Beyond  this 
point  the  expen.se  of  maintaining  the  superheat  and  in- 
creased cost  of  construction  and  maintenance  soon  offset 
the  gain  in  economy.  The  saving  in  steam  consumption 
depends  principally  on  the  reduction  in  cylinder  con- 
densation and  varies  with  the  operating  conditions. 

Tests  of  a  simple  noncondensing  engine  of  medium 
size  show  a  saving  of  20  per  cent,  with  150  deg.  of  super- 
heat, and  25  per  cent,  with  225  deg.,  which  correspond 
with  a  saving  of  1  per  cent,  for  each  7.5  deg.  rise  at 
the  lower  temperature  and  for  each  9  deg.  at  the  higher. 


A  compound  condensing  engine  of  the  same  power  shows 
savings  of  15  and  20  per  cent,  for  the  same  relative 
conditions,  corresponding  to  a  gain  in  economy  of  1  per 
cent,  for  each  10-deg.  rise  at  the  lower  temperature  and 
for  each  11.2  deg.  at  the  higher.  Comparison  of  these 
results  shows  a  falling  off  in  effectiveness  as  the  tem- 
perature increases,  and  a  greater  gain  in  the  case  of  the 
simple  engine  than  the  compound,  both  of  which  are 
borne  out  in  practice.  These  figures  simply  show  the 
reduction  in  steam  consumption  without  regard  to  th3 
cost  of  superheating.  The  net  gain  in  economy  is  usu- 
ally not  far  from  half  of  the  apparent  gain  when  tha 
water  rate  only  is  considered. 

Superheaters  of  the  indirectly  fired  type,  contained 
in  the  regular  boiler  setting,  are  usually  employed  in 
this  class  of  work,  owing  to  their  lower  first  cost  and 
greater  compactness. 


The    Electrical    Study   Course — Two- Wire   Versus 

Three -Wire  System 


Shojvs  in  what  respects  the  three-wire  system 
overcomes  the  disadvantages  attendant  upon 
operating  lamps  in  series  on  a  two-wire  system, 
and  gives  the  manner  of  determining  the  relative 
amounts  of  copper  required  in  the  mains  of  three- 
wire  systems  as  compared  with  those  required  in 
two-wire  systems.  Also  proves  that  in  a  three- 
wire  system  the  percentage  of  energy  lost  in  the 
line  and  the  percentage  voltage  drop  therein  vary 
with  the  amount  of  unbalancing. 

IT  WAS  stated  in  a  previous  lesson  that  the  three- 
wire  system  overcomes  the  disadvantages  encount- 
ered in  operating  110-voIt  lamps  in  series  on  a  220- 
volt  service  and  yet  retains  in  a  large  measure  the  ad- 
vantage that  a  220-volt  two-wire  system  was  shovm  to 
possess  over  a  110-volt  two-wire  system;  namely,  that 
of  using  one  quarter  of  the  copper  in  the  mains  to 
convey  the  same  amount  of  power  with  the  same  loss. 

The  chief  disadvantage  of  the  series  plan  is  that  both 
lights  of  a  set  must  always  be  used  together.  They 
are  either  both  burning  or  both  out.  The  three-wire 
system  overcomes  this  undesirable  feature,  since  turn- 
ing off  one  or  any  number  of  lamps  between  one  outside 
and  the  neutral  wire  has  no  effect  whatever  on  the  rest 
of  the  lamps;  all  that  it  does  is  to  cau.se  current  to 
flow  through  the  neutral  wire.  The  accidental  burn- 
ing-out of  a  lamp  on  one  side  will  likewise  not  disturb 
the  others. 

If  a  short-circuit  should  occur  in  a  lamp,  there  will 
be  no  excess  voltage  across  any  other  lamp  as  is  the 
case  with  the  series  connection,  and  consequently  only 
the  one  lamp  will  be  affected  and  there  will  be  no  dis- 
turbance except  the  possible  blowing  of  a  fuse.  Thus 
it  is  seen  that  the  principal  drawbacks  of  the  straight 
series  arrangement  are  obviated  by  the  three-wire 
system. 

In  proceeding  to  the  matter  of  the  saving  of  copper  in 
the  three-wire  system,  it  will  be  remembered  that  in 
two-wire  systems  the  weight  of  copper  required  varies 


inversely  as  the  square  of  the  voltage  employed  when 
equal  loads  are  to  be  transmitted  like  distances  with 
the  same  loss  in  the  line.  That  is,  if  the  voltage  is 
doubled  the  weight  of  wire  required  would  be  quartered. 
To  bring  out  the  relations  clearly  and  to  show  what  the 
conditions  in  the  three-wire  system  are,  reference  will 
be  made  to  Figs.  1,  2  and  3,  which  represent  a  two-wire 
120-volt,  a  two-wire  240-volt,  and  a  three-wire  120-  to 
240-volt  system  respectively;  all  are  supposed  to  be  of 
the  same  length. 

Assume  that  the  load  in  every  case  is  twelve  200-watt 
120-volt  lamps  arranged  as  shown,  and  that  the  line  loss 
is  the  same  in  all  three  cases.  The  total  load  on  each 
system  would  be  12  X  200  =  2400  watts.    The  current 

in  the  120-volt  system  would  therefore  be   y^   =  20 

2400 
amperes,  and  that  in  the  240-volt  system    ^^TT   =10 

amperes.  Since  the  loss  in  a  line  is  equal  to  PR,  and 
this  loss  is  to  be  the  same  in  all  the  systems,  we  have 
(10)^  X  R,=  (20y  X  R.,  where  R,  and  R,  are  the  re- 
sistances of  the  240-volt  and  120-volt  lines  respectively. 
From  this  we  see  that  lOQR,  =  400  i?„  or  R.^  =  4i?,. 
That  is,  the  resistance  of  the  240-volt  line  is  four  times 
that  of  the  120-volt  one,  and  in  order  for  this  to  be  so 
the  wire  in  the  former  must  be  one-quarter  the  cross- 
section  of  the  latter  and  consequently  one-quarter  of 
its  weight  for  the  same  length. 

Coming  now  to  the  three-wire  system  of  Fig.  3,'  the 
current  in  each  of  the  outside  wires  is  that  taken  by 
six  of  the  lamps — that  is,  10  amperes — and  the  current 
in  the  neutral  is  their  difference,  namely,  zero.  We 
therefore  find  that  this  case  is  identical  with  the 
straight  two-wire  240-volt  system,  since  the  neutral  wire 
could  be  eliminated  and  it  would  operate  exactly  as 
does  the  two-wire  arrangement.  Consequently,  the  size, 
and  therefore  the  weight,  of  the  outside  wires  would  be 
the  same  as  those  of  the  wires  of  the  two-wire  system. 
To  this,  however,  must  be  added  the  weight  of  the  neu- 
tral in  order  to  get  the  weight  of  copper  for  the  entire 
system. 
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It  wa.s  found  in  thi'  profi'dinji  li's.^on  that  the  maxi- 
mum current  in  the  neutral  would  (low  when  all  the 
lamp."?  on  one  side  were  liRhted  and  all  those  on  the  other 
e.xtinpuishod.  Hence  the  maximum  current  in  the 
neutral  will  be  the  same  as  the  maximum  in  either  out- 
side wire,  in  this  case  10  amperes.  Since  it  must  be 
prepared  to  carry  the  same  current  as  the  outside  wires, 
it  must  also  be  of  the  same  size.  This  means  that  the 
voijrht  of  the  additional  wire  must  be  the  same  as  the 
other  two. 

From  the  forejroing  deductions  we  have  the  following 
relations:  The  weitrht  of  the  copper  in  the  240-volt 
system  is  1  that  of  the  120-volt  one,  and  the  weight  in 
the  three-wire  system  is  15  times  that  of  the  240-volt 
one.  To  make  the  comparison  as  simple  as  possible,  as- 
sume that  the  weight  of  the  copper  in  the  120-volt  sys- 
tem is  represented  by  W.  Then  that  in  the  240-volt 
.system  will  be  \W,  and  that  in  the  three-wire  system 
lj([ir)  =  iW.  That  is,  the  copper  in  the  three-wire 
system  weighs  ji  as  much  as  that  in  an  equivalent  two- 
wire  120-volt  system,  compared  with  I  as  much  for  a 
Lwo-wire  240-volt  system.     It  is  therefore  evident  that 


neutral  for  the  three-wire  load  must  be  the  same  size 
as  the  outside  conductors. 

The  percentage  loss  in  a  three-wire  system  is  the  least 
when  the  load  is  balanced.  It  is  therefore  necessary  to 
distribute  the  lamps  in  such  a  manner  that  the  load 
shall  be  as  nearly  evenly  divided  between  the  two  sidM 
at  all  times  as  possible.  To  show  how  the  percentage 
of  lo.ss  increases  when  the  load  is  unbalanced,  let  U8 
investigate  what  happens  in  the  system  of  Fig.  3  when 
all  the  lamps  on  one  side  are  turned  off.  The  load  re- 
maining will  then  be  half  of  what  it  was — namely,  1200 
watts — and  the  current  in  the  active  outside  wire  and 
in  the  neutral  will  be  10  amperes.  Suppo.se  the  re- 
si.stance  of  each  of  the  mains  is  0.2  ohm.  Then  the 
lo.ss  in  each  wire  will  be  IR  =  (10)'  X  0.2  =  20  watts, 
and  in  the  two  twice  that,  or  40  watts.  The  ratio  of  the 

40 
loss  to  the  load  will  therefore  be  1206'  ^^''^^  multiplied 

40 
by  100  will  give  the  per  cent,  loss;  that  is,  -r^^  X  100 

— ^  3\  per  cent.    On  the  other  hand,  if  the  system  wa.« 
fully  loaded  we  would  have  10  amperes  in  each  outside 


I-ZO  Amp. 


e®(i)^(i)(i)(i)(i)6cS(i)d) 


1  =    10  Amp 


J  -    10  Amp. 


riG.  3 


(?)  ^  ®  4*  <?) 
t 


FIGS.  1  TO  4.     DIAGRAMS  OP  TWO-WIRE  AXD  THREE-WIRE   SYSTEMS  AND  LOADS 


the  three-wire  system  affords  a  very  material  saving  in 
copper,  even  if  it  does  require  somewhat  more  than  does 
the  two-wire  240-volt  system. 

While  it  is  usual  practice  to  make  the  neutral  wire 
of  the  same  size  as  the  outside  ones,  there  are  cases  in 
which  it  may  be  made  smaller.  If  a  considerable  load 
is  to  be  supplied  with  current  at  the  higher  voltage, 
as,  for  example,  the  motors  in  Fig.  4,  then  the  size  of  the 
outside  wires  must  be  such  as  to  safely  carry  the  sum 
of  the  lamp  and  motor  currents,  but  the  neutral  wire 
need  be  only  of  the  size  required  to  carry  the  lamp  cur- 
rent, since  it  can  never  be  called  upon  to  carry  more 
than  that  required  by  the  lamps  on  one  side  of  the  cir- 
cuit. 

It  might  appear  that  when  the  load  on  a  three-wire 
system  consists  of  lamps  used  under  conditions  which 
make  it  certain  that  the  load  will  never  be  unbalanced 
verj'  greatly,  the  neutral  wire  may  be  made  smaller  than 
the  outside  ones,  since  the  current  through  it  would 
always  be  comparatively  small.  It  must  be  remembered, 
however,  that  the  fuse  in  one  of  the  outside  lines  might 
blow,  and  then  the  neutral  would  have  to  carry  as  much 
current  as  the  outside  wire.  Furthermore,  the  National 
Board   of   Fire   Underwriters'   code   requires   that   the 


wire  and  no  current  in  the  neutral.  The  loss  wouk 
therefore  be  the  same,  but  the  load  supplied  is  nov 
twice  as  great  as  before,  2400  watts,  and  the  per  cent 


1 5  per  cent. ;  that  is 


40 
loss  is  therefore  ttaKR  X   100 
2400 

one-half  of  what  it  was  before.     For  degrees  of  un 

balancing  between  these  two  limits  the  per  cent,  los: 

will  lie  somewhere  between  the  values  found. 

In  like  manner  the  per  cent,  voltage  drop  in  the  lini 

is  affected  by  the  amount  of  unbalancing.    Thus,  whei 

the  load   is  balanced  there   is  a   drop   in  each   outsidi 

wire  of  //?  =  10  X  0.2  =  2  volts,  or  a  total  drop  0 

2X2  =  4  volts.    Since  the  voltage  across  the  outsid' 

4 
wires  is  240  volts,  the  per  cent,  drop  is  .-^  X  100  =  1 

per  cent.    When  all  the  lamps  on  one  side  are  turned  out 

the'-eby  causing  10  amperes  to  flow  in  one  outside  wir 

and  in  the  neutral,  we  again  have  a  drop  of  //?  =  10  > 

0.2  =  2  volts  in  each  of  two  wires,  or  2  X  2  =  4  volt 

altogether.     In  this  case,  however,  the  lamps  that  ar 

burning  are  being  supplied  with  current  at  120  volb 

4 
and  hence  the  per  cent,  drop  in  voltage  is  r^Q  X  100  = 

31  per  cent.;  twice  what  it  is  in  the  case  of  balance  loac 
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The  problem  given  in  the  preceding  lesson  was  to 
find  the  currents  in  the  three  lines  of  a  110-  to  220-volt 
three-wire  system  supplying  power  to  lamps  and  motors 
as  represented  in  Fig.  5.  The  load  H  consists  of  eighty 
50-watt  and  thirty  100-watt  lamps,  K  consists  of  seventy 


and 


8500 
110 


=  77.3  amperes  respectively.     For  the  motor 


I^  =  7g.6  Amp. 


Ih  -  15-fe  Amp. 


B  Ib  =  364  Amp 


FIG.    5.      THREE-WIRE   LOAD   CONSISTING   OP   LAMPS   AND 
MOTORS 

50-watt  and  fifty  100-watt  lamps,  and  M  consists  of 
one  i-hp.  and  one  2-hp.  motor,  both  of  which  are  oper- 
ating at  75  per  cent,  of  full  load.  The  load  H  would 
use  (80  X  50)  +  (30  X  100)  =  7000  watts,  and  load 
K  (70  X  50)  +  (50  X  100)  =  8500  watts.  These  two 
loads  are  supplied  at  110  volts,  consequently  the  cur- 
rents required  by  them  would  be  -ttq    =  63.7  amperes 


load  we  multiply  the  horsepower  output  by  746  to  con- 
vert it  into  watts.  The  output  of  each  machine  is  stated 
to  be  75  per  cent,  of  its  full  rating.  We  therefore  have 
that  the  total  output  is  (0.75  X  J)  +  (0.75  X  2)  = 
1.875  hp.,  and  multiplying  this  by  746  we  have  1.875  X 
746  =  1399  watts.  The  average  of  the  efficiencies  of 
these  motors  was  assumed  to  be  70  per  cent.,  hence  we 

^r,r.        ■  .     X        •       .        output       1399 

have  0.70  X  input  =  output,  or  input  =     „  „„     =  ^p^, 

=  1999  watts.    Since  this  load  is  supplied  at  220  volts, 

1999 
the  current  required  by  it  will  be  ^kt;    =9.1  amperes. 

The  current  in  the  outside  wire  A  will  be  the  sum  of  the 
currents  of  H  and  M— that  is,  63.7  +  9.1  =  72.8  am- 
peres— and  the  current  in  the  outside  wire  B  will 
similarly  be  the  sum  of  the  currents  used  by  K  and  M, 
or,  77.3  -f-  9.1  =  86.4  amperes.  The  current  in  the 
neutral  N  will  be  the  difference  between  the  currents 
in  A  and  B,  which  is  86.4  —  72.8  =  13.6  amperes. 

A  total  load  of  46  kw.  is  to  be  supplied  with  current 
at  115  volts  by  a  three-wire  system.  What  size  wire 
must  be  used  for  the  line  if  the  system  is  balanced? 


Changes  in  Equipment  Effect  Savings  in  a 
Municipal  Plant 


By  J.  T.  SHARP,  Jr. 


A  municipal  water  and  light  plant  makes  large 
savings  in  coal  by  replacing  old  equipment  and 
using  a  compound  instead  of  a  simple  engine. 

THE  City  of  Canton,  Mississippi,  has  owned  and 
operated  its  water  and  light  plant  with  varying 
degrees  of  success  for  the  last  23  years.     The 
first  electrical  generating  outfit  was  a  37i-kw.  alter- 


nator and  a  series  arc  machine  of  40  lights  capacity, 
belted  to  a  Buckeye  high-speed  engine.  There  were  two 
100-hp.  return-tubular  boilers  and  the  water-works  was 
supplied  with  two  750-gal.  duplex  pumps.  In  a  few 
years,  due  to  flat  rates,  the  small  alternator  was  loaded 
to  the  place  where  no  more  lights  could  be  taken  on, 
and  at  this  time  there  was  purchased  a  100-kw.  alter- 
nator and  an  18  x  42-in.  Corliss  engine  and  a  150-hp. 
water-tube  boiler. 
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FIG.    1.      LOAD  CURVE  OF  MUNICIPAL  WATER  AND   LIGHT     PLANT 
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The  Corlis.s  online  as  well  as  the  Buckeye  was  belted 
to  a  lineshaft  in  the  new  engine  room,  which  was 
provided  to  take  care  of  the  new  eciuipment.  The  series 
arc  machine  was  also  used  for  a  while  until  it  was 
di.^^placed  with  a  modern  .series  arc  lifrhtinK  sy.stem 
usin^c  altornalinn  current.  This  lineshaft  was  used  a 
number  of  years  and  was  disposed  of,  and  the  Corliss 
was  belted  to  a  second-hand  150-kw.  alternator  and  the 
Buckeye  was  belted  to  the  100-kw.  machine  already 
on  hand.  A  small  Ideal  engine  was  bought  and  belted 
to  the  37j-kw.  alternator.  It  was  about  this  time — 
early  in  1906 — that  the  service  got  so  undependable 
and  the  e.xpense  of  running  the  plant  so  great  that  it 
was  decided  to  change  the  plan  of  management  and 
put  the  plant  in  other  hands,  and  it  was  then  that  the 
writer  was  put  in  responsible  charge  of  the  plant. 

In  a  little  while  it  became  nece.ssary  on  account  of 
the  additional  amount  of  water  used  by  the  sewer 
system  to  use  compressed  air  to  pump  the  wells,  and 
a  compound  two-stage  air  compressor  was  purchased, 
together  with  a  14  and  20  x  15i  x  15-in.  water  pump. 
The  smaller  Ideal  engine  was  traded  off  and  a  larger 
engine  bought  and  belted  to  a  52-kw.  alternator  in  place 
of  the  37;^.  The  boiler  plant  at  this  time  consisted 
of  a  72-in.  x  20-ft.  200-hp.  boiler  with  steel  setting 
and  a  150-hp.  water-tube  boiler.  It  was  deemed  best 
on  account  of  the  age  of  the  latter  boiler  and  the 
inefficiency  of  the  former  to  add  another  200-hp.  water- 
tube  unit. 

In  December,  1913,  due  to  the  constantly  increasing 
cost  of  fuel,  we  addressed  a  number  of  letters  to  various 
engine  builders  asking  for  quotations  and  guarantees 
on  a  direct-connected  type   of  engine  to  be  provided 


FIG.  2.     VIEW  OF  PLANT  EQUIPMENT 

with  belt  wheels,  mounted  in  the  space  usually  occu- 
pied by  the  rotor  of  the  direct-connected  generator, 
and  from  which  could  be  belted  an  alternator,  an  air 
compressor  and  a  centrifugal  pump.  A  log  was  taken 
of  the  electrical  load,  and  the  amount  of  compressed  air 
needed  was  determined  as  well  as  the  amount  of  water 
to  be  pumped.  The  correspondence  covered  a  long 
period  of  time,  and  finally  it  narrowed  down  to  the 
fact  that  all  the  manufacturers  were  very  anxious  to 
sell  machinery,  but  only  a  single  one  would  sell  the 
outfit  and  file  a  bond  as  to  the  performance  of  the 
vhole  outfit.     This  company  guaranteed  to  furnish  us 


an  11  and  18  x  l!>-in.  tandem  compound  engine,  a  354- 
cu.ft.  belted  air  compressor,  a  5()0-gal.  two-stage  cen« 
trifugal  pump,  and  also  a  5  x  3  x  7-in.  boiler-feed  pump. 
The  engine  was  to  be  belted  to  the  compressor  and  pump 
as  well  as  the  100-kw.  alternator  we  already  had  on 
hand. 

The  contract  provided  that  the  alternator  was  to  be 
run  24  hours  per  day  on  the  electrical  load  as  given  and  ' 
that  the  compressor  was  to  be  used  for  14  hours  per  day 
and  that  the  pump  was  to  be  operated  for  18  hours  per 
day.     In  performing  the  work  as  indicated  by  the  load  \ 
curve  shown  in  Fig.   1  there  was  to  be  used  not  over  u 
G.l  tons  of  mine-run  coal  based  on  the  evaporation  of  iJ 

iH^  -^    :ii-o rsK 
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FIG.    3.      ARRANGEMENT   OF   MACHINERY    IN   CANTON 
PLANT 

the  boiler  as  obtained  previously  with  a  test,  which  guar- 
antee was  backed  up  by  a  bond  for  the  full  delivered 
price  of  the  engine. 

A  general  view  of  the  machinery  is  given  in  Fig.  2, 
and  the  arrangement  of  the  machinery  on  the  engine- 
room  floor  and  the  distances  of  the  belt  centers  are  shown 
in  Fig.  3.  The  installation  was  put  in  and  in  November, 
1915,  was  operating,  although  it  was  not  put  regular^ 
into  operation  until  Dec.  1,  1915.  The  new  outfit  came 
entirely  up  to  the  guarantee,  and  in  addition  to  operat- 
ing it,  we  operated  the  compound  pump  for  four  or  five 
hours  per  day  and  at  times  it  was  necessary  to  operate 
the  steam-driven  air  compressor.  In  spite  of  all  of  this 
the  combined  outfit  still  was  inside  the  limit  of  coal 
supposed  to  be  used  on  the  new  outfit  alone.  A  test 
disclosed  the  fact  that  the  new  outfit  was  about  18  per 
cent,  ahead  of  the  guarantee  on  daily  coal  weights. 

Our  coal  bill  for  1915  was  $8746.33  and  for  1916  was 
$6150.48,  giving  a  difference  of  $2595.85,  to  which  will 
have  to  be  added  $345.14,  making  a  total  of  $2940.99, 
or  a  percentage  difference  of  33.6  per  cent.  The  addi- 
tion of  $345.14  was  caused  by  having  a  raise  of  10c.  per 
ton  on  freight  rate  and  the  coal  contractor  not  being 
able  to  supply  us  with  sufficient  coal,  so  that  we  were 
forced  to  buy  in  the  open  market. 

For  more  than  five  years  the  plant  has  had  industrial 
track  scales  and  every  pound  of  coal  that  is  used  for  the 
plant  is  weighed.  At  the  present  time  the  new  outfit: 
is  operating  on  a  24-hour  schedule  with  a  stop  of  one 
to  two  hours  on  Saturdays  to  be  cleaned  up  and  to  have 
the  bearings  adjusted.  During  1916  the  total  lost  time 
from  all  causes  was  1.8  per  cent.,  and  during  1917  it 
was  1.76  per  cent.  Of  course  this  would  not  be  a  good 
record  for  a  turbine,  but  it  is  certainly  a  good  record 
for  a  reciprocating  engine.  The  percentage  of  lost  timt 
covers  stops  on  account  of  trouble  with  the  air  compres- 
sor, centrifugal  pump,  generator  and  engine. 

At  first  this  plant  was  .started  133-cycle  and  all  sub- 
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sequent  machines  were  bought  133-cycle.  For  the  use 
that  this  town  has  for  light  and  power,  they  fill  the  bill 
as  well  as  60-cycle  apparatus,  but  as  soon  as  the  old  ma- 
:hines  are  worn  out  it  is  the  intention  of  the  manage- 
-nent  to  change  to  60  cycles.  During  the  last  year  not 
i  minute  was  lost  from  service  of  night  lighting  by 
power-house  troubles.  All  the  necessary  material  is 
:arried  in  stock  to  wind  the  armature  coils  when  they 
burn  out,  which  they  do  sometimes.  A  machine  shop 
located  in  the  same  building  next  to  the  engine  room 
s  a  part  of  the  equipment  and  is  very  convenient  when 
repairs  have  to  be  made. 


An  Adventure  with   "Static" 

By  B.  J.  Randall 

In  a  large  central  station  where  I  was  employed  as 
in  engineer  there  was  a  fellow  engineer,  an  inveterate 
jractical  joker,  who  was  continually  on  the  lookout  for 
iny  jokes  that  we  might  endeavor  to  subject  him  to, 
and  he  did  not  always  take  it  with 
good  grace  when  we  succeeded  in 
putting  something  over  on  him. 
One  Sunday  morning  we  received 
orders  to  cut  the  steam  off  from  a 
section  of  the  main  steam  line.  This 
pipe  was  14  in.  in  diameter,  and 
we  cut  out  about  a  hundred  feet  of  it 
to  repair  some  valves.  With  a  pres- 
sure of  160  lb.  there  was  consider- 
able steam  contained  in  this  section, 
and  the  only  way  to  bleed  it  was  by 
a  small  valve  which  was  reached  by 
a  ladder  placed  on  the  engine-room 
floor.  Charley  McGregor,  as  we  will 
call  him,  was  in  charge  of  the 
watch  at  the  time,  and  superin- 
tended the  cutting  -  out  process. 
When  all  the  necessary  valves  were 
shut,  he  got  up  on  the  ladder  to 
-  .   .    ,  ,,,      bleed  the  line  of  all  pressure.    This 

A  fl   i— i      J      '-'I      line  was  vertical,  running  through 
Jl  (  three  galleries  to  the  top  fire-room, 

'^-^■"  and    the    repair    gang    had    taken 

■   -  their    places     directly     above     Mc- 

I  Gregor,  waiting  for  him  to  complete 

m  part  of  the  work.  He  opened  the  bleeder  gradually, 
intil  the  steam  was  roaring  from  the  line,  and  then 
lescended  the  ladder  to  speak  to  the  first  assistant,  who 
vas  looking  on. 

"Have  you  got  the  bleeder  open  full,  Charley?"  the 
atter  asked. 

"No,  but  I  will  have  it  open  soon,"  was  the  response, 
nd  the  speaker  mounted  the  ladder  to  open  the  valve 
ome  more. 

The  next  moment,  a  mixture  of  yells  and  imprecations 
vas  flooding  the  atmosphere.  If  there  was  one  thing 
hat  McGregor  could  do  to  perfection,  it  was  shout 
nd  swear,  and  this  time  he  called  heavily  upon  his 
ocabulary  with  the  full  strength  of  his  powerful  lungs. 
V^e  saw  him  grab  a  large  bunch  of  waste  from  his  pocket 
nd  use  it  to  close  the  bleeder,  and  then  descend  the 
adder  with  a  queer  expression  on  his  face. 
"That  line's  charged,"  he  barked.    "Som,e  smart  Aleck 
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in  that  repair  gang  must  have  a  portable  lamp  grounded 
on  it,  som.ewhere." 

"It  can't  be,  Charley,"  said  the  boiler-room  chief, 
who  had  joined  us.  "They  haven't  got  any  lights  con- 
nected up,  yet." 

"Well,  if  you  don't  think  I  know  when  anything  is 
grounded,  get  up  there  and  bleed  that  line,"  snapped 
McGregor. 

"All  right.  Just  to  show  you  that  you're  mistaken, 
I'll  do  that  little  thing,"  agreed  the  fire-room  chief, 
sweetly.  Mounting  the  ladder,  he  touched  the  valve 
very  gingerly,  in  spite  of  his  previous  assertions. 
"See?"  he  said,  as  he  felt  no  evidence  of  "juice"  through 
the  valve.  "I  can  touch  it  without  any  trouble."  And 
he  grasped  the  valve  wheel  with  his  bare  hand,  and 
opened  it  until  the  steam  was  once  more  roaring  into 
the  atmosphere. 

The  nonplussed  McGregor  shook  his  head,  far  from 
being  convinced,  although  he  appeared  doubtful  of  his 
claims.  He  wasn't  quite  satisfied  with  the  way  that 
the  boiler-room  chief  had  left  the  bleeder,  and  as  he 
had  seen  the  latter  open  the  valve  with  his  bare  hand, 
he  once  more  approached  it  to  adjust  the  valve  to  suit 
himself. 

"0-o-o-w-w!"  he  yelled,  as  his  hand  touched  the 
valve,  and  then  the  fun  commenced.  Trembling  with 
surprise  and  wrath,  he  again  shut  the  valve  with  his 
waste,  bounced  down  from  the  ladder,  and  swung  around 
to  glare  up  at  the  repair  gang  on  the  gallery,  above. 

"You  blankety-blank  squareheads  think  you  are  hav- 
ing a  helluva  lot  of  fun.  don't  you?"  he  roared,  shaking 
his  flst  at  the  stolid-faced  Swedes  on  the  grating  above 
him.      "Cut   it   out,   now.      You've   gone   far   enough." 

Those  members  of  the  repair  crew  who  understood 
him  took  his  actions  for  just  another  of  his  frequent 
pranks,  and  they  grinned  knowingly,  which  incensed 
McGregor  all  the  more. 

We  who  were  on  the  floor  had  not  fully  grasped  the 
reasons  for  Charley's  outburst,  but  we  were  enjoying  it 
just  the  same,  and  all  kinds  of  suggestions  were  coming 
thick  and  fast  from  us,  to  "help  him"  out  of  his  diffi- 
culty. 

"I  don't  want  to  touch  that  bleeder  again  until  the 
ground  is  removed,"  he  told  the  first  assistant  in  a 
trembling  voice.  The  latter  could  not  conceal  a  smile 
when  somebody  in  the  bunch  suggested,  "You'd  better 
change  your  Saturday-night  brand  of  liquid  refresh- 
ment, Charley." 

McGregor's  only  answer  was  a  glare  that  ought  to 
have  shriveled  the  speaker  to  a  crisp. 

The  first  assistant  was  getting  impatient  to  have  the 
work  started,  so  he  got  up  on  the  ladder,  himself,  and 
proceeded  to  open  the  bleeder  without  anything  unusual 
happening. 

"Everything  feels  all  right  to  me,  Charley,"  he  said, 
glancing  down,  but  "Charley"  was  by  that  time  unable 
to  think   or  say  anything  coherent. 

Finally,  after  the  steam  had  been  drained  off,  and  the 
hurriedly  summoned  electrician  had  proved  that  there 
was  not  the  slightest  suspicion  of  a  ground  on  that  pipe- 
line, we  suggested  to  McGregor  that  it  might  have  been 
static  electricity  produced  by  the  steam  jet  that  had 
given  him  the  shock.  This  idea  mollified  him  somewhat, 
but  to  this  day  he  suspects  that  someone  in  the  repair 
gang  knew  more  about  it  than  anyone  else. 
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k)  CONSUMERS  as  well  as  pro- 
(luccrs  of  electrical  energy  Hie 
importunce  of  records  of  power 
lailur  is  universally  recoKnized.  The 
power  factor  directly  affects  the  size 
of  conductors,  the  capacity  of  equip- 
ment, the  ediciency  of  a  power  instal- 
lation and  the  voltage  reRulation.  The 
correction  of  low  power  factor  and  the 
resultant  economies  in  power  costs,  in- 
creased production  and  better  voltage 
regulation  can  be  accomplished  only 
after  comple*^e  information  and  accur- 
ate records  of  power  factors  have  been 
secured.  To  truly  represent  conditions 
records  must  be  taken  continuously 
over  a  sufficient  period  of  time  to  in- 
clude a  complete  cycle  in  the  operations 
being  performed.  In  the  past  records 
of  this  character  were  secured  by 
means  of  an  observer  reading  indicating  instruments 
and  plotting  the  values  on  cross-section  paper  in  order 
to  secure  a  graphic  representation  of  the  changes  that 
took  place. 

Graphic-recording  power  factor  instruments  of  the 
portable,  switchboard  and  wall  types,  made  by  the  Es- 
terline  Co.,  of  Indianapolis,  are  now  available.  The 
switchboard  type  of  instrument  is  intended  for  perma- 
nent installation  on  switchboards  in  power  plants,  sub- 
stations, and  on  the  properties  of  large  power  users 
having  distributing  switchboards.  The  wall  type  of 
meter  is  designed  to  be  mounted  on  any  flat  vertical  sur- 
face to  record  the  power  factor  of  the  electrical  appa- 
ratus to  which  it  may  be  connected.  This  type  is  most 
suitable  for  a  permanent  installation  on  consumers' 
premises.  The  portable  instrument,  Fig.  1,  is  compact  in 
design,  and  by  the  use  of  aluminum  in  the  construction 

of  the  case  and  other  parts 

the    weight    has    been    re-  oooooooc 

duced  to  17  lb.  This  instru- 
ment is  especially  suitable 
for  general  power  -  survey 
work,  and  in  making  tests 
on  individual  motors, 
groups  and  complete  in- 
stallations. In  all  of  the.se 
instruments  the  move- 
ments are  of  the  dynamom- 
eter type,  no  iron  being 
employed  in  the  magnetic 
circuits  and  no  inductance 
or  capacity  used  in  the 
electrical  circuits,  so  that 
the  instruments  are  free 
from  the  effect  of  varying 
frequency  and  wave  form. 
Among  the  features  showing  improvements  over  pre- 
vious models  are  the  elimination  of  jewels,  pivots  and 
hair  springs,  a  removable  pen  element,  a  movement 
frame  molded  from  bakelite,  inclosed  nonspillable  inK- 
wall  and  oil  damper  molded  integral  with  the  frame. 

During  construction  each  part  of  the  instrument  is 
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subjected  U,  an  insulation  test  of 
volts  between  current-carrying 
and  the  support,  and  after  the  ini 
merit  is  completely  asseniljled  and  d 
hrated  it  in  again  subjected  to  the  o 
linuous  application  of  1100  v  o| 
between  current-carrying  parts  and  1 
frame  for  a  period  of  one  minute, 
oil  damper  designed  to  be  nonspillal 
is  provided  to  damp  the  movement 
the  pointer  where  the  characteristic* 
the  circuit  make  it  desirable.  A  featB 
to  be  noticed  is  that  the  pen  is  mount 
upon  and  is  actuated  directly  by  t 
measuring  element  of  the  meter,  wh 
the  ink  supply  is  stationary.  This 
ables  the  instrument  to  follow  quid 
fluctuations  in  power  factor  witho 
the  use  of  the  usual  limiting  devict 
The  entire  writing  element  is  carri 
and   can   be   lifted   out   for   filling  ai 


on   knife-edges 
cleaning. 

Record  charts,  Fig.  2,  have  a  ruled  portion  4 J  i 
wide.  They  are  graduated  from  40  per  cent,  power  fa 
tor  at  the  left-hand  edge  to  TOO  per  cent,  at  the  righ 
hand  side  of  the  chart,  the  usual  range  of  power  factt 
encountered  coming  near  the  center  of  the  chart.  Tl 
standard  chart  speed  is  3  in.  per  hour,  but  chart  spea 
of  i',  11,  3,  6  and  12  in.  per  hour  can  be  supplied.  Whj 
it  is  desirable  to  record  rapid  fluctuations  in  power  fa 
tor,  minute  chart  speeds  can  be  supplied  by  equippii 
the  clock  with  a  rapid  chart-feeding  device,  makic 
available  speeds  of  j,  1  j,  3  and  6  in.  per  minute  in  add 
tion  to  the  regular  hourly  speeds.  The  clocks  are  of  tt 
marine,  lever  type,  eight-day  movement,  contained 
dust-tight  metal  cases. 

Instruments  with  a  nominal  voltage  rating  of  100,  20 

or  500  volts  are  furnishei 

oooooooo  All    current    coils    are 

signed  for  a  nominal  cu) 
rent  capacity  of  5  ampere 
Separate      voltage      mult 
pliers    permit    the    use 
100- volt    power    factor 
struments   on   a   200-  or 
500-volt    circuit,    this    fa| 
ture    being    especially 
sirable    in    a    portable 
strument  used  on  a  syst 
having   a   number   of   vi 
ages.      Polyphase    graph! 
recording  power-factor  in 
struments   require  two  po 
tential     circuits     and    on 
current     circuit.       W  h  ej 
used   on   circuits   having 
current  capacity  exceeding  5  amperes,  a  current  tranf 
former  is  required,  and  when  the  potential  exceeds  65t 
volts  two  potential  transformers  should  be  used 


IE 


GRAPHIC   CHART   OF   RECORDIXG   POWER- 
FACTOR    METER 


The  most  satisfactory  way  to  clean  a  furnace  is  th« 
one  that  is  easiest,  quickest  and  most  efficient. 
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EDITORIALS 


Efficiency  in  Our  Merchant  Marine 

fT7"E  AMERICANS  have  appropriated  many  mil- 
VV  lions  for  the  construction  of  a  merchant  marine. 
Ve  have  started  from  zero.  Once  we  cut  quite  a  figure 
n  world  shipping,  but  that  day  has  long  since  passed. 
)ne's  father  was  not  in  the  thick  of  it,  but  one's  grand- 
ather  may  have  been.  This  gives  one  an  intimate  idea  of 
low  long  ago  it  was  that  the  Stars  and  Stripes  partly 
illed  the  void  between  sea  and  sky  about  the  world  and 
low  little  the  present  generation  of  Americans  know 
ibout  the  ways  of  world  sea  ti-affic  as  such  knowledge 
s  had  from  the  deck  and  hold  of  a  ship. 

Now  if  we  are  to  make  this  enormous  investment  pay 
ts  own  expenses,  to  say  nothing  of  realizing  a  fair 
)rofit,  we  must  do  some  tall  thinking  and  get  some 
ypically  American  action.  The  American  has  a  stand- 
ird  of  living  that  makes  the  rest  of  the  world  look  like 
he  familiar  Sicilian  laborer  who  munches  his  huge 
)read  loaf  and  raw  onion  two  paces  from  the  scene  of 
lis  toi!  It  will  require  a  considerable  part  of  the  op- 
srating  sum  to  keep  the  human  side  of  our  snips  m 
jood  humor  and  willingly  capable.  From  the  stand- 
)oint  of  labor  costs  we  are  at  a  woeful  disadvantage 
vith  the  world. 

It  must  not  be  imagined  that  we  can  make  a  living 
arrying  the  other  fellow's  goods  to  the  four  corners 
if  the  world.  He  has  been  carrying  his  own  and  ours 
or  many  years;  he  is  on  the  ground  floor  with  rates 
hat  likely  will  put  ours  to  shame  unless  we  can  out- 
lass  him  from  other  directions.  And  world-beating 
ifficiency  in  the  production  of  goods  shipped  in  Amer- 
can  bottoms  must  not  be  called  upon  to  assist  in  paying 
he  freight.  The  same  ingenuity  and  engineering  that 
tiake  quantity  and  quality  production  of  our  commodi- 
ies  the  wonder  and  study  of  the  world  must  permeate 
lur  whole  shipping  activities  from  the  shipyard  to  the 
lelivery  of  the  cargo. 

Fortunately,  we  are  starting  from  zero.  We  already 
lave  made  excellent  progress  in  finding  and  adopting 
he  most  efficient  in  construction  and  equipment.  The 
nany  forces  at  North  Broad  Street,  Philadelphia,  have 
overed  more  ground  than  the  public  appreciate.  We 
ire  not,  it  is  hoped,  to  be  burdened  with  traditional  lost 
notion  or  prejudice.  We  lost  our  hold  on  the  sea  be- 
ause  of  this  very  thing.  We  just  pinned  our  faith  to 
he  sail  and  wooden  ship  and  held  aloof  from  the  steel 
ind  steam  craft  until,  when  we  came  to  our  senses,  we 
vere  hopelessly   adrift. 

Not  the  least  among  the  things  we  must  do  besides 
retting  construction  costs  down,  is  to  get  operating 
osts  to  a  competing  level.  American  ships  must  have 
I  type  of  boiler  that  will  outclass  anything  afloat.  Not 
snly  must  it  have  the  most  efficient  heating  surface, 
mt  the  furnace  should  be  made  to  produce  an  efficiency 
■elatively  equivalent  to  that  obtained  in  modem  land 
)oilers.  This  cannot  be  done  with  the  Scotch  boiler, 
.nvestigations  of  combustion  and  heat  transmission  in 


the  new  Bell  Emergency  Fleet  water-tube  boiler  and  in 
the  first  Emergency  Fleet  boiler,  conducted  jointly  by 
the  Emergency  Fleet  Corporation  and  the  Bureau  of 
Mines,  have  shown  that  with  but  a  few  changes  in  air 
supply  and  distribution  the  combined  efficiency  may  be 
increased  something  like  eight  per  cent,  above  the  usual. 
An  evaporation  of  eight  pounds  of  water  per  square 
foot  of  heating  surface  is  had  even  at  this  early  stage 
of  experimentation. 

Bone's  results  with  surface  combustion  as  well  as 
boiler  practice  in  this  country  show  that  combustion 
volume  is  of  far  less  importance  than  provisions  for 
thoroughly  mixing  the  gases  of  combustion  with  the  air 
supporting  combustion.  In  land  practice  large  com- 
bustion volume  is  the  cheapest  way  of  promoting  this 
mixture.  There  is  not  headroom  for  such  volume 
aboard  ship ;  complete  mixing  must  be  had  otherwise. 
And  it  may  be  easily  and  conveniently  accomplished — 
in  fact  the  Emergency  Fleet  Corporation  and  the  Bu- 
reau of  Mines  engineers  already  have  achieved  it. 

Hand  stoking  aboard  American  ships  should  be  elimi- 
nated. Here  again  these  engineers  are  confident  they 
can  develop  a  suitable  stoker.  For  efficiency  in  the 
combustion  of  liquid  fuels,  particularly  fuel  oil,  the 
American  naval  engineer  is  the  best-versed  man  on  all 
the  seas.  He  must  show  our  merchant  marine  how  to 
do  it.  Here,  again,  the  Bureau  of  Mines  can  help  greatly 
with  its  excellent  talent,  methods  and  experience  in 
temperature  determinations  and  its  knowledge  of  heat 
transfer  and  the  behavior  of  furnace  gases. 

There  are,  perhaps,  reasons  to  believe  that  it  is  the 
training  of  the  human  side  of  these  merchant  ships 
that  will  need  closer  attention  for  the  longest  time. 
The  constructional  and  mechanical  sides  are  more  stable. 
There  does  not  seem  to  be  grounds  for  the  oft-repeated 
statement  that  American  young  men  do  not  care  for  the 
sea.  Henry  Howard,  Director  of  Recruiting  Service, 
and  his  colleagues  have  done  some  excellent  pioneer 
work  in  the  training  of  men  for  our  merchant  marine. 
No  matter  by  whom  done,  or  where,  there  should  be 
maintained  some  practical  organization  for  this  pur- 
pose. If  we  plan  superior  equipment  for  ships,  we 
must  plan  equally  well  to  train  the  deck  and  engineer 
officers  and  men  who  will  man  them. 

Metering  the  Air  Supply  to  the  Furnace 

NOT  long  ago,  in  an  editorial  commenting  on  the  dif- 
ficulty of  measuring  the  air  supplied  for  combus- 
tion, the  statement  was  made  that  no  satisfactory 
method  has  yet  been  devised  whereby  a  definite  quan- 
tity of  air,  by  volume  or  by  weight,  can  be  metered  on 
its  way  into  the  furnace.  It  was  pointed  out  that  the 
weighing  of  the  air  by  automatic  scales,  as  is  the  case 
with  coal,  or  the  measurement  of  it  in  cubic  feet,  as  is 
the  case  with  feed  water,  is  not  feasible. 

Exception  to  this  statement  has  been  taken  by  one 
of  our  readers  on  the  ground  that  it  ignores  at  least  one 
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form  of  boiler-control  apparatus  in  which  the  mensurc- 
nient  of  air  flow  through  the  boiler  pa.ssaj?t''<  plays  an 
important  part;  and  as  other  readers  may  have  had  the 
same  view,  it  is  advisable  that  we  should  disclaim  any 
intention  to  minimize  the  value  of  that  particular  in- 
strument or  of  any  other  similar  form  of  boiler-control 
device. 

The  apparatus  to  which  our  contributor  calls  atten- 
tion makes  use  of  the  difference  of  pressure  between 
the  furnace  and  the  uptake  to  measure  the  rate  at  which 
the  air  flows  throuKh  the  boiler  passages,  and  this  rate 
of  flow  is  graphically  recorded  on  a  chart,  together  with 
a  record  of  the  rate  of  steam  generation.  The  firing 
is  so  regulated  as  to  make  the  rate  of  air  flow  follow 
closely  the  demand  for  steam,  on  the  logical  assumption 
that  for  every  pound  of  air  admitted  to  the  furnace 
there  should  be  a  definite  (luantity  of  steam  generated 
under  certain  predetermined  conditions. 

In  the  control  of  a  boiler  fitted  with  a  meter  of  this 
type,  therefore,  the  object  to  be  attained  is  an  approxi- 
mate paralleling  of  the  curves  recording  the  rate  of 
steam  generation  and  the  rate  of  air  flow.  The  steam 
flow  is  easily  recorded  in  pounds  per  hour  by  the  use 
of  an  accurate  meter,  but  the  flow  of  air  is  recorded  in 
its  relation  to  the  steam  flow  instead  of  in  pounds  or 
cubic  feet. 

Just  what  this  relation  should  be,  to  obtain  the  most 
economical  results,  is  first  found  by  a  boiler  test  and 
the  meter  is  adjusted  accordingly.  It  will  be  noted  that 
at  no  time  is  the  fireman  aware  of  the  quantity  of  air, 
in  pounds  or  cubic  feet,  entering  the  furnace.  But  by 
the  relative  positions  of  the  recorded  curves  he  knows 
whether  too  much  or  too  little  air  is  being  used,  and 
that  is  the  information  that  is  of  importance  to  him  in 
the  management  of  his  fires. 

The  Evolution  of  Intensive  Power 

WE  FREQUENTLY  hear  such  remarks  as  "wonder- 
ful power,"  "tremendous  force,"  etc.,  and  we 
stand  in  awe  as  we  contemplate  the  potentialities  of  a 
gigantic  hydro-electric  plant  or  a  modern  central  sta- 
tion. A  moment's  thinking  leads  to  the  conclusion  that 
the  power  itself  is  not  what  puts  us  into  this  state  of 
mind,  but  rather  what  man  has  done  in  his  effort  to 
harness  power  and  make  it  work  for  him.  Power  has 
resided  in  the  elements  since  the  dawn  of  creation. 
Man's  problem  since  that  time  has  been  to  find  a  more 
and  still  more  intensive  means  of  employing  power  for 
his  own  benefit.  The  way  in  which  man  has  mobilized 
and  mechanically  ordered  the  free  natural  forces  from 
which  power  is  derived  arouses  our  deepest  respect 
and  admiration.  Power  is  limited  only  by  the  extent  to 
which  man  uses  his  constructive  imagination.  The 
wooden  waterwheel  of  yesterday  is  the  hydro-electric 
turbine  of  today.  From  the  teakettle  of  Watt  has  been 
evolved  the  two  thousand-horsepower  boiler  of  1919. 

In  order  to  permit  this  development,  materials  and 
processes  have  had  to  be  perfected.  The  small  iron  or 
copper  plates  of  which  the  haystack  boilers  of  Boulton 
&  Watt  were  constructed  have  given  place  to  steel  plates 
of  a  length,  width  and  thickness  the  possibility  of  the 
production  of  which  Watt  could  not  have  conceived. 
Tubes  and  pipes  laboriously  welded  by  hand  over  man- 
drels   have    paved    the    way    to    modern    steel    tubular 


products  which  include  diameters  from  one-eighth  mcli 
to  thirty  inches,  and  lengths  up  to  forty  feet.  By  Ihf 
invention  of  material  with  high  tensile  strength  and  it.s 
ingenious  adaptation  to  the  lines  of  force,  the  eighty- 
eight  feet  per  second  allowable  speed  of  the  old  flywheel 
has  become  the  one  thousand  feet  per  second  of  the 
modern  turbine. 

Power  is  the  same  old  servant  that  it  alway.s  hax 
been,  but  man,  with  his  inventiveness  and  imagination 
and  enterprising  spirit,  has  made  it  do  work  that  would 
otherwise  have  recjuired  millions  of  men  and  to  (nr 
form  services  that  it  would  have  been  impossible  for  ri.ai 
to  perform 


There  is  in  the  ordinary  design  of  boiler  setting  about 
four  per  cent,  heat  loss  through  the  furnace  walls 
More  than  one  engineer  has  wondered  why  the  walN  o; 
boiler  settings  are  so  frequently  made  with  an  air  space 
because,  although  the  air  in  the  space  is  a  poor  con 
ductor,  heat  from  the  furnace  pas.ses  through  it  rapidh 
by  radiation.  Why  not  make  settings  solid  and  covet 
them  on  the  outside  with  some  sort  of  insulating  ma 
terial? 


Public  interest  in  many  industries  has  been  awakeiiei 
by  moving  pictures  showing  processes  from  raw  rna 
terials  to  finished  products.  A  set  of  films,  beginning 
with  the  origin  of  fuel  and  carried  through  the  con 
struction,  erection  and  operation  of  a  power  plant  t' 
one  of  the  common  applications  of  power,  would  affon 
popular  instruction  and  entertainment,  besides  stimulat 
ing  interest  in  power  engineering,  of  which  the  average 
person  is  woefully  ignorant. 


Steam-pipe  systems  should  be  laid  out  with  care,  S' 
that  expansion  and  contraction  strains  may  be  takei 
care  of.  Notwithstanding  this  fact  one  observes  nu 
merous  instances  w'here  pipe  lines  are  rigidly  con 
structed  and  the  expansive  force  tends  to  either  throv 
the  engine  cylinder  to  one  side  or  to  turn  the  pipe  con 
nection  at  the  boiler  nozzle.  Is  it  any  wonder  that  ther 
are  leaky  joints? 


A  25,000-kilowatt  generator  in  Chicago  is  rewoun> 
to  give  35,000  kilowatts  and  the  hand-fired  boilers  i 
another  plant  are  raised  several  feet  and  equippe^ 
with  stokers  giving  them  a  hundred  per  cent,  more  an' 
badly  needed  capacity.     Talk  about  intensive  farming 


With  all  the  attention  welding  is  receiving  these  day 
maybe  something  besides  making  welds  and  pullin. 
them  in  the  old  way  will  be  done  in  an  effort  to  discove 
a  means  to  determine  their  strength  and  characte 
without  testing  them  to  destruction. 


It  is  foolish  to  lose  sight  of  the  fact  that  by  far  th 
greater  number  of  men  in  the  United  States  are  worker 
to  whom  a  skilled  hand  is  as  importa.it  as  a  wel 
developed  brain. 


A  rolling  stone  may  not  gather  any  moss,  but  sever? 
engineers  are  convinced  that  a  revolving  turbine  roto 
can  pick  up  a  lot  of  salt  on  occasions. 
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Generator  Heats  Excessively 

In  the  Jan.  21  issue  of  Power  Peter  Burkard,  writing 
mder  the  title,  "Generator  Heats  Excessively,"  states 
jhat  his  160-ampere  direct-current  generator  operates  at 
excessive  temperatures  when  carrying  only  90-ampere 
cad.  This  can  happen  from  a  number  of  causes,  but 
ust  what  does  Mr.  Burkard  mean  by  excessive  tem- 
)erature?  Is  it  something  he  considers  excessive  by 
he  feel  of  the  machine  when  touching  with  the  hand, 
)r  have  actual  temperature  measurements  been  made 
ind  the  hottest  spots  on  the  winding,  as  measured  with 
I  thermometer,  been  found  to  exceed  175  deg.  F.  ?  Tem- 
3eratures  that  are  well  within  the  allowable  range  feel 


METHOD  OF  TESTING  INSULATION 


iecidedly  uncomfortable  to  the  hand.  Consequently, 
nachines  are  sometimes  considered  as  operating  at  a 
ligh  temperature,  when  in  fact  if  temperature  measure- 
nents  were  taken  they  would  show  that  the  machine 
vas  well  within  safe  limits. 

It  has  not  infrequently  occurred  that  the  switchboard 
immeter  indicated  that  the  machine  was  operating 
mder  only  partial  load,  when  the  truth  of  the  matter 
vas  it  was  overloaded  and  the  ammeter  was  reading 
ow.  Therefore  it  would  be  well  for  Mr.  Burkard  to 
;heck  his  instruments  if  he  has  not  already  done  so. 
ie  intimates  that  the  high-resistance  brushes  might 
)e  causing  the  trouble,  although  they  do  not  heat 
ixcessively.  The  brushes  cannot  be  the  seat  of  the 
lifficulty  or  they  and  the  commutator  would  be  the 
lottest  parts  of  the  machine. 

If  the  installation  is  an  old  one,  high  temperature 
nay  be  caused  by  current  leaks  through  the  insulation, 
rhe  condition  of  the  insulation  may  be  easily  deter- 
nined  by  getting  the  machine  up  to  full  voltage  and 
;onnecting  one  terminal  of  a  voltmeter  to  the  frame 
ind  the  other  terminal  of  the  instrument  to  one  of 
he  armature  terminals  and  then  to  the  other,  as  in 
he  figure.  In  no  case  should  the  instrument  read 
nore  than  3  or  4  volts. 

The  spacing  of  the  brushes  on  the  commutator  may 
te  the  cause  of  the  trouble.  Unequally  spaced  brushes 
iften  produce  heavy  circulating  currents,  especially  if 


the  brushes  have  a  low  resistance.     However,  in  this 
case   since   the   brushes   are   operating   at   a   low    tem- 
perature it  does  not  appear  as  though  circulating  cur- 
rents caused  the  trouble.  B.  A.  Briggs. 
Chicago,   111. 

Constant-Potential  Transformer  Used  as  a 
Series  Transformer 

At  several  locations  in  our  series  street-lighting 
system  there  are  series  transformers  of  a  1  to  1  ratio 
serving  as  safety  coils  for  special  lighting.  Several  of 
these  transformers  have  been  burned  out  by  lightning, 
and  on  account  of  the  difficulty  in  getting  others  in 
time  we  were  forced  to  rewind  the  damaged  unit  in 
some  instances,  and  in  others  a  temporary  substitute 
was  used  until  new  transformers  could  be  secured.  The 
series  transformers  were  insulated  to  withstand  5000 
volts  between  the  primary  and  secondary  coils  and  also 
between  the  winding  connected  to  the  high-voltage  cir- 
cuit and  the  core. 

In  so  far  as  ratio  is  concerned,  any  potential  trans- 
former having  two  coils  of  a  1  to  1  ratio  and  of 
sufficient  current  capacity  can  be  used  as  a  series  trans- 
former, but  on  account  of  the  insulation  requirements 
between  the  coils  a  special  selection  must  be  made.  No 
transformer  can  be  used  that  has  the  sections  of  each 
half  of  the  secondary  viinding  adjacent  on  the  cere, 
on  account  of  low  insulation  resistance  between  them. 


no.  2 

FIGS.    1    AND    2.      POTENTIAL   TRANSFORMER   AND 
CONNECTIONS   AS    SERIES    TRANSFORMER 

This  is  to  be  found  in  some  core-type  transformers 
having  a  secondary  coil  subdivided  and  grouped  on  the 
two  legs  of  the  core  and  cross-connected  in  such  a 
way  as  to  make  three-wire  operation  practical. 

For  use  as  a  series  transformer,  I  selected  an  old  core- 
type  potential  transformer  having  two  1100-volt  primary 
coils,  one  on  each  leg  of  the  core,  and  located  next 
to  the  iron.  The  two  55-volt  secondary  coils  were  also 
located  one  on  each  leg  of  the  core  and  outside  of  the 
primary  coils,  as  shown  in  Fig.  1.  The  insulation  re- 
sistance was  tested  with  10,000  volts  between  primary 
and  secondary,  and  primary  and  core.     A  test  was  also 


256 


P  O  W  K  R 


Vol.  49.  No.  7 


miulo  with  r)000  volts  between  the  two  .'icctioiis  of  the 
.sotondnry  windin>r  niid  the  .secondary  winding  ;ind  core. 

I>y  ii.sinjj  the  .secondary  on  one  U'k  of  the  core  u.s  a 
primary  and  connecting  it  into  the  high-voltage  .serie.s 
circuit,  and  u.sing  the  .secondary  coil  on  the  other  leg 
of  the  core  a.s  a  .secondary  and  connecting  it  to  the 
load  as  in  Fig.  2,  a  .series  tran.sfornier  with  a  ratio  of 
1  to  1  was  obtained.  In  order  to  overcome  the  effect 
of  magnetic  leakage  on  the  ratio  of  transformation 
when  used  as  a  series  transformer,  the  primary  coils 
were  connected  in  parallel,  as  shown  in  Fig.  2. 

The  iron  in  the  regular  series  transformer  was 
worked  at  a  high  degree  of  saturation,  thus  makinir  the 
use  of  a  film  cutout  in  the  load  side  unnecessarj'. 
However,  in  the  case  of  the  potential  transformer  used 
as  a  series  transformer,  the  film  cutout  was  necessary 
on  account  of  the  core  being  worked  at  a  low  magnetic 
density,  and  there  would  be  a  large  voltage  rise  in  the 
high-voltage  coils  in  the  event  of  an  open-circuit  in  the 
load  circuit,  which  would  damage  the  insulation  of  the 
coils.  The  film  cutout  was  connected  in  on  the  high- 
voltage  coils  as  in  Fig.  2. 

On  account  of  the  weight  and  cost,  such  transformers 
should  be  used  only  in  an  emergency,  as  in  the  case  in 
question.  The  weak  points  in  this  equipment  are  in 
the  secondary  bushings  and  leads,  where  they  come 
through  the  case.  The  bushings  should  be  wiped  clean 
and  the  leads  made  to  clear  one  another  and  also  the 
case,  after  which  no  trouble  will  be  found  in  use  up  to 
5000  volts.  For  u.se  on  higher  voltages  constant- 
potential  transformers  having  sufficient  current  and 
voltage  capacity  in  the  high-voltage  coils  could  be  used. 
The  low-voltage  coils  should  be  connected  in  parallel 
in  this  case  and  a  film  cutout  connected  across  the  coil 
connected  to  the  load.  Henry  Mulfokd. 

Patchogue,  L.  I.,  N.  Y. 


Speed  Loss  in  Transmission 

We  have  several  machines  that  are  run  from  the 
same  lineshaft,  all  with  the  same  combinations  of  pul- 
leys, but  owing  to  lost  motion  or  slippage  of  belts  the 
total  output  of  the  different  machines  varied  consider- 
ably during  the  day's  run.  This  caused  dissatisfaction 
among  the  operators  who  were  on  piecework,  each 
wanting  the  fastest  machine. 

To  equalize  the  speeds  of  all  the  machines,  we  riveted 
leather  of  the  necessary  thickness  on  the  face  of  the 
driving  pulleys,  equalizing  the  speed  to  make  the  output 
of  each  machine  the  .same.  C.  B.  Brush. 

New  York  City. 

Overheating  Hot  Water  Wasteful 

Considerable  coal  can  be  saved  by  the  proper  regula- 
tion of  the  hot-water  supply  to  buildings.  There  is 
no  economy  in  drawing  a  quantity  of  hot  water  and 
then  cooling  it  by  the  addition  of  cold  water.  About 
the  only  thing  that  real  hot  water  is  needed  for  in 
hotels,  apartment  houses,  etc.,  is  in  kitchens,  for 
washing  greasy  dishes,  etc. 

In  order  to  meet  these  requirements  in  one  building 
that  I  know  of,  all  the  kitchen  sinks  were  equipped 
with  a  steam  pipe  through  which  steam  can  be  blown 


to  boil  the  water.  The  thermostat  on  the  hot-wate 
tank  was  then  set  for  about  40  dog.  lower  temperatur 
than  previously  carried  and  there  was  no  complain 
from  anyone  in  the  building  e.xcepting  from  an  oli 
lady  who  complained  that  she  could  no  longer  make  he 
lea  with  the  hot  water.  She  was  advised  to  get  a  gas  o 
electric  heater  because  the  water  would  never  be  k<.-p 
so  hot  again.  W.  T.  Mkinzkr. 

Brooklyn,    N.    V. 

Constant  Pn'ssure  nilli  Mixed  Coal 

The  accompanying  chart  is  one  of  many  taken  frQ| 
our  steam-recording  gage  on  a  l50-hp.  retiirn-t.nhiiM 
boiler,  hand-fired,  with  natural  draft  and  burning 
mi.\ture  of  hard  and  .soft  coal  with  the  proportion  o 
one  part  of  barley  to  two  parts  of  bituminous  coal.    I 


CHART   RECORDING   HAND   FIRING 

will  be  seen  that  there  is  no  perceptible  variation  in  tht 
steam  line  except  at  3:15  p.m.,  10:15  p.m.,  and  5:15  a.m 
The  fires  were  cleaned  once  on  each  of  the  three  shifts 
the  chart  being  the  record  of  three  firemen. 

Ventnor  City,  N.  J.  E.  H.  Gaskill. 

Testing  Cylinder  Oils 

In  reference  to  Professor  Trinks'  suggestion  in  thi 
issue  of  Oct.  29,  1918,  page  644,  I  have  found  thi 
.steam-engine  indicator  a  splendid  instrument  for  testini 
cylinder  oils.  I  made  this  discovery  .some  12  years  ag< 
while  conducting  some  engine  tests.  I  found  tha 
straight  mineral  cylinder  oil  can  be  detected  with  thi 
indicator,  as  it  will  cause  irregular  lines  on  the  diagram 
My  subsequent  experience  in  seven  different  plants  witl 
quite  a  variety  of  engines  convinces  me  that  a  straigh 
m.ineral  oil  will  always  produce  this  effect,  which  i. 
proof  of  improper  lubrication.  In  one  case  a  chief  engi 
neer  rejected  cylinder  oil  that  contained  5  per  cent 
of  animal  oil  and  accepted  a  straight  mineral  oil  largel; 
because  it  cost  less  than  half  as  much  per  gallon.  Thi: 
saved  about  $60  in  four  months,  but  injured  the  engine 
to  such  an  extent  that  the  service  was  interrupted  ; 
total  of  over  17  hours  in  one  week  and  the  enginee: 
lost  his  job.     Moreover,  it  required  the  expenditure  o; 
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80  to  repair  the  engines,  not  including  labor,  which 
lounted  to  perhaps  as  much  more. 
/iscosity,  fire  and  many  other  tests  are  unsatisfac- 
(jy  when  it  comes  to  cylinder  oils.  A  high-grade 
iinsylvania  stock  compounded  with  about  5  per  cent. 
*d-free  animal  or  tallow  oil  will  keep  engines  running 
^oothly  and  keep  the  engineer  out  of  trouble.  Follow- 
:  are  the  specifications  for  an  oil  that  I  have  used 
(  years  with  entire  satisfaction :  Pennsylvania 
lam-refined  cylinder  stock,  gravity  24.5,  flash  586 
(J.,  fire  test  665  deg.,  viscosity  137  at  212  deg.,  price 
ii.  per  gallon,  which  includes  5  per  cent,  clean  acidless 
llow  oil  mixed  by  air  agitation. 

One  contributor  suggests  that  cylinder  oils  be  tested 
pumps.  I  have  not  found  this  a  satisfactory  test, 
almost  any  oil  will  do  for  small  pumps,  because  the 
am  pressure  and  piston  speed  are  usually  low  and 
;  valves  are  easy  to  lubricate,  which  is  seldom  true 

engines.  Low-pressure  cylinders  will  give  less 
luble  if  high-grade  cylinder  oil  is  mixed  with  two 
rts  of  filtered  engine  oil.  The  drips  from  tail  rods 
1  be  utilized  in  this  mixture  to  good  advantage. 
A  frequent  cause  of  difficulty  in  cylinder  lubrication 
from  rust  or  sweat  corrosion  while  the  engine  is 
nding  idle,  but  the  greater  part  is  due  to  the  use 
soda-ash  boiler  compounds  or  water-softening  systems 
which  an  excess  of  soda  ash  is  used.  Soda  ash  will 
/ays  destroy  cylinder  lubrication.  Another  point  sel- 
n  given  consideration  in  cylinder  lubrication  is 
ether  the  boilers  prime  or  not,  and  this  is  a  very 
portant  factor  in  comparing  one  plant  with  another. 
)elieve  engineers  should  use  more  common  sense  and 
s  fad  stuff  and  snap  judgment  in  the  study  of  lubri- 
ion,  for  what  is  successful  in  one  plant  may  not  be 
another.  WALDO  Weaver. 

Franklin,  Ohio. 

Motor  Suddenly  Reversed 

rhat  a  3-hp.  110-volt  shunt-wound  motor  could  re- 
•se  under  the  condition  that  John  R.  Steeska  describes 
the  Jan.  21  issue  of  Pmver  seems  impossible  if  the 
tor  has  any  protection  against  overloads  at  all.  The 
!eds  given,  2200  to  2800  r.p.m.,  I  take  it  are  the 
!-load  and  no-load  speeds,  which  would  be  a  speed 
iation  from  no-load  to  full-load  of  21.4  per  cent, 
is  is  abnormally  high  for  the  average  commercial 
chine  and  would  allow  the  motor  to  take  only  ap- 
)ximately  4.5  times  full-load  current  with  the  arma- 
e  locked.  Even  at  this,  if  the  motor  was  properly 
ttected,  the  protection  device  should  open  before  the 
tor  could  come  to  rest  due  to  an  excessive  overload 
otherwise. 

rhere  are  two  things  that  might  happen  to  cause  the 
chine  to  reverse:  First,  the  field  circuit  to  open 
;h  the  brushes  set  back  of  the  neutral  (operating 
:h  the  brushes  back  of  the  neutral  is  a  common 
ictice  on  motors  without  interpoles)  ;  second,  the 
i.shes  set  back  of  the  neutral  and  the  machine  sub- 
ted  to  a  heavy  overload  of  short  duration, 
f  the  armature  resistance  is  as  high  as  indicated 
the  speed  variation  from  no-load  to  full-load,  the 
ishes  may  be  set  considerably  back  of  the  neutral 
i  yet  operate  satisfactorily.     Therefore   I    feel   that 


the  best  explanation  for  this  phenomenon  is,  that  a 
heavy  overload  was  thrown  on  the  motor  by  someone 
putting  excessive  pressure  on  the  buffer,  causing  the 
motor  to  slow  down,  the  brushes  being  set  far  enough 
back  of  the  neutral  to  cause  the  armature  poles  to 
reverse  the  polarity  of  the  field  poles  and  reverse  the 
direction  of  rotation.  This  of  course  could  not  happen 
if  the  motor  was  properly  protected. 

Another  thing  that  could  cau.se  the  motor  to  reverse 
is,  the  brush-holder  working  loose  and  shifting  around 
the  commutator  far  enough  to  reverse  the  direction  of 
the  current  through  the  armature.  However,  this  could 
not  occur  without  the  cause  of  the  trouble  being  discov- 
ered before  the  machine  could  again  be  put  into  service. 

New  York  City.  A.  A.  Fredericks. 


Cutting  Glass  Under  Water 

Cutting  a  glass  dial  with  a  pair  of  scissors  may  seem 
difficult,  but  it  is  not,  although  the  job  must  be  done 
under  water  and  both  the  glass  and  scissors  must  be 
submerged.    A  good  way  is  to  first  cut  a  paper  the  size 


CUTTING  GLASS  UNDKR  WATER 

or  shape  of  the  glass  desired ;  place  it  on  the  under 
side  of  the  glass  for  a  pattern.  It  is  not  expected  that 
it  is  possible  to  cut  through  the  center  of  a  large  piece 
of  glass,  but  by  trimming  a  little  at  a  time  a  good  job 
can  be  done.  The  cutting  sensation  is  a  good  deal  the 
same  as  that  of  cutting  cardboard.  \.  Dube. 

Burke,   Idaho. 

Boiler  Horsepower  from  Metered 
Condensation 

With  reference  to  the  item  on  "Boiler  Horsepower 
from  Metered  Condensation"  in  the  issue  of  Dec.  31, 
1918,  to  which  I  took  exception  on  Page  101,  Jan.  21, 
my  remarks  were  the  result  of  long  and  wide  experi- 
ence, and  while  the  editor  states  that  he  is  always  glad 
to  publish  discussion  letters,  I  object  to  the  bracketed 
remarks  sprinkled  through  my  comment  on  the  subject 
quite  as  much  as  I  would  frequent  interruptions  were  I 
talking  on  an  interesting  question.  And  this  subject 
is  of  interest  to  a  great  many  besides  the  gentleman 
who  originally  asked  the  question,  his  particular  case 
being  covered  by  my  remark  that  "steam  is  not  gener- 
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iilly  sold  on  the  H.t.u.  basis,"  while  my  oponinp:  sentence 
di-spcllcd  any  question  as  to  the  correctness  of  the 
editor's  reply  and  did  not  ask  proofs  as  illustrated  by 
the  fact  that  I  used  both  the  ('(juivalent  evaporation 
flRures  which  you  mention  and  which  are  known  to 
most  entrineers  before  they  go  to  college. 

I  would  like  to  ask  if  you,  Mr.  Editor,  have  considered 
the  first  cost,  the  installation  cost  and  the  maintenance 
cost  of  the  devices  that  would  be  required  to  sell  steam 
on  an  accurate  B.t.u.  basis,  and  also  to  have  you  tell  me 
what  to  install  to  sell  my  steam  to  tenants  and  have 
proofs  to  combat  any  di.sputed  charges.  Has  it  not 
been  proved  by  all  the  big  central  steam  stations  such 
as  the  New  York  Steam  Co.  that  it  ia  impo.ssible  to 
accurately  sell  steam  on  a  B.t.u.  basis?  For  a  basis  of 
calculation  consider  that  I  am  operating  a  five-story 
loft  building,  that  our  steam  pressure  varies  from  80 
to  125  lb.,  that  we  have  three  100-hp.  boilers,  but  cannot 
hold  the  pressure  constant  owing  to  load  fluctuations. 
Would  you  advocate  a  recording  thermometer  on  each 
tenant's  return,  or  on  the  outlet  of  each  machine  where 
the  power  of  the  purchased  steam  is  consumed,  or  at 
the  inlet,  or  outlet,  of  the  condensation  meter,  and  where 
should  the  meter  be  placed?  Again,  would  it  not  be 
fairer  to  obtain  temperature  as  it  is  returned  to  the 
point  of  reconversion? 

Your  answer  to  the  foregoing  will  be  of  great  as- 
sistance in  solving  many  questions  and  disputes  on  the 
subject  and  be  of  interest  to  two  well-known  readers 
of  your  paper  who  at  present  are  also  very  much  inter- 
ested in  this  subject.  Theodore  Haight. 

New  York  City. 

Pump  Valves  Do  Not  Wear  Well 

The  inquiry  by  M.  C.  Larsen  on  page  30  in  the  issue 
of  Jan.  7  and  the  letter  on  page  101,  Jan.  21,  com- 
menting on  the  breakage  of  rubber  pump  valves  calls 
to  mind  a  condition  that  existed  in  a  certain  power 
plant  a  few  years  ago.  The  feed-water  temperature 
varied  from  about  60  to  212  deg.  The  cause  was  that 
normally  the  exhaust  from  the  main  engines  was  sold 
for  manufacturing  purposes,  the  condensate  being  re- 
turned at  a  temperature  of  approximately  190  deg.  and 
the  remainder  of  the  heat  necessary  to  bring  it  to  212 
deg.  being  supplied  by  an  open  feed-water  heater  that 
was  too  small  to  heat  all  cold  water  to  that  tempera- 
ture. Consequently,  when  the  supply  of  hot  water  was 
interrupted,  which  occurred  a  number  of  times  each 
day,  the  feed  temperature  in  winter  dropped  to  about 
60  deg.  This  caused  the  rubber  pump  valves  to  break 
into  small  parts,  some  of  which  passed  over  with  the 
feed  water  and  lodged  in  the  2-in.  globe  valves  used  for 
boiler  feeding.  As  a  result  these  valves  required  fre- 
quent cleaning  and  on  a  few  occasions  caused  serious 
trouble. 

As  suggested  by  Mr.  Molloy,  the  solution  lay  in  metal 
valves,  which  I  installed  soon  after  taking  charge.  In 
this  case,  however,  the  valves  were  fitted  with  a  narrow 
strip  of  soft  composition  resembling  rawhide,  which 
served  equally  well  for  hot  and  cold  water,  and  were 
not  as  likely  to  leak  as  all-metal  valves.  At  the  time 
I  left  that  plant,  the  valves  had  been  in  service  about 
two  years  and  had  given  no  trouble  whatever. 

Holyoke,  Mass.  C.  B.  HUDSON. 


Handy  To(>Ih  f<»r  ihe  WaU'r-Power  Plant, 

Many  readers  of  I'oirrr  are  no  dcjul;t  ojjDrators  < 
hydro-electric  generating  plants  and  have  to  conter 
with  various  perplexing  problems,  one  of  which  ia  tl 
leaf  and  ice  gorge.  The  leaf  gorge  occurs  at  varioi 
times,  beginning  with  the  first  fall  of  leaves  in  tl 
autumn  and  recurring  as  each  "high  water"  rises 
higher  levels  along  the  river  banks,  thus  reachit 
leaves  deposited  at  those  levels. 

Troubles  from  ice  may  be  due  to  surface  or  cake  l 
or  to  frazil  or  anchor  ice.  The  illustration  shov 
three  devices  that  have  proved  their  worth. 

One  is  a  modified  rake  used  for  pulling  leaves  fro 
the  trash  racks,  made  by  bending  the  two  out<«i( 
teeth  at  right  angles  to  the  others  so  that  the  teet 
of  the  rake  are  allowed  to  slip  in  between  the  bai 
of  the  trash  rack  only  the  desired  distance,  and  th 
distance  is  made  less  than  that  from  the  outer  edj 
of  the   rack   bar   to   the   bolts   that   hold   the    rack  t 


HOME-MADE    TOOLS    FOR    WATER-POWER    PLANT 

gether.  This  arrangement  eliminates  the  chances  ( 
the  teeth  catching  the  bolts  that  hold  the  bars. 

Another  handy  tool  is  an  ice  hook  that  was  quick! 
made  in  an  emergency  and  serves  its  purpose  ac 
mirably.  It  is  used  to  pull  from  the  racks  cakes  ( 
ice  that  would  otherwise  be  difficult  to  dislodge.  It  : 
made  of  two  pieces  of  wood  bolted  together  as  showi 
The  long  ends  are  used  as  handles,  and  in  the  oth( 
ends  sharpened  spikes  are  driven.  When  the  ice  ; 
too  heavy  to  handle  with  this  device,  regular  i( 
tongs  are  used  with  a  rope  to  a  tackle  block. 

Richmond,  Va.  JAMES  M.  Pitrcell. 

Conditional  Acceptances  of  Equipment 

By  a.  L.  H.  Street 

Plaintiff  sold  two  automatic  boiler  cleaners  to  d' 
fendant  under  a  contract  providing  for  a  60  days'  tria 
and  providing  that  if  the  equipment  should  prove  to  t 
satisfactory  the  defendant  would  honor  draft  for  th 
price  60  days  after  the  installation.  It  was  agree 
thaji  if  the  cleaners  should  not  work  satisfactorily  th 
defendant  would  so  notify  plaintiff  in  writing,  affordin 
the  latter  opportunity  to  make  the  appliances  satisfac 
tory.  Defendant  gave  no  intimation  of  dissatisfactio 
within  the  60-day  period.  Under  these  circumstance 
it  is  held  by  the  Kansas  Supreme  Court  that  defendant' 
obligation  to  pay  the  purchase  price  became  absolute. 
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INQUIRIES  OF  GENERAL  INTEREST 


Varyins  the  Speid  of  Wound-Rotor  Motor — Is  it  practical 
vary  the  speed  in  a  ratio  of  3  or  4  to  1  of  a  wound-rotor 
luction  motor,  by  varying-  the  rotor's  resistance?  T.  A. 
rhe  speed  can  be  reduced  in  this  ratio  but  it  is  not  prac- 
al  on  account  of  the  unstable  operating  condition  of  the 
itor  at  such  reduced  Lpeeds,  and  the  motor's  efficiency  will 
;o  be  very  low,  since  75  or  80  per  cent,  of  the  total  energy 
<en  by  the  motor  is  expended  in  the  rotor's  external 
iistance. 

Wiredrawing  of  Steam — What  is  wiredrawing  of  steam  ? 
n  any  form  of  pressure-reducing  valve  operate  without 
redrawing?  A.  P. 

rhe  term  "wiredrawing"  is  applied  to  the  operation  of 
icharging  steam  through  an  aperture  or  passage,  but 
most  commonly  employed  with  reference  to  a  constric- 
n  of  the  flow  that  results  in  sudden  increase  of  velocity 
2  to  the  discharge  taking-  place  from  a  higher  to  a  lower 
jssure.  The  very  operation  of  a  pressure-reducing  valve 
to  automatically  adapt  the  discharge  aperture  to  the 
e  of  opening  lequired  for  the  flow  necessary  to  sustain 
;  desired  pressure  on  the  low-pi'essure  side  compatible 
th  the  difference  of  pressure.  A  reduction  of  pressure 
the  steam  in  passing  through  the  valve  must  be  accom- 
nied  by  velocity  due  to  the  diff'erence  of  pressure,  and 
-  any  flow  to  take  place  there  must  be  some  degree  of 
redrawing. 

Piston  Speed  of  Pumps — What  should  be  the  maximum 
ton  speed  for  pumps  of  various  lengths  of  stroke  up  to 
in.?  J.  S.  M. 

rhe  maximum  speed  without  undue  slippage  is  limited 
linly  by  the  time  required  for  the  valves  to  seat  prop- 
y,  which  depends  on  the  number,  type  and  size  of  the 
Ives  and  number  of  reversals  per  minute.  For  pumps 
good  design,  and  ordinary  ratio  of  diameter  to  stroke, 
!  following  speeds  may  be  regarded  as  the  maximum  for 
Dd  operation: 


PISTON  SPEED.->,  FEET  PER  MINUTE 


.Stroke, 
Inches 


Ordinary   Service. 

Boiler   Feeding, 

Fei't  per  Minute 

Feet 

per  Minute 

40 

20 

50 

25 

60 

30 

65 

33 

75 

38 

eo 

40 

90 

45 

too 

50 

Required  Cutoff  for  Different  Initial  Pressure — An  auto- 

itic  noncondensing  engine  20  x  16  in.,  running-  208  r.p.m., 
supplied   with   steam   at   an    initial   cylinder   pressure   of 

lb.  gage  and  cuts  off'  at  25  per  cent,  of  the  stroke  when 
trying  rated  load.  What  will  be  the  point  of  cutting  off 
•  the  same  load  when  the  initial  pressure  is  70  lb.  gage? 

E.  J.  W. 
For  the  same  load  and  speed,  the  length  of  cutoff"  must 

appropriate  for  obtaining  the  same  m.e.p.,  and  that 
pends  on  the  initial  pressure,  per  cent,  of  cylinder  clear- 
ce  space  and  back  pressure.  The  formula  for  finding 
3  average  absolute  forward  pressure  for  1  lb.  absolute 
tial  pressure  is: 

P  =  (1  +  log,  R)  (f  +  c)  -  c 
which  P  =  average  forward  pressure  per  pound  absolute ; 
=  ratio  of  expansion  =  (1  +  c)  -^  (c  +  f)  ;  f  =  per 
It.  of  cutoff;  and  c  =  per  cent,  of  clearance.  Allowing 
per  cent,  cleai-ance  and  25  per  cent,  cutoff,  the  formula 
'uld  give  P  =  0.6359,  and  the  forward  pressure  for  an 
tial  pressure  of  90  lb.  gage,  which  is  equal  to  an  abso- 
:e  pressure  of  about  90  -f-  15  =  105  lb.  absolute,  would  be 
!359  X  105  =  66.77.  The  m.e.p.  would  be  the  average 
rward  pressure  minus  the  average  back  pressure.  As- 
ming,  for  example,  the  average  back  pressure,  including 


compression,  to  be  30  lb.  absolute,  the  net  m.e.p.  would  be 
j66.77  —  30  =  36.77  lb.  Assuming-  any  ditt'erent  back  pres- 
.sure  as  28  lb.,  in  the  case  of  an  initial  pressure  of  70  +  15 
—  85  lb.  absolute,  the  average  absolute  forwai'd  pressure 
vv'ould  need  to  be  36.77  -j-  28  =  64.77  lb.,  and  the  cutoff 
Vifould  be  at  a  fraction  of  stroke  giving  64.77  h~  85  =  0.762 
lb.  average  forward  pressure  per  pound  initial  absolute. 
With  this  value  of  P,  the  value  of  /  in  the  formula  can  be 
found  by  assuming  different  values  of  R.  But  in  place  of 
such  a  tedious  operation,  we  may  turn  to  a  table  of  mean 
pressures  per  pound  of  initial,  with  different  clearances  and 
points  of  cutoff,  such  as  given  on  page  115  of  Low's  "Steam 
Engine  Indicator,"  which  gives  as  the  nearest  an  average 
pre.=isure  of  0.7646  for  7  per  cent,  clearance  for  cutoff  at  « 
of  the  stroke. 

Charging  Storage  Batteries — Can  a  small  direct-current 
generator  that  has  a  voltage  range  up  to  25  volts  be  used 
to  charge  two  3-cell  and  two   4-cell  storage  batteries  ? 

R.  G. 

If  the  generator  has  sufficient  current  capacity  without 
overheating,  it  may  be  used  to  charge  the  batteries.  How- 
ever, it  will  be  necessary  to  connect  one  3-cell  battery 
in  series  with  a  4-cell  battery  and  connect  the  two  groups 


across  the  generator,  as  indicated  in  the  figure,  or  one 
group  may  be  charged  at  a  time.  It  will  require  about 
18  volts  to  bring-  the  groups  up  to  full  charge.  This 
voltage  can  be  obtained  by  an  adjustable  rheostat  in  the 
field  circuit,  as  shown.  A  group  of  two  3-cell  batteries, 
connected  in  series,  can  be  charged  alone  and  will  require 
about  10  volts;  a  group  of  two  4-cell  batteries  connected 
in  series  can  be  charged  alone,  and  will  require  about  21 
volts.  The  foregoing  statements  are  based  on  the  assump- 
tion that  the  batteries  have  the  same  ampere-hour  capacity. 

Speed  of  Engine  Required  to  Develop  Given  Power — 
What  speed  would  be  necessary  for  a  14  x  16-in.  slide-valve 
engine,  with  throttling  governor,  to  develop  100  i.hp.,  if 
supplied  with  steam  at  100  lb.  pressure?  E.  T. 

The  highest  mean  effective  pressure,  and  consequently 
the  most  power  obtainable,  would  depend  on  the  design, 
size  and  working  condition  of  the  throttling  governor,  the 
steam-chest  pressure  realized,  the  dimensions  of  the  valve, 
ports  and  passages,  the  amount  of  lead,  points  of  cutoff  and 
compression,  as  determined  by  the  valve  design  and  setting, 
and  the  amount  of  back  pressure  on  the  exhaust.  With 
cutoff  at  about  i  of  the  stroke,  2  to  3  lb.  back  pressure  on 
the  exhaust  and  enough  compression  of  the  exhaust  for 
smooth  running,  the  m.e.p.  realized  would  be  about  55  lb. 
With  that  m.e.p.  the  power  developed  per  r.p.m.  would  be, 
55  X  (14  X  14  X  0.7854)  X  1«  X  2       .  ..^  .  ,  ^     ,.      , 

S'TOOO^^  ^  0.684  hp.,  and  to  develop 

100  hp.  would  require   100   -^    0.684    =    146.19  r.pm. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the 
communications  and  for  the  inquiries  to  receive  atten- 
tion.— Editor.] 
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5  -   MAk-E    NOTES  ON    MAPGIN 


ON  THE  opposite  page  is  an  innovation  in  technical 
literature  that  will  be  a  valuable  aid  to  every  man  who 
has  to  do  with  power-plant  equipment.  It  preserves 
for  permanent  record,  in  standardized  form,  a  classified  and 
illustrated  history  of  progress  in  power-plant  apparatus;  a 
record  that  will  gain  in  value  in  rapidly  increasing  measure 
as  the  weeks  go  by. 

The  superintendent  and  the  chief  engineer  who  look  for 
the  last  word  in  power-plant  apparatus  will  find  in  this  an 
index  of  all  the  new  machines  and  instruments  available 
for  obtaining  economy — and  find  them  instantly.  There 
will  be  no  need  of  going  over  back  issues  of  Power. 

The  designer  who  must  keep  in  touch  with  progress  vnll 
find  in  this  clipping  index  a  complete  summary  of  new 
developments. 

Ever>-one  interested  in  power-plant  apparatus  has  in  this 
index  a  centralized  directory  of  "What  is  What"  in  new 
equipment  for  their  requirements. 

Patent  lawyers  will  use  this  index  as  an  indisputable  evi- 
dence of  priority,  since  the  date  of  publication  is  printed  on 
each  item.  Consulting  engineers  will  welcome  a  perpetual 
record  with  such  flexibility  of  filing. 


Technical  schools  and  colleges  will  appreciate  the  v* 
of  a  continually  up-to-date  textbook  on  the  important  »■ 
ject  of  power-plant  equipment. 

The  method  of  utilizing  this  information  is  clearly  •- 
cated  in  the  illustration.  Separate  individual  descript  «■ 
paste  them  on  a  3  x  5  in.  card,  and  file  as  desired.  H  h 
for  alphabetically  filing  can  be  taken  from  the  P'" 
Buyers'  Cyclopedia. 

Power  is  glad  of  the  opportunity  of  presenting  thl'f 
complishment  to  its  readers. 


The  water  power  committee  of  the  British  Con  * 
Board  of  Scientific  Societies  has  come  to  certain  co  a- 
sions,  one  of  which  is  that  the  development  of  the  Emi  ■ 
natural  resources  is  inseparably  connected  with  th^w 
its  water  power,  says  the  Engineer.  It  estimates  tha  * 
Empire's  water  power  is  from  fifty  to  seventy  jiillion  h  <• 
power.  The  Canadian  branch  of  the  committee  showed  a: 
Germany  had  utilized  her  water  power  most  (43.4  per  i'' 
of  the  world's  water  power).  Great  Britain  only  more  ^ 
Russia,  which  has  done  least  (8.3  per  cent.)  in  this  (i<- 
tion. 
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'aroa<'e  C'onNt  ruction,  Bernitz. 

Bcrnitz  Jlethod   <^o.,  Tieniont,  Treniont  BIdg..   Boston,  Mass. 
•Power."   Uoc.    17,    1918 


Designed  to  prevent 
he  formation  of  clink- 
•rs  on  boiler-furnace 
iide  walls  and  on 
)ridpe  walls.  Sy.stem 
lonsists  of  an  anange- 
ment  of  firebrick  in 
;he  furnace  walls 
.vhereby  air  is  ad- 
tiitted  between  the 
)ricks  of  the  side  st-t- 
ing  and  at  the  bridge- 
vall  into  the  fuel  bed. 
\ir  is  supplied  by 
neans  of  forced  draft 
hrough  suitable  ducts 
ind  is  controlled  by  a 
lamper. 


?lant,   "Alco"   Power   and   Lighting 

Automatic   Light   Co.,    Inc.,    Minneapolis,    Minn. 
"Power."  .Ian.   21.   IfM'i 


Consists  of  a  single-cylinder 
'our-cycle  water-cooled  engine 
llrectlv  connected  to  a  direct-cur- 
rent generator.  Duplex  wound. 
llO-volt  power  and  lighting  eir- 
3uit  ;  "i-volt  on  starting  and  bat- 
;ery  chai-ging.  Unit  stops  auto- 
natically  when  current  is  not 
jeing  used. 


Furnace   Blocks,    Urake   Non-CIink»ring. 

Sleicher  &  Drake.  5  Beekman  St.,  New  York  City. 
"Power,"   Kcb.    4,   1919 


A  system  whereby  air 
i.s  admitted  to  the  boiler 
furnace  along  the  fire 
line  at  tlip  side  walls 
and  bridge-wall  through 
tapered  air  holes  in 
specially  designed  fire- 
brick blocks.  .\n  air 
duct  is  formed  at  the 
back  of  the  block  and  is 
run  to  a  windbox.  A 
damper  controls  the  air 
supi)ly  to  the  air  duct. 
The  object  is  to  prevent 
the  formation  of  clink- 
ers on  the  furnace 
setting. 


Oil   Can,    Bateman   Illuminated 

William  G.   Bateman.   154   Lackawanna  .\v< 
Penn. 

Power,'   Jan.    14,    1919. 


Consists  of  a  battery,  electric  light 
and  wiring  attachment.  Pressing 
a  lever  closes  the  electric  circuit  and 
the  light  at  the  end  of  the  oil-can 
spout  illuminates  the  point  to  be  lub- 
ricated. Light  can  be  dispensed  with 
when  not  needed  by  throwing  back 
lever. 


East   Stroudsburg, 


Purnaee   S.vstem,   Carrick. 

Carrick  Engineering  Co.,  538  South  Clark  St..  Chicago.   111. 
"Power."    Dec.   24.    191  s 


'     Smoke   Preventer,   Kosel. 

Henry  G.  Kosel.  40.5  E.  168th  St.,  New  York  City. 
"Power,"  Jan.   21.   1919 


Grates  are  made  with 
lir  passages  oblique  and 
lOEzle-shaped.  so  that  a 
nultitude  of  separate 
ilreams  of  air  travel 
through  them  to  the 
fuel  bed.  .■Vir  is  sup- 
ilied  through  a  duel 
leading  to  the  ashpit. 
the  supply  being  regu- 
lated  by  a   damper. 


Bridge-wall  of  furnace 
supplemented  by  a  sec- 
ond one  and  so  arranged 
that  an  air  space  is 
left  between  them.  The 
opening  at  the  top  of 
the  bridge-wall  directs 
the  air  toward  the 
combustion  chamber  and 
thus  assi.sts  in  the 
combustion  of  furnace 
gases.  Air  enters  the 
bridge-wall  air  space 
from  the  ashpit.  Air 
volume  is  controlled  by 
a  damper  and  a  plunger 
in  a  cylinder  containing 
glycerine  or  oil. 


Flange   Attachment,    Ideal 

Kroeschell  Bros.   Co.,  440   W.  Erie  St..  Chicago,  111. 
•Power,"  Jan.  14,  1919 


An  attachment  with  chain  wrench  for  use  with  flanges.  Made 
in  si.\  sizes,  with  a  total  range  of  from  li-in.  to  20-in.  in  pipe 
Sizes. 


Rivet,  American 

.\merican   Fle.xible  Bolt  Co., 
"Power," 


Rivet  is  designed  with 
the  head  but  partly 
formed.  As  the  head  is 
finished  when  driving,  the 
metal  is  forced  to  flow 
into  the  opening  between 
the  shank  and  the  plate, 
thus  making  a  tight  rivet. 
But  one  stock  of  each  size 
is  required  as  the  head  in 
driving  can  be  formed  to 
any  desired  shape. 


Pittsburgh,   Penn. 
Dec.    31,    1918. 
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Patented  Aug.  20,  1918 
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Dci'liiiiiig  Supi)!^    ol"  Molor  Fuel 

The  Society  of  Aulomolivo  KnKincors,  at  it«  recent  an- 
nual nuetin^.  devoU-il  an  entire  .session  to  discussion  of 
the  fuel  iiucstion.  This  session  was  anan^'ed  at  the  SUK- 
gestion  of  Dr.  Jo.seph  K.  I'ojrue,  of  tlie  Bureau  of  Oil  Con- 
servation, United  StJiles  I'uel  Administration,  who  pre- 
sented a  paper  entitled  "An  Interpretation  of  the  Kuel 
rrohleni."  In  this  paper  he  pointed  out  how  rapidly  the 
ilenumd  for  cnjrine  fuel  has  been  increasing  and  will  shortly 
exceed  the  available  annual  suiiply,  although  domestic  pro- 
tluction  is  about  IMO.OOO.OOO  bbl.  and  00,000.000  bbl.  arc 
imported.  He  stated  that  about  20  per  cent,  of  the  crude 
petroleum  is  beinR  converted  into  K"soline.  This  percent- 
age can  be  increased  hy  employinR  more  modern  refining 
methods,  but  not  without  increasing  the  price.  The  stock 
remaininir  will  naturally  become  heavier  all  the  time,  and 
the  yield  of  gasoline  is  thus  bound  to  decline,  so  that 
finally  not  more  than  24  per  cent,  can  be  reclaimed  as  gas- 
oline. 

The  blending  of  high-volatile  gasoline  made  from 
natural  gas  with  low-volatile  refinery  gasoline  is  widely 
employed,  but  tlie  quantity  made  available  by  this  method 
is  relatively  small.  By  lowering  the  volatility  of  the  gaso- 
line through  tiie  u.-^e  of  a  larger  percentage  of  the  volatile 
petroleum  such  as  kerosene,  the  supply  of  engine  fuel  can 
be  increased,  but  not  indefinitely  or  without  disadvantages. 
The  great  objection  to  this  plan  is  that  existing  types  of 
automobile  engines  are  not  adapted  for  burning  the  heavier 
oil. 

The  hope  of  obtaining  adequate  supplies  from  Mexico 
he  believed  to  be  ill-founded  because  the  extent  of  sup- 
ply was  an  uncertain  factor,  and  the  ships  of  Great  Britain 
and  the  Lnited  States  are  already  drawing  heavily  on 
Mexican  oil.  Moreover,  the  heavy  Jlexican  crude  has  low 
gasoline  content.  Substitute  fuels,  such  as  benzol,  alcohol 
and  shale-oil  distillate  may  well  be  considered  and  may 
have  to  be  adopted  ultimately,  but  their  price  will  neces- 
sarily be  greater  than  that  of  gasoline  today,  because  of 
high  manufacturing  cost.  The  retail  price  would  reach 
50  or  60c.  per  gallon. 

The  two  possible  (and  perhaps  temporary)  solutions  of 
the  pi-oblem  are:  The  more  intensive  refining  (or  "crack- 
ing") of  the  crude  petroleum,  with  its  necessarily  greater 
cost  per  gallon  and  the  development  of  engines  capable  of 
utilizing  fuel  less  volatile  than  gasoline.  A  third  item 
that  will  help  to  alleviate  the  situation  is  to  build  engines 
whose  consumption  is  less  than  that  of  the  average  present- 
day  engine,  but  not  without  adding  machinery,  expense 
and  complications.  Dr.  Pogue  sums  up  the  situation  as 
follows : 

1.  The  automotive  industry  can  no  longer  afford  to  ignore 
the  engme-fuel  problem. 

2.  The  supply  will  positively  decline,  and  the  price  will 
rise  without  our  being  prepared  for  it. 

3.  The  burden  falls  upon  the  engine.  It  must  adapt 
itself  to  less  volatile  fuel  and  should  be  made  to  burn 
oil  with  less  waste. 

4.  To  accomplish  these  results  is  the  task  put  before 
the  Automotive  Engineers,  who  must  study  the  petroleum, 
keep  the  mdustry  informed  and  conduct  reseai-ches  with  a 
view  to  averting  an  otherwise  great  calamity  which  would 
seriously  disorganize  an  indispensable  system  of  transpor- 
tation. 

Dr.  David  White,  Chief  Geologist  of  the  United  States 
Geological  Survey,  presented  at  this  meeting  an  authorita- 
tive statement  of  American  petroleum  resources.  His  paper, 
entitled  "The  Unmined  Supply  of  Petroleum  in  the  United 
States,"  represents  the  result  of  elaborate  investigations 
into  the  quantities  of  oil  used  and  still  available  in  the 
various  producing  districts  of  this  country. 

To  satisfy  public  interest,  the  Government  has  had  four 
estimates  made  of  the  oil  resources  of  the  United  States. 
The  latest  of  these  places  the  oil  available  in  the  ground 
at  the  end  of  1918  at  6,740,000,000  bbl.  The  total  output 
of  oil  in  the  United  States  in  1917  was  335,315,601  bbl., 
and  Th  1918  probably  345,500,000  bbl.  The  total  production 
from  1858  to  date  is  estimated  at  4,598,144,000  bbl.  To  sup- 
ply  our  demand  in   1918,  27,000,000   bbl.   had   to  be   taken 


from  storage,  and  in  addition,  31,000,000  bbl.  was  imported 
from  Mexico.  The  deficiency  in  current  production  during' 
11M«  was  therefore  58,000,000  bbl.  A  continuation  of  the 
consumption  curve  indicates  for  1919  a  consumption  beyond 
the    100  million  mark   (it  was  .'{97  million  in   1918). 

Dr.  White  fears  that  .Mexico  has  less  oil  under  ground 
than  the  United  States.  But  he  holds  out  the  hope  that 
processes  may  be  developed  which  will  permit  of  extract- 
ing  oil  on  a  commercial  and  economical  scale  from  the  great 
deposits  of  shale  that  exist  in  (Colorado,  Utah,  Wyoming 
and  Nevada.  These  deposits  of  oil  shale  three  feet  in. 
thickness  are  cai)able  of  yielding  25  gal.  of  oil  per  ton  of 
rock,  or  a  total  of  75  billion  barrels.  In  this  case  the  ' 
gasoline  content  would  be  about  12  per  cent.  Hydrocarbon 
engineers  and  chemists  are  expected  to  conduct  the  neces- 
sary researches  leading  to  a  utilization  of  the  oil  shalei 
before  the  sui)ply  of  jietroleum  from  other  sources  dedinex 
too  far.  Immense  distilling  plants  will  be  necessary  to 
treat  the  millions  of  tons  of  shale  rock,  and  to  develop 
and  construct  these  will  require  the  expenditure  of  much 
time  and  capital. 

Comparison  of  Steam  Engines  and 
Gas  Engines 

Late  in  1918  a  Congress  of  Civil  Engineering  was  held 
at  Paris,  at  which  Mr.  Compere,  manager  of  the  Parisian 
Association  of  Steam  Boiler  Proprietors,  presented  a  paper 
dealing  with  the  status  of  motive  power  in  France  at 
present.  In  it  he  observed  that  the  operation  of  a  gas 
producer  demanded  closer  attention  than  did  a  steam  en- 
gine. To  this  statement  R.  E.  Mathot  took  exception,  on 
the  ground  that  it  was  unfair  to  compare  the  producer  to 
the  steam  engine  and  that  it  should  be  properly  compared 
to  the  steam  boiler.  In  the  latter  case  the  producer  had 
the  advantage,  as  it  needed  to  be  fed  with  fuel  every  three 
hours  and  cleaned  once  a  day,  whereas  a  boiler  needed  fre- 
quent firing  and  cleaning  of  fires. 

To  the  statement  of  Mr.  Compere  that  the  producer-gas 
engine  worked  faultily  because  of  the  vai-ying  proportions 
of  steam  and  air  admitted  to  the  producer,  Mr.  Mathot 
replied  that  it  was  true  enough  as  applied  to  obsolete  de- 
signs, but  that  in  modern  plants  the  steam  and  air  were 
automatically  regulated.  He  admitted  that  keeping  the 
fire-doors  open  too  long  might  affect  the  power  of  the 
engine  when  working  under  full  load,  but  he  pointed  out 
that  in  a  steam  boiler  a  drop  of  pressure  would  result 
from  the  same  cause,  and  consequently  a  decrease  of  power 
of  the  steam  engine,  if  it  were  overloaded.  He  empha- 
sized the  fact  that  the  skill  of  the  attendant  affected  the 
economy  of  the  producer  little,  if  at  all,  but  that  the 
economy  of  a  steam  boiler  depended  almost  wholly  on  the 
stoker. 

Mr.  Compere  quoted  a  statement  to  the  effect  that  in  a 
factory  using  uniform  power  ten  hours  a  day,  a  gas  engine 
would  be  advantageous  up  to  200  hp.,  but  that  with  variable 
load  conditions  a  good  up-to-date  steam  plant  would  con- 
sume less  fuel  from  30  to  40  hp.  up.  Mr.  Mathot  objected 
to  this  statement  and  insisted  that  there  was  no  examnle 
of  a  modem  gas-power  plant  that  consumed  more  than  1.5 
to  1.7  lb.  of  anthracite  per  horsepower-hour,  whereas  a 
steam  plant  of  even  an  improved  design  would  use  3  to 
4  lb.  of  coal  of  equivalent  value.  On  the  basis  of  a  normal 
load  of  200  hp.  the  comparison  would  be  favorable  to 
the  gas  producer  because  it  could  show  an  economy  of  1 
lb.  of  coal  per  brake  horsepower-hour  as  against  2  lb.  in 
the  steam  plant. 

It  was  argued  that  a  producer  run  during  the  day  kept 
on  consuming  coal  during  the  night,  but  Mr.  Mathot  con- 
tended that  this  was  equally  true  of  the  steam  boiler  that 
is  banked  and  that  much  more  fuel  would  be  required  to 
hold  the  fire  and  i-aise  steam  in  a  steam  boiler  than  in  a 
producer.  He  stated  that  a  200-hp.  boiler  would  reauire 
about  150  lb.  of  coal  for  banking  and  at  least  200  lb.  to 
come  up  to  working  pressure  in  the  morning,  whereas  a 
200-hp.  producer  would  require  only  about  40  lb.  of  coal 
and  the  use  of  the  blower  for  a  quarter  of  an  hour  at 
starting. 


February  18,   1919 
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United  States  Employment  Service 

For  the  first  time  in  the  history  of  America's  develop- 
nt,  employers  have  an  opportunity  of  selecting  from  a 
jje  and  varied  list  of  highly  educated  and  experienced 
n  those  individuals  especially  equipped  to  meet  their 
rticular  requirements. 

Engineers,  executives,  men  of  college  training  and  prac- 
:il  experience  in  business  and  technical  fields  are  now 
ng  released  from  the  Army,  Navy  and  war  work.  The 
jfessional  and  Special  Section  of  the  United  States  Em- 
ynient  Service,  a  branch  of  the  Department  of  Labor. 
^  been  oi'ganized  for  the  benefit  of  employers  in  need 
these  men.  The  service  is  entirely  free  of  charge, 
riie  organization  already  has  thousands  of  well-educated. 
)erienced  men  on  its  lists  and  is  daily  placing  many  of 
■m  in  touch  with  employers.  I.  W.  Litchfield,  the  head 
the  Professional  and  Special  Section,  was  one  of  the 
ranizers  and  directors  of  the  United  States  Public  Serv- 
Reserve,  which  supplied  high-grade  engineers  and  busi- 
s  men  to  the  Government  for  war  work, 
rhe  Employment  Service  is  now  divided  into  two  great 
les  for  the  purposes  of  the  professional  and  special  sec- 
1.  The  New  York  office,  headquarters  for  the  Eastern 
16,  at  16  East  42nd  St.,  is  in  charge  of  the  following 
tes:  Maine,  New  Hampshire,  Vemiont,  Massachusetts, 
ode  Island,  Connecticut,  New  Yoi-k,  New  Jersey,  Penn- 
vania,  Delaware,  Ohio,  Maryland,  Virginia,  West  Vir- 
ia,  North  Carolina,  South  Carolina,  Georgia,  Florida  and 
ibama.  The  Chicago  office,  headquarters  for  the  Cen- 
1  Zone,  at  63  East  Adams  St.,  is  in  charge  of  all  re- 
ining states.  Later  zone  offices  will  be  established  to 
e  charge  of  part  of  the  tei-ritory  now  in   the   Chicago 


The  Service  is  now  represented  in  each  of  the  forty- 
eight  states  by  a  head  office  under  the  immediate  juris- 
diction of  the  Federal  Director  for  that  state.  All  local 
community  labor  boards  are  responsible  directly  to  the 
Federal  Director  in  their  work  of  placing  skilled  and  un- 
skilled labor.  The  office  of  the  Federal  Director  is  par- 
ticularly charged,  however,  in  filling  requisitions  from  em- 
ployers for  the  highest  type  of  business,  professional  and 
technical  men.  This  class  of  men  are  registered  only  in 
the  Professional  and  Special  Section.  In  case  the  office  of 
the  Federal  Director  for  a  particular  state  cannot  supply 
the  high-grade  man  required  by  an  employer,  the  requisi- 
tion for  that  man  is  forwarded  at  once  to  the  zone  office 
to  which  that  state  is  responsible.  Likewise,  the  applica- 
tions of  men  qualified  for  important  positions  are  forwarded 
through  the  same  channels. 

The  United  Engineering  Societies,  composed  of  the  four 
great  engineering  organizations — American  Society  of  Me- 
chanical Engineers,  American  Society  of  Civil  Engineers, 
American  Institute  of  Electrical  Engineers  and  American 
Institute  of  Mining  Engineers — are  now  cooperating  with 
the  Pi'ofessional  and  Special  Section  in  placing  men  in  the 
engineering  professions.  The  high  standards  maintained 
both  by  the  Government  organization  and  by  the  societies 
has  proved  to  be  of  the  utmost  benefit  to  employers  as 
well  as  to  experienced  engineers  seeking  employment. 

The  employer  should  at  once  get  in  touch  with  the  office 
of  the  Federal  Director  in  his  state  or  write  direct  to  either 
the  New  York  or  Chicago  Zone  offices.  It  is  important  that 
the  employer  give  complete  and  specific  details  of  the 
position  to  be  filled,  together  with  the  maximum  and  mini- 
mum salary  he  is  willing  to  pay.  These  details  are  re- 
garded as  confidential  by  the  Government  and  are  withheld 
from  tiie  applicant. 


New  Publications 


OAM  K.N'GINBS.  By  E.  M.  Shealy.  as- 
sociate professor  of  steam  engineer- 
ing. I'niversitv  of  Wisconsin.  Pub- 
lished bv  McGraw-Hill  Book  Co..  239 
West  .39th  St..  New  York.  6  x  9  in.  : 
290  pages;  173  illustrations;  cloth. 
Price.    $2.50. 

his  is  used  a.s  a  textbook  for  correspond- 
:■  students  in  the  University  of  AVis- 
sin  Extension  Division  and  is  an  excel- 
treatment  of  the  subject  for  operating 
ineers.  Tlie  fundamental  principles  un- 
ylng  the  operation  of  the  steam  en- 
>  are  presented  in  as  simple  and  non- 
hematical  manner  as  possible.  Enougli 
the  practical  features  of  steam-engrine 
Kn.  construction  and  operation  are  given 
illustrate  the  principles  and  in  such  a 
iner  that  operating  engineers  will  be 
'  to  supplement  other  applications  of 
principles  presented.  That  part  of  the 
k  dealing  with  valve  gears  has  been 
le  more  complete  than  other  sections. 
to  good  purpose,  because  operating 
ineers  usually  do  not  understand  the 
.  e-gear  mechanism  of  their  engines  as 
I  as  other  parts.  The  work  is  divided 
'  20  chapters  under  the  titles:  Principles 
the  Steam  Engine ;  Corli.ss  and  Other 
rines;  Parts  of  the  Steam  Engine:  Heat, 
rk  and  Pre.ssure :  Properties  of  Steam  : 
icators :  Indicated  and  Brake  Horse- 
er ;  .Action  of  Steam  in  the  Cvlinder : 
im-Engine  Testing:  The  Slide  Valve; 
■  Valve  Diagram:  Valve  Setting:  Shift- 
Eeeen'.ric  and  Meyer  Valve  ;  Reversing 
•hanisms;  Corliss  Valve  Gears;  Cov- 
ing: Compound  Engines:  Condensing 
)aratus ;  Lubrication  :  and  General  Prin- 
es  of  Steim   Turbines. 

FUEIj  FACTS 
he  United  States  Fuel  Administration 
issued  a  second  revised  edition  of  "Fuel 
:ts."  which  contains  valuable  informa- 
I  for  consumers  and  .-avers  of  fuel.  A 
y  may  be  had  by  api)lying  to  the  V.  S. 
■1    Administration.   Washington.    D.    (" 


Personals 


•  V.  Henderson.  %vho  until  recently  was 
wiated  with  the  firm  of  Pratt  &  Hen- 
son,  power-plant  specialists,  has  been 
•ointed  chief  engineer  of  the  Hotel  Stat- 
Detroit. 


L,.  V.  VJiu'cnt.  for  the  la.-;t  six  vears 
master  mechanic  at  Wilson  &  Co.'s  Okla- 
homa City  plant,  has  taken  a  position  as 
chief  engineer  of  the  Steffens-Brecht  Cream- 
er.v  Co..   of  the  same  city. 

Donald  I).  Davis,  a  man  of  practical  en- 
gineering, accounting  and  factory  execu- 
tive experience,  has  been  appointed  to  con- 
duct an  industrial  department  which  has 
been  established  by  the  Liberty  National 
Bank  of  New  York  for  the  purpose  of  offer- 
ing its  services  in  an  advisory  capacity  on 
matters  pertaining  to  manufacturing  and 
industrial    problems. 


Engineering  Affairs 


The  .American  Institute  of  lOlertrieal 
Engineer.s  will  hold  its  seventh  midwinter 
convention  in  the  Qigineering  Societies 
Building.  33  West  39th  St.,  New  York  Citv. 
Feb.    19-21. 

The  Detroit  Kngineering  Society  will  hold 
a  joint  meeting  with  the  Michigan  Chapter 
of  the  -Vmerican  Society  of  Heating  and 
Ventilating  Engineers  on  Feb.  21.  L.  D. 
Royer.  of  the  Power  and  Construction  De- 
partment of  the  Ford  Motor  Co..  will  talk 
on  "The  Measurement  of  Flow  of  Liquids 
and  Gases  by  Means  of  the  Pilot  Tube." 

The  .American  Electric  Kailwa,v  Associa- 
tion will  hold  its  first  midyear  meeting  and 
dinner  since  the  entry  of  the  United  States 
into  the  war.  in  New  York  City  on  Mar. 
14.  The  meeting  will  be  held  in  thvi  morn- 
ing and  afternoon  in  the  Engineering  So- 
cieties Building.  29  West  39th  St..  and  the 
dinner  in  tlie  evening  in  the  grand  ball 
room  of  the   Waldorf-Astoria   hotel. 


Miscellaneous  News 


The  New  Jerse.v  State  Board  of  Boiler 
Rules  met  at  Newark.  N.  J..  Feb.  13  and 
adopted  the  recent  revisions  of  Part  I.  Sec- 
tion I  of  the  .A.  S.  M.  K.  Boiler  Code  for 
construction  of  power  boilers,  which  was 
reviewed,  pages  196-198  of  Feb.  11  issue 
of  "Power.  ■  and  the  revision  of  Part  I, 
Section  II  for  construction  of  heating 
boilers,    reviewed    page   236   of   this   issue. 

The  Massachusetts  Board  of  Boiler  Rules, 
which  held  its  semi-annual  hearing  on  pro- 
posed changes  on  Nov.  7,  1918,  has  changed 
Rules  2  and  3,  Part  III.  Sec.  1,  so  as  to 
allow  1)035  per  cent,  instead  of  0.113  per 
cent,     of     phosphorus     (basic)     in     fire-box 


steel  used  in  the  construction  of  boilers. 
This  now  accords  with  the  limit  adopted 
by  the  .American  Societv  for  Testing  Mate- 
rials and  the  Code  of  the  American  So- 
ciety of  Mechanical  Engineers.  The  com- 
position of  extra-.soft  steel  remains  as 
before.  This  law  becomes  effective  about 
July  1.  but  on  application  to  the  Board 
can  be  taken  advantage  of  on  receiving  its 
permission.  One  boiler  manufacturer  has 
secured  this  permission  in  advance.  A  peti- 
tion by  a  valve  manufacturer  that  safety 
valves  be  allowed  of  the  be\eled-seat  type 
only,  was  withdrawn  without  action  "  bv 
the  Board. 


Business  Items 


The  Angust  Mietz  Corp.  has  moved  from 
424  East  19th  St.  to  310  East  19th  St., 
New  York   City. 

Tlie  Underfeed  Stoker  Co.  of  America 
has  moved  its  general  offices  from  the 
Harris  Trust  Building,  Chicago,  to  the 
Book  Building,  Detroit.  The  Chicago  quar- 
ters will  be  retained,  however,  as  a  dis- 
trict  sales  office. 

The  Josepli  Ij.  Sheldon  Engineering  Co. 
has  moved  into  its  new  location  at  238- 
242  Water  St..  Toledo.  Ohio,  where  a  thor- 
oughly equipped  machine  shop  has  been 
fitted  out  and  a  full  line  of  power  plant 
machinery  will  be  in  stock.  This  comi;;iny 
has  recently  taken  over  the  entire  outj)ut 
of  the  McNauU  Boiler  Co.  of  Toledo,  and 
will  shortly  establish  district  representa- 
tives  in   all   the   principal   cities. 


Trade  Catalogs 


The      Brown      Hoisting      Machiner.v      Co., 

Cleveland,  Ohio,  has  just  issued  its  96- 
page  illustrated  Catalog  K  for  1919,  8J  x 
11  in.  .A  complete  book  of  information  on 
"Brownhoist"   locomotive  cranes. 

The  Coppus  Engineering  and  Enuipnient 
Co.,  Worcester.  Mass..  has  issued  a  bulletin 
covering  its  Type  CCC  Coppus  centrifugal 
turbo  boiler-feed  pump,  and  clearly  describ- 
ing its  advantages.  A  copy  may  be  had 
free  upon    request. 

The  .Steere  Engineering  Co..  of  Detroit. 
Mich.,  has  just  issued  its  Bulletin  No.  36 
on  "Plant  Models."  It  illustrates  the  prac- 
tical metliods  employed  by  this  company 
in  analyzing  and  determining  plant  re- 
quirements A  copy  of  the  bulletin  may 
be    had    free    upon    request. 
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Now  ConRtnirlion 


I'K4>r<)NKI>  U'OKK 
N.  v..  Fur  KookawK.v-  Tli.'  Km-  llookli- 
WHV  SIniiul  Til.iiTr"  *"<>  .  .Sirimil  Thfiitn- 
HUIlt  .  Nt'w  Vork  f'lty.  plmiN  li>  inMiiill  ii 
stfiim  hfiitInK'  HyHlt'iii  In  the  I  hIoiv.  4<  x 
L'.'iii  U.  th(<H(r<>  which  it  plan.s  to  build  un 
«'<>ntnil  Ave.  hiTC.  Total  ojitliimti'il  cost. 
tlUU.OOO. 

N.  Y..  Nrw  York — The  rirtnrlnl  KpvIow 
<•<>.  Vii  Wi'st  39th  St..  will  install  n  stwim 
hi'UtliiK  .systom  In  tho  \2  Htory.  107  x  147 
ft  print Inif  plant  which  it  plan.s  lo  huild 
on  7th  .Vve.  and  39th  St.  Total  estimated 
ct..st.  $1,000,000.  Address  H.  Oood.xtoln. 
Kcpresontntivc. 

N.  Y..  Nrw  Y'oTk— R  I?  Smith,  Consult- 
iiiK  KnKT..  50  l'iu!t  4;nd  St..  is  in  the  mar- 
ket for  1  shape  furnace  and  one  plate  fur- 
nace with  2  motor  driven  blowers,  one 
hydraulic  ram.  8  forge  fires  and  one  1000- 
Ib    steam  h.immer. 

N.  \.,  WardH  iHlnnd — The  State  Hospital 
Commission.  Capitol.  .Mbany.  will  receive 
bids  until  March  4th  for  the  installation 
of  a  heatinK^  plant  and  sanitary  electric 
work  in  the  3  story.  22  x  114  ft.  huildinR- 
which  it  plans  to  construct  at  the  Stato 
Hospital.     Total  estimated  cost,  JIOO.OOO. 

N.  J.,  I'nion  Hill — The  Board  of  Educa- 
tion plans  to  install  a  steam  heating  sys- 
tem in  the  3  story.  100  x  190  ft.  school 
building  which  it  plans  to  construct  on  Hud- 
son   .Vve.      Total   estimated   cost,    $250,000. 

Penn.,  Allentown — The  city  plans  to  build 
an  electric-light  plant,  to  be  operated  in 
connection  with  the  city  water-works  pump- 
ing station.     H.  T.  Bascorti,  City  Engr. 

Penn..  Harrisbon; — The  State  Board  of 
Health  plans  to  build  a  new  electric  power 
plant   at  the  Mount   Alto   Sanatorium. 

Penn.,  Hawle.v — The  Welewood  Silk  Mills 
plan  to  build  a  hydro-electric  plant.  W. 
F.   Suydam.    Mgr. 

-Md.,  Baltimore — The  Building  Committeo 
of  the  Seventh  Baptist  Church.  North  Ave.. 
and  St.  Paul  St..  plans  to  rebuild  the  church 
recently  destroyed  by  fire.  A  steam  heating 
plant  and  electric  lighting  system  will  he 
in.stalled  in  same.  Total  estimated  cost. 
$100,000.  Address  C.  N.  Friz.  14th  floor. 
Lexington    BIdg. 

Md.,  Golden  Hill — W.  F.  Applegarth  will 
install  a  75  h.p.  steam  boiler  and  a  25  h.p. 
engine  in  the  1  story.  HO  x  175  ft.  tomato 
canning  factory  which  he  plans  to  build. 
Total  estimated  cost.  $5000. 

Md.,  Ha«efstown — The  Board  of  Educa- 
tion of  Washington  Co.  plans  to  build  three 
2  and  3  story  school  buildings.  1  at  the 
north  end  of  the  city,  addition  to  1  on 
Antietam  St  and  1  at  Halfway,  Steam 
heating  plants  will  be  installed  in  same. 
Total  estimated  cost.  $200,000.  A.  K.  Klink- 
hart,  27  West  Washington  St..  Arch. 

Fla..  Pensa4-ola — The  Bureau  of  Yards 
&  Docks.  Navy  Depainment.  Washington. 
D.  C.  plans  to  install  electric  equipment 
at  the  Xaval  Air  Station,  here.  Estimated 
cost.   $30,000.      Specification   No.   3785. 

Fla.,  Starke — The  city  plans  to  issue 
bonds  for  improvements  to  its  power  plant. 
Address  the  Mayor. 

Miss.,  HoIIandale — Bids  will  be  received 
until  .\pril  8th  by  the  Black  Bayou  D.D.. 
Washington  Co.,  (Greenville),  for  the  con- 
struction of  a  1  story  pumping  plant  house 
and  dam  near  here.  Estimated  cost.  $17.- 
000.  Morgan  Engineering  Co..  Goodwyn 
Institute  BIdg.,   Memphis.   Tenn..   EngT- 

Tenn.,  Memphis — The  Board  of  County 
Commissioners  plans  to  install  a  new  elec- 
tric-lighting plant  in  the  local  court  house. 
Estimated    cost,    $10,000. 

Ohio,  Clevelajid — The  Board  of  Educa- 
tion. Ea.-^t  6th  St.  and  Rockwell  Ave.,  plans 
to  install  a  steam  heating  and  ventilating 
system  in  the  1  story  school  building  which 
it  plans  to  construct  on  East  146th  St.  near 
Kinsman  Rd.  Total  estimated  cost.  $200,- 
»00.  W.  R.  McCornack.  East  6th  St.  and 
Rockwell   .\ve..   Arch. 

Mich.,  Detroit — The  Monroe  Sheet  Metal 
&  Roofing  Co.,  563  Myrtle  St..  will  in.-;tall  a 
boiler,  engine  and  generator  in  the  factory 
which  it  plans  to  build  on  Pine  and  5th 
St.  Smith.  Hinchman  &  Grylls.  710  Wash- 
ington Arcade.   Arch. 

Mich.,  Detroit — The  Water  Board  has 
submitted  plans  to  the  City  Council  for 
building  and  equipping  a  boiler  house.  Es- 
timated cost,  $439,600.  G.  H.  Fenkell,  Ch. 
Engr. 

Mich.,  Detroit — The  Board  of  Education 
plans  to  alter  and  improve  the  heating  and 
ventilating  systems  in  the  Eastern  High 
School  building  on  Boulevard  and  Mack 
-Ave.     Estimated  cost,   $10,080. 


III.,  «  lilraBo-  Tile  llankern  Supiily  Co. 
2251  South  Park  Ave,  will  inHtull  a  xteam 
heaiiiiK  plant  In  the  1  ntory,  100  x  370  ft 
printing  pliiiil.  which  It  planH  to  build  on 
Slati  St.  near  5!»lh  St.  EMtlmated  <!OKt. 
$120,0110.  It.  K.  Pingree,  209  South  Iai 
Siillc   SI  ,    Arch. 

III.,  Chlruso — The  Ohio  Match  Co.,  WadM- 
worlh,  Ohio,  planx  to  Install  a  Hteiim  heat- 
ing system  In  the  8  story,  100  x  124  ft 
warehouse,  which  it  jilatiM  to  build  lii-re 
Total  estimated  coHt,  $200.(MI0.  It.  II,  Ilins- 
daU,  527   Erie  Hldg,.  <'li  velaiid.   Ohio.   Arch, 

WU.,  Kau  riairr — The  International  Toy 
Co,  will  construct  a  separate  transformer 
station  in  connection  with  the  fiO  x  300  ft 
plant  which  it  plans  to  build,  I.,.  I),  Pang- 
born.   Mgr 

Win,.  Mllwaiikep — The  .Milwaukee  Paper 
Box  Co,,  40(1  Florida  St,,  iilans  to  install  a 
steam  heating  system  in  the  5  story.  120  x 
145  ft.  paper  box  factory  which  it  plann  to 
build  on  South  Pierce  ,ind  Muskeg  St, 
Total  estimated  cost.  $225,000.  Address 
Schnetzky  &  .Son,  Arch.,   105  Wells  St. 

WIh..  West  AIIIk — The  Common  Council 
plans  to  build  an  electric  light  and  power 
plant  J  Sweet.  521  Grand  Ave.,  Mil- 
waukee.  Consultg,    Engr. 

Iowa,  .Sioux  City— The  Commissioners  of 
Woodbury  County  are  having  plans  pre- 
pared by  W.  Steele.  .\rch,.  502  United  Bank 
BIdg,.  for  the  construction  of  a  2  story, 
60  X  180  ft.  home  on  Bron.son  Rd  .  E,  Plans 
include  the  construction  of  a  separate  build- 
ing for  heating,  generating  and  water  sup- 
ply and  equipm<  nt  for  same.  Total  esti- 
mated co.st.   $100,000. 

.Minn,,  l>e  Sueur — The  city  will  receive 
bids  until  Feb.  21st  for  a  150  h.p..  150  lb. 
pressure  tubular  boiler,  also  a  200  h  p..  150 
lb.  pressure  tubular  boiler  (only  one  boiler 
will    be   purchased). 

Minn.,  Virginia — The  city  will  install  a 
steam  heating  plant,  and  mechanical  venti- 
lating system  in  the  3  story  city  hall  and 
public  auditorium  which  it  plans  to  build. 
Total  estimated  cost,  $200,000.  A.  E.  Bick- 
ford.  City  Clk, 

Kan.,  St.  John — The  city  plans  an  elec- 
tion in  April  to  vote  on  bond  issue  to  build 
a  new  power  house  for  the  water  and  light 
departments. 

Kan.,  Topeka — The  State  Legislature  has 
approved  the  appropriation  of  $12,000  for 
stokers  at  the  power  plant  and  $10,000  for 
improvement  to  the  water  .system,  steam 
heating  and  electric  plants  for  the  Topeka 
State   Hos=pital, 

Neb.,  Omaha — The  Overland  Tire  &  Rub- 
ber Co,.  917  Woodmen  of  the  World  BIdg., 
plans  to  build  a  power  plant  to  develop  2500 
h,p,.  in  connection  with  the  Vubber  and  tire 
factory  which  it  plans  to  construct  on  36th 
St,  and  Belt  Line  Ry.  Total  estimated  cost, 
$150,000, 

Mo.,  Butler — .1,  F,  Kern  plans  to  build  an 
electric  light  and  power  plant  and  is  in  the 
market  for  machinery  for  same. 

Mo..  CarroUton — The  Water.  Light  & 
Transit  Co,  plans  to  improve  its  plant.  Es- 
timated cost.  $3000,     H.  W.  Graham,  Mgr. 

Mo.,  St.  Louis — The  Anheuser  Busch 
Brewing  Association.  9th  and  Pestalozzi  St,. 
plans  to  equip  the  second  unit  of  its  bevo 
plant,  and  is  in  the  market  for  electric 
motors,  elevators,  power  equipment  and 
bottling  machinery,     H,  Menzenwerth,  Supt. 

Tex.,  .4ransa.s  Vasa — The  France  &  Ca- 
nada Oil  Transport  Co..  120  Broadway, 
New  York  City.  N,  Y..  plans  to  establish 
an    electric-light    plant   here, 

Tex.,  Ft.  Worth — The  Bureau  of  Yards  & 
Docks.  Xavy  Department,  Washington.  D, 
C  plans  to  build  a  1  story  boiler  and  pump 
house  transmission  line  and  electric  dis- 
tiibution  system,  in  connectici  with  the 
argon  production  plant  which  it  plans  to 
build  at  North  Ft,  Worth.  Total  estimated 
cost,    $607,250, 

Tex.,  San  Antonio — Fire  recently  destroy- 
ed the  plant  of  the  San  Antonio  Public 
Service  Co,,  Villita  and  South  Presa  St,, 
entailing  a  loss  of  $25,000, 

Okla.,  Woodward — The  city  plans  an 
election  in  February  to  vote  on  a  $30,000 
bond  issue  which  will  be  used  to  equip 
the   water    and    light   plant. 

Colo.,  Breckenridge — The  city  plans  to 
build  an    electric  light   plant. 

N.  M.,  Valedon — The  Eighty  Five  Mining 
Co,.  Lordsburg.  is  in  the  market  for  a  1000 
h,p.  boiler,  a  1000  h.p.  steam  turbine  and 
steam  eqiupment, 

Ariz.,  Tempe — The  city  plans  election 
soon  to  vote  on  bond  issue  for  the  con- 
struction  of  a   gas   and   electric-light   plant. 


Orf>.,    Aalorlu — Tlin   OommlHHionern  of  i 
Port   of   AMlrirlii  plan   to  Hell    $750,000  boi, 
for    varlouH    linprovementn    at    the    port 
lnclu<l<-  enlarKlng  power  pliintn  for  the  iV 

Cut..  HurraniKnIo—  II.  CarstenKi-n,  35th  ! 
and  till  Ave,,  has  had  plann  drawn  for  I 
coiiHtruetlon  of  a  cold  Ktrinige  and  i 
manufiieturlng  i)l;iiit  on  U  Kt  ,  beiwein  U, 
and   17th   St,      lOstiinated  c-ost,   $225, Odd 

Que.,  Montreal  The  Department  of  r 
lie  Works,  Ottawa,  Ont.,  planK  to  a|i,,i 
prime  $1,1100.(10(1  for  the  conMlrucllon  .,f 
cold   storage   plant    here. 

<|ur.,  .Montreui— The  SlInHon-Ileeh  Hu 
ers  Supply  Co,,  4  5  St,  Alexander  St  ,  In 
the  market  for  a  portable  loeomoilve 
upright   type  boiler,   25  to  35  h,|i, 

<Jur.,  ()urbpr — C,  J,  Rockwell.  7  i 
ICrablcH  Ave,  recently  purchased  the  1;, 
tray  Block  from  the  "La  Coinii.ignle  ij' \ 
garage  de  Quebec,  plans  to  build  a  fu 
class    cold    storage    plant. 

Ont,,  Owen  Souiul — W.  Kennedy  in  ^. 
Ltd,,  is  in  the  market  for  a  15-ton  ele.  i 
traveling  crane.  39  ft.  10  m.  Hpan.  3  rmr 
60  cycle,  550  volt,  to  be  Installed  In  i.i, 
recently  erected. 

Ont,,  Toconto — A.  W.  Adams,  66  Wi 
Lodge  Ave.,  is  In  the  market  for  a  60(Mi 
engine. 

CONTRArXS    AWARDED 

R.     I.,     Provideiire — The     Revere    ROMl 
Co.,   355   Valley   St..   has  awarded   the  flo 
tract   for  the  construction  of  a    1   RtoiT, 
X    90    ft,    boiler   house   on    Hemlock    SC 
the    Cruise   &   Smiley   Construction   Co, 
East     Ave,,     Pawtucket.       Estimated    «D 
$30,000. 

N.  Y..  WardH  Iwland — The  BureaM 
Yards  &  Docks.  Navy  Department,  Ww 
ington.  D,  C.  received  bids  for  instaJlt 
refrigerating  plant  equipment  at  the  Nw 
Hospital  Reservation  here,  from  the  Vtt 
Manufacturing  Co..  872  Clinton  St.,  H 
waukee.  Wis.,  $20,935.  (90  days)  ;  iM 
Manufacturing  Co,,  West  Main  St„  Wayw 
boro,  Penn,.  $21,074  (93  days);  Mayer  1 
Machine  &  Engineering  Co.,  315  Grant  A» 
Jersey  City,  N,  J„   $21,192    (60  days). 

Penn.,       Philadelphia — The       Bureau 
Yards    &    Docks.    Navy   Department,   W«i 
ington.  D,  C  has  awarded  the  contract  I 
the    construction    of   a    water    power   pni 
and  tank  hou.se,  at  Grays  Fen-y  Rd.,  to 
H.    McCloskey,   Jr„    1620   Thompson   St, 
$15,567    (90  days). 

Md..  Baltimore — The  War  Departaiei 
Wa.shington.  D.  C,  has  awarded  the 
tract  for  installing  heating  plants  in  5  ■ 
ditional  buildings  at  General  Hospital  > 
7.  here,  to  the  Enterprise  Steam  &  H 
Water  Heating  Co  .  600  North  Howard  8l 
electric  work  to  the  Brueckmann  Bleeti 
Co..  501  Keyser  BIdg, 

D.  C,  .\naeostia — The  Bureau  of  YiT 
&  Dock.s,  Xa\-y  Department,  Wa.shiB_ 
D,  C.  has  awarded  the  contract  for  i 
stalling  a  heating  sy.stem  in  the  hangar 
the  Naval  Air  Station,  to  L.  E.  Breuningi 
Colorado  BIdg..  Washington,  at  $10,626  ( 
days).     Noted  Feb,   11. 

Va.,     Hampton     Roads — The     Bureau 
Yards   &   Docks,   Navy  Department.  W«* 
ington.    D.    C,    received    bids   for    installli 
mechanical    equipment    and    piping  for  t 
central  power  plant  at  the  Naval  Operath 
Base,    (a)   net  price  and  time  for  the 
complete    in    accordance  with   the   drawin 
and     specification,     (b)     net    production 
price  and  time  from   (a)  for  furnishing  b 
not   installing  the  feed   water  heater,  8to 
age    tank,    pumps    and    certain    steam, 
haust.  boiler  feed  and  drip  piping  in  conne 
tion  with  the  above  equipment  to  the  polB 
indicated    on    the    drawings,    from    H. 
Friedstedt.  327  South  La  Salle  St..  Chlcai 
111.,    (a)    $4898    (50    days),    (b)    $14;   Bo, 
Engineering     Co.,      Farmers     Bank     BMi 
Pittsburgh.    Penn.,    (a)    $6840     (30    dar 
(b)    $19, 

Slinn..  Bemidji — The  city  has  awards 
the  contract  for  installing  pumping  syater 
and  building  2  resei-voirs,  having  a 
pacity  of  200,000  gallons,  to  Layne  &  Bo' 
ler.  Chelsea  .\ve,.  Memphis,  Tenn.  Bbi 
mated  cost,  $35,000. 

Cal.,  Los  .\ngeles — The  Board  of  Po 
lie  Service,  645  South  Olive  St,,  has  awar 
ed  the  contract  for  furnishing  sheet  8te 
rivets  and  pipe  section  for  pipe  line  at 
penstocks  for  power  plant  No,  2  in  Si 
Francisquito  Canyon,  to  the  Western  Ph 
&  Steel  Co,.  1758  North  Broadway.  Est 
mated  cost,   $92,000.     Noted  Jan.   7. 

Cal.,  San  Diego — The  San  DiegO 
Arizona  Ry.  has  awarded  the  contract  v 
the  construction  of  railway  shops,  indt* 
ing  a  boiler  room,  oil  room,  etc,  to  Bra' 
ner  &  Hunter,  1444  I  St.  Estimated  e« 
$19,527, 
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Placiiiii: 


Valves  in  Unsafe  Positions 


Hy  V.  K.  HUGHES 


Valves  are  not  always  installed  in  the  7nost  con- 
venient location  to  be  quickly  reached,  and  some- 
times when  they  are  cotivenientily  located  they 
constitute    a    tripping    or    bumping    hazard.      A 

number    of    such     installations    are     illustrated. 


VALVES  that  have  to  be  operated  frequently  or 
quickly  should  be  accessible,  so  that  they  can  be 
reached  safely  even  though  the  room  in  which  they 
are  located  may  be  filled  with. smoke  or  steam.  Often 
the  timely  openinjr  or  closing  of  a  valve  will  save  lives  or 
prevent  a  shutdown  of  the  station.    Valves  are  generally 


conveniently  located  when  installed,  but  as  time  goes  on 
obstructions  such  as  loose  material,  bo.xc3  and  some- 
times hot  objects  or  moving  machines  are  placed  H 
that  they  cannot  be  quickly  and  safely  reached. 

Stop  and  blowofT  valves  should  be  protected  so  thtt 
they  cannot  inadvertently  be  opened  on  a  boiler  that  ii 
down  for  cleaning,  repairs  or  inspection. 

There  have  been  many  serious  scalds  from  openinf 
steam  header,  feed-water  and  blowofT  valves,  admit- 
ting steam  or  hot  water  into  a  boiler  in  which  there 
was  a  workman  or  an  in.spector.  This  is  more  especially 
so  with  blowoff  valves  where  there  is  a  common  blomrff 
pipe  or  blowdown  tank.  Often  the  boiler  washer  will 
open  the  blowoff  valve  so  connected  to  drain  the  boiler, 


FIGS.  1  TO  9.      ILLUSTR.A.TIONS  OF  HAZARDOUS  VALVE  INSTALLATIONS 
Fig.   1— Valve  wheel   over  pit.      Fig.   2— Safety   platform.      Fig.    3— Protruding  valve  /tem.^    Fig.    4— Ladder  ^ecessary  ^to  reach 
valve.     Fig.  5 — Hose  and  valve  obstructed.     Fi?.   6- 
obstruct  passageway.     Fig.  9 — A  tripping  menace. 


-Weight  a  danger.     Fig.  7 — Valve  stem  at  stair  approach.     Fig.  S-r-Vah  e  stems 
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PIGS.  10  TO  13.     VALVE  STEMS  PROTRUDING  ABOVE  THE 

FLOOR   AND  GROUND  LEVEL  A  SOURCE 

OF   ACCIDENTS 

forgetting  to  close  it  again  before  getting  back  into  the 
boiler,  there  being  no  pressure  on  the  line  at  the  time  to 
remind  him.  Later,  if  one  of  the  other  boilers  is  blown 
down  into  the  common  blowoff  line,  hot  water  is  blown 
into  the  dead  boiler,  scalding  the  man  inside.  Such 
valves  should  always  be  locked  by  the  foreman  or  re- 
moved and  the  pipe  blanked  off  with  a  blind  gasket. 

Boiler  stop  valves  should  have  a  continuous  runway 
leading  to  each  boiler  valve.  The  runway  should  be 
rail-guarded  on  both  sides  so  that  an  attendant  can  fol- 
low the  hand-railing  to  each  boiler  discharge  valve  in 
the  dark  or  with  the  room  full  of  steam. 

The  pop  safety  valve  should  never  discharge  across 
a  runway  or  toward  the  stop  valves.  The  safest  way  is 
to  have  a  vertical  discharge  pipe  with,  a  drip  hole  at  the 
bottom  on  each  valve.  Workmen  going  upon  the  roof 
trusses  over  safety  valves  so  equipped  should  be  warned 
about  the  danger  of  the  valve  operating  and  blowing 
steam  over  them. 

Again,  a  good  valve  may  be  conveniently  installed, 
but  in  time  the  handwheels  become  detached  or  broken, 
causing  the  valve  to  become  inoperative  unless  special 
tools  are  at  hand.  Frequently,  the  handwheels  are  re- 
moved with  the  idea  that  the  valve  will  not  be  changed 
from  its  open  or  closed  position,  but  there  is  no  assur- 
ance of  this  as  a  pipe  or  monkey  wrench  will  usually 
suffice  to  operate  the  valve  and  injury  or  damage  may 
result  from  its  being  opened  or  closed  unknown  to  the 
proper  authority.  The  handwheel  should  be  left  on  the 
valve  with  a  danger  sign  attached,  stating  that  the  valve 
is  not  to  be  operated,  or  the  wheel  should  be  locked  with 
a  padlock  and  chain.  In  some  plants  round  split  sheet- 
metal  covers  are  placed  over  the  handwheels,  and  when 
these  are  locked  the  wheels  cannot  be  turned  without 
removing  or  destroying  the  covers. 

Some  of  the  conditions  enumerated  in  the  foregoing 
are  shown  in  the  accompanying  ill^ustrations. 


In  one  instance  the  throttle  valve  on  a  turbine-driven 
boiler-feed  pump  is  located  so  high  that  it  is  necessary 
for  the  operator  to  stand  on  the  suction  pipe  of  the  pump 
and  bearing  of  the  turbine  to  open  or  close  the  valve. 
Fig.  1  shows  a  valve  with  the  handwheel  at  the  edge 
of  an  open  pit.  When  operating  the  valve  there  is 
danger  of  the  operator  falling  into  the  pit. 

Frequently,  large  gate  valves  are  so  placed  that  it  is 
necessary  for  the  operator  to  stand  on  a  ladder  to 
operate  them.  Such  an  installation  is  shovioi  in  Fig.  4. 
That  there  is  danger  of  the  operator  falling  from  the 
ladder  is  evident.  As  a  contrast,  Fig.  2  shows  a  large 
gate  valve  provided  with  a  substantial  platform  and 
guard  rail  to  protect  the  workmen  from  falling. 

Carelessness  of  workmen  frequently  makes  safety  ap- 
paratus practically  useless,  as  is  shown  in  Fig.  5. 
Although  the  hose  valve  is  conveniently  located,  it  and 
the  hose  are  obstructed  with  loose  and  junky  material. 

In  Fig.  3  is  shown  a  gate  valve  on  a  hotwell  dis- 
charge line  so  located  that  when  the  valve  is  open  an 
operator  climbing  the  iron  ladder  to  the  condenser  plat- 
form is  in  danger  of  having  his  back  injured  by  the 
prejecting  valve  stem. 

In  Fig.  6  is  shovsm  an  exhaust  relief  valve  alongside  a 
narrow  passageway.  When  the  relief  valve  is  closed 
the  lever  is  horizontal,  but  should  the  valve  open  the 
lever  drops  to  a  vertical  position.  There  is  danger  of 
the  weight  working  loose  from  the  end  of  the  lever  and 
falling  and  injuring  someone. 

Fig.  7  shows  a  valve  bonnet  and  valve  wheel  projecting 
above  a  pipe-trench  cover  at  the  foot  of  a  stairway. 
This  constitutes  a  serious  tripping  hazard. 
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FIGS.  II  TO  17.     GOOT:)  and  BAD  EXAMPLES  OF  VALVE 
INSTALLATION 

Fis'.  H — Valvp  stems  protected  by  lailingS!.  Fig.  1.' — .V  poor 
make.sliifl.  I'iy.  16 — Valve  pit  guarcic  il  by  lailiiig.  I"ig.  17 — 
V'alvi'  plaieil  at  imonvenienl  angle. 
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Oil  pressure  line  valves  with  stems  niul  wheels  pro- 
jeetinjr  into  a  commonly  used  passa^'oway  constitute  a 
serious  tripping  hazard,  as  is  shown  in  Kip.  8. 

In  Kijt.  10  valve  stems  and  stutlinK-hox  are  shown 
projectinK  through  iron  pipe-treneh  covers  alonfr  a  com- 
monly  used   passageway. 

Fi>j-s.  i),  11,  12  and  i;5  show  underground  pijie  valve 
wheels  and  stems  prujectintr  above  the  ground  in  pas- 
sageways, constituting  a  tripping  hazard. 

Fig.  14  shows  the  valve  stems  and  wheels  as  in  Fig. 
11,  protected  by  a  pipe-guard  railing. 

Fig.  IG  shows  a  large  gate  valve  and  pit  guarded  by 
a  pipe  railing.  The  opening  in  the  pit  cover  should  be 
larger  so  that  the  operator  would  not  be  in  danger  of 
injuring  his  hands  when  operating  the  wheel. 

Fig.  15  shows  a  gate  valve  with  the  arms  and  rim  of 
the  handwheel  broken  off.  A  makeshift  handle  has  been 
substituted,  which  makes  the  operation  of  the  valve  un- 
certain and  the  whole  slovenly. 

The  final  view.  Fig.  17,  shows  the  gate  valve  on  a 
centrifugal-pump  discharge  installed  with  the  handwheel 
in  close  quarters,  compelling  the  operator  to  lean  over 
the  pump  and  possibly  the  revolving  shaft.  The  valve 
could  just  as  well  have  been  swung  around  about  two  bolt 
holes,  thus  making  it  convenient  to  reach  from  the 
front  of  the  pump. 

Hytempite  Furnace  Cement 

Ordinary  fireclay  will  soon  burn  out  and  crumble 
when  used  as  a  binder  for  furnace  firebrick,  thus  neces- 
sitating frequent  repairs  in  order  to  keep  the  furnace 

in  proper  condition. 
A  number  of  pre- 
pared furnace  ce- 
ments are  on  the 
market  for  use  as 
binding  material  for 
the  brickwork,  one 
of  which,  knowTi  as 
Hytempite,  is  man- 
ufactured by  the 
Q  u  i  g  1  e  y  Furnace 
Specialty  Co.,  Inc., 
26  Cortlandt  St., New 
York  City.  This  ce- 
ment possesses  such 
qualities  as  to  enable 
it  to  expand  and  con- 
tract to  the  varying 
temperatures  with- 
out losing  its  bond 
on  the  furnace  brick- 
work. Furnace  con- 
ditions vary  accord- 
ing to  the  type  of 
boiler  plant,  and  the 
operating  conditions 
under  which  some  of 
For  instance,  the 
(Fig.     1)     used    on 


FIG.  1.     HEATIXG  BOILER 


them   are   fired    are   quite    severe 

firebox    of    the    heating    boilers 

the   electric  trains   running   into   New  York   City   are 

subjected  to  severe  usage  owing  to  the  jar  caused  by 

the  frequent  stopping  and  starting,  as  well  as  that  of 


FIG.   2.     naiCK   LIXl.VO   SET   WITH   II YTE.MIMTR 

the  train  movement.  As  a  result  the  joints  of  the  brick- 
work in  the  heating-boiler  furnac^'  deteriorate  after 
a  week  or  ten  days,  when  repairs  are  neces.sary,  thug 
showing  that  fireclay  is  not  a  suitable  binder  for  this 
kind  of  furnace.  The  condition  of  the  furnace  after 
about  ten  days'  run  is  shown  in  Fig.  3. 

To  overcome  this  trouble  the  New  York,  New  Haven 
&  Hartford  R.R.  has  recently  used  Hytempite  as  a 
bond  for  the  firebrick  on  the  boiler  furnaces  in  one  of 
its  electric  locomotives.  Fig.  2  shows  its  application. 
It  is  not  known  how  long  this  furnace  lining  will 
stand  up,  as  this  is  the  first  boiler  that  has  been 
treated,  but  after  being  in  service  for  about  seven 
weeks  it  was  still  in  good  condition.  This,  compared 
with  ten  days'  service,  speaks  well  for  the  merits  of 
the  binding  cement  and  the  indications  are  that  much 
better  results  will  be  obtained  with  the  boiler  furnace 
lining  laid  up   in   this   manner. 

This  cement  is  suitable  for  use  in  laying  up  boiler 
furnaces  in  power  plants  as  well  as  furnaces  used 
for  other  purposes  where  the  heat  is  intense. 


FIG.  3.   INTERIOR  OF  FURXACE  AFTER  10  DAYS'  RUN 
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How  Much  Should  a  Flywheel  Weigh? 


By  RUFUS  T.  STROHM 


The  weight  of  a  flywheel  depends  on  the  allow- 
able variation  in  rotative  speed  and  the  diameter 
of  the  ivheel.  It  may  be  calculated  approximately 
by  the  method  explained  in  the  article,  using  sim- 
ple rules  and  ordinary  arithmetic. 


3FiDINARILY,  the  operating  engineer  is  not  con- 
cerned about  the  weight  of  the  flywheel  on  any 
of  his  engines,  because  that  is  a  matter  which 

fixed  by  the  designer  and  builder;  nevertheless,  he 
ay  be  curious  to  know  what  factors  control  the  size 
id  weight  of  a  flywheel,  and  how  these  points  are  de- 
rmined  before  the  engine  is  built.  To  do  so,  he  must 
*st  have  some  idea  as  to  what  a  flywheel  does. 
The  purpose  of  a  flywheel  on  an  engine  is  to  produce 
desired  degree  of  steadiness  in  the  speed  of  rotation 
'  the  crankshaft.  Of  course,  the  governor  is  used  for 
,e  same  purpose;  but  there  is  a  great  difference  be- 
/een  the  fields  of  action  of  the  two.  The  governor  ad- 
sts  either  the  steam  pressure  or  the  cutoff  according 

the  load  on  the  engine,  and  so  maintains  a  prac- 
:ally  uniform  number  of  revolutions  per  minute  over 
ng  periods.    The  flywheel,  on  the  other  hand,  prevents 


FIG.  1.     VARIATION   OF  PRESSURE   OX   CRAXKPIX 
DURING    .STROKE 

ly  undesirable  change  of  speed  within  the  limits  of  a 
ngle  revolution. 

The  factors  that  tend  to  produce  a  variation  of  rota- 
i^e  speed  within  a  revolution  of  the  crankshaft  are 
ree:  The  changing  pressure  of  the  steam  in  the  cylin- 
!r,  the  changing  relative  positions  of  connecting-rod 
id  crank,  and  the  changing  force  required  to  set  the  re- 
procating  parts  in  motion  during  the  early  part  of  the 
roke  and  bring  them  to  rest  during  the  later  part 
the  stroke. 

The  effect  of  the  first  two  of  these  factors  may  read- 
•  be  understood  by  referring  to  Fig.  1,  which  shows 
I  ordinary  indicator  diagram  and  two  different  posi- 
)ns  of  connecting-rod  and  crank.  When  the  crank  is 
OA,  the  crosshead  is  at  B,  and  the  forward  pressure 
r  square  inch  of  piston  area  is  represented  by  CD. 
3  the  connecting-rod  and  the  crank  are  almost  at  right 
igles  at  A,  practically  the  entire  thrust  of  the  rod  is 
ailable  for  turning  the  crank;  for  it  must  be  re- 
embered  that  the  force  which  turns  the  crank  is  that 
lich  acts  at  right  angles  to  OA,  or  tangent  to  the 
ankpin  circle  EAF,  as  indicated  by  the  arrow  G. 
When  the  crank  is  at  OH,  the  crosshead  is  at  I,  and 
e  forward  pressure  per  square  inch  of  piston  area  is 
presented  by  JK.  This  is  much  shorter  than  CD, 
owing  that  the  force  exerted  on  the  crankpin  is  con- 
lerably  smaller  near  the  end  of  the  stroke  than  near 


the  beginning.  Furthermore,  the  relative  positions  of 
the  crank  OH  and  the  connecting-rod  HI  are  such  that 
most  of  the  thrust  of  the  connecting-rod  merely  pro- 
duces pressure  on  the  crankpin  and  the  crankshaft  bear- 
ings, and  has  little  effect  in  turning  the  crank  OH.  As 
a  consequence,  there  is  a  wide  variation  in  the  turning 
force  on  the  crank  throughout  the  stroke;  and  as  this 
force  determines  the  amount  of  work  being  done  during 
any  interval,  it  follows  that  the  work  expended  in  ro- 
tating the  crankshaft  varies  according  to  the  position 
of  the  crosshead. 

Now,  during  a  short  interval,  as,  for  example,  a  single 
stroke  of  the  engine,  the  load  may  be  considered  con- 
stant. The  load  then  constitutes  a  uniform  resistance 
which  must  be  overcome  by  the  turning  force  acting  at 
the  crankpin.  But,  as  this  turning  force  is  variable,  the 
work  done  at  the  crankpin  is  alternately  greater  and  less 
than  the  uniform  load  under  which  the  stroke  is  made. 
It  is  for  the  purpose  of  overcoming  this  inequality  that 
the  flywheel  is  used.  The  fl\-vvheel  absorbs  and  stores 
up  in  itself  the  excess  of  work  done  while  the  turn- 
ing force  is  greater  than  the  resistance ;  and  when  the 
turning  force  becomes  less  than  the  resistance,  toward 
the  end  of  the  stroke,  the  flywheel  gives  back  to  the 
crankshaft  the  work  that  it  stored  up  during  the  early 
part  of  the  stroke. 

Effect  of  Weight  of  Reciprocating  Parts 

The  third  factor  tending  to  cause  variation  in  the 
turning  force  is  the  effect  of  the  reciprocating  parts. 
At  the  beginning  of  the  stroke  these  parts  are  at  rest; 
near  the  middle  of  the  stroke  they  are  moving  at  the 
same  speed  as  the  crankpin ;  and  at  the  end  of  the  stroke 
they  are  again  at  rest.  To  bring  these  parts  up  to  speed, 
force  must  be  applied ;  and  when  they  have  been  set  in 
motion,  force  must  be  applied  to  bring  them  to  rest 
again.  During  the  early  part  of  the  stroke,  therefore, 
a  part  of  the  work  of  the  steam  on  the  piston  is  used 
in  speeding  up  the  reciprocating  parts,  and  so  the  force 
acting  on  the  crankpin  is  correspondingly  reduced;  but 
during  the  later  part  of  the  stroke,  while  these  parts 
are  being  brought  to  rest,  they  give  up  the  work  stored 
in  them  and  so  add  to  the  force  exerted  on  the  crankpin. 
The  heavier  the  reciprocating  parts  and  the  greater 
their  speed,  the  greater  is  the  amount  of  work  they 
alternately  take  up  and  give  back. 

To  find  the  weight  of  flywheel  required  for  an  engine, 
it  is  necessary  to  start  with  the  indicator  diagrams. 
If  the  engine  has  not  been  built,  the  theoretical  dia- 
grams may  be  constructed  according  to  the  known  data. 
If  the  engine  has  already  been  built,  and  the  weight 
of  the  flywheel  is  to  be  checked,  diagrams  may  be  taken 
in  the  usual  way. 

To  illustrate  the  method  to  be  followed,  let  it  be  re- 
quired to  find  the  weight  of  flj-wheel  for  an  18  x  24-in. 
double-acting  engine  cutting  off  at  one-fifth  stroke,  with 
a  clearance  of  6  per  cent.,  an  initial  pressure  of  120  lb., 
absolute,  a  compression  pressure  of  60  lb.,  absolute,  a 
back  pressure  of  18  lb.,  absolute,  a  connecting-rod  four 
times  as  long  as  the  crank,  and  a  rotative  speed  of  250 
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r.p.iii.  A.><suinc  fiiith»'r  that  lli«*  totjil  woijtlit  of  thf  rc- 
(iproiatii));  parts  i.s  500  lb.,  xyhich  includes  piston,  pis- 
ton rod,  iTosshoad,  and  from  half  to  two-thirds  of  the 
weijjht  of  the  i'onnt'itiii>r-r<)d. 

The  thoorotiral  diajjranis  constructed  according  to 
the  forcjroinjr  data  are  shown  in  Vig.  2.  At  any  instant 
the  net  steam  pressure  per  scjuare  inch,  ur>!:in>!:  the  pis- 
ton forward,  is  the  difference  of  pressures  on  opposite 
sides.  For  example,  at  the  position  A  the  net  pressure 
per  .square  inch  is  represented  by  BC.  Rut  at  the  posi- 
tion y>  the  net  pressure  is  KF.  which  is  negative;  that 
is.  the  pressure  opposing  forward  movement  is  greater 
than  that  tendinjr  to  produce  forward  movement.  If, 
therefore,  the  forward-pressure  line  of  one  diagram  is 
combined  with  the  back-pressure  line  of  the  other  dia- 
gram, the  result  will  be  a  diagram  of  net  pressures  urg- 
ing the  piston  forward.     This  combined  diagram  is  in- 

c 


tracted  from  or  added  to  the  net  forward  pressure  at 
that  point,  thus  giving  the  actual  pressure  transmitted 
to  the  connecting-rod.  'i'ho  inertia  force  may  be  found 
as  follows : 

Ride:  Miiltiph)  Inijcthi'i-  o.ooout.-;  timen  the  weight 
of  the  red  pr  neat  inn  parfu  in  poiindn,  the  Htrnke  in  inches, 
the  .square  of  the  number  of  revolutions  per  minnte,  and 
the  inertia-force  factor  taken  from  Table  I,  and  divide 
the  product  by  the  square  of  the  diameter  of  the  piiilim 
iji  inches.  The  quotient  will  be  the  inertia  force  per 
s<iuare  inch  of  pinion  area. 

The  speed  of  the  reciprocating  parts  changes  con- 
tinuously throughout  the  stroke,  and  the  inertia  force 
therefore  has  different  values  at  different  points  in  the 
stroke.  Table  I  gives  the  values  of  the  factors  to  be 
used  in  the  foregoing  rule,  to  find  the  inertia  force  at 
equal  intervals  of  0.10  stroke  in  the  movement  of  the 
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dicated  by  the  heavy  outline  in  Fig.  2.  If  the  ordi- 
nates  of  the  combined  diagram  are  laid  off  from  a 
straight  base  line,  the  diagram  in  Fig.  -3  will  result,  the 
part  lying  below  the  line  AB  representing  the  back 
pressures  that  are  in  excess  of  the  forward  pressures. 
At  the  point  C,  where  the  curve  crosses  AB,  the  stean. 
pressures  on  opposite  sides  of  the  piston  are  equal  and 
the  net  pressure  is  zero. 

The  ordinates  of  the  diagram  in  Fig.  3  do  not,  how- 
ever, represent  correctly  the  pressures  that  produce  the 
turning  of  the  crank,  because  some  force  is  required  to 
speed  up  the  reciprocating  parts,  and  also  because  the 
reciprocating  parts  in  slowing  down  at  the  end  of  the 
stroke  increase  the  effective  force  that  acts  on  the  crank- 
pin.  The  force  required  to  change  the  speed  of  the 
reciprocating  parts,  called  the  inertia  force,  may  be  cal- 
culated for  various  positions  of  the  piston  and  then  sub- 


piston,  starting  from  the  head  end.  The  minus  sign  in 
front  of  a  factor  indicates  that  the  inertia  force  opposes 
the  forward  movement  of  the  piston,  and  the  plus  sign 
that  it  assists  the  forward  pressure  on  the  piston. 

By  the  aid  of  the  rule  just  given,  it  is  a  simple  matter 
to  find  the  value  of  the  inertia  force  at  intervals  of  one- 
tenth  of  the  stroke.  Take,  for  example,  the  zero  posi- 
tion, with  the  piston  at  the  head  end  of  the  cylinder.  At 
this  position  the  inertia-force  factor  has  a  value  of  1.25, 
according  to  Table  I.  The  other  values  to  be  u.sed  are 
given  in  the  data  assumed  for  the  engine.  Then,  the 
inertia  force  per  square  inch  of  piston  at  the  beginning 
of  the  forward  stroke  is 

0.000018  X  500  X  24  X  250'  X  1.25 


18= 


.52.1  lb. 


That  is,  a  pressure  of  52.1  lb.  per  square  inch  of  piston 
ai-ea  is  required  to  set  the  reciprocating  parts  in  motion 
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rom  the  head-end  dead-center.  By  a  similar  calculation 
he  inertia  force  at  each  one-tenth  of  the  stroke  may  be 
ound.  After  the  inertia  forces  for  all  points  in  the 
troke  are  calculated,  they  should  be  laid  off  in  the  form 
f  a  diagram,  as  in  Fig.  4.  A  straight  line  AB  equal  to 
lie  length  of  the  indicator  diagram  is  drawn  and  divided 
tito  ten  equal  parts.  At  these  points  ordinates  are 
reeled  and  the  calculated  values  of  the  inertia  forces 
re  laid  off  to  the  same  scale  as  that  used  in  the  indi- 
ator  diagram,  or  80  lb.  to  the  inch.  Thus,  the  distance 
IC,  which  represents  52.1  lb.,  must  have  a  length  of 
2.1  -^  80  =  0.65  in.;  and  similarly  with  the  other 
mgths.  The  values  calculated  by  the  use  of  an  inertia- 
orce  factor  with  a  minus  sign  are  laid  off  above  the  line 
lB  and  those  found  by  using  a  factor  with  a  plus  sign 
re  laid  off  below  AB.  The  smooth  curve  CDE  drawn 
nrough  the  ends  of  these  ordinates  crosses  the  line  AB 
t  D,  indicating  that  at  this  point  the  reciprocating  parts 
re  moving  at  their  greatest  speed  and  therefore  are 
either  opposing  nor  aiding  the  pressure  on  the  piston. 
The  next  step  is  to  find  the  actual  pressures  per  square 
ich  of  piston  area  effective  in  producing  rotation  of  the 
rankshaft.     The  diagram  in  Fig.  3  shows  the  net  for- 

T.\BLE  I.     INERTIA-FORCE  FACTORS  FOR  VARIOUS    PISTOX 
POSITIONS 


'art  of 

jrward 

Ratio  of  Conncotine-Rod  tt 

n  Crank 

-troke 

4 

4  5 

5 

5  5 

6 

0.00 

—  1    250 

—  1    222 

—  1    200 

—  1. 182 

—  1    167 

0  10 

—0.945 

—0  921 

—0  907 

— 0  896 

—0  887 

0  20 

—0  644 

—0  636 

—0  630 

— 0  629 

—0  622 

0.30 

—0  368 

—0.369 

—0  369 

— 0  370 

—0  371 

0  40 

—0.114 

—0.121 

—0   127 

—0.132 

—0.136 

0  50 

+0   117 

+0   106 

+  0  096 

+0  088 

+  0  081 

0.60 

+0.321 

+0.307 

+  0.296 

+0  287 

+  0  279 

0  70 

+0  493 

+  0  480 

+  0  471 

+0  463 

+  C  457 

0  80 

+0  628 

+0  621 

+0  615 

+0  613 

+  0  610 

0  90 

+0  717 

+0  723 

+0  728 

+0  733 

+0  737 

1  00 

+0  750 

+0  778 

+0  800 

+0.818 

+0  833 

'able 

II      TANGENTIAL-PRESSURE      FACTORS     FOR 

VA  RIOUS 

1 

PISTON 

POSITIONS 

■art  of 

hrward 

Ratio  ol 

f  Connectinsr-Rod  t^ 

0  Crank 

ftroke 

4 

4  5 

i' 

5  5 

6 

0  00 

0  000 

0  000 

0  000 

0  000 

0  000 

0  10 

0  662 

0  655 

0  649 

0.644 

0  641 

0  20 

0  868 

0  861 

0  854 

0  849 

0  844 

0  30 

0  979 

0  970 

0  964 

0  959 

0  955 

0  40 

1.026 

1    019 

1    013 

1    009 

I    005 

0  50 

1    024 

1    019 

1    015 

1    013 

1    Oil 

0  60 

0.978 

0  976 

0  975 

0  974 

0  973 

0  70 

0.889 

0  890 

0  891 

0  893 

0  894 

0  80 

0.751 

0  755 

0  759 

0  762 

0  765 

0  90 

0  542 

0  549 

0  554 

0  558 

0.561 

1  00 

0  000 

0  000 

0  000 

0  000 

0  000 

ard  pressures,  and  Fig.  4  shows  the  inertia  forces  that 
opose  or  assist  the  net  forward  pressures ;  therefore, 
"  the  pressures  marked  on  the  ordinates  above  the  base 
ne  in  Fig.  4  are  subtracted  from  the  corresponding 
-essures  in  Fig.  3,  the  remainders  will  represent  the 
ressures  available  for  producing  rotation  of  the  crank, 
p  to  the  point  where  the  inertia  force  becomes  zero, 
eyond  this  point  the  pressures  on  the  ordinates  below 
le  base  line  in  Fig.  4  must  be  added  to  the  correspond- 
ig  pressures  on  the  diagram  in  Fig.  3,  to  find  the  pies- 
ires  available  for  rotating  the  crank  during  the  re- 
ainder  of  the  stroke. 

Fig.  5  is  the  effective-pressure  diagram  obtained  by 
imbining  the  pressures  in  Figs.  3  and  4  in  the  manner 
ist  explained.  At  the  beginning  of  the  stroke,  the 
Tective  pressure  is  99.0  —  52.1  =  46.9  lb.,  the  pressures 
'  99.0  lb.  and  52.1  lb.  being  taken  from  F'gs.  3  and  4 
spectively,  at  corresponding  piston  positions.  At  the 
id  of  the  stroke,  the  pressure  in  Fig.  3  is  negative  and 
.IS  a  value  of  36.4  lb. ;  consequently,  when  the  pressure 
'^  31.3  lb  is  added  to  it,  the  sum  is  —  36.4  -f  31.3  = 
^  5.1  lb.    Therefore  the  value  of  5.1  lb.  is  laid  off  below 


the  base  line  in  Fig.  5,  to  represent  a  negative  pressure. 
The  pressures  shown  by  the  diagram.  Fig.  5,  are  not 
applied  at  the  crankpin  in  a  direction  at  right  angles 
to  the  crank;  and  as  the  force  acting  tangent  to  the 
crankpin  circle  is  that  which  actually  causes  the  crank  to 
turn,  the  tangential  pressures  at  the  crankpin  for  the 
several  positions  of  the  crank  mu.st  be  calculated.  This 
is  done  by  multiplying  the  pressures  shown  on  the  dia- 
gram. Fig.  5,  by  factors  taken  from  Table  II,  corre- 
sponding to  the  positions  of  the  piston  in  the  stroke. 

Calculation  of  the  Tangential  Pressure 

At  the  beginning  of  the  stroke,  the  effective  pressure 
is  46.9  lb.  per  square  inch  of  piston,  as  shown  in  Fig.  5 ; 
but  the  piston  rod,  connecting-rod  and  crank  are  in  the 
same  straight  line,  and  so  this  pressure  is  exerted  wholly 
as  a  thrust  on  the  crankshaft  bearing,  none  of  it  acting 
to  turn  the  crank.  Therefore,  the  factor  in  Table  II  for 
the  zero  position  is  zero.  If  46.9  is  multiplied  by  zero, 
the  product  is  zero;  that  is,  there  is  no  tangential  pres- 
sure at  the  beginning  of  the  stroke.  The  same  thing  is 
true  at  the  end  of  the  stroke.  At  one-tenth  stroke,  the 
effective  pressure  is  62.9  lb.  and  the  factor  from  Table 
II  is  0.662;  consequently,  the  tangential  pressure  is 
0.662  X  62.9  =  4x.6  lb.  per  square  inch  of  piston  area. 
In  a  similar  manner,  the  tangential  pressure  at  each  of 
the  remaining  piston  positions  may  be  found. 

If  the  tangential  pressures  for  the  several  piston  posi- 
tions are  laid  off  on  the  corresponding  positions  of  the 
crank,  a  tangential-pressure  diagram  will  result,  such  as 
that  shown  in  Fig.  6.  The  semicircle  ABC  is  drawn 
with  a  diameter  AC  equal  to  the  length  of  the  indicator 
diagram  in  Fig.  2  and  the  tangential  pressures  are  laid 
off  outward  from  the  semicircle  on  the  full  lines  repre- 
senting the  crank  positions,  to  the  same  scale  of  pres- 
sures as  in  the  preceding  diagrams.  The  curve  ADC  is 
then  the  tangential-pressure  curv^e. 

The  crank  positions  corresponding  to  the  positions 
of  the  piston  are  easily  found  by  the  method  shown  in 
Fig.  7.  On  a  straight  line  XY  the  distance  AB  is  laid 
off  to  equal  the  length  of  the  diagram  in  Fig.  2,  and  AC 
is  made  equal  to  twice  AB,  to  represent  the  length  of 
the  connecting-rod,  which  is  twice  the  stroke,  or  four 
times  the  length  of  the  crank.  Then  CD  is  made  equal 
to  AB  and  the  semicircle  CED  is  drawn.  The  stroke 
AB  is  divided  into  ten  equal  parts  to  show  the  piston 
positions. 

Finding  Crank  Position  from  Piston  Positio 

When  the  piston  is  at  F  it  has  moved  one-tenth  of  the 
.stroke  from  .4  and  the  crank  is  at  00.  The  point  G  is 
found  by  setting  a  pair  of  compasses  to  the  length  AC 
of  the  connecting-rod,  placing  the  point  of  the  compasses 
at  F  and  drawing  an  arc  to  cut  the  semicircle  CED. 
v/hich  it  will  do  at  G.  Similarly,  when  the  piston  is  at 
H,  the  crank  is  at  01,  the  point  /  being  found  by  using 
H  as  a  center  and  a  radius  equal  to  AC,  and  drawing  an 
arc  to  cut  the  semicircle.  The  other  crank  positions  are 
found  in  like  manner.  When  they  have  been  found, 
they  are  transferred  to  the  semicircle  on  Fig.  6  and  the 
tangential  pressures  are  laid  off,  as  already  explained. 

The  final  step  in  the  drawing  of  diagrams  is  to  draw 
the  tangential-pressure  diagram  to  a  straight  base,  as 
shown  in  Fig.  8.  This  means  simply  that  the  diagram 
in  Fig.  6  is  straightened  out.    First,  the  semicircle  ABC 
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ill  KiK.  <>  i'^  ilividod  into  a  iiumluT  of  i'(Hi<il  parts,  .sa.v 
tpti,  and  Ihnmjfh  thoso  p«>inls  iraiik  positions  arc 
drawn  as  shown  by  dotted  linos.  In  Fijr.  8  the  line  Alt 
is  made  eijual  in  lonRth  to  the  .seniiririlc  AlW  in  Fijr.  fi 
and  is  I'lso  divided  into  ten  e(|ual  ])arts.  Vertical 
lines  are  drawn  at  the  points  of  division,  and  on  them 
are  laid  off  the  ordinates  of  the  tanjjential-pre.ssurc  dia- 
gram in  Fi;r.  <>.  measured  alon^  the  dotted  lines.  Thus, 
in  Fitr.  8.  the  heights  KF.  r,7/,  //,  etc..  are  laid  off  ex- 
actly equal  to  the  heights  EF,  (ill,  IJ,  etc.,  in  Fig.  6 
and  the  smooth  curve  AFHJB  is  drawn. 

WoKK  DoNK  ON  Crank  in  a  Single  Strokk 

In  Fig.  8  the  length  of  the  ordinate  between  the  base 
line  AH  and  the  curve,  at  any  point  along  AR,  represents 
the  tangential  pressure  at  the  crankpin,  in  pounds  per 
square  inch  of  piston,  for  the  corresponding  crank  posi- 
tion. The  length  AR  represents  the  travel  of  the  crank- 
pin  during  one  stroke  of  the  engine.  Therefore,  the 
area  of  the  diagram  AJR  represents  the  work  done  in 
turning  the  crank  during  one  stroke,  to  the  same  scales 
of  pressure  and  distance  as  the  indicator  diagrams  in 
Fig.  2  represent  work  done  on  the  piston  by  the  steam. 

The  load  on  the  engine  resists  the  turning  of  the 
crankshaft,  and  as  the  load  is  assumed  to  be  uniform 
throughout  the  stroke,  it  may  be  considered  as  a  uni- 
form resistance  acting  at  the  crankpin  to  oppose  the 
tangential  forces  urging  the  crank  ahead.  This  uni- 
form resistance  is  indicated  in  Fig.  8  by  the  height  AC 
of  the  line  CD  above  AR,  representing  32  lb.  It  is  de- 
termined by  finding  the  mean  ordinate  of  the  diagram 
AJR  and  multiplying  it  by  the  scale  of  pressures,  80  lb. 
to  the  inch.  The  mean  ordinate,  0.386  in.,  is  found  by  . 
the  same  method  as  the  mean  ordinate  of  an  indicator 
diagram. 

Since  AC  represents  the  average  resistance  and  AR 
the  crankpin  travel  during  one  stroke,  the  area  ACDR 
represents  the  work  done  in  overcoming  the  resistance 
during  one  stroke.  It  is  exactly  equal  to  the  area  AJR, 
\yhich  represents  the  work  done  at  the  crankpin  by  the 
steam  during  one  stroke.  A  little  thought  will  show 
that  this  must  be  true.  For,  if  the  w'ork  done  at  the 
crankpin  by  the  steam  were  continually  greater  than  the 
work  of  overcoming  the  resistance,  the  excess  would 
gradually  increase  the  speed  of  the  engine ;  and  if  the 
conditions  were  reversed,  and  the  resistance  were  the 
greater,  the  engine  spaed  would  decrease.  With  a  uni- 
form speed,  the  average  effort  on  the  crankpin  remains 
equal  to  the  average  resistance. 

Relation  of  Tangential  Effort  to  Resistance 

The  diagram.  Fig.  8,  shows  clearly  the  relative  values 
of  the  effort  and  the  resistance  at  all  pointf.  in  the 
travel  of  the  crankpin.  The  constant  resistance  is  indi- 
cated by  the  line  CD.  parallel  to  AR.  The  tangential 
pressure,  or  effort,  on  the  other  hand,  starts  from  zero 
at  A,  increases  to  the  point  J,  and  decreases  to  zero  at 
R.  While  the  crankpin  is  moving  through  the  part  of  its 
travel  represented  by  AK,  the  tangential  pressure  is  on 
the  increase,  and  at  K  it  is  just  equal  to  the  average 
resistance,  as  indicated  by  the  cro.ssing  of  the  cui^ve  and 
the  line  CD  at  L.  While  the  crankpin  travels  from  K 
to  M.  the  tangential  pressure  reaches  its  greatest  value, 
and  remains  greater  than  the  resistance;  but  at  M  the 
two  become  equal,  as  indicated  by  the  crossing  of  the 


1 1  IK'S  at  .V.  From  the  point  M  to  Iht;  end  of  the  hlroke. 
the  tangential  pip.'<Hure  dccrea.ses,  and  just  befitrc  the 
end  of  the  stroke  it  becomes  negative,  as  indicalcHi  by  the 
slight  drop  of  the  curve  below  the  base  line. 

During  the  period  in  which  the  tangential  pressure  it 
greater  than  the  resistance,  represented  by  the  travel 
of  the  crankpin  from  A'  to  M,  the  exce.ss  of  pressure  in 
utilized  in  causing  a  momentary  increase  of  speed  of  the 
crankshaft.  During  the  remaining  parts  of  the  half- 
revolution,  the  resistance  is  greater  than  the  tangential 
pressure,  and  the  result  is  a  momentary  decrease  in  the 
speed  of  the  crankshaft.  If  there  were  no  flywheel  on 
the  shaft,  these  periodic  increases  and  decrea.ses  of  speed 
on  successive  strokes  would  be  sudden  and  violent;  but 
by  the  addition  of  a  flywheel  the  fluctuation  of  .speed 
may  be  made  as  small  as  may  be  desired. 

The  crankshaft  alone,  l)ecau.se  of  its  relatively  small 
diameter  and  weight,  could  very  quickly  be  .speeded  up 
or  slowed  down ;  but  a  flywheel,  becau.se  of  the  weight 
of  its  rim  and  the  distance  of  that  rim  from  the  center 
of  the  shaft,  cannot  be  speeded  up  or  slowed  down  quickly 
by  a  force  acting  at  the  end  of  the  crank.  In  an  engine 
with  a  flywheel,  therefore,  the  variable  tangential  pres- 
sure produces  only  a  small  change  of  speed  of  the 
crankshaft  and  flywheel.  The  speed  increa.ses  slightly 
while  the  tangential  pressure  exceeds  the  resi.stance  and 
decreases  slightly  while  the  resistance  exceeds  the  tan- 
gential pressure.  The  total  variation  between  the 
greatest  and  the  lea.st  speed  is  regulated  by  the  weight 
of  flywheel.  The  heavier  the  wheel  the  smaller  will  be 
the  fluctuation  of  .speed,  because  the  excess  of  tangential 
pressure  or  resistance  has  less  effect  on  a  large  weight 
than  on  a  small  one. 

Flywheel  Absorbs  and  Gives  up  Work 

Work  is  required  to  set  any  body  in  motion  or  to 
increase  the  speed  of  a  body  that  is  already  in  motion, 
and  these  statements  apply  to  the  flywheel  of  an  engine. 
While  its  speed  is  increasing,  work  is  being  done  on  it 
and  is  being  stored  in  it;  and  while  its  speed  is  decreas- 
ing, it  is  giving  up  work  that  has  been  stored  in  it. 
The  flywheel  simply  absorbs  the  excess  of  work  while 
the  tangential  pressure  exceeds  the  resistance,  and  gives 
it  back  while  the  resistance  exceeds  the  tangential  pres- 
sure. 

In  the  diagram,  Fig.  8,  the  area  LJN  represents  the 
work  that  is  stored  up  in  the  flywheel  during  one  .stroke, 
and  the  combined  areas  ACL  and  NDR  represent  the 
work  that  is  given  up  by  the  flywheel  during  one  stroke. 
A-s  the  average  speed  does  not  change,  the  work  ab- 
sorbed is  equal  to  the  work  given  up;  that  is, 
area  LJN  =-  area  ACL  -\-  area  NDR 

The  loop  below  the  line  AR  has  been  neglected  be- 
cause it  is  so  small ;  but  if  it  were  large,  it  would  need 
to  be  taken  into  account.  It  would  form  a  part  of  the 
area  NDR:  and  in  calculating  the  mean  height  AC,  the 
r  rea  of  the  loop  would  be  subtracted  from  the  total  area 
above  AR  and  the  remainder  would  be  divided  by  the 
length  of  AR. 

The  scale  of  vertical  distances  in  Fig.  8  is  80  lb.  to 
the  inch.  The  length  AR  is  3.14  in.,  or  the  length  of 
the  semicircle  in  Fig.  G,  which  represents  half  the  cir- 
cumference of  the  crankpin  circle.  As  the  stroke  is  2  ft, 
half    the    circumference    of    the    crankpin    circle    is 
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i  (3.1416  X  2)  ----  ;',.14  n.  Thereforr,  each  inch  of 
length  of  AB  represents  1  ft.  of  travel  of  the  crankpin. 
Each  square  inch  of  araa  LJN  then  represents  80  X  1 
--  80  ft.-lb.  of  work  per  square  inch  of  piston  area. 
The  area  of  LJN  (found  by  multiplying  its  mean  ordi- 
nate by  tho  bnc-th  of  LN)  is  0.34  sq.in  ,  ?nd  the  area  o! 
the  piston  of  the  assumed  engine  i;  0  7854  X  18' 
254.5  sq.in.     Consequently,  the  area  LJN  represents 

0.34  X  80  X  254.5  =  6522  ff.-lb.  of  ivork 
which  is  alternately  absorbed  and  restored  by  the  fl;- 
wheel  during  each  stroke  of  the  engine. 

It  is  customary,  except  in  very  accurate  work,  to 
consider  that  the  flywheel  rim  dees  all  the  regulating 
of  speed  during  the  stroke,  and  to  neglect  the  steadying 
effect  of  the  arms  and  hub,  which  assist  the  rim.  Con- 
sequently, the  problem  resolves  itself  into  finding  the 
diameter  and  cross-section  of  rim  that  will  take  up  and 
give  out  the  calculated  excess  of  work.  The  weight, 
however,  depends  on  the  amount  of  speed  variation 
allowable,  which  in  turn  depends  on  the  class  of  service 
for  which  the  engine  is  intended. 

Coefficient  of  Speed  Variation 

If  the  engine  is  to  drive  alternating-current  genera- 
tors, the  speed  of  rotation  must  be  very  steady  through- 
out the  stroke,  and  the  total  variation  should  not  exceed 
jitr;  that  is,  the  variation  in  speed  of  a  point  on  the 
flywheel  rim,  between  the  greatest  and  least  speeds  oc- 
curring during  the  stroke,  should  not  be  greater  than 
ri^  of  the  average  speed  of  that  point.  The  fraction 
that  represents  the  ratio  of  the  total  speed  variation  to 
the  normal  speed  is  called  the  coeflScient  of  speed  vari- 
ation. For  various  classes  of  service  it  may  be  given 
the  following  values: 

Coofficiont  of 

Engine'  to  Drive;  Speed  Variation 

Pumps j'o  to  3u 

Machine-shop  tools. 35  to    j'j, 

Looms  and  paper  mills ,V, 

Spinning  niills „'„ 

Direct-current  generators i,',o  to  ijn 

Alternating-current  generators ,,',„ 

The  weight  of  flywheel  rim  required  to  absorb  and 
give  up  a  known  quantity  of  work  may  be '  found  as 
follows : 

Rule:  Mzdtiply  the  foot-pounds  of  work  absorbed  and 
given  up  per  stroke  by  11,750,  and  divide  the  product 
by  the  product  of  the  coefficient  of  speed  variation,  the 
square  of  the  number  of  revolutions  per  minute,  and  the 
square  of  the  mean  diameter  of  the  flyivheel  in  feet. 
The  quotient  will  be  the  iveight  of  rim  in  pounds. 

In  the  case  of  the  engine  assumed, 
the  flywheel  diameter  is  not  stated,  and 
so  a  value  must  be  given  to  it.  Sup- 
pose that  a  mean  diameter  of  4  ft.  is 
chosen;  that  is,  the  average  of  the  inside 
and  outside  diameters  of  the  rim  is  4 
ft.  Assume  further  that  the  engine  is 
to  drive  machine-shop  tools.  Then  its 
allowable    coefficient    of    speed    variation 


3253  lb. 


n.iiy  bo  taken  :\ ;  ,\,.     Applying  the  rule,  tlio  weight  of 
rim  required  under  these  conditions  is 

6922  Xll.''5'^ 
-Af  X  250-  X  4- 
Ordinarily,   flywheels  are  made  of  ca.st   iron,   whici': 
wcif'hs  ab"ut  450  lb.  per  cu.ft.     The  volume  of  the  rim, 
therefore,  is 

3253  ~  450  =  7.23  cu.ft. 
The  mean  circumference  of  the  rim  is  3.1416  X  4 
1  '.57  ft. ;  hence,  the  cross-section  of  the  rim  mu.st  be 
7.23  -:-  1:^.57  =  0.575  .-iq.ft. 
The  area  of  cross-section  in  square  inches  is  then 

144  X  0.:75  :=  82.8  sq.va. 
A  rim  of  rectangular  cross-section  81  in.  wide  and 
i.)  in.  deep  will  have  a  cross-sectional  r.rea  of  82.5  sq.in.: 
.herefore,  a  flywheel  with  a  rim  having  a  mean  diamc 
or  of  4  ft.  and  a  section  measuring  81  in.  wide  and  10  in. 
deep  will  be  suitable  for  the  g'.ven  engine  under  the  con- 
ditions assumed.  The  outside  diameter  of  the  rim  will 
be  4  ft.  10  in.  and  the  inside  diameter  3  ft.  2  in. 

If  the  engine  is  already  built  and  in  use,  the  weight 
of  the  flywheel  may  be  checked  by  using  practically  th? 
same  method  as  that  just  described.  First  calculate  the 
actual  weight  of  the  flywheel  rim  as  follows : 

Rule:  Multiply  10  times  the  mean  diameter  of  the 
rim  in  feet  by  the  width  of  the  rim  and  the  depth  of  the 
rim,  both  in  inches.  The  prodvct  will  be  the  iveight  of 
the  rim  in  pounds. 

Next,  calculate  the  weight  of  the  rim  by  the  method 
outlined  in  this  article,  which  may  be  summarized  a:; 
follows : 

1.  Take  a  pair  of  indicator  diagrams  from  the  engin: 
under  the  normal  working  conditions. 

2.  Combine  the  two  diagrams  so  as  to  obtain  a  dia 
gram  of  net  forward  steam  pressures  on  the  piston. 

3.  Calculate  the  inertia  forces  at  several  points  in  the 
stroke  and  construct  the  inertia-force  diagram. 

4.  Combine  the  inertia-force  diagram  with  the  dia- 
gram of  net  steam  pressures  on  the  piston,  producing  a 
diagram  of  net  pressures  on  the  crosshead  pin. 

5.  From  the  diagram  of  net  pressures  on  the  cross- 
head  pin,  calculate  the  tangential  pressures  and  draw 
ihe  diagram  of  tangential  pressures  to  a  semicircular 
base  and  then  to  a  straight  base. 

6.  On  the  straight-base  diagram,  find  the  area  of  that 
part  of  the  diagram  above  the  line  of  average  resistance, 
and  calculate  the  total  number  of  foot-pounds  of  work 
represented  by  it,  which  will  be  the  amount  of  work 

absorbed   and    given    up   by   the   flywheel 
per  stroke. 

7.  Calculate  the  weight  of  rim  required 
to  absorb  this  amount  of  work,  using 
the  actual  mean  diameter  of  the  flywheel 
and  assuming  a  coefficient  of  speed  varia- 
tion to  suit  the  nature  of  the  service  for 
which  the  engine  is  u.sed.  The  weight 
thus  calculated  should  not  exceed  the 
actual  weight  of  the 
flj  wheel    rim. 
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WliiMi    Doclors  Disafjror — T 


I'.Y  JOHN  S.  CAUriONTKR 


.4  bargaht-cninitrr  i)ixt(iU(iti<i>i  nf  ivutcr  ttirbiues 
fniln  to  conir  up  to  thr  ii  intrant  rid  ejjicir.ncy  and 
precipitates  a  lirehi  arinnnetit  l)etireeu  the  engi- 
neer of  the  jilatit  and  the  represctitatirex  of  the 
builders. 

THE  chief  laid  down  his  copy  of  Power  with  a  smile 
and  slid  it  across  the  big  double-ended  desk  to 
Bill,  his  assistant. 

"I  see  the  big  guns  is  at  it  again,  tooth  an'  nail, 
this  time  it  bein'  over  a  mere  trifle  like  findin'  the  total 
flow  of  a  stream  by  means  of  velocity  measurements. 
One  gentleman  says  that  another  member  of  our  learned 
profession  is  fulla  soup,  to  put  it  mild,  an'  .somethin' 
tells  me  they's  gonna  be  blood,  hair  an'  the  ground 
tore  up. 

"It  reminds  me  of  the  time  when  they  put  in  the 
first  turbines  in  this  plant,  some  six  years  ago.  We 
had  a  little  time  hei-e  then  that  would  make  a  New  York 
City  mud-slingin'  election  green  with  envy.  It  seems 
that  our  president,  a  darn  good  drygoods  dealer,  got  an 
idea  to  buy  generatin'  equipment  the  way  he  bought  dry- 
goods.  He  thought  he  saw  in  one  company's  bid  a  hand- 
me-down-suit  marked  'Take  me  home  for  $11.88,'  an' 
it  took  him  just  five  minutes  to  do  it.  When  that  sales- 
man walked  out  with  the  contract  signed  and  with  a 
check  for  one-third  of  the  price  in  his  pocket,  I  thought 
I  saw  a  Baxter  Street  glint  in  his  eye. 

"It  all  went  well  until  they  got  the  turbines  in  and 


••A\~ELL,  THROW  IT  OUT  IF  IT'S  UAYIX'  DOW.N  ON 
THE   JOB!" 

about  three-quarter  load  oa  'em.  Then  we  opened  the 
.  gates  wide  to  get  full  load,  an'  to  the  surprise  of  every- 
body the  ammeter  needle  didn't  budge  ten  amperes.  Our 
drygoods-store  president  was  still  struttin'  around  con- 
gratulatin'  himself  on  what  a  good  bargain  he  drove 
until  he  saw  my  face.  He  says,  'Whatsa  matter,  chief?' 
an'  I  pointed  to  the  ammeter,  it  never  occurrin'  to  me 
that  that  bird  couldn't  tell  the  time  on  that  kind  of  a 
clock  an'  that  he  didn't  know  whether  amperes  is  a  new 
kinda  grease  or  di\'^'ydends  in  embryo. 

"  'Well,'  he  snoozles,  wavin'  his  fat  hand,   'throw  it 
out  if  it's  layin'  down  on  the  job!' 


"He  got  told  that  I'd  darn  sooner  b'lievc  that  thing 
than  lotsa  preachers,  an'  he  look.s  at  me  like  I  had 
rats  in  the  attic.  Them  turbines,"  I  aays,  "is  doin'  all 
of  thrce-(iuarters  of  what  they  oughta,  an'  he  a.sks  if  we 
can  take  'em  back  and  exchange  'em.  After  it  perco- 
lated through  his  dome  that  it  prob'ly  would  cost  him 
about  ten  thousand  to  do  it,  he  turned  a  sickish-lookin' 
green  around  the  gills.  Then  the  real  fun  began.  I 
called  the  turbine  company's  man  over  to  me  an'  told 


"THEM   BOYS.   BILI.,,   WERE   THE   ENGINEERS" 

him  to  put  full  load  on  them  turbines.  He  looked  at 
the  gate-openin'  indicator,  waltzed  over  to  the  meters, 
an'  then  beat  it  out  on  the  bridge  to  see  if  they  was  any 
water  comin'  outa  them  draft  tubes.  They  sure  was. 
The  discharge  comin'  outa  them  concrete  draft  tubes 
was  the  best-lookin'  imitation  of  a  spiral  staircase  that 
I  ever  did  see,  an'  made  you  dizzy  to  look  at  it.  Then 
he  says  that  them  turbines  must  be  suckin'  air  an'  1 
took  off  a  manhole  cover  in  the  floor  so  he  could  .squint 
down  an'  see  them  turbines  purrin'  like  cats  at  liver. 

"After  he  excused  himself  to  go  an'  wire  the  office  the 
glad  tidin's,  he  didn't  show  up  for  a  week.  Then  he 
brought  up  the  heavy  artillery,  consistin'  of  a  man  an' 
two  boys.  He  introduced  the  man  to  me  as  their  sales 
manager;  an'  b'lieve  me.  Bill,  all  that  that  bird  ever 
did  here  was  to  dictate  five-  and  ten-page  letters  to  the 
public  stenographer  at  the  hotel. 

"Them  boys.  Bill,  were  the  engineers.  One  of  'em  1 
named  Flossy  right  off  the  bat,  an'  that  guy  looked 
like  he  just  throwed  up  a  job  posin'  fer  them  collar 
advertisements  in  the  trolley  cars.  The  other  gink  was 
fastened  at  the  nose  to  a  pair  of  42-centymeter  shell- 
rimmed  glasses  an'  prob'bly  got  'em  fer  bein'  a  walkin' 
advertisement  fer  some  optician  who  found  that  he  had 
thirteen  of  that  kind  in  stock  an'  gave  him  one  to  break 
the  spell.  I  named  him  Omar,  after  the  bird  that  wrote 
the  Roobiyet  an'  cashed  in  over  the  problem  of  namin'  a 
new  cigarette. 

"When  them  fellers  got  their  circus  clothes  off,  they 
went  over  the  whole  plant  from  the  log  boom  down  to  a 
place  a  mile  below  the  plant.  They  fin'lly  comes  to  a  de- 
cision that  the  whole  trouble  is  because  them  contractors 
left  a  little  colyum  in  the  middle  of  each  of  them  draft 
tubes  fer  fear  that  the  beams  inside  was  still  a  little 
green.  They  tells  me  that  we  can  never  expect  to  get 
any  more  power  from  them  turbines  because   we  got 
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them  colyums  there.  But  I  noticed  that  they  didn't  seem 
to  be  crowdin'  me  to  take  'em  out. 

"Their  sales  manager  made  a  grand-stand  play  outa 
that  an'  asks  our  president  to  call  a  special  meetin'  of 
the  board  of  deerectors  so  he  can  tell  'em  what's  wrong, 
an'  get  'em  to  vote  to  pay  the  balance  of  the  contract. 
When  they  all  got  together,  I  was  called  in  too.  They 
was  just  an  even  dozen  of  us  around  the  table,  an'  after 
the  preliminaries  was  run,  that  sales  manager  got  up 
an'  addressed  us  in  excellent  Chinese.  The  way  he 
talked  to  them  trustin'  deerectors  about  hyperbolic 
draft-tube  curves  an'  the  net  total  results  of  twenty 
years'  tests  on  obstructions  to  flow  by  bridge  piers  was 
tearful.  I  betcha  all  the  time  he  was  readin'  from  some 
patent-medicine  almanac,  windin'  up  by  hopin'  that  we 
would  see  the  thing  impartially  an'  keep  the  fair  name 
of  the  great  company  he  represented  unsullied  in  these 
parts.  Then  he  sat  down  an'  hinted  to  Sam  Scroggins 
that  an  adjournment  was  in  order.  But  I  gives  Sam  the 
high  sign  an'  gits  up  on  me  hind  legs.  I  said  in  plain 
Buckeye  that  I  was  darn  sure  that  them  colyums  never 
eat  up  nothin'  like  a  total  of  a  thousand  kilowatts  an' 
offered  to  bet  him  a  hundred  iron  men  in  the  presence 
of  all  them  there  gentlemen,  that  if  I  cut  out  them 
colyums  that  we  would'nt  get  more  than  a  hundred  kilo- 
watts more  for  the  whole  plant  at  the  contract  head. 
That  spilled  the  beans  fer  the  day. 

"His  Nibs  wasn't  what  you'd  call  crazy  to  take  me  up, 
but  musta  figgered  that  if  he  did  lose  that  he  could 
charge  it  to  travelin'  expenses  or  entertainment,  so  he 
fell  fer  my  bait.  A  second  thought  told  me  that  if  I  lost 
I'd  have  to  put  a  plaster  on  the  house  to  raise  the  coin. 
But  the  board  told  me  to  go  an'  use  the  best  judgment 
I  had,  so  I  cut  'em  out. 

"Well,  Bill,  you'  oughta  seen  what  happened.  The 
night  of  the  day  that  them  contractors  got  through  cut- 
tin'  out  them  colyums  was  a  rather  sleepless  one  fer  me. 
I  was  wishin'  to  the  Powers  That  Be  that  I  bet  that 
ribbon-counter  sport  it  would  be  two  hundred  kilowatts 
more  instead  of  one  hundred ;  but  the  beans  was  spilled 
an'  I  had  to  face  the  music,  an'  maybe  have  that  ball- 
room flower  kid  me  about  it,  too. 

"The  next  mornin'  I  snuck  down  to  the  plant  so 
early  that  I  caught  the  night  operator  gettin'  in  his  best 
licks  at  a  beauty  sleep.  He  jumped  when  he  saw  me 
like  I  was  a  spook,  an'  I  told  him  to  get  back  in  his  coop. 
I  throwed  all  the  load  I  could  on  one  unit  by  cuttin'  out 
the  governor  an'  usin'  the  hand  regulatin'  gear  to  tear 
her  wide  open,  lettin'  the  governor  on  the  other  unit 
take  care  of  the  load  changes.  With  that  riggin'  I  got 
what  made  175  kilowatts  better  for  the  whole  plant,  an' 
me  gettin'  more  an'  more  scared  to  death  as  I  sees  the 
needle  clim.b.  My  hands  had  that  cold,  clammy  feelin' 
so  popular  with  corpses  an'  things  like  that,  an'  my 
voice  was  that  cracked  you'd  'a  thought  it  was  made  of 
crockery.  While  I  was  still  havin'  them  cold  sweats,  I 
takes  a  peep  at  the  head  gage ;  an'  say !  if  Hop  Sing,  the 
laundryman,  had  been  there  I'd  'a  fell  on  his  neck  an' 
kissed  him!  That  gage  showed  two  feet  more  head  than 
the  contract  head,  makin'  a  net  gain  due  to  takin'  them 
colyums  outa  them  draft  tubes  of  fifty  kilowatts!  I 
felt  so  good  after  that  that  I  went  back  to  the  night 
operator  with  the  plaid  hair  an'  big  fam'ly,  who  thought 
he  was  fired  .sure,  an'  tells  him  with  tears  in  my  voice 
that  I  was  surproozed  at  him,  havin'  no  higher  aims  in 


life  than  to  sleep  when  his  trustin'  boss  was  usually 
still  in  the  clutches  of  Morpheus. 

"Bill,  after  I  collected  that  hundred  off'a  that  animated 
fashion  plate,  the  turbine  company  put  in  new  runners 
which  gave  way  more  than  the  contract  power.  Then  it 
was  the  thing  to  find  out  if  they  got  the  contract  effi- 
ciency. The  company's  engineers,  Flos.sy  an'  Omar, 
made  tests  on  the  plant  an'  said  that  they  got  5  per  cent, 
more  eflSciency  than  the  contract  called  for,  makin'  85 
per  cent.  The  contract  had  the  efficiency  specified  for 
the  full  rated  load,  so  we  were  safe,  an'  which  was  80 
per  cent.  When  the  heavenly  twins  said  that  they  got 
85  per  cent,  it  made  me  take  another  chew  an'  stew 
over  it  a  bit.  I  fin'lly  told  'em  that  we'd  get  another 
engineer  to  check  their  results  before  we  paid  the  bal- 
ance on  the  contract,  an'  it  kinda  got  their  goats,  but 
they  didn't  let  on.  The  next  day  I  went  an'  got  me  a 
stop  watch  an'  made  some  tests  on  me  own  hook  that 
I  could  depend  on. 

"They  is  a  stretch,  as  you  know,  Bill,  about  four 
hundred  feet  long  below  the  plant  that  is  tolerably 
straight,  an'  it  ain't  more  than  a  hundred  feet  from  the 
end  of  them  draft  tubes  to  the  beginnin'  of  that  stretch. 
Now  that  channel  takes  all  the  water  from  them  draft 
tubes  an'  I'm  pretty  sure  that  they  ain't  no  springs  or 
other  things  runnin'  into  it.  About  half  a  mile  above 
the  plant  there's  a  weir,  an'  with  another  below  the 
plant,  we  was  hooked  up  fine  fer  measurin'. 

"I  went  and  got  me  a  good  big  float,  weighted  her 
down  well  an'  saw  that  she  went  way  below  the  center 
of  the  stream.  Then  I  told  a  big  buck  nigger  to  throw 
the  float  in  the  stream  while  I  stood  down  at  the  end  of 
that  400-ft;  stretch  with  the  stop  watch.  When  the 
thing  was  down  in  the  water  I  clicked  the  stop  watch 
an'  timed  it  till  it  got  down  to  me.  Now,  Bill,  I  got  that 
coon  to  throw  the  float  in  at  a  different  place  every  time, 
beginnin'  with  the  left  bank  and  workin'  gradually  over 
to  the  right  bank,  an'  I  got  the  time  every  trip.  I  was 
always  careful  to  do  this  work  when  I  was  sure  that 
the  load  was  constant  enough  to  have  the  work  right, 
an'  had  the  operator  yell  out  if  the  governor  moved 
much  during  the  time  I  was  measurin'.  Finally  I  got 
a  whole  raft  of  timin'  and  I  averaged  the  whole  thing. 
From  my  dope  on  the  distance  an'  the  cross-section  of 
the  stream  at  a  few  places,  you  see  I  got  the  water 
quantity,  but  which  had  to  be  checked  against  the  weir 
first.  I  have  an  old  formula  that  says  with  a  surface 
float  I  must  use  a  constant  of  about  83  per  cent,  as  a 
velocity  coefficient,  but  with  a  subsurface  float  like  I 
was  usin'  the  constant  is  about  98  per  cent.  A  table 
in  a  handbook  was  all  I  needed  for  the  weir,  and  com- 
parin'  it  with  the  float  work  showed  that  the  coefficient 
was  about  2  per  cent,  high,  but  that  is  of  course  assum- 
in'  that  the  weir  is  exactly  right,  which  it  aint.  The 
Francis  formula  for  weirs  gives  results  within  3  per 
cent,  of  the  truth,  accordin'  to  the  best  observers.  Now. 
havin'  the  generator  eflRciency  from  the  builders,  it  was 
easy  to  get  the  efficiency  of  the  turbines.  All  I  got 
was  78  per  cent.,  while  the  contract  called  for  80  per 
cent." 

(The  remaining  installment  of  this  story  tells  how 
the  stream  flow  ivas  measured  and  checked  bij  iveir,  float 
and  current  meter,  and  how  the  plant  engineer  proved 
that  the  turbines  ivere  not  living  up  to  the  guaranteed 
efficiency.) 
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Ai)])licatioii  of  iJriishi^s 
to  Elcctriral  Machinery 

Hy  W  AKHIA  <;.   KAI.H 

III  llir  appliralioii  of  farlKtn  IiriiHliCH  the  Hcleriion 
of  tlir  lll<>^t  Miiliihir  <;ra<l<-  is  fr<-<|ii<-iillv  innii«-ii(-r«i 
l»V  ('oiidilioiis  |i<'(-iiliai'  lo  tlir  s<-r>  i<-i-  on  \«  liicli  tin- 
liriisli  is  to  Ik-  a|i|tli<-«l.  Discussion  of  tlirsc  con«litioiif> 
ill  relation  to  a  ft-w  s|M-<-ial  lirlils  ofwrrvi*-*-  fiiM-s  an 
idea  ol    soinr  of  the  pointo  that    must    he   <'(»nsi«iiT('il, 


IN  GENERAL  factory  service  the  characteristics 
demanded  of  brushes  are  determined  more  by  the 
type  of  motor  on  which  they  are  to  be  used  than 
by  any  peculiarities  of  the  service.  In  nearly  all  fac- 
tory service  undercutting  of  mica  on  the  commutators 
is  permissible  and  is  strongly  recommended.  This 
permits  the  use  of  nonabrasive  electrographitic  brushes, 
which  insures  the  longest  brush  life  and  the  most  satis- 
fuctorj'  commutation  service   in   every   respect. 

Ventilating  motors  usually  operate  at  rather  high 
commutator  speeds  and  should  be  equipped  with  brushes 
possessing  low  coefficient  of  friction.  The  practice  of 
undercutting  commutators  is  to  be  recommended  in  this 
service  except  where  the  fans  are  used  to  exhaust  heavy 
fumes  of  some  nature  or  a  dust-laden  atmosphere  which 
would  tend  to  fill  up  the  slots  in  the  commutator.     In 


spotting  of  the  commutator  is  likely  to  take  place  in 
time. 

The  almost  universal  practice  on  electric  railway.s  at 
the  present  time  is  to  undercut  the  mica  of  the  com- 
mutators. By  this  means  the  need  for  an  abrasive 
characteristic  in  the  bru.sh  is  largely  eliminated.  It 
also  becomes  necessary  to  avoid  the  use  of  a  brush 
impregnated  with  lubricating  treatment,  as  this  mate- 
rial has  a  tendency  to  fill  up  the  slots  of  the  commu- 
tator, causing  short-circuits  and  resultant  armature 
trouble.  Brushes  can  be  rated  considerably  higher  in 
carrying  capacity  for  this  service  than  for  classes  of 
service  where   they   are   in   continuous   operation   over 


FIGS.    1    TO    4,      FLl'SH   AND   fXDERCUT    COMMUTATOR   MICA 


such  cases  it  maj'  be  advisable  to  use  flush  mica,  as  in 
Fig.   1,  and  a  slightly  abrasive  brush. 

Motor-driven  centrifugal  pumps  offer*  no  special  re- 
quirements provided  the  pumps  are  not  overloaded.  It 
frequently  occurs  that  a  pump  is  required  after  installa- 
tion to  deliver  a  head  considerably  greater  than  that 
for  which  it  is  designed  or  than  that  under  considera- 
tion when  the  motor  was  applied.  In  such  cases  th3 
motor  may  be  heavily  overloaded,  and  this  factor  must 
be  taken  into  consideration  in  selecting  the  commutat- 
ing  characteristics  and  carrying  capacity  of  the  brushes 
which  are  to  be  used. 

On  motors  driving  reciprocating  pumps,  particularly 
where  the  gearing  happens  to  be  of  such  ratio  that  the 
end  of  the  stroke  always  occurs  w-hen  the  brush  is 
bearing  on  the  same  spot  on  the  commutator,  it  is 
sometimes  desirable  to  use  a  slightly  abrasive  brush 
even   on   motors   w^ith    undercut    mica,    otherwise    some 


long  periods.  Probably  50  per  cent,  above  the  normal 
rating  of  a  brush  w^ll  give  a  satisfactory  figure  for 
carrying  capacity  under  average  electric-railway  con- 
ditions. 

The  peripheral  speed  on  railway  motors  is  usually 
rather  high,  so  that  brushes  for  this  service  must  have 
jTOod  lubricating  property.  They  must  also  possess 
considerable  mechanical  strength  and  toughness  to  with- 
stand the  vibration  they  will  be  subjected  to  in  this 
application.  This  is  especially  true  when  cars  are 
operated  over  bad  tracks  or  numerous  crossings.  The 
tj-pes  of  brushes  now  in  general  use  for  this  class  of 
service  are  the  graphite-carbon  class  and  electro- 
graphitic  brushes. 

Figs.  2  to  4  illustrate  various  forms  of  undercutting 
the  mica  of  commutators.  Where  there  is  to  be  ap- 
preciable commutator  wear,  as  is  the  case  in  railway 
service,    the    square    slot.    Fig.    3,    is    preferable.    This 


February  25,  1919 


POWER 


277 


:an  be  cut  as  much  as  i  in.  deep  for  railway  motors 
if  high  rotative  speed  where  the  centrifugal  force  is 
enough  to  clear  the  slots  of  most  deposit.  On  lower- 
ipeed  machines,  however,  the  slot  should  not  be  of  a 
iepth  greater  than  its  width. 

On  machines  that  are  operated  in  the  presence  of  a 
iarge  amount  of  dust,  particularly  if  it  is  of  a  con- 
jucting  nature,  the  V-type  of  slot,  Fig.  2,  is  preferable, 
jecause  it  offers  less  of  a  pocket  for  the  collection 
and  holding  of  dust  than  is  offered  by  the  square  type 
jf  slot.  In  all  cases  it  is  desirable  that  the  corners 
3f  the  commutator  segments  should  be  slightly  beveled, 
is  shown  in  the  enlarged  sections.  Fig.  4.  In  the  case 
3f  the  V-slot  this  insures  no  edges  of  mica  being  left 


FIG.  5.     FILE  FOR  UNDERCUTTING  MICA 

[lusn  with  the  bearing  surface  of  the  commutator,  and 
in  the  case  of  the  square  slot  it  is  necessary  to  insure 
Lhe  removal  of  all  burrs  which  might  cause  rapid  wear 
3f  the  brushes. 

The  undercutting  of  the  mica  may  be  done  with 
i-arious  tj'pes  of  hand  slotting  tools.  Where  a  V-shaped 
>lot  is  required,  the  work  can  be  successfully  done  with 
1  commutator-slotting  file  similar  to  the  one  shown 
in  Fig.  5.  In  many  of  the  large  shops  a  motor-driven 
tool  is  used,  as  shown  in  Fig.  6. 

The  requirements  for  generator  brushes  in  steel-mill 
service  are  practically  the  same  as  those  of  any  power 
plant,  except  where  the  presence  of  gases  tends  to 
.orrode  the  commutator.  In  this  case  there  is  need  of 
somewhat  more  polishing  action  in.  the  brush  than  is 
required  for  a  generator  operating  in  clean  atmosphere. 

In  regard  to  the  motors  about  a  steel  plant,  the 
rapidly  increasing  practice  of  undercutting  mica  in 
Lhe  commutators  permits  the  extensive  use  of  graphite- 
carbon  brushes  and  the  various  electrographitic  grades. 
In  mills  where  the  practice  of  undercutting  has  not 
been  adopted,  the  carbon-graphite  type  of  brush  finds  a 
general  application. 

Conditions  about  mines  as  they  relate  to  the  applica- 
tion of  brushes  are  about  the  same  as  in  steel  mills, 
except  that  they  are  more  severe  in  the  average  mine. 
This  greater  severity  is  due  to  a  variety  of  conditions, 
among  them  being  less  stable  mounting  for  the  average 
machine,  resulting  in  greater  mechanical  vibration,  the 
presence  of  considerable  moisture,  which  has  a  deteri- 
orating effect  on  the  insulation  of  the  windings  as 
well  as  preventing  at  times  the  undercutting  of  commu- 
tators, and  the  inferior  class  of  help  that  will  usually 
be  found  in  charge  of  the  electrical  equipment  of 
i-solated  mines  as  related  to  that  about  steel  mills. 
Carbon-graphite  and  graphite-carbon  types  of  brushes 
have  an  extensive  application  in  this  service,  and  the 


harder  grades  of  electrographitic  brushes  give  excellent 
results  where  commutators  are  undercut. 

The  peculiar  condition  encountered  in  cement-mill 
service,  which  distinguishes  it  from  that  in  other  in- 
dustries, is  the  presence  of  an  abrasive  dust,  which 
makes  the  use  of  a  lubricated  brush  inadvisable.  Slot- 
ting of  commutators  is  permissible  in  cement  mills 
provided  the  slotting  is  not  too  deep.  The  maximum 
depth  to  which  it  is  advisable  to  undercut  mica  on 
machines  that  are  operated  in  an  atmosphere  such  as 
that  found  around  the  average  cement  plant  is  ii  of 
an  inch. 

The  use  of  an  insulating  varnish  or  paint  in  the 
slots  of  the  commutator  is  recommended  on  motors 
that  are  to  be  operated  under  conditions  where  there 
is  a  possibility  of  the  slots  becoming  filled  with  a 
conducting  material.  This  practice  will  prevent  short- 
circuiting  of  the  armature  and  still  retain  all  the  ad- 
vantages of  the  undercut  commutator.  The  presence 
of  the  abrasive  dust  around  cement  mills  makes  possible 
the  use  of  nonabrasive  brushes  on  flush  mica,  in  many 
cases  where  undercutting  of  the  mica  or  the  use  of  an 
abrasive  brush  would  be  required  in  other  classes  of 
service. 

As  was  pointed  out  in  the  discussion  of  electro- 
graphitic and  metal-graphite  grades,  the  former  t>T)e 
of  brush  possesses  considerable  advantage  over  the 
latter  for  collector-ring  service  under  such  conditions 
as  are  encountered  in  a  cement  mill,  provided  the  cur- 
rent density  in  the  brushes  is  kept  within  the  range 
of  the  carbon  brush.  The  increased  slip  of  induction 
motors  due  to  the  use  of  the  latter  type  of  brush  offers 
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FIG.    6.      POWER-DRIVEN   TOOL   FOR    UNDERCUTTING 
COMMUTATOR    MICA. 

no  disadvantage  in  this  case,  as  close  speed  control  is 
not  essential  on  the  type  of  machinery  used  in  this 
service. 

The  distinguishing  characteristic  of  service  about 
electrolytic  and  other  chemical  process  plants  is  the 
corrosion  of  commutators  due  to  the  fumes  from  acids 
and  other  chemicals.  Undercutting  of  the  mica  is  ad- 
visable on  all  machines  in  such  installations,  and  even 
with  the  mica  undercut  the  use  of  a  brush  possessing 
some  polishing  or  even  a  slight  abrasive  characteristic 
is  advisable.  Without  undercutting  it  is  often  found 
necessary  to  use  a  brush  of  considerable  abrasiveness 
in  order  to  avoid  high  mica  and  the  troubles  incident 
thereto. 

As  is  the  case  in  electric-railway  service,  it  is  per- 
missible to  use  a  higher-current  density  in  the  brushes 
on  elevator  service  than  in  continuous  service  owing 
missible  to  use  a  higher  current  density  in  the  brushes 
is  subject.  One  of  the  most  important  characteristics 
to  be  considered  in  the  selection  of  a  brush  for  this 
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service  i.s  iiiiiot  optTiitioii.  Wlu'ii'  I'leviitors  are  used 
ill  hotels  jiiui  rparlment  houses,  a  very  slijjht  brush 
noise  from  the  motor  may  he  the  cause  of  considerahle 
complaint. 

A  very  low  peripheral  speed  sometimes  offers  a  more 
trouhlesom.>  tendency  for  chattering  than  speeds  that 
are  quite  hi;.'-h.  This  is  just  what  is  encountered  (,ii 
an  elevator  motor  immediately  after  starting  and  just 
1  efore  stoppirjr.  and  the  task  of  securing  a  brush  that 
will  operate  iiuietly  at  these  .speeds  sometimes  presents 
a  serious  problem.  It  is  important  that  brushes  used 
for  this  service  must  have  a  low  coetticient  of  friction 
at  low  peripheral  speeds,  which  is  not  true  of  all 
brushes  that  are  adapted  to  high  peripheral  speeds. 
For  special  conditions  such  as  this,  it  is  well  to  consult 
the  manufacturer  of  brushes  in  regard  to  the  selection 
of  a  suitable  grade. 

In  selecting  a  suitable  brush  for  any  particular  ap- 
plication, an  analysis  of  the  operating  conditions  should 
be  made  along  the  line  that  has  just  been  indicated 
and  the  gc  leral  type  of  brush  determined  which  is 
best  adapted  to  the  service  conditions  encountered. 
The  peripheral  speed  of  the  commutator  or  slip  ring 
on  which  tie  brush  bears  should  then  be  figured  as 
well  as  the  current  density  within  the  brushes.  The 
following  formulas  are  of  convenience  in  this  connec- 
tion: 

Peripheral  speed  in  feet  per  minute  =    .„  X  3.141G 

X  S,  where  I)  equals  diameter  of  commutator  or  slip 
ring  in  inches,  and  S  equals  the  .speed  in  revolutions 
per  minute. 

Current    density    in    amperes    per    square    inch    ^= 

27 
„     — W   V — T'    ^'here   /   equals    load    on   machine    in 

amperes,  N  equals  total  number  of  brushes  on  machine. 
W  width  of  brush  in  inches,  and  T  thickness  of  brush 
in   inches. 

After  making  these  calculations  all  grades  recom- 
mended by  the  brush  manufacturer  for  peripheral  speed 
and  current  density  below  those  to  be  met  should  be 
eliminated,  except  for  conditions  of  .service  such  as 
previously  mentioned  on  railway  and  elevator  motors, 
where  brief  periods  of  operation  make  it  permissible 
to  use  current  densities  above  those  recommended  for 
continuous  service.  If  commutating  conditions  are 
severe,  high-contact  drop  should  be  made  the  next 
essential.  Knowledge  gained  by  experience  with  vari- 
ous types  of  machines  is  of  great  assistance  in  deter- 
mining this  point,  otherwise  one  must  judge  by  the 
operation  of  the  brushes  on  the  machine  and  the  fact 
of  whether   or  not   the   machine   has    interpoles. 

In  general,  machines  with  interpoles  or  compensating 
winding  may  be  assumed  to  have  better  commutating 
characteristics  than  those  without.  Hardness  need  not 
be  given  much  consideration  in  the  selection  of  a  brush 
unless  in  relation  to  quiet  operation  or  to  severe  me- 
chanical conditions.  Abrasiveness,  however,  is  an  im- 
portant characteristic  and  must  be  considered  carefully 
in  relation  to  the  operating  conditions.  On  undercut 
commutators  little  or  no  abrasiveness  is  required  in  the 
brush,  while  on  commutators  with  flush  mica  some 
abrasiveness  is  needed  in  almost  every  case. 

Experience  with  various  grades  is  the  best  guide  to 


selection  a.s  regards  abrasivenesH,  in  view  of  the  fact, 
that  there  is  no  unit  by  meanH  of  which  l)rusheH  can  \h 
rated  in  this  respect.  As  a  result  of  the  elimination- 
here  outlined,  (inal  selection  will  probably  be  brought 
down  to  three  or  four  grades.  The  description  of 
the.se  given  in  the  literature  of  the  brush  maimfacturer 
will  probably  ofTer  tne  clue  as  to  which  is  best  adapted 
for  the  conditions  of  service  under  consideration. 

AtToil  Thawing  OiilHt 

it  is  sometimes  difficult  to  re.move  coal  from  hoppe»" 
bottomed  cars  owing  to  the  frozen  condition  of  thi 
hopper  gate  during  severe  winter  weather.  Engineer- 
had  ample  experience  with  this  trouble  last  winter 
A  handy  device,  known  as  the  Aeroil  thawing  outfil 
and  manufactiM-ed  by  the  Aeroil  Coal-Thawing  Outfltsi. 


THAWING  FROZEN  COAL-CAR  HOPPERS 

Inc.,  No.  1  Broadway,  New  York  City,  has  been  designe  I 
to  meet  the  needs  of  those  who  receive  coal  in  carlon'l 
lots  for  a  means  of  thawing  frozen  coal  cars  rapidly 
and  at  a  minimum  cost.  The  outfit  is  portable  and  cpr 
be  placed  under  a  car  in  a  few  minutes  and  shifted 
about  as  desired.  The  fuel  used  is  kerosene  oil,  and 
the  consumption  is  from  2  to  5  gal.  per  hour.  Th( 
illustration  shows  the  application  of  the  device. 

The  ou<:fit  consists  of  a  10-gal.  tank  equipped  with 
a  hand  air  pump,  pressure  gage,  air  release  or  regu- 
lating valve,  and  filling  nipple  with  cap;  two  length 
of  8-ft.  rubber  hose  with  unions,  two  extension  pipe? 
with  connections,  and  two  thawing  burners. 

The  flame  can  be  directed  at  such  a  distance  and  ir. 
such  a  manner  that  only  the  hot  air  preceding  the  flame 
.strikes  the  gate  and  surrounding  woodwork,  in  case  it 
is  used. 


No  appliance  about  a  power  plant  receives  such  lack 
of  attention  and  such  abuse  as  does  the  ordinary  boiler- 
feed  pump.  It  is  put  in  an  out-of-the-way  place,  and 
is  generally  in  charge  of  a  careless  fireman  who  give.'^ 
it  no  attention  so  long  as  it  will  pump  the  necessary 
supply  of  feed  water.  As  the  ordinary  feed  pump  will 
consume  a  great  many  pounds  of  steam  in  the  course 
of  a  year  and  as  so  much  depends  upon  its  reliability 
and  continuous  operation,  it  would  seem  that  it  would 
pay  the  chief  engineer  to  place  it  in  the  care  of  some 
one  who  would  be  held  responsible  foi  its  condition. 
If  this  were  done,  a  vast  improvement  would  result. 
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Coal,  Oil  and  Water-Power  Statistics 


HEY/  S.NOLAND 

NEW  YOKK 

CALIFORNIA 

WASHIN6T0N 

MAtNE 

MONTANA 

WISCONSIN 

SOUTH  CAROLINA 

•MINNESOTA 

MASSACHUSETTS 

6E0R6M 

PENNSYLVANIA 

MICHIGAN 

JOWA 

NEW  HAMPSHTRB 

IDAHO 

VERMONT 

NORTH  CAROLINA 

ALABAMA 

ORESON 

COLORADO 


Capacity    Horsepowe 


77Q573 
715,500 
60I,4Z6 
328,530 
310,450 
ZiSflOQ 
?05.49i 

?oo,4en 

183,015 

iBB.eso 

!7i,4Zl 
169,63! 
133,102 
111,400 
120.108 
116,415 
97,545 
91,200 
86.450 
76.129 
69.965 


WATER   POWER  DEVELOPED 
IN  THE 
UNITED   STATES 
(Plants  uneler  1000  HR  not  included) 
1914 


ILUNOIS  65,450  \ 

UTAH  64,950 

TENNESSEE  62,000 
CONNECnCUT  60, 250 
VIRGINIA  SI,  320 

ALL  OTHER 


STATES  JIS,345f 


PETROUEUM     PRODUCTION     OF    THE    WORLD 


APPROXIMATE    DE6REE    OF    EXHAUSTION    OF  THE     PRINCIPAL 

PETROLEUM    FIELDS     OF  THE    UNITED    STATES,     1916 

■^,2SO  MILLION 
K  -  -    BARRELS  USED  -  0>t<  -  -6,900  MILLION  BARRELS  UNUS£D>\ 
TOTAL  SUPPLY    1^1^^^— M^  I 

Millions  of  Barrels 

^ 500  __    1000        1500       EOOO       2500       3000 

APPALACHIAN 
UMA-INDIANA 
ILUNOIS 

HANSAS-OKLAHOMA 
NORTH  TEXAS 
NORTHWEST  LOUISIANAti 
SULF  COAST  'm 

COLORADO  b 

WYOMING-MONTANA 
CALIFORNIA 


COMPOSITION    AND    HEATIN6    VALUES    OF 
DIFFERENT   RANKS    OF    COAL 
Computes/  an ./Isti-free  Sasts 

Composi+ion 

FIXED  CARBON  -tm 
VOLATILE  MATTER  [= 
MOISTURE ci: 


HEATING  VALUE B.TU. 


ANTHRACITE 
SEMIAN  THRACITE 


MEDIUM-RANK 

BITUMINOUS 
LOvf-RANK 

BITUMINOUS 

suBBrruMiNous 

LIGNITE 


3.56 

— ^ 

e.56 

110.2^  -: 

7.50 

V.6\t 

COMPARATIVE    BITUMINOUS   COAL    CONSUMPTION 
IN  THE    UNITED    STATES,  1915 


Per  Cent.  Consumption 


1  PENNSYlYANIAf 

2  ILLINOIS 

3  OHIO 
4-  NEW  ENS. 

5  NEW  YORK 

6  INDIANA 

7  MICHIGAN 
6  MISSOURI 
9  WISCONSIN 

10  ALABAMA 

11  IOWA 
IS  W.VIRGINIA 

13  MINNESOTA 

14  KENTUCKY 

15  COLORADO 

16  VIRGINIA 

17  NEW  JERSEY 

18  31  OTHER 

STATES 


CHARTS  SHOWING  WATER-POWER  DEVELOPMENT.    CO.VL   AND   PETROLEUM  PRODUCTION   IN  THE  r.MTED  STATE.'; 


WHEN  the  next  report  of  the  Bureau  of  the 
Census  is  issued  some  time  soon,  it  likely  will 
show  a  material  increase  in  water  power,  par- 
ticularly for  some  of  the  Southern  States.  The  water- 
power  chart  shown  here  was  presented  before  the  Pan 
American  Scientific  Congress.  The  chart  giving  the 
petroleum  production  of  the  world  is  from  the  National 
City  Bank  of  New  York.  The  others  are  by  the  Geolog- 
ical Survey. 


It  is  of  interest  to  note  from  the  chart  in  the  middle  of 
the  page  that  the  exhaustion  of  petroleum  has  about 
reached  one-half  of  the  ultimate  principal  supply.  Dis- 
covery of  new  fields  may,  however,  seriously  upset  these 
figures.  The  figures  do  not,  so  far  as  can  be  determined, 
include  oil  deposits  in  shale. 

The  last  chart  starts  with  Pennsylvania,  and  each 
state  is  added  to  those  preceding  in  the  order  of  its 
consumption. 
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Talks 

on 

DIESEL 

Engines 


by 

■T^.M.  Morris 


on 


^'III — The  talk  turns  to  n  discussion  of  the  vari- 
ous causes  of  cracked  ci/linder  Iteads,  and  K(jan 
fells  a  story   with   a  dramatic   rvdiiuj. 


W: 


HAT'S  the  .subject  fur  discussion  tonight?" 
Kelly  asked  as  the  chief  settled  into  his  chair 
at  the  table. 

"Cylinder  heads,"  Egan  answered.  "It's  one  of  those 
things  that  might  be  covered  in  a  few  words  or  ex- 
panded into  a  whole  evening's  talk.  You  can  divide 
cylinder  heads  into  two  classes — the  simple  and  the  com- 


in  a  ga.soline  engine  horizontal  valve  stems  wear  rap- 
idly; but  in  a  Die.sel,  where  the  pressure  runs  so  high, 
the  wear  is  much  faster.  And  the  result  is  that  the 
valves  do  not  rest  central  on  their  seats." 

He  paused  a  moment  to  relight  his  cigar. 

"Getting  back  to  complicated  cylinder  heads,"  he  went 
.  M,  "I  don't  think  it's  internal  strains  that  crack  them. 
it's  my  opinion  that  the  cooling  water  gets  into  dead 
corners  or  pockets  and  becomes  so  hot  that  it  deposits 
scale  on  the  metal.  The  deposits  at  thsse  points" — he 
indicated  the  points  marked  A  in  Fig.  2 — "may  become 
quite  heavy.  Under  the  alternate  heating  and  cooling 
it  is  liable  to  loosen  in  a  chunk  and  suddenly  expose  the 
hot  metal  to  the  cool  water,  with  the  result  that  a  crack 
is  developed.  This  isn't  just  a  theory  of  mine.  I  know 
of  more  than  one  c?.se  where  cracks  occurred  at  spots 
that  evidently  had  just  been  uncovered.     The  only  way 
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FIG.   1.      CYI.TXDKR  HK.\D  FQR  VERTIC.XL  KXOTXES 

plicated.  Here  is  a  simple  form,  with  a  sectional  view 
of  it."  He  spread  out  the  illustration  shown  in  Fig.  1. 
"You  can  see  it's  free  of  irregularities  that  might  cause 
shrinkage  strains.  This  style  is  being  largely  adopted 
for  vertical  engines.  The  style  shown  in  Fig.  2 -is  com- 
m.on  practice  in  horizontal  engines.  It  is  easy  to  see 
why  this  one  can't  be  symmetrical." 

"It  isn't  so  easy,"  Woods  contradicted.  "I  don't  get 
it,  quite.     Would  you  mind  explaining  why?" 

"Not  at  all,"  replied  Egan.  "That's  what  we're  here 
for.  Now,  you  can  see  that  if  the  valves  are  set  in  a 
vertical  position  the  head  cannot  be  as  short  as  in  Fig.  1. 
You  must  have  room  along  the  sides  for  the  valves.  If 
the  compression  is  to  be  kept  up  to  550  lb.,  the  clearance 
volume  in  the  head  cannot  be  large.  Consequently  the 
inner  surface  must  be  made  conical  in  order  to  give 
room  for  the  valves  and  still  have  a  small  volume  of  the 
combustion  chamber."     "\Vhy 

not  set  the  valves  horizontal?"     .^— — ^-^— — .— . 
demanded  Woods.   "Too  much 
wear     on     the     stems,"     was 
Egan's  prompt  reply.     "Even 


The   next  article   takes   up   the   construction 
of  inlet   and    exhaust   valves  and  their  cages 
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to  prevent  this  trouble  is  to  keep  the  scale  from  getting 
thick." 

"Well,"  Kelly  spoke  up,  "if  the  head  has  dead  corners 
and  the  water  has  scale  in  it,  hanged  if  I  can  see  how 
it's   possible   to    follow   your   advice." 

J.  R.  laughed  at  this  announcement.     "It  isn't  impos- 
sible, by   any  means,"   he   declared.     "If  the  water  is 
hard,  all  you  need  do  is  to  put 

—— — ^ in   a   1   per  cent,   .solution   of 

muriatic  acid  about  once  every 
month  and  let  it  .stand  for  an 
hour.    That  w"'l  cut  the  scale. 
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»on't  let  it  stand  too  long,  or  it  will  attack  the  iron 
:self.  Also  flush  out  the  entire  water  jacket  every 
lonth  with  a  soda-ash  solution.  At  the  Midvale  plant 
he  engineer  mixes  graphite  with  the  cooling  water  to 
revent  deposits.  I  know  the  water  at  Midvale  is  bad, 
ut  the  last  time  I  was  there  the  jackets  and  heads  were 
lean,  with  no  signs  of  scale." 

"Why  not  u.se  water  softeners,  like  they  do  in  steam 
lants?"  suggested  Woods. 

"Now  you've  said  a  mouthful,"  Egan  agreed.  "That 
nme  thought  has  puzzled  me.  Here  is  our  own  com- 
any,  supposed  to  be  progressive,  with  1500  hp.  in 
)iesel  engines,  and  yet  it's  impossible  to  get  them  to 


DOUBLE   CYLINDER   HEAD    WTTH    W.^TER 
CIRCUL.ITIOX 


onsider  a  water-softening  outfit,  although  the  water  is 
'orse  than  in  many  steam  plants."  He  flicked  the  ash 
If  his  cigar  with  an  angry  gesture.  "The  time  is  com- 
ig  when  the  value  of  accessories  will  be  recognized, 
nd  water-softening  apparatus  is  one  of  them.  It  will 
ut  repairs  in  half,  reduce  operating  expenses  and  in- 
rease  the  plant  efficiency." 

"If  all  you  said  is  true,"  argued  Woods,  "then  the 
ead  of  a  vertical  engine  shouldn't  crack.  But  I  know 
f  a  couple  that  did,  and  I'd  like  to  know  why." 

"That's  like  telling  a  horse  doctor  your  mule  is  dead 
nd  asking  him  what  the  disease  was,"  J.  R.  retorted. 
I  know  a  case  where  a  vertical  engine  in  a  flour  mill 
roke  two  heads,  and  it  was  due  to  a  combination  of 
^norance  and  cold  water.  The  mill  operates  on  half 
)ad  during  the  night  and  about  8  o'clock  in  the  morning 
arries  full  load.  The  cooling  water  comes  from  an 
rtesian  well  and  is  around  60  deg.  F.  Like  our  own 
(!rtical  engines  this  one  has  the  head  cooled  by  a  water 
ne  separate  from  the  line  feeding  the  cylinder  jacket. 
"rom  my  observations  I  believe  the  engineer  opens  up 
he  cylinder  lines  to  a  full  flow  as  soon  as  the  heavy 
)ad  comes  on.  This  water  rushing  through  cools  the  head 
uddenly  and  it  lets  go,  fracturing  the  wall  between  the 
xhaust-valve  opening  and  a  bolt  hole.  With  such  cold 
/ater  the  heads  should  be  connected  onto  the  jacket  line. 
'he  water  would  be  raised  by  the  jacket  to  around  90 
eg.  and  would  enter  the  head  cavity  at  this  tempera- 
ure,  which  would  prevent  the  sudden  chilling.  A  Ger- 
lan  firm  got  around  this  by  using  a  double  head  like 
'ig.  3.  The  water  first  enters  the  chamber  A  and  then 
asses  into  the  chamber  B.  In  this  way  the  water  next 
0  the  hot  head  is  of  fairly  high  temperature  and  the 
old  current  in  the  chamber  A  helps  to  keep  down  the 
emperature  in  the  chamber  B." 

"Well,  what  made  that  No.  1  American  Diesel  crack 
ts  head  the  first  year  I  cam^  here?"  demanded  Kelly. 

"Let  me  sketch  the  way  that  head  is  built,"  said  Egan. 
le  quickly  drew  the  section  .shown  in  Fig.  4.  "Now  this 
lead  connects  with  the  cylinder  jacket,  and  that  is  one 


reason  there  has  never  been  a  fracture  due  to  the  cool- 
ing water.  The  cause  of  fracture  is  the  lack  of  cooling 
at  the  exhau.st  bridge  .4.  The  hot  exhaust  gases  must 
pa.ss  across  this  thin  iron  partition,  or  bridge,  and  it 
expands  faster  than  the  rest  of  the  head.  Since  the 
head  is  rigid,  the  bridge  bulges  up  and  when  the  engin? 
IS  stopped  the  bridge  cools  off  and  snaps  as  it  cools." 

"Kelly  was  telling  how  you  welded  that  head,  but  he 
was  a  little  hazy  as  to  why  you  heated  it.  I  wish  you 
would  explain  that,"  Woods  remarked. 

"Well,"  said  Egan,  "we  had  made  several  attempts 
to  weld  the  head  with  an  oxyacetylene  blow  torch,  but 
for  some  reason  the  bridge  always  snapped  when  it 
cooled  after  welding.  I  decided  that  this  was  because 
the  bridge  was  hot  while  the  remainder  of  the  head 
was  still  cold.  So  I  made  a  furnace  out  of  old  grate  bars, 
firebrick  and  blocks,  heated  the  head  until  it  was  red- 
hot,  welded  the  fractured  bridge  and  let  the  casting 
cool.  The  bridge  came  out  in  fine  shape.  Of  course  the 
welding  ruined  the  exhaust-valve  seat,  so  we  blocked 
the  head,  bored  out  the  seat,  and  fini.shed  it  up  with  a 
valve-seat  reamer.  This  same  process  could  be  used  to 
weld  any  head.  I  don't  believe  it's  necessary  to  discard 
a  fractured  head.  A  new  head  on  an  18-in.  cylinder 
would  probably  cost  five  hundred  dollars.  The  entire 
cost  of  welding  would  not  exceed  a  hundred  dollars, 
and  the  welded  head  would  be  stronger  because  the 
shrinkage  strains  would  be  removed." 

"But,  Chief,"  Kelly  asked,  "is  poor  circulation  the 
only  thing  that  will  cause  broken  heads?" 

"Not  at  all,"  answered  Egan.  "Preignition  will  do  it. 
If  combustion  begins  before  dead-center  is  reached,  the 
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E.XHAIIST    BRIDGE    CRACKED    BECAUSE    OF 
IN.SUFFICIENT  COOLING 


combined  effect  of  the  combustion  and  the  compression 
due  to  the  piston  movement  may  run  the  pressure  up  to 
1500  lb.  per  sq.in.  The  earlier  Diesels  had  relief  valves 
that  prevented  excessive  pressure,  but  they  usually 
rusted  to  their  seats  and  refused  to  budge  when  they 
should  have  acted.  None  of  the  engines  I'm  familiar 
with  have  relief  valves  now,  because  builders  have 
found  that  preignition  is  due  to  faulty  fuel  nozzles  and 
poor  governing  devices.  Then,  again,  a  bad  casting  may 
cause  a  fracture — for  instance,  if  a  core  shifts  and  leaves 
a  thin  wall.  But  poor  water  circulation  is  the  chief 
cause." 

He  smiled  reminiscently,  and  the  men  saw  that  i  good 
story  was  coming. 


282 


row  ER 


Vol.  49,  No.  8 


"I  romomber  n  case,"  J.  U.  went  on,  "where  a  man 
had  a  l^O-hp.  horizontal  Diesel  running  a  dirnct-current 
lif.'htinK  plant  18  hours  a  day  in  a  small  town.  At  mid- 
niKht  he'd  close  dt)wn  the  plant  and  jro  to  bed,  letting 
the  town  get  its  light  from  the  storage  battery.  In 
the  morning  his  boy  would  start  up  and  run  the  plant 
until  noon,  when  the  old  man  would  get  up  and  work 
until  midnight.  It  seems  he  broke  three  heads  in  a 
year  and  was  kiiking  hard  against  paying  for  them. 
The  builder  asked  me  to  investigate  the  matter,  so  I 
ran  down  one  night  and  early  the  next  morning  dropped 
into  the  plant  just  as  the  boy  was  starting  up.  He 
ran  the  engine  for  about  twenty  minutes  before  he 
thought  of  the  cooling-water  pump.  I  came  on  back 
and  wrote  the  firm  that  they'd  soon  get  an  order  for 
another  head,  which  they  did.  So.  they  asked  me  to  run 
down  and   tell  the  old   man   his   trouble.     After   I   ex- 


plained about  the  boy's  carele.s.sness,  the  old  man  picked 
up  a  barrel  slave  and  waded  into  that  sixteen-year-old 
kid  for  fair.  It  cured  the  boy — and  it  cured  the  en- 
gine, too,  for  there  weren't  any  more  cracked  heads." 

J.  K.  was  forced  to  wait  until  the  roar  of  laughter 
had  died  out  before  he  could  continue. 

"All  you  boys  know  how  I  insist  that  the  cylinder 
studs  have  clean  threads  so  that  the  nuts  will  run  down 
by  hand.  I  expect  at  times  you've  thought  the  'old 
man'  a  crank  about  this.  But  if  the  nuts  can  he  run 
down  by  hand,  I'm  always  sure  that  the  head  is  being 
held  down  at  all  the  studs.  When  the  threads  are  marred 
often  only  a  few  nuts  are  ever  pulled  up  snug  and  ho 
the  head  never  seats  properly.  At  one  of  the  other  plants, 
the  nuts  at  opposite  ends  of  a  diameter  are  drawn  up 
together,  a  sixth  of  a  turn  at  a  time,  so  as  to  get  the 
same  tension  on  all  bolts.     It's  worth  trying  here." 


The  Electrical  Study  Course — Shunt  Balancer 
Sets  for  Three- Wire  Systems 


hrings  out  the  fact  that  balancer  sets  and  three- 
wire  generators  have  superseded  two  generators 
in  series  for  three-icire  supply  systems  and  de- 
velops the  theory  underlying  the  operation  of 
the  balancer-set  method. 


IN    THE    preceding   lessons    the   sources    of   voltage 
for   thiee-wire    systems    have    been    shown    as    two 
gene.^^ors   of   about    120  volts   each,   connected   in 
series,   with   a   tap   taken   off  their   common   point,   as 


The  balancer  set  consists  of  two  identical  machines, 
which  can  operate  equally  well  as  motors  or  as  gen- 
orators,  and  which  are  directly  coupled  together.  They 
r.re  used  in  connection  with  a  separate  supply  of  voltage 
that  is  equal  to  what  is  required  across  the  outside  lines, 
the  voltage  of  each  of  the  balancer  machines  being 
equal  to  one-half  this;  that  is,  the  voltage  between 
either   outside   and   the   neutral. 

The  simplest  arrangement  is  the  one  shown  in  Fig 
2,  which  represents  a  115-  to  230-volt  system.  In 
it  G  is  a  230-volt  generator,  and  GG,  are  two  115- 
volt  shunt  machines  that  are  alike  in  all  particulars. 
The  generator  G  may  be  far  removed  from  the  balancer 
set  Gfi.„  which  may  be  located  near  the  place  where 
the  three-wire  service  is  required.  Thus,  the  230-volt 
supply  may  be  received  from  some  outside  service, 
and  the  balancer  set  installed  to  make  a  three-wire 
system  available  from  it.  From  the  diagram  it  is 
apparent  that  the  balancer  set  really  consists  of  two 
115-volt  machines  connected  in  series  across  230  volts, 
with  their  common  point  n  connected  to  the  neutral  iV 


FIGS.    1    TO    3.      DIAGRAM    OF    CONNECTIONS    FOR    THREE- WIRE   STSTEJI  WITH   BALANCED  LOAD 


indicated  in  Fig.  1.  This  method  was  the  one  used 
in  the  early  days  of  power  distribution,  but  it  has  been 
supplanted  by  two  others,  which  are  the  ones  in  com- 
mon use  today.  One  of  them  employs  what  is  known  as 
a  balancer  set,  and  the  other  a  special  generator  known 
as  a  three-wire  generator.  Of  these  the  former  will 
be  taken  up  in  this  and  succeeding  lessons,  to  be  fol- 
lowed  by   the   latter   subsequently. 


and  their  other  terminals  connected  to  the  outsiide  lines 
.4   and  B. 

The  function  of  the  set  is  to  maintain  normal  volt- 
age— that  is,  115  volts — across  each  side  of  the  circuit 
at  all  times  and  thus  provide  a  true  three-wire  system. 
The  theory  of  operation  will  be  made  clear  by  compar- 
ing the  conditions  existing  in  the  machines  while  the 
load  is  balanced,  with  those  when  it  is  unbalanced. 
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Suppose,  first  of  all,  that  the  switches  S.i,  S.v  and 
Sb,  F'g-  ^.  are  open,  and  that  the  machines  G,  and 
'r'  have  been  started  as  motors  connected  in  series, 
from  the  230-volt  mains.  Also  that  the  excitation  of 
the  two  machines  is  exactly  the  same  so  that  the  volt- 
age across  an  will  be  the  same  as  across  nb.     Since 


between  AN  and  R.,  that  of  those  between  A^  and  B. 
The  voltage  across  AB  is  230  volts.  The  question  is. 
What  are  the  voltages  E,  and  E,  across  AN  and  NB 
respectively?  If  /  is  the  current  flowing  through  R, 
and  R„  we  will  have  £",  =  IR,  and  E,  =  IR,.  To 
find  /  we  divide  the  resistance  between  A  and  B  into 


the  voltage  across  them,  which  gives  /  =  ^. 


230 


5.28 

r—  29  amperes  approximately.  We  therefore  have  E, 
=  =29  X  2.64  =  77  volts  and  E^  ^  29  X  5-28  =  15:', 
volts.    The  voltage  of  G,  is  therefore  greater  than  that 

l< Z30yo/ts    • *' 
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R,=  ZbA  Ohms  Rt=  5.?8  Ohms 
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FIG.  7 
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the  voltage  across  ab  is  230  volts,  that  across  an  and 
(■6  must  therefore  be  230  X  2  =  115  volts,  and  the 
jurrent  through  both  armatures  will  be  the  same  and 
tvill  be  in  the  direction  of  the  arrows. 

Assume  now  that  switches  Sa  and  Sb  are  closed,  but 
Sat  left  open,  as  in  Fig.  3.  If  the  lamp  load  is  evenly 
jalanced,  the  voltages  from  A  to  N  and  N  to  B  will 
lave  the  same  value  and  will  be  equal  to  half  the 
I'oltage  across  AB;  namely,  115  volts.  Under  these 
;onditions  there  will  be  no  difference  in  voltage  across 
;he  terminals  of  switch  ii.v,  and  if  it  were  to  be  closed 
10  current  would  flow  in  the  neutral  N. 

Next  let  us  assume  that  the  lamp  load  is  not  evenly 
balanced  while  switch  S,v  is  open,  as  in  Fig.  4;  then 
he  voltage  across  AN  will  be  different  from  that 
icross  NB.  This  can  be  most  readily  shov^oi  by  a 
umerical  example.  Thus,  if  there  were  one  hundred 
'>0-watt  115-volt  lamps  across  .4 A'  and  only  fifty  across 
VB,  we  would  have  the  following  conditions:  The 
■pslstance  of  each  lamp  would  be  equal  to  its  current 

livided  into  the  voltage,  that  is,  i?  =  -,,  to  find  / 
t  would   be   neces.sary   to  divide  the  voltage   into   the 

W         50 

jg^   =   j^jc  =  0.435  ampere. 

115 
Q~Anr    ~  264  ohms.     Since  there  are 

00  lamps  in  multiple  across  AN,  the  resistance  con- 
lected  across  these  mains  would  be  the   resistance  of 

264 

twq   ^=    2.64   ohms, 

264 

50 
— •  5.28  ohms. 

We  would  now  have  the  condition  illustrated  in  Fig, 

),  in  which  i2,  represents  the  resistance  of  the  lamps 


vatts  input,  that  is,  / 
•'rom  this  R  = 


ne  lamp   divided   by   the    100,   or 

nd  similarly  the  resi-stance  across  NB  would  be 


across  AN,  whereas  the  voltage  of  G,  is  less  than  that 
across  NB,  as  shown  in  the  figure.  The  difference  in 
both  cases  is  the  same;  that  is,  115  —  77  =  38  volts 
and  153  —  115  =  38  volts.  This  voltage  will  exist 
across  the  two  sides  of  the  switch  Sn,  and  a  voltmeter 
connected  to  h  and  k  in  Fig.  4  will  read  38  volts,  conse- 
quently current  will  flow  through  the  switch  when  it  is 
closed. 

To  study  the  direction  and  value  of  the  current 
leference  will  be  made  to  Fig.  6.  The  double  arrow- 
heads indicate  the  direction  of  the  current  when  switch 
S\  is  open  as  in  Fig.  4.  The  single  arrowheads  repre- 
sent the  direction  of  currents  existing  when  switch  Sn 
is  closed.  Since  A  is  positive  with  reference  to  N 
and  since  E,  is  less  than  115  volts,  it  follows  that 
when  switch  Sy  was  open  the  side  k  was  at  a  higher 
voltage  than  the  side  h,  consequently  when  the  switfh 
was  closed  current  would  flow  from  k  to  h.  The  same 
deduction  would  follow  if  the  voltage  E.,  were  con- 
sidered instead  of  E  ;  here  A^  is  positive  with  regard 
to  B  and  E.  is  greater  than  115  volts.  Hence  again,  k 
is  at  a  higher  voltage  than  h. 

Before  the  switch  Sy  is  closed,  both  G,  and  G.  are 
running  as  motors  without  load  and  115  volts  exist 
across  each  of  them,  as  in  Fig.  4.  When  the  .-.witch 
is  closed,  we  have  G,  connected  to  a  load  whose  voltage 
is  only  77  volts  and  it  will  consequently  act  as  a 
generator.  On  the  other  hand,  we  have  G,  connected 
to  a  voltage  of  153  volts,  and  it  will  therefore  be  caused 
to  take  current  in  addition  to  that  required  to  run  it 
idle.  The  changes  in  currents  are  governed  by  the 
elements  as  brought  out  in  what  follows : 

Fig.  7  is  a  simplified  version  of  Fig.  6,  using  the 
equivalent  resistances  of  Fig.  5  in  place  of  the  lamps. 
Assuming,  for  the  moment,  that  the  voltage  of  both 
machines  remains  115  volts  when  the  switch  Sy  is 
is  closed,  it  is  evident  that  the  voltage  across  72,  changes 
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from    77    to    1.1  fj    volt.s    and    roii.st'qufiitlj'    the    current 
11.. 


throuKli    it    will'  \)i' 


•j.i;i 


4.'?  (■>    amperes    in.stead   of 


20   amperes  as    forini'rly,   ami   similarly    tliat    the   volt- 
age of  A\  chantres   from    lo,'}  to   115  volts,  making   its 


current 


5.28 


21.8   amperes   instead   of   29   amperes. 


As  a  matter  of  fact,  however,  the  voltages  cannot 
remain  at  115  volts  as  they  would  in  the  case  of  an 
automatically  controlled  generator  and  a  motor  con- 
nected to  a  sufficiently  large  supply  line.  When  G, 
is  converted  from  a  motor  into  a  generator  by  the 
closing  of  switch  Sy,  its  terminal  voltage  is  reduced 
due  to  the  load  upon  it,  and  is  therefore  less  than  115 
volts.  Since  G,  is  running  as  a  generator,  it  follows 
that  it  must  receive  mechanical  power  from  some  source, 
which  in  this  ca.se  is  machine  G^.  That  is,  G,  run- 
ning as  a  motor  drives  G,  as  a  generator,  and  it  would 
therefore  tend  to  slow  down,  but  since  the  voltage 
across  G,  is  somewhat  less  than  115  volts,  the  voltage 
across  G,  must  be  as  much  greater  than  115  volts  and 
it  will  therefore  tend  to  .speed  up,  thus  counteracting 
the  tendency  of  the  load  upon  it  to  slow  it  down. 

Putting  this  another  way,  it  may  be  stated  that 
when  switch  S^.v  is  closed  machine  G,  is  thrown  in 
parallel  with  the  lamps  from  A'  to  B  and  in  series  with 
them  from  A  to  N.  Then  part  of  the  current  required 
by  the  excess  lamps  connected  from  .4  to  A'^  flows  along 
the  neutral  and  through  the  armature  of  machine  G„ 
causing  it  to  have  a  greater  current  through  its  arma- 
ture than  G„  consequently  machine  G,  increases  in 
speed  and  with  it  G..  The  counter-voltage  of  G,  is 
made  greater  than  its  applied  voltage  and  it  becomes 
a  generator  .supplying  a  portion  of  the  excess  current 
required  by  the  lamps  between  A  and  A^  The  flow  of 
the  current  is  indicated  by  the  single  arrowheads,  Fig.  6. 

Since  both  machines  must  always  run  at  the  same 
speed  whatever  that  speed  may  be,  and  since  their  field 
currents  are  the  same,  it  follows  that  their  generated 
voltages  must  be  practically  the  same.  The  gen- 
erated voltage  of  the  motor  G^  is  its  counter-em.f. 
The  terminal  voltage  of  the  generator  G,  will  be  its 
generated  voltage  minus  its  internal  voltage  drop  due 
to  armature  resistance.  Likewise  the  terminal  volt- 
age of  the  motor  will  be  its  counter-em.f.  plus  its 
resistance  drop.  If  the  load  between  A'  and  B  is  made 
greater  than  that  from  A  to  A^  then  machine  G,  acts 
as  a  motor  to  drive  machine  G^  as  a  generator. 

In  the  problem  of  last  week  it  was  required  to  find 
the  size  wire  that  it  would  be  necessary  to  install  in 
a  three-wire  system  that  is  to  supply  current  to  j^ 
load  of  46  kw.  at  115  volts.  Since  half  the  load  is 
on  each  side  of  the  system,  there  would  be  a  load  of 

46 

p-   =  23  kw.  between  each  outside  wire  and  neutral. 

The  number  of  watts  would  be  1000  X  23  =  23,000, 
and  the  current  equals  the  watts  load  divided  by  the 
23,000 


voltage,   or 


115 


200    amperes.      Looking   up   the 


size  wire  required  for  this  current,  as  given  in  the 
National  Code,  we  find  that  we  would  have  to  use  a 
No.  0000  wire  if  rubber  covered,  or  a  No.  0  if  other 
insulated  wire  is  used. 

A  115-  to  250-volt  three-wire  system  is  loaded  with 


thirty-two  20-watt  115-voit  lamp.s  on  one  side  and  with 
twenty-four  on  the  other.  What  would  be  the  current 
in  each  of  the  three  supply  wires?  Suppose  a  break 
to  occur  in  the  neutral  line,  what  would  be  the  current 
in  the  outside  wires  and  what  would  be  the  voltagcii 
across  the  two  sides  of  the  .system? 

Edward    (^uHk<>tle8H    Doiihle-'right    Union 

Troubles  with  leaking  flange  ga.skets  in  pipe  lines  are 
common.  A  letter  in  the  Nov.  26  issue  of  Power 
described  how  such  a  joint  was  made  tight  by  turning 
a  tongue  and  groove  on  the  faces  of  the  flange,  thi 
metal-to-metal  joint  being  made  at  the  heel  of  the 
tongue. 

A  similar  idea  is  found  in  the  Edward  ga.sketless 
double-tight  union,  manufactured  by  the  Edward  Valve 
and  Manufacturing  Co.,  72  West  Adams  St.,  Chicago, 
111.  The  illustration  shows  the  construction.  It  is 
made  somewhat  similar  to  the  ordinary  type  of  union, 
with  the  exception  of  the  contact  joint.  One  face 
is    grooved   V-shape,    and    the   other    is   m.ade   with   a 


GASKETLE.SS  UXION 

split  tongue.  The  faces  of  the  tongue  and  groove  are 
made  with  about  2  deg.  difference  of  angle,  and  the 
joint  is  made  at  the  narrow  part  of  the  V-groove,  which 
gives  a  somewhat  flexible  joint. 

No  gasket  or  inserted  seat  is  used  with  the  union, 
and  the  joint  is  made  doubly  tight  because  of  the 
two  separate  independent  contacts  of  the  split  tongue  in 
the  groove. 


Omaha  is  contemplating  city  ownership  of  its  gas 
plant.  The  franchise  of  the  present  gas  company  ex- 
pires soon,  and  a  condemnation  court  has  been  appointed 
to  make  an  inventory  and  appraisal  of  the  plant.  Oma- 
ha's water-works  system  has  been  municipally  owned 
for  six  years,  and  the  rate  has  been  reduced  about  60 
per  cent.,  with  excellent  service.  This  has  encouraged 
the  city  to  look  toward  another  municipally  owned  un- 
dertaking. 


The  quantity  of  crude  petroleum  marketed  from  cil 
wells  and  field-storage  tanks  in  the  United  States  in 
1918  reached  the  record-breaking  total  of  345,500,000 
bbl.,  as  showTi  by  preliminary  estimates  made  by  John 
D.  Northrop,  of  the  United  States  Geological  Survey, 
Department  of  the  Interior.  This  output  is  an  ap- 
parent gain  of  3  per  cent,  over  the  former  high  record, 
335,315,601  bbl.,  established  in  1917. 
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Water  Circulation  in  Boilers* 


By  a.  D.  WILLIAMS 


Interesting  points  are  brought  out  regarding  the 
water  circulation  in  water-tube  boilers.  Experi- 
ments are  cited  by  which  the  observer  can 
obtain  a  good  idea  as  to  the  flow  of  steam  in 
the     tubes     loith     varying     degrees     of     pitch. 


OWING  to  the  fact  that  water  may  be  converted 
into  vapor  at  rather  low  temperatures,  there  is 
no  particular  difficulty  in  constructing  a  boiler 
hat  will  produce  steam  when  heat  is  applied  to  it.  To- 
lay  there  are  so  many  different  designs  that  it  would 
le  difficult  to  enumerate  them.  A  few  years  ago  boilers 
vere  operated  and  rated  at  the  nominal  figure  of  10 
q.ft.  of  heating  surface  per  boiler  horsepower.  Today 
he  nominal  rating  remains  the  same,  but  in  practice  the 
(Oiler  is  operated  at  from  150  to  300  per  cent,  of  rating, 
^he  water-tube  boiler  was  devised  to  increase  boiler 
fficiency  by  securing  improved  water  circulation  and 
ireaking  the  circulating  water  up  into  multiple  streams 
urrounded  by  hot  gases.  In  this  they  have  met  a  cer- 
ain  degree  of  success  as  is  proved  by  the  modern  method 
i  boiler  forcing. 

The  most  widely  used  design  of  the  water-tube  boiler 
onsists  of  one  or  more  steam  drums  and  an  assemblage 
f  inclined  tubes,  the  pitch  or  slope  varying  from  8  to  30 
ler  cent.  These  tubes  are  generally  arranged  in  mul- 
iple,  but  there  are  designs  that  employ  series  operation 
i  a  number  of  multiple  banks  of  tubes.  Circulation 
:enerally  depends  upon  the  thermal  siphon  principle; 
hat  is,  upon  the  hydrostatic  head  developed  by  the  dif- 
erence  in  weight  of  two  columns  of  water  of  slightly 
ifferent  temperatures.  Additional  circulating  velocity 
3  supposed  to  come  from  the  fact  that  one  of  these 
olumns  of  water  is  solid  and  the  other  partly  displaced 
iy  steam  bubbles. 

"The  accompanying  table  shows  the  weights  of  water 
nd  steam  at  different  temperatures,  by  20  deg.  C.  in- 
rements,  together  with  the  corresponding  pressures.  At 
he  boiling  temperature,  100  deg.  C,  the  ratio  between 
he  weights  of  equal  volumes  of  steam  and  water  is 

WEIGHT  OF  WATER  AND  STEAM  AT  VARIOUS  TEMPERATURES 


Weights  of 

Water 
Kg.  per 
Cu.M. 

empei 

-  Steam  Pressure 

(Water) 

Steam 

Lb. 

Ratio  of 

ature, 

Kg.per 
Sq.Cm. 

Lb.  per 
Sq.In. 

I-b.  per 

Ounces 

Kg.  per 

per 

Weights. 

)eg.  C. 

Cu.Ft.  : 

per  Cu.Ft. 

Cu.M. 

Cu.Ft. 

w  -^is 

0 

0.00623 

0  0886 

62  492 

999  87 

0  00485 

0  000303 

206,158 

4 

62  500 

1000  00 

20 

0  0238 

0  338 

62  389 

998  23 

0  0173 

0  00108 

57,701 

40 

0  0749 

1  066 

62  016 

992  25 

0  051! 

0  00319 

19,517 

60 

0  2028 

2  885 

61  453 

983  24 

0  1305 

0  00815 

7,534 

60 

0  4828 

6  867 

60  739 

971  83 

0  2938 

0  0183 

3,307 

100 

1  0330 

14  690 

59  899 

958  38 

0  5980 

0  0373 

1,602 

120 

2  0240 

28  790 

58  963 

943  40 

1  1220 

0  0700 

841 

140 

3  6840 

52  390 

57  900 

926  40 

1.9680 

0  123 

471 

160 

6  3000 

89  590 

56  719 

907  50 

3  2650 

0  204 

278 

180 

10  2160 

145  30 

55  413 

886  60 

5  1500 

0  322 

173 

200 

15  8400 

225  20 

53  925 

862  80 

7  8400 

0  489 

110 

bout  1  to  1600,  which  is  sufficient  to  supply  an  ascen- 
ional  velocity  to  the  steam  of  about  580  ft.  per  sec.  At 
:00  deg.  C.  the  ratio  drops  to  1  to  110  and  the  ascensional 
elocity  to  153  ft.  per  sec.  The  coefficient  of  friction 
letween  the  bubble  of  steam  and  the  surrounding  water 

•Copyrighted  1919,  by  A.  D.  Williams. 


is  unknown,  but  even  if  an  extremely  liberal  allowance 
is  made  for  this  coefficient  and  for  the  viscosity  of  the 
hot  water,  the  steam  bubble  will  rise  above  any  moving 
stream  of  water  circulating  through  a  tube  before  it 
can  be  carried  any  great  distance  horizontally. 

A  simple  experiment  will  permit  the  verification  of  the 
foregoing  statement.  A  glass  test  tube  is  nearly  filled 
with  water  and  a  smaller  tube  is  used  to  blow  air  so  it 
will  bubble  up  through  the  water.  A  cork  with  a  vent  on 
one  side  and  a  hole  for  the  smaller  tube  permits  the  test 
tube  to  be  inclined  to  various  degrees.  The  ratio  between 
the  weights  of  equal  volumes  of  air  and  water  is  1  to  774. 
(When  the  tube  is  inclined  the  vent  should  be  at  the 
upper  side,  otherwise  the  apparatus  will  backfire.)  Upon 
blowing  through  the  small  tube  it  will  be  found  that  at 
the  vertical  position  and  at  slight  inclinations  from  the 
vertical,  the  air  will  rise  in  bubbles.  This  action  is 
utilized  in  the  air  lift  used  in  raising  water  from  deep- 
driven  wells.  When  the  degree  of  inclination  approaches 
the  horizontal,  there  will  be  a  tendency  for  the  stream 
of  bubbles  to  follow  the  high  side  of  the  tube,  and  a 
stream  of  air  can  be  formed.  The  less  the  pitch  of  the 
tube  the  easier  it  is  to  maintain  this  stream  of  air. 
This  would  lead  to  the  conclusion  that  in  the  inclined 
tube  design  of  water-tube  boiler  the  lowest  portion  of 
the  tube  would  be  filled  with  water  for  its  full  area 
and  at  its  highest  portion  the  tube  would  have  the  lower 
part  of  its  area  filled  with  water  and  the  upper  part 
filled  with  steam. 

Action  Is  Complicated  by  the  Baffling 

In  the  boiler,  however,  the  action  is  complicated  by 
the  baffling  and  the  portion  of  the  tube  exposed  to  the 
hottest  gases.  With  the  ordinary  method  of  baffling  used 
with  the  B.  &  W.  type  of  boiler,  the  high  end  of  the 
tubes  is  exposed  to  the  hottest  gases  and  this  end  there- 
fore w;"ll  be  filled  partly  with  steam  and  partly  with 
water.  When  the  lowest  portion  of  the  tube  is  exposed 
to  the  hottest  gases,  there  is  a  tendency  for  a  portion  of 
the  steam  generated  to  pass  from  the  tube  to  the  rear 
header  and  up  to  the  steam  drum.  This  action  may  be 
avoided  by  bushing  down  the  rear  end  of  the  tube  and 
in  this  manner  increasing  the  velocity  of  the  water  en- 
tering to  an  extent  that  will  enable  it  to  carry  the  steam 
with  it  to  the  front  header. 

An  experimental  single-tube  boiler  may  be  extempor- 
ized from  a  gage-glass,  a  wooden  clamp  arranged  to 
hold  the  tube  at  various  degrees  of  inclination,  two 
pieces  of  rubber  tubing  fitted  to  the  ends  of  the  gage- 
glass  and  connecting  with  nozzles  on  the  bottom  of  a 
tin  pail,  a  bunsen  burner  or  a  blowtorch.  The  pail 
should  be  partly  fill'^d  with  water  and  supported  so  that 
there  is  space  below  it  to  permit  the  gage-glass  to  be 
brought  nearly  vertical.  The  heat  can  be  applied  to 
different  parts  of  the  water  tube  and  held  there  until 
steam  begins  to  form.  The  evidence  of  convection  cur- 
rents may  be  obtained  by  dropping  a  few  crystals  of 
potassium  permanganate  in  the  water  near  the  down 
leg.  As  this  slowly  dissolves,  a  stream  of  pink  will 
show  the  direction  of  the  current.  If  the  water  is  col- 
ored a  light  pink,  it  will,  in  the  steaming  tests,  permit 
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tho  stoarn  bubbles  to  have  a  higher  dpjtrcc  of  visibililv. 
When  the  heat  i.s  applied  at  the  lower  end  of  the  sliKhtly 
inclined  tube,  it  will  be  found  that  a  portion  of  the 
steam  poes  up  the  down  lep  in.stead  of  the  up  leg.  As 
the  inclination  of  the  tube  is  increased,  this  tendency 
ck-creases  until  all  the  steam  tends  to  flow  to  the  up  leg 
and  this  preatly  increases  the  velocity  of  circulation. 
A  neat  modification  of  this  one-tube  boiler  has  plass  up 
legs  and  down  legs  of  various  lengths,  with  only  short 
rubber  connections  between  the  tubes  and  to  the  pail. 
A  number  of  interesting  experiments  may  be  conducted 
with  this  simple  apparatus,  and  in  this  way  a  better 
idea  of  the  conditions  governing  water  circulation  will 
be  obtaine-* 

Steam   Has   Fractional  Value 

The  specific  heat  of  water  and  its  heat  capacity  are 
unity.  The  heat  capacity  of  steam  has  a  fractional  value, 
but  in  contact  with  water,  under  the  conditions  existing 
in  a  boiler  tube,  it  has  reached  the  limits  of  its  heat- 
absorbing  capacity  for  the  existing  temperature.  That 
is,  any  additional  heat  imparted  to  the  steam  in  the  tube 
will  be  immediately  absorbed  by  the  vaporization  of  a 
corresponding  amount  of  the  water  present.  When  the 
water  is  converted  into  steam,  its  volume  increases  from 
110  to  1600  times  and  it  displaces  from  109  to  1599  addi- 
tional volumes  of  water. 

The  4-in.  boiler  tube  has  a  sectional  area  of  12.56  sq.in. 
Its  length  is  about  18  ft.  and  its  heating  surface  is 
18.6  sq.ft.  When  a  boiler  is  driven  at  200  per  cent, 
rating,  it  is  evaporating  water  at  the  average  rate  of 
0.29  oz.  per  10.764  sq.ft.  per  sec.  On  this  basis  each 
tube  will  evaporate  0.49  oz.  of  water  per  second,  on  the 
average.  However,  it  is  not  unreasonable  to  suppose 
that  the  lower  tubes,  directly  exposed  to  the  hot  gases 
and  radiant  heat  from  the  fuel,  will  have  an  evaporation 
rate  of,  say,  ten  times  the  average,  or  3.94  oz.  of  water 
per  tube  per  second.  At  a  steam  temperature  of  200 
deg.  C.  this  would  mean  that  about  35  per  cent,  of  the 
internal  volume  of  the  tube  was  occupied  by  steam.  At 
lower  steam  temperatures  the  volume  of  the  steam 
released  will  be  much  greater  and  fill  a  larger  percent- 
age of  the  tube  volume.  It  is  probable  that  the  lower 
end  of  the  tube  will  be  occupied  by  solid  water,  and  if 
this  is  the  case  and  the  steam  is  generated  uniformly 
the  full  length  of  the  tube,  70  per  cent,  of  the  area  of 
the  highest  end  will  be  occupied  with  steam.  Assuming 
that  the  pitch  of  the  tube  is  30  per  cent.,  this  is  suffi- 
cient to  give  a  head  that  will  impress  a  velocity  of 
about  18.6  ft.  per  second  on  the  steam.  Friction  against 
the  water  surface  may  be  either  negative  or  positive, 
depending  on  their  relative  velocities.  Friction  against 
the  tube  surface  will  reduce  the  steam  velocity. 

The  Absorption  of  Heat 

The  steam  in  the  upper  section  of  the  tube  will  not  be 
able  to  absorb  heat  as  rapidly  as  the  water  in  the  lower 
section,  but  as  long  as  a  portion  of  the  perimeter  of  the 
tube  is  covered  with  water  there  is  no  danger  of  the 
tube  becoming  overheated.  The  hydrostatic  head  caus- 
ing the  flow  of  water  into  the  tube  will  be  due  to  any 
difference  of  temperature  between  the  front  and  rear 
tube  headers  and  the  height  of  the  water  column  above 
the  tube.  Some  experiments  have  indicated  that  this 
velocity  decreases  as  the  boiler  is  forced  above  rating. 


Should  the  flow  of  water  be  interrupted,  it  will  re- 
(juire  only  a  few  set-onds  for  the  tube  to  become  full  of 
dry  .steam;  it  would  then  rapidly  heat  until  it  burst. 
This  would  throw  full  boiler  pressure  against  any  slight 
obstruction  and  immediately  remove  all  evidence  of  the 
cause  of  the  trouble.  With  tube  pitches  le.ss  than  that 
assumed,  the  liability  to  interruption  in  the  water  cir- 
culation increa.ses.  The  slight  difl^erential  head  that 
exists  through  a  tube  might  readily  be  suflicient  to  hold 
a  piece  of  loose  .scale  over  the  end  of  a  tube  and  be  in- 
sufficient to  break  it.  That  is,  a  very  slight  obstacle 
would  suffice  to  stop  the  flow  of  water  or  so  reduce  it 
that  a  considerable  portion  of  the  tube  surface  would 
become  dry. 

Another  reason  that  may  cause  burst  tubes  would  be 
when  the  boiler  is  forced  to  such  an  extent  that  the 
water  inflow  into  a  tube  becomes  insufficient  to  p:ovide 
for  the  evaporation  taking  place.  This  la.st  condition 
would  be  more  likely  to  occur  in  a  clean  tube,  free  from 
scale  internally  and  from  dust  externally,  than  in  a  dirty 
lube. 

Water  Circulation  Enhanced  by  the  Effect  of 
Steam  Bubbles 

When  the  boiler  tubes  are  vertical  or  nearly  vertical, 
the  water  circulation  will  be  enhanced  by  the  air-lift 
effect  of  the  steam  bubbles.  Like  the  air  lift,  this  is  a 
problem  that  involves  so  many  uncontrollable  variable" 
that  it  is  doubtful  whether  any  rational  expression  for 
this  circulation  will  ever  be  worked  out.  The  investi- 
gation of  this  circulation,  however,  will  throw  consider- 
able light  upon  the  rational  design  of  steam  boilers.  It 
is  very  possible  that  a  modification  of  the  design  of  the 
Niclausse  boiler  having  the  field  tubes  set  vertically, 
with  the  manifold  at  the  top,  will  offer  almost  unlimited 
forcing  possibilities,  greatly  exceeding  the  evaporative 
capacity  of  existing  designs.  Such  a  design,  with  an  in- 
ternal tube  in  each  water  tube,  would  be  extremely  diflS- 
cult  to  clean.  In  any  design  to  secure  increased  circula- 
tion it  is  rather  important  that  the  course  of  the  water 
and  of  the  steam  bubbles  should  be  arranged  in  such 
a  manner  that  they  will  not  impede  each  other.  Theo- 
retically, there  should  be  no  limitation  to  the  amount  of 
forcing  which  a  vertical-tube  boiler  can  stand  except 
the  heat-absorbtion  capacity  of  its  heating  surface.  With 
inclined  tubes  the  boiler  can  be  forced  only  to  the  ex- 
tent of  turning  a  sufficient  amount  of  water  into  steam 
to  occupy  the  full  area  of  the  hottest  tubes  at  their  high- 
est point.  Any  further  forcing  with  this  type  of  boiler 
will  cause  it  to  destroy  itself. 

Exactly  what  the  last  word  in  boiler  design  will  be 
is  hard  to  say.  Present  designs  leave  much  to  be  de- 
sired, not  only  in  the  circulation  of  the  water  but  in 
the  manner  in  which  the  hot  gases  pass  through  the 
setting  and  come  in  contact  with  the  heating  surface. 
The  ruling  temperature  of  boilers  is  very  low.  Con- 
vection currents  in  water  are  set  up  with  very  low  tem- 
perature differences,  and  as  the  temperature  of  the  mass 
increases  the  convection  head  caused  by  one  degree  dif- 
ference in  temperature  increases.  These  physical  prin- 
ciples do  not  cause  design  difficulties,  and  it  is  probably 
for  this  reason  that  boiler  engineering  has  settled  into  a 
rut  and  the  mechanical  details  of  the  connections  en- 
tirely overshadow  the  importance  of  increasing  its  heat- 
absorbing  capacity. 


February  25,  1919 
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Vacuum  Trouble  in  Turbine  Condensers* 


By  JAMES  BRAKES,  Jr.* 


IN  THE  article,  "Keeping  Up  Condenser  Perform- 
ance," on  page  868  of  tlie  Dec.  17,  1918,  issue,  H. 
LeH.  Smith  has,  in  his  Fig.  1,  plotted  absolute  pres- 
sure against  the  entrance  of  the  intake  circulating- 
water  temperature.  Notice  that  when  the  temperature 
of  the  water  is  37  deg.  the  absolute  pressure  on  No.  5 
condenser  is  1.18  in.  while  the  pressure  on  No.  3  is 
2.08  in.  The  former  pressure  corresponds  to  28.8  in. 
and  the  latter  to  27.9  in.  of  mercury  vacuum  referred 


amount   of  air   ranges   from   ten   to   thirty   times   the 
amount  that  is  dissolved  in  ordinary  water. 

On  a  performance  test  made  by  the  Turbine  Com- 
mittee of  the  National  Electric  Light  Association  on  a 
5000-kw.  Curtis  turbine  of  the  Boston  Edison  Co.,  the 
following  is  noticeable:  The  loads  on  test  Nos.  2  and 
3  were  3410  and  4758  kw.  respectively,  with  a  vacuum 
of  28.7  and  28.6  in.  of  mercury.  The  barometer  reading 
was  29.95  in.     A  difference  of  1348  kw.  made  a  differ- 
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FIGS.   1  TO  4.      CHARTS  SHOWING  CONDENSER  PERFORMANCE 
Fig.  1 — Plot  of  readings  on  condenser  No.   8.     Fig.   2 — Curves   showing  low,  normal  and  peak-load  readings 
of   gain    in    economy    per    inch    of   vacuum    for    various    vacuums.      Fig. 
ditions 


Fig.  3 — Percentage 
4 — Curves  of   condenser   performance   under  different   con- 


to  30  in.  barometer  at  58.4  deg.  F.  temperature.  This 
gives  a  difference  of  0.9  in.  vacuum,  which  is  a  con- 
siderable variation. 

It  is  necessary  that  a  condenser  be  overhauled  and 
washed  out  frequently— at  least  once  every  two  weeks. 
The  pipe  joints  and  stuffing-boxes  should  be  tightened 
about  the  air  pump  and  also  the  circulating  pump.  It 
is  a  fact  that  handling  air  in  solution  is  the  smallest 
percentage  of  work  done  by  an  air  pump.  The  leakage 
through  piping,  etc.,  imposes  the  greatest  duty.     The 

•Testing  Department,  Commonwealth   Edison   Co.,   Chicago.   Ill, 


ence  of  0.1  in.  in  vacuum.  No  doubt  the  condenser  was 
washed  previously  to  the  test,  hence  the  variation  of 
vacuum  was  due  to  a  great  extent  to  the  difference  in 
load. 

The  writer  has  an  idea  that  in  the  case  mentioned 
in  Mr.  Smith's  article  the  variation  in  vacuum  on 
turbine  condensers  Nos.  3  and  5  was  due  to  a  drop  in 
the  load,  air  leak  or  erroneous  reading.  This  is  stated, 
provided  the  condensers  are  of  the  same  type  and  the 
machines  are  of  the  same  capacity.  No  doubt  when 
Mr.    Smith    asserted    that    the    highest   possible   plant 


288 


I'  O  W  K  K 


Vol.  49,  No.  8 


•conomy  wh.s  obtained  on  the  h  si  of  the  reudinjfs,  he 
took  the  load  conditions  into  consideration.  This  beinjr 
true,  why  should  the  majority  of  readings  on  condenser 
No.  8  plot  as  the  writer  has  illustrated  liy  the  doited 
line  in  Fig.  1? 

From  the  foregoing  it  is  evident  that  a  i)laMt-eci)nomy 
lurve  is  not  really  true  when  based  on  the  results  of 
readings  obtained  on  all  the  machines,  as  each  machine 
has  its  own  characteristics. 

It  is  far  better  to  plot  a  separate  curve  for  each 
machine  and  to  hold  the  load  constant  as  far  as  possible 
on  the  machine  in  question.  The  best  reference  curve 
can  be  obtained  on  each  machine  by  plotting  the  abso- 
lute pressure  in  inches  and  the  kilowatt  load  separately. 
If  possible,  the  readings  should  be  taken  three  times  a 
day  and  three  days  a  week.  It  would  also  help  to  a 
considerable  extent  to  obtain  the  three  readings,  at  low, 
normal  and  peak  loads.  When  taking  the  readings, 
place  S  or  W  under  the  curve  of  each  machine  to  repre- 
sent whether  the  condenser  is  steamed  or  washed.  This 
can  be  obtained  by  observation  of  the  log  obtained  on 
the  third  watch.  A  set  of  these  curves  covering  the 
period  of  a  year  will  be  of  some  benefit  to  the  chief, 
especially  when  the  intake-water  temperature  is  stated 
on  each  curve,  as  in   Fig.   2. 

It  also  helps  considerably  to  run  a  water-rate  test 
on  a  machine  occasionally  in  order  to  check  up  its 
performance  as  a  whole.  Mover  states  that  within  the 
limits  of  a  few  inches  of  vacuum  the  cost  of  the  turbine 
is  not  changed  enough  to  make  it  a  factor  in  determin- 
ing the  most   profitable  operating   vacuum. 

Fig.  3  illustrates  the  percentage  gain  in  economy 
per  inch  of  vacuum  for  various  vacuums.  A  close 
agreement  between  the  actual  and  theoretical  curves 
is  worthy  of  notice.  The  writer  recommends  F.  R. 
Wheeler  as  an  authority  on  condensers,  and  his  article 
on  "Condensers  and  Heater  Calculations,"  which  ap- 
peared in  Power,  Vol.  40,  No.  17,  is  worthy  of  careful 
reading. 

Determining  Vacuum  Best  Suited  to  Conditions 

Having  the  quantity  of  condensing  water  required, 
the  cost  of  fuel  and  the  cost  of  water  delivered  to  the 
condenser,  the  vacuum  best  suited  to  the  conditions 
under  consideration  may  be  readily  determined.  Fig.  4 
might  be  of  interest  to  the  reader  as  it  gives  a  set 
of  curves  of  vacuum  at  sea  level  for  varying  tempera- 
tures of  cooling  water.  Fifteen  degrees  difference  be- 
tween the  temperature  of  the  condensed  steam  and  that 
of  the  discharge  water  is  usually  applicable  to  modern 
surface-condenser   installations. 

No.  1  curve  of  Fig.  4  gives  the  theoretical  possible 
vacuum  plotted  against  the  temperature  of  the  cooling 
water.  In  this  case  the  ratio  of  the  water  to  the 
steam  is  infinite.  The  results  of  No.  2  curve  take 
place  in  a  perfect  condenser  when  the  ratio  of  the 
water  to  the  steam  is  60  to  1  and  no  temperature 
difference  of  inlet  and  outlet  cooling  water.  No.  3 
shows  an  actual  condenser  at  water  and  steam  ratio 
60  to  1  with  15  deg.  water  difference.  No.  4  shows 
an  actual  condenser  working  at  15  deg.  water  difference 
and  100  to  1  steam  water  ratio. 

Having  the  temperature  of  the  circulating  water  in 
degrees  F.  and  the  approximate  ratio  of  the  water  to 
the  steam,  the  approximate  economical  vacuum  may  be 


obtained.  This  is  only  applicaljle  j)rovid(:d  the  difTerence 
(if  the  inlet-  and  outlet-water  temperatures  docH  not 
exceed   fifteen  degrees. 

However,  it  is  the  opinion  of  the  writer  that  the 
kilowatt  load  should  be  taken  into  consideration  along 
with  the  other  factors  such  as  cooiing-water  tempera- 
ture, steam  consumption,  etc.,  in  order  to  determine  the 
most  economical  vacuum.  It  is  neces.sary  when  carrying 
the  high  economical  vacuum  at  high  load,  to  bear  in 
mind  that  a  slight  change  in  vacuum  will  cause  con- 
siderable variation  in  the  load.  In  other  words,  the 
meaning  of  "Watch  your  vacuum"  must  be  explained 
to  the  turbine  operator  from  this  point  of  view. 

As  the  steam  expands  through  the  turbine,  from 
boiler  pressure  to  exhaust,  its  volume  increases  rapidly. 
Unless  the  steam  passages  tiecome  correspondingly 
larger,  congestion  of  the  steam  results,  with  consequent 
loss  of  efficiency.  It  is  due  to  this  fact  that  a  vacuum 
of  ?8  in.  accomplishes  little  or  no  improvement  over  a 
vacuum  of  26  in.  when  taking  into  consideration  the 
reciprocating  engine.  Its  low-pressure  cylinder  could 
not  be  designed  large  enough  to  expand  steam  eco- 
nomically, higher  than  26  in.  Hence,  unless  the  low- 
pressure  buckets  and  exhau.st  openings  are  frequently 
overhauled  and  looked  after  in  regard  to  ample  size, 
little  advantage  is  gained  by  high  vacuum.  Stress  must 
be  also  laid  on  the  peripheral  admission  of  steam  on 
the  first  and  last  stages  of  the  turbine. 

A  variation  in  vacuum  can  also  take  place  due  to  the 
wear  on  the  turbine  buckets  caused  by  the  erosive 
action  of  wet  steam  and  from  the  corrosion  from  im- 
purities in  the  steam.  High  superheat  will  in  some 
cases  cause  deformation  resulting  most  of  the  time 
in  interference  at  the  running  clearances. 

All  the  facts  cited  tend  to  show  that  in  order  to 
locate  vacuum  trouble,  consideration  must  be  given  to 
the  turbine  unit  as  a  whole,  not  simply  to  the  condenser 
and  condenser  auxiliaries. 

In  addition  to  the  set  of  yearly  curves  as  outlined 
in  Fig.  2,  a  vacuum  maintenance  record  as  given 
by  Mr.  Smith  in  his  Fig.  2  would  be  of  great  service. 


CO.VL.   WA.-^TK    \  S.    1.■•VU\^   ruN.SKUV.VTlON 


EDITORIALS 


Do  Technical  Courses  Need  Revision? 

MANY  of  our  universities  and  technical  schools 
suffered  serious  depletion  in  ranks  through  volun- 
tary enlistment  and  the  draft.  Coming  on  top  of  this, 
the  Student  Officers'  Training  Corps  tended  toward 
further  disorganization  of  the  courses. 

There  has  not  yet  been  time  for  the  schools  to  re- 
cover from  these  effects,  and  many  are  seizing  the 
opportunity  to  give  serious  thought  to  a  readjustment 
of  courses  to  meet  changed  conditions,  so  that  a  fresh 
start  may  be  made  next  fall.  In  several  of  the  larger 
institutions  these  contemplated  changes  are  taking  the 
form  of  less  specialization  in  the  technical  courses. 

While  such  plans  are  under  advisement,  serious 
thought  might  w^ell  be  given  to  making  the  mathematical 
training  more  effective.  The  practice  in  most  of  our 
technical  schools  is  to  provide  a  thorough  training  in 
pure  mathematics  during  the  first  year,  but  after  the 
student  has  successfully  passed  his  examinations  the 
subject  is  put  behind  him  and  he  breathes  a  sigh  of 
relief.  This  is  contrary  to  Continental  practice,  which, 
upon  graduation,  holds  the  student  responsible  for  the 
work  covered  during  the  whole  course. 

It  is  not  intended  to  pass  judgment  here  upon  the 
relative  merits  of  the  two  systems.  Doubtless,  each 
has  its  advantages  as  well  as  its  disadvantages.  It 
may  be  significant,  however,  that  in  certain  branches 
of  the  army  requiring  applied  mathematics  many  of 
our  reserve  officers  were  lamentably  rusty. 

Pure  mathematics  are  fundamental  as  well  as  useful 
for  training  the  mind,  but  they  should  be  supplemented 
by  more  applied  mathematics  given  at  such  time  as  will 
make  the  most  lasting  impression. 

Would  not  a  course  in  applied  mathematics  in  the 
last  half  of  the  senior  year  meet  the  requirements  of 
the  case?  At  this  time  the  student's  training  has 
reached  such  a  stage  that  he  is  better  able  to  appreciate 
the  relation  between  the  practical  and  the  theoretical, 
and  only  such  applications  need  be  given  as  he  will  be 
likely  to  encounter  later  in  the  engineering  profession. 

Water  Power  In  Canada 
and  in  the  United  States 

ACCIDENT  of  geographical  location  places  most  of 
the  important  industrial  and  commercial  centers 
of  the  Dominion  of  Canada  within  easy  reach  of 
hydro-electric  generating  stations  that  are  capable  of 
lurnishing  an  abundant  supply  of  power.  Because  of 
the  remarkably  low  cost  of  development,  this  power  is 
produced  economically  and  the  result  is  a  wide.spread 
use  of  electrical  energy  throughout  the  Dominion. 

As  brought  out  elsewhere  in  this  issue,  Canada  utilizes 
two  hundred  and  seventy-six  hydraulic  horsepower  for 
each  thousand  of  her  population.  Comparison  with  the 
United  States  cannot  readily  be  made,  because  the  latest 
figures  available   for  this   country   arc   those   of   1912. 


At  that  time  this  country  used  about  twenty-five  hydrau- 
lic horsepower  per  thousand  population.  Making  an  un- 
usually generous  allowance  for  increase  of  water-power 
development  during  the  last  few  years,  it  seems  certain 
that  even  now  the  United  States  does  not  make  use  of 
one  hundred  horsepower  of  hydro-electric  energy  per 
thousand  population.  Compared  with  our  northern 
neighbor,  our  per  capita  utilization  of  hydro  power  is 
only  from  one-fourth  to  one-third  as  great. 

The  reasons  for  this  apparent  backwardness  on  our 
part  are  two:  Lack  of  adequate  legislation  governing 
the  methods  of  exploitation  and  higher  costs  for  de- 
velopment and  transmission.  Congressional  action  on 
the  Administration  Water-Power  Bill  has  been  delayed 
for  months,  despite  the  need  for  increased  supplies  of 
power,  and  the  indications  are  that  nothing  conclusive 
will  be  accomplished  during  the  present  session. 

Those  localities  which  would  benefit  most  from  a 
prompt  and  properly  safeguarded  development  of  water 
power  have  not  forgotten  the  matter,  however.  The 
Northwest,  which  contains  some  of  the  most  desirable 
water-power  sites  in  the  country,  is  loud  in  its  protests 
against  the  dilatory  methods  being  pursued  at  Wash- 
ington. Senators  and  Representatives  are  being  bom- 
barded with  letters  from  their  constituencies  declaim- 
ing against  the  policy  of  inactivity.  Congressional 
inertia  is  proverbial,  but  it  must  eventually  yield  to  the 
urge  of  national  necessity. 

Government-Owned  Machine  Tools  for 
Industrial  Training  Schools 

BETWEEN  two  and  three  hundred  million  dollars' 
worth  of  machine  tools  were  purchased  by  the  Gov- 
ernment  for  war  work,  and  now  that  they  have  served 
their  purpose,  the  problem  of  disposing  of  them  to  the 
best  advantage  is  being  considered.  According  to  the 
terms  of  the  appropriation  bill  under  which  they  were 
bought,  they  must  be  sold  so  as  to  bring  the  greatest 
possible  return  to  the  Government,  but  there  are  seri- 
ous objections  to  such  a  procedure. 

Perhaps  a  third  of  the  tools  can  be  installed  in  ex- 
isting arsenals.  To  throw  the  remainder  on  the  market 
to  be  sold  at  sacrifice  prices  would  practically  demoral- 
ize the  machine-tool  industry ;  for  most  of  the  machine 
shops  of  the  country  are  already  supplied — even  over- 
stocked— with  tools.  Thus,  building  of  new  tools  would 
come  to  a  standstill  and  workmen  in  that  field  of  labor 
would  be  added  to  the  lengthening  line  of  the  un- 
employed. 

A  plan  has  been  suggested  whereby  such  adverse  con- 
ditions may  be  avoided,  and  a  bill  has  been  introduced 
in  the  House  to  enact  the  project  into  a  law.  Briefly, 
the  bill  proposes  that  the  Secretary  of  War  shall  be 
empowered  to  lend  these  machine  tools  to  trade  and 
technical  schools,  colleges,  universities  and  other  edu- 
cational institutions  that  in  his  judgment  should  have 
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.•<uch  equipment.  Adequate  provision  is  made  to  protect 
the  interests  of  the  (lovernment  by  making  each  in- 
stitution thus  equipped  responsilile  for  the  proper  rare 
and  safe  return  of  the  tools  when  they  are  demanded, 
ordinary  wear  and  tear  excepted. 

The  passage  of  this  bill  is  desirable,  for  it  will  pro- 
vide means  for  the  industrial  training  of  the  children 
of  those  who  have  bought  and  paid  for  the  machinery. 
At  the  same  time  the  Government  will  be  relieved  of  the 
expense  of  storage  charges  and  the  material  will  always 
be  subject  to  immediate  recall  if  it  should  be  needed  in 
the  event  of  future  war. 


Universal  raising  of  wages  cannot  permanently  im- 
prove the  condition  of  the  workers  if  it  is  accompanied 
by  smaller  output  and  shorter  hours.  There  must  be 
greater  efliciency  and  increased  production. 


The  purpose  of  the  grate  is  to  support  the  fuel 
bed,  but  one  would  not  take  this  to  be  a  fact  judging 
from  the  appearance  of  some  of  the  a.shpits  one  sees. 


Beware  of  comparative 
figures  unless  they  are  re- 
duced to  the  same  basis.  A 
boiler  with  a  certain  evapo- 
ration per  pound  of  coal 
may  be  considerably  less  ef- 
ficient than  a  boiler  with  a 
lower  evaporation,  a  higher 
steam  pressure  and  colder 
feed  water. 


The  appearance  of  power- 
plant  equipment  is  a  good 
index  of  whether  the  man 
in  charge  takes  interest  in 
his  job  and  knows  his  busi- 
ness, for  thorough  groom- 
ing is  the  first  requisite  of 
careful  inspection  to  obtain 
knowledge  of  the  conditions. 


Supplying  the  fireman 
with  coal  and  telling  him 
to  keep  up  steam  is  not  en- 
gineering. There  is  some- 
thing more  for  the  fireman 
to  do  besides  keeping  up 
the  steam  pressure ;  there 
is  such  a  thing  as  efliciency. 


Saving  or  wasting  twen- 
ty-five per  cent,  of  the  coal 
consumption  of  any  steam 
plant  depends  upon  the  effi- 
ciency of  the  operating 
department.  If  there  is  a 
waste  the  plant  will  be  ben- 
efited by  a  change  in  the 
operating  management. 


Well,  anyway,   one  gets  a  lot  of  consolation   in  the 
thought  that  that  stuff  he  tried  to  burn   la.st  winter 
helped  win  the  war. 


Increased  Costs  Make  liaise  in  Price 
Necessary 

Attention  is  called  to  an  announcement  else- 
where in  this  issue  concerning  the  contemplated 
increase  in  subscription  price. 

The  price  of  "Power"  has  been  held  at  two 
dollars  for  the  past  eleven  years.  During  this 
period  the  cost  of  paper,  engraving  and  labor 
involved  has  practically  doubled — in  some  in- 
stances more  than  doubled;  that  of  paper  alone 
now  being  over  twice  the  subscription  price. 

Yet  regardless  of  the  ever  increasing  cost, 
greater  and  greater  effort  has  been  expended 
toivard  making  the  paper  more  attractive,  mak- 
ing the  illustrations  tell  their  story  better  and  in 
securing  material  that  will  be  of  greatest  benefit 
to  the  reader  in  preparing  him  to  hold  a  bigger 
place  in  the  engineering  world. 

The  unjustifiable  zone  system  of  postal  rates 
has  also  placed  a  heavy  burden  on  publishers, 
amounting  in  the  case  of  "Power"  to  approxi- 
mately the  subscription  price.  But  this  part  of 
the  story  has  been  told  before. 

What  has  been  the  answer?  It  is  to  be  found 
in  the  fact  that  the  majority  of  magazines,  both 
popular  and  technical,  as  well  as  daily  news- 
papers, have  been  forced  to  raise  their  prices. 
Some  have  doubled  them. 

But  "Poiver"  is  not  passing  the  whole  burden 
on  to  the  reader.  In  raising  the  price  to  three 
dollars,  it  is  asking  him  only  to  bear  a  small 
share.  It  is  even  going  further  than  that  in 
permitting  present  subscribers  to  reneiv  at  the 
old  rate. 

We  feel  confident  the  reader  ivill  appreciate 
these  facts  and  continue  the  hearty  cooperation 
and  pleasant  relations  that  have  marked  the  past. 


Most  chief  engineers 
draw  the  line  when  it  comes 
to  sociability  with  their  fire- 
men. If  the  chiefs  .showed 
a  little  more  interest  in 
their  firemen  and  in  their 
work,  the  prospects  are  that 
the  results  would  be  agree- 
ably astonishing. 


All  sorts  of  automatic  ap- 
pliances are  used  in  the 
power  plant,  but  human  in- 
telligence and  supervision 
are  required  to  keep  them 
in  proper  working  order. 
The  man  with  the  auto- 
matic brain  has  not  yet 
been  evolved. 


Much  has  been  published 
regarding  the  care  of  boil- 
ers, engines,  turbines  and 
other  power-plant  appara- 
tus. How  about  the  econ- 
omizer? Is  it  not  neglected 
more  studiously  than  any 
other  apparatus  in  the 
plant? 


Do  not  make  the  mis- 
take of  assuming  that  all 
types  of  stokers  will  burn 
all  sizes  and  grades  of 
coal  with  equal  facility. 
This  is  as  much  of  an 
error  as  to  assume  that 
a  crow  can  fly  as  fast  as 
a   carrier  pigeon. 


It  is  just  about  a  year  ago  that  the  crews  in  many 
plants  gathered  up  all  the  cord  wood,  packing  cases  and 
the  chief's  desk  to  keep  up  steam  when  the  company 
trucks  returned  from  the  coal  yard — empty. 


Just  what  science  has  done  and  is  doing  has  been 
brought  to  the  attention  of  the  average  man  during 
the  four  years  of  war.  The  advance  made  in  some 
branches  has  been  wonderful  and  astonishing. 


Poor  pow-er-plant  equipment  and  supplies  are  hand- 
maids of  the  devil  that  encourage  profanity  and  keep 
men  from  going  to  church. 


Thorough  Americanization  is  the  governor  that  will 
prevent  revolution  from  wrecking  the  national  machine. 


Now  that  the  Fuel  Administration  no  longer  can  be 
held  responsible,  coal  consumers  await  the  edicts  of  the 
dealers  with  bated  breath. 


The  index  to  Volume  48  (the  last  six  months  of  1918) 
is  ready  and  will  be  sent  to  all  whose  names  are  on 
the  index  mailing  list.  Any  others  who  wish  will  be 
put  on  the  list.    A  post  card  request  is  sufficient. 


February  25,  1919 


Odd  Indicator  Diagrams 

Now  that  the  war  is  over  perhaps  we  can  get  back 
)  discussing  some  of  the  engineering  troubles  we 
[icountered  while  keeping  the  old  machines  going  to 
roduce  supplies  for  "over  there." 

The  engine  from  which  the  diagrams  shown  were 
iken  is  a  24  X  42-in.  four-valve  with  gridiron  steam 
alves  and  Corliss  exhaust  valves  and  operates  non- 
jndensing.  The  engineer  noticed  that  suddenly  the 
shaust  became  very  uneven  and  found  that  the  head- 


NO.  Z 


NO.  3 
ONLY  SLIGHT   MIS.VDJUSTMENT    DISTORTED    DIAGRAMS 

nd  steam  valve  did  not  open — the  latch  did  not  reach 
ver  far  enough  to  engage  the  block.  The  engine  seemed 
0  be  running  fairly  steady,  although  taking  steam  at 
ne  end  only,  so  he  took  indicator  diagram  No.  1 
»'hile  wondering  what  had  happened.  The  head  end 
hows  only  a  compression  diagram,  all  the  work  being 
ione  on  the  crank  end;  but  what  had  happened  to  cause 
his?  All  bolts  on  the  reach  rods  seemed  tight  and 
lothing  had  slipped,  apparently.  At  last  he  measured 
he  length  of  the  two  dashpot  stems  and  found  the 
lead-end  stem  was  1  in.  shorter  than  the  one  on  the 
rank  end.     Giving  the  locknut  a  "hard  try"  with  his 


hand,  he  found  it  loose,  and  the  stem  and  dashpot  had 
revolved  around  and  screwed  in  (shortened)  until  the 
latch  could  not  reach  the  latch  block  and  pick  it  up. 
Turning  the  dashpot  around,  he  unscrewed  the  stem, 
thus  raising  the  block  until  the  hook  engaged  and  the 
valve  was  again  operating.  After  tightening  up  the 
locknut  while  the  engine  was  still  running,  he  took 
diagram  No.  2.  This  incident  shows  what  may  happen 
to  an  engine,  and  that  the  difficulty  may  sometimes  be 
discovered  and  readjusted  in  fifteen  minutes'  time  with- 
out a  stop. 

On  another  occasion  diagram  No.  3  was  taken  from 
the  same  engine.  The  engine  was  running  full  speed 
and  racing  slightly.  The  dashpot  on  the  head  end 
was  bouncing  and  the  latch  did  not  engage  the  block  in 
the  ordinary  way,  and  as  the  hook  came  over  while 
the  valve  was  open,  it  forced  it  shut,  but  it  would 
spring  back  from  the  cushion  in  the  dashpot  chamber. 
The  peculiar  diagram  was  probably  caused  by  thc^ 
reaching  of  the  governor  to  equalize  the  load  between 
the  two  ends  of  the  cylinder;  as  diagram  No.  3  indi- 
cates a  variation  in  the  steam  lines  and  also  leakage 
of  steam  into  the  cylinder  after  the  valve  was  supposed 
to  be  closed.  It  was  found  that  the  packing  in  th:; 
stuffing-box  was  a  trifle  tight,  and  the  stem  being  worn 
jammed  the  packing  so  that  the  dashpot  vacuum  could 
not  overcome  the  friction  and  excessive  compression 
caused  by  a  choked-up  dashpot  relief  valve.  The  dash- 
pot  relief  valve  was  cleaned  out  while  running  and  the 
packing  in  the  stuffing-box  loosened  until  the  valve 
dropped  shut  freely,  and  the  usual  good  diagram  was 
produced.  R.  A.   CULTRA. 

Cambridge,  Mass. 

Motor  Suddenly  Reversed 

In  regard  to  John  R.  Steeska's  inquiry  in  the  issue 
of  Jan.  21,  page  102,  the  reason  why  the  motor  stopped, 
reversed  and  ran  in  the  opposite  direction  was  that 
the  polarity  of  the  armature  or  field  poles  was  changed, 
in  all  probability  because  a  loose  rocker-arm  allowed 
the  brushes  to  shift.  Just  previous  to  the  reversing, 
the  machine  should  have  sparked  badly.  A  case  like 
this  happened  once  in  a  plant  where  I  was  employed. 

This  also  could  occur  during  an  electrical  storm,  as 
the  lightning  might  injure  the  motor  in  such  a  way 
as  to  cause  it  to  reverse.  The  writer  has  also  known 
this  to  occur  at  the  Colorado  Smeltery  in  Butte,  Mont. 

Butte,  Mont.  COLiN  F.  McGlBBON. 

[  It  is  rather  difficult  to  imagine  anything  that  a 
lightning  discharge  could  do  to  a  motor  to  cause  it  to 
reverse.  It  is  more  likely  that  something  happened  to 
cause  the  machine  to  reverse  simultaneously  with  the 
lightning  discharge  and  in  cleaning  up  the  effects  of 
the  lightning  the  cause  of  the  motor's  reversing  was 
remedied  without  being  found. — Editor.] 
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Ffononiy  in  UHinjj;  Few  PiimpH 

Many  buildings  are  etiuippod  with  an  uniieccsHary 
multiplicity  of  pumps.  In  several  buildin^rs  which  I 
luivp  in  mind  there  are  hijrh-prossurc  drip  return  pumps 
and  also  heatinp  return  pumps.  In  winter  they  are 
enabled  to  shut  down  the  hitrh-pressure  drip  pumps  by 
connecting  the  bottom  of  the  hiph-pressure  drip  tanks 
with  the  heatinjr-system  return,  and  an  equalizing  pipe 
is  carried  from  the  top  of  the  tank  to  the  heating 
.>;ystem  above  the  water  line.  The  water  and  vapor 
thus  goes  to  the  heating  .system.  The  water  is  handled 
by  the  heating  return  pump  and  the  vapor  is  utilizjed  in 
heating  the  building,  the  atmospheric  vapor  pipe  being 
closed   off   in   winter.  W.   T.    Meinzer. 

Brooklyn,   N.  Y. 

Generators  Would  Not  Operate  in  Parallel 

Recently,  I  was  called  into  a  plant  to  investigate  the 
reason  why  a  second-hand  compound-wound  generator 
that  had  been  installed  a  short  time  previously  would 
not  operate  in  parallel  with  the  other  machine  in  the 
plant.  An  investigation  indicated  the  condition  shown 
in   Fig.   1. 

It  will  be  seen  that  the  equalizer  connection  on  ma- 
chine No.  2  is  connected  between  the  armature  and  the 


FIGS.    1    AND    2.      .SHOW.';   WRONG    AXD   CORRECT   CON- 
NECTION  OF   EQU.\LIZER 

positive  bus.  Furthermore,  closing  the  equalizer  switch 
short-circuits  the  armature  of  machine  No.  1  and  con- 
iiects  machine  No.  2  across  the  series  field  of  machine 
No.  1.  Fortunately,  the  machines  were  belt-driven  or 
the  damage  done  might  have  been  much  more  serious 
than  badly  burned  commutators  and  brushes,  before 
the  circuit-breakers  opened  and  cleared  the  trouble.  On 
making  the  equalizer  connection  between  the  armature 
and  series  field  on  machine  No.  2  and  determining  that 


the  polarity  of  the  two  machines  was  correct,  they  werei 
I)arallelc(l  without  any   further  trouble. 

It  is  evident  from  the  figures  that  a  wrong  equalizer 
connection  between  two  comi)ound-woutid  generatorn 
may  cause  just  as  serious  a  condition  as  attempting  to 
parallel  two  machines  having  opposite  polarity — a  con- 
dition that  too  much  care  cannot  be  exerci.sed  to  avoid 

Brooklyn,  N.  Y.  E.  C.  Pakium. 

Backing  Out  Broken  SetHcrcws 

Occasionally  little  difficult  jobs  will  be  encountered, 
and  sometimes  they  are  hurry  jobs  when  time  is  the 
controlling  element  or  the  lack  of  suitable  tools  makcH 


TOOL   FOR   BACKING    OI'T    BROKEN    SETSCREW 

simple  tasks  difficult.  In  mo.st  cases  a  little  ingenuity 
will  solve  the  problem.  We  read  of  kinks  at  different 
times,  but  the  suggestion  cannot  always  be  used  at  once, 
although  the  idea  may  be  recalled  at  the  proper  time 
when  there  is  a  real  need  and  put  into  use.  Following 
are  two_  kinks  I  have  used  with  success: 

The  first  case  where  speed  was  essential  was  a  prob- 
lem of  backing  out  a  broken  setscrew.  This  was  ac- 
complished by  drilling  a  hole  in  the  setscrew  and  then 
turning  a  tool  as  illustrated  into  the  hole  and  backing 
out  the  screw.  This  tool  has  a  left-hand  thread  or 
spiral  and  can  be  made  from  a  piece  of  square  stock, 
with  a  slight  taper.  The  thread  is  formed  by  heating 
the  metal,  holding  one  end  in  a  vise  and  twisting  the 
other  end  clockwise,  forming  a  rough  left-hand  thread. 
It  can  be  finished  off  if  necessary  with  a  file. 

In  the  other  case  poor  contact  at  the  brush  on  the 
field  rheostat  of  a  400-kw.  alternator  heated,  and  the 
brush  was  bound  so  tightly  in  the  holder  that  it  had  to  be 
drilled  out.  This  destroyed  the  brush  and  a  new  one 
was  required.  The  brush  was  i  in.  in  diameter  and  had 
to  fit  snugly  in  the  holder.  The  size  of  copper  nearest 
to  this  was  1  in.  in  diameter.  No  lathe  was  available 
to  turn  it  to  the  proper  diameter  and  filing  was  out  of 
the  question.  The  difficulty  was  overcome  by  using  a 
set  of  dies  to  cut  the  stock  to  the  proper  diameter,  by 
using  progressively  smaller  dies  so  that  the  stock  was 
quickly  and  accurately  cut  to  a  proper  fit  in  the  brush- 
holder.  James  M.  Purcell. 

Richmond,  Va. 

Making  Diesel  Operators  from  Steam 
Engineers 

Harte  Cooke,  in  Power  for  Jan.  7,  says:  "Have  you 
ever  heard  it  asserted  that  a  Ford  automobile  needed  an 
extraordinarily  skilled  attendant  due  to  these  (high) 
pressures  and  temperatures?"  No,  I  don't  believe  any- 
body has  said  that  a  machine  costing  less  than  ?500  re- 
quired such  an  attendant.  However,  I  would  like  to  ask 
Mr.  Cooke  if  he  would  be  so  imprudent  as  to  employ  any 
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f  those  thousands  of  jitney  drivers  such  as  are  found  in 
ne  Eastern  cities,  to  operate  the  fine  and  expensive  en- 
ines  built  by  his  company.  I  am  sure  no  good  execu- 
ve  would  be  so  downright  careless  and  inefficient. 

Then  Mr.  Cooke  says:  "The  ideal  engineer  to  have 
1  charge  of  a  Diesel  engine  installation  is  one  that  is 

good  executive  to  see  that  his  force  actually  does  the 
ork  which  should  be  done."  This  is  true.  But  you 
3  not  find  this  kind  of  men  hanging  on  trees,  like  ap- 
les.  The  kind  of  men  essential  in  the  power  plant  are 
le  type  that  is  careful,  painstaking  and  can  be  trusted, 
nd  I  have  found  such  men  to  be  scarce. 

Comparing  a  Ford  with  a  power  plant  is  no  compari- 
)n  at  all.  The  vital  difference  is  this;  A  Ford  may 
op  for  the  want  of  gas  or  a  hundred  and  one  other 
lings.  The  driver  can  give  the  jitney  joy  riders  their 
loney  back  and  tell  them  to  catch  the  next  car  on  the 
•olley  line;  or  if  it  carries  a  load  of  merchandise,  he 
in  shove  it  over  in  the  corner  along  the  fence,  go  to  the 
rarest  telephone  and  call  another  Ford  to  come  to  the 
'scue  of  a  brother  in  distress.  But  think  of  a  factory 
r  central  power  plant  tolerating  such  methods !  Have 
3u  ever  heard  anybody  say  it  would  be  an  easy  matter 
I  shove  a  balky  Diesel  in  the  corner  and  call  up  the 
achine  shop  to  send  around  another  Diesel  right  away? 
'hat  would  customers  say,  if  when  the  lights  went  out 
;d  they  called  on  the  phone  to  find  out  the  trouble,  the 
igineer  or  the  general  manager  would  reply:  "Our 
iesel  got  hot  and  blew  her  head  off ;  but  we  will  have 
lother  Diesel  some  time  next  week  if  the  railroads 
3n't  get  snowbound!" 

Coming  down  to  brass  tacks,  let  me  say  this:  The  men 
lat  will  make  good  with  Diesel  engines  are  of  the  same 
'pe  that  has  made  good  in  steam  plants;  namely,  the 
len  that  are  cautious,  careful  and  take  a  stitch  in  time, 
his  is  the  whole  difference  between  a  good  power-plant 
Derator  and  the  ordinary  man  and  explains  why  such 

man  is  worth  more  money  than  an  unskilled  laborer, 
he  old  adage  says,  "It  isn't  the  amount  you  make;  it's 
le  amount  you  save."  And  so  it  is  with  the  engineer: 
;  isn't  the  amount  of  work  you  do;  there's  a  lot  in 
iking  care  of  things.  Waldo  WEAVER. 

Franklin,  Ohio. 

(igh-Lift  Centrifugal  Pumps  for  Irrigation 

Although  I  was  interested  in  the  article  on  "High- 
ift  Centrifugal  Pumps  for  Irrigation,"  by  B.  P.  Flem- 
ig,  on  page  138  of  the  Jan.  28  issue  of  Potver,  I  am  not 
itisfied  as  to  the  author's  explanation  of  the  decreas- 
ig  friction  head  with  increased  discharge,  in  the  case 
f  parallel  operation  of  the  four  pumps.  It  would,  per- 
aps,  be  enlightening  if  we  knew  where  the  discharge- 
nd  suction-pressure  readings  were  taken  for  the  case  of 
arallel  operation. 

Referring  to  his  Table  I.  it  is  evident  that  these 
ump^  have  a  falling  head-capacity  characteristic;  that 
;,  the  capacity  falls  off  with  an  increase  of  head.  Turn- 
ig  to  Table  II,  it  will  be  seen  that  the  aggregate  ca- 
acity  of  the  four  pumps  operating  singly  is  112.28  sec- 
t.,  while  the  capacity  of  the  four  pumps  operating  in 
arallel  is  given  as  108.01  sec. -ft.,  a  difference  of  nearly 
000  gal.  per  min.  The  logical  conclusion  is  that  the 
umps  are  operating  against  a  higher  head  in  parallel 
peration  than  when  operating  singly.     In  other  words, 


the  total  head  for  parallel  operation  must  have  been 
more  than  88.5  feet. 

It  is  hardly  reasonable  to  assume  that  the  improved 
flow  conditions  more  than  offset  the  increased  friction 
head,  when  the  discharge  is  quadrupled.  As  a  matter 
of  fact,  there  is  a  greater  probability  of  there  being 
heavy  swirls  and  eddies  in  the  manifold  with  four 
pumps  going  than  with  one  only,  due  to  the  four  con- 
verging streams. 

I  am  inclined  to  think  that  a  velocity  or  friction  head 
has  been  overlooked  in  the  case  of  parallel  operation, 
and  this  would  account  for  the  lower  pump  efficiency  in 
this  case.  W.  F.  Brye. 

Patterson,  Calif. 

Installing  Disconnecting  Switches 

When  installing  the  disconnecting  switches  in  one  of 
our  substations,  it  was  found  necessary  to  mount  them 
on  the  ceiling,  for  the  incoming  lines.  As  the  switches 
for  the  different  circuits  were   installed  so  that   thev 
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ARRANGEMENT  OF   DISCONNECTING  SWITCHES  AFTER 
CHANGE    WAS    MADE 

all  pointed  in  the  same  direction,  it  was  somewhat 
difficult  to  identify  the  individual  switches  of  each 
circuit.  It  occurred  two  or  three  times  that  the  oper- 
ator was  about  to  open  a  switch  on  a  live  circuit  when 
he  thought  it  was  on  one  that  was  out  of  service. 
To  overcome  the  possibility  of  making  such  a  mistake, 
the  switches  on  every  other  circuit  were  reversed,  as 
indicated  in  the  figure.  D.  R.  HiBBS. 

Philadelphia,   Penn. 

Thermos-Bottle  Principle  Applied  to 
Steam  Cylinders 

I  have  operated  several  compound  engines  with  cylin- 
ders or  receivers  steam-jacketed,  and  in  many  instances 
I  found  that  the  jacket  steam  was  shut  off  as  it  was 
considered  wasteful  to  leave  it  on.  In  fact,  this  seems 
to  be  common  practice,  as  the  radiation  losses  arc 
considered  greater  than  the  benefits  derived. 

It  occurs  to  me  that  the  principle  of  the  thermos 
bottle  could  easily  be  applied  to  these  cylinders  or 
receivers  by  plugging  the  inlets  and  connecting  the 
drips  to  the  condenser,  as  these  engines  nearly  always 
operate  condensing.     This  would  be  no  hardship  on  the 
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(••imlensor.  h.><  very  littlo  air  couKl  puiictrute  lh«  jucket- 
iiiK'  wnlls.  Then  if  neither  iiir  nor  cold  cnn  penetrate 
through  11  vacuum,  all  the  heat  delivered  by  the  hijrh- 
pre.ssure  cylinder  to  the  receiver  would  have  to  go  to 
the    low-pressure   cylinders. 

I  am  not  in  a  position  at  present  to  try  this,  hut 
would  like  to  hear  from  readers  of  I'ower  who  may  have 
tried    it    or    opinions    regarding    its    merits. 

Somerville,    Mass.  John    Colk. 


nis<'ii.ssioii   on  Motor   Startiii<»  Kesistanre 

In  the  Dec.  24  issue  of  Powtr,  page  927,  Gordon  Fox 
asked  for  information  on  the  following  points  regarding 
my  article  on  "Method  for  Determining  Resistance  U.sed 
lor  Starting  Various  Types  of  Motors,"  in  the  Nov.  10 
i.ssue: 

1.  A  justification  for  the  tables  and  .llustrations  of 
the  action  in  the  ca.se  of  two  or  three  motors — typical 
ca.se.s. 

2.  The  reasons  for  specifying  so  many  more  resist- 
ance points  with  manual  control  than  with  magnetic 
control. 

3.  The  tables  given  apply  to  shunt  motors,  50  per 
cent,  compound  motors  and  series  motors.  How  should 
this  information  be  applied  to  standard  compound 
motors  with  20  per  cent,  compounding  and  40  per  cent, 
compounding? 

4.  Some  discussion  of  the  comparative  resistance  for 
use  with  series  motors  with  series  lock-out  control  as 
contrasted  with  speed-control  service  would  be  valuable. 

5.  The  current  values  at  which  resistance  sections 
should  be  cut  out  with  shunt  motors  are  given.  Are 
similar  data  referring  to  series  motors  available? 

6.  Mention  has  been  made  only  of  the  proper  ohmic 
value  of  accelerator  resistors.  Information  as  to  de- 
sirable current  capacities  would  be  valuable. 

7.  Information  as  to  the  proper  resistance  for  series 
motors  subjected  to  plugging  service. 

8.  Information  as  to  resistors  for  dynamic  braking 
and  for  dynamic  lowering,  as  in  crane  service  and  arma- 
ture shunts  for  slow-down  work. 

The  'vHowing  are  answers  to  the  several  questions 
a.sked  w  Mr.  Fox  as  enumerated  in  the  foregoing: 

1.  If  two  or  more  motors  of  the  same  size  are  in 
multiple  and  controlled  by  one  resistor,  the  same  con- 
.stants  and  multiplier  should  be  used  as  if  only  one  of 
the  motors  were  being  considered  and  the  only  factor 
that  need  be  changed  is  the  normal  resistance.  To 
illu.strate,  if  there  are  three  25-hp.  230-volt  shunt 
motors  to  be  operated  in  multiple  and  the  full-load 
current  of  each  is  93  amperes,  the  total  current  will 
be  3   X   93  =   279   amperes.      Therefore,    the   normal 

resistance  ^  ^^q  =  0.824,  which  corresponds  to  2.473 

ohms  in  Example  I  of  the  original  article.  Thus, 
A.:=  0.078  X  0.824  =  0.0643;  B,  -^  0.0643  X  1-78 
t=  0.114;  Ci  =  0.114  X  l-''8  =  0.203  ohm.  If  there 
are  two  230-volt  motors  connected  in  series  on  a  230- 
volt  line,  then  the  resistor  would  be  the  same  as  for 
one  motor.  If  there  are  two  250-volt  motors  in  series 
on  500  volts,  then  the  resistor  would  be  for  a  motor 
twice  the  horsepower  rating  of  one  and  for  500  volts 
calculated  the  same  a^  above. 


2.  There  arc  usually  more  pointH  on  a  manual  contro 
than  on  a  magnetic  for  two  reasons:  The  first  ii 
because  it  does  not  cost  as  much  to  add  points  to  i 
manual  control;  and  second,  because  it  is  essential  t' 
keep  the  voltage  from  point  to  point  at  a  minimun 
HI)  as  to  reduce  the  resultant  arcing. 

3.  Tables  II,  III  and  IV  in  the  original  article  givt 
constants  for  shunt,  50  per  cent,  compound,  and  ful 
series  motors  re.spectively,  but  not  values  for  othe. 
than  50  per  cent,  compound.  To  obtain  values  for. an' 
desired  compounding,  calculate  with  the  aid  of  Table 
II  and  IV  the  resistor  divisions  for  a  shunt  motor  am 
also  the  same  number  of  divisions  for  a  series  motor 
A  compound-motor  resistor  will  have  values  Ijetweei 
these  two.  By  obtaining  the  difference  per  divisioi 
between  the  shunt-  and  series-motor  resistors  and  th?i 
taking  a  percentage  of  the.se  differences  correspondin- 
♦  o  the  percentage  of  the  series  turns,  such  as  20  or  4i 
per  cent.,  and  adding  it  to  the  shunt-motor  resisto 
values,  the  desired  results  will  be  obtained. 

4.  The  values  of  ohms  determined  by  the  tables  an 
the  maximum  values  which  should  be  short-circuite< 
out  of  circuit  per  step,  and  Mr.  Fox  refers  to  thi^ 
method  as  series  lock-out  acceleration.  These  sami 
values  can  be  used  for  speed-control  service.  If  equa 
increments  of  speed  per  division  are  desired,  then  dividi 
the  divisions  into  equal  ohmic  values,  but  these  ohmii 
values  should  not  be  greater  than  the  correspondini 
values  determined  by  the  tables,  but  they  may  be  a. 
'"small"  as  desired.  Usually  a  compromi.se  between  tht 
table  values  and  equal  increment  values  are  used. 

5.  Table  VII  gives  con.stants  for  use  with  direct 
current  shunt  motors  and  wound-rotor  induction  motor, 
starting  centrifugal  fans.  This  information  was  no 
given  for  series  motors  because  series  motors  are  no 
usually  applied  to  this  type  of  load. 

6.  The  capacities  of  the  resistors  used  for  variou; 
.services  depend  upon  the  kind  of  resistor  unit  am 
upon  the  severity  and  frequency  of  starting.  A  re 
sistor  having  an  average  amount  of  thermal  capacity 
and  a  comparatively  light  and  infrequent  starting  dut\ 
should  have  a  continuous  current  capacity  of  from  3( 
to  40  per  cent,  of  the  current  rating  of  the  motor.  I: 
the  service  is  very  frequent,  the  resistor  should  hav( 
a  continuous  current  capacity  of  from  40  to  60  per  cent 
of  the  motor  rating. 

7.  Resistors  to*be  used  for  plugging  series  motor 
are  dealt  with  in  Example  XI,  which  shows  that  value 
obtained  from  the  tables  are  for  accelerating  a  motor 
To  provide  for  plugging,  another  resistor  divisioi 
should  be  added  which  contains  approximately  twice  tht 
ohmic  value  used  for  accelerating. 

8.  The  question  of  dynamic-brake  resistors  for  ust 
on  crane  service  cannot  be  dealt  with  very  well  without 
the  exact  connection  diagram.  If  Mr.  Fox  wishes  an\ 
detailed  data  on  some  particular  arrangement,  I  wil 
be  glad  to  correspond  with  him   regarding   it. 

Schenectady,  N.  Y.  .  B.  W.  JoNES. 


The  statement  that  wastes  in  the  boiler  room  equa 
all  other  plant  losses  combined  may  appear  to  be  rathei 
sweeping,  but  is  it?  When  fuel  losses,  hot-water  losses 
steam  losses  and  combustion  losses  are  considered,  th( 
.statement  could  be  made  more  sweeping  in  reference 
to  some  steam  plants. 
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Compressed  Air  No  Assistance  to  Suction  Lift — Would 
ot  compressed  air,  introduced  at  the  top  of  a  capped  well 
asing,  be  of  assistance  in  raising  water  with  a  pump 
action  pipe  that  is  let  down  in  the  casing?  J.  H. 

The  compressed  air  will  simply  depress  the  level  of  the 
ater  in  the  casing  without  any  effect  of  raising  the  level 
f  the  water  in  the  pump  suction  pipe,  for  it  would  con- 
nue  to  depend  on  the  head  and  flow  of  the  ground  water. 
[  the  air  pressure  were  sufficient  to  depress  the  water 
own  to  the  foot  of  the  casing,  it  would  prevent  any  water 
rom  entering  the  casing. 

Knock  in  Low-Pressure  Cylinder  with  Light  Load — What 
ould  cause  a  knock  to  set  up  in  the  low-pressure  cylinder 
f  a  compound  condensing  engine  whenever  the  load  is 
;duced  and  the  vacuum  goes  from  26  in.  to  about  28  in.? 

R.  H. 

If  the  knock  with  the  lighter  load  is  heard  like  a  slap- 
ing  noise,  as  though  the  exhaust  valves  are  driven  from 
leir  seats,  it  may  be  attributed  to  expanding  the  steam 
slow  the  pressure  of  the  exhaust.  The  trouble  ^ould  be 
iniedied  by  increasing  the  relative  length  of  cutoff  of  the 
iw-pressure  cylinder.  But  if  the  knock  is  in  the  nature  of  a 
ound,  such  as  might  be  due  to  slack  f.onnectlng-rod  brasses, 

probably  would  be  due  to  insufficient  compression  of  the 
^haust  for  good  cushioning  effect.  To  obtain  the  same 
mount  of  compression  and  cushioning  on  the  exhaust  with 
le  lighter  load  and  higher  vacuum,  the  lower  pressure 
f  the  exhaust  will  require  the  exhaust  valves  to  be  set 
)  they  will  be  closed  earlier  in  the  stroke. 

Meaning  of  "Pound  of  Steam" — What  is  meant  by  a 
ound  of  steam?  Is  it  not  a  pound  of  water  evaporated 
ito  a  pound  of  steam  ?  W.  D. 

The  expression  "a  pound  of  steam"  means  mass  of  the 
ibstance  whose  weight  is  one  pound  avoirdupois,  just  as 
ignified  by  the  terms  a  "pound  of  feathers"  or  a  "pound 
f  lead."  When  a  pound  of  water  is  evaporated,  it  is 
inverted  into  a  pound  of  steam,  and  when  the  steam  is 
Dndensed  it  is  converted  back  to  the  same  weight  of 
ater;  consequently,  the  weight  of  steam  is  commonly 
xpressed  in  pounds  weight  of  water  required  for  genera- 
on  of  the  steam,  or  pounds  of  water  resulting  from  its 
mdensation.  When  speaking  viith  reference  to  the  condi- 
on  of  the  steam,  the  expression  "pounds  of  steam,"  as 
lost  commonly  used,  refers  to  the  pressure  exerted  per 
ijuare  inch  above  the  atmosphere,  or  "gage  pressure,"  but 
■hen  quantity  is  referred  to,  the  expression  "pounds  of 
;eam"  refers  to  the  weight  of  steam  under  consideration. 

Selection  of  Initial  Pressure — In  operating  a  150-hp. 
oncondensing  Corliss  engine  my  superintendent  claims 
lore  steam  is  used  at  80  lb.  boiler  pressure  than  there 
ould  be  for  100  lb.  pressure.  I  believe  there  is  less  steam 
sed  at  80  lb.  pressure.    Which  is  right  ?  A.  E.  S. 

Analysis  of  indicator  diagrams  taken  of  tht  average  load 
robably  would  reveal  which  is  right.  If  the  load  is  such 
nat  for  steam  at  100  lb.  pressure  the  required  point  of 
utoff  results  in  expansion  to  not  less  than  about  3  lb. 
bovo  the  pressure  of  the  exhaust,  then  it  would  be  more 
conomical  to  supply  the  engine  with  steam  at  100  lb. 
ressure.  Otherwise  the  lower  initial  pressure  would  be 
lore  economical,  for  although  there  would  not  be  as  much 
•ork  of  expansion  realized  from  the  later  cutoff,  there 
'ould  be  a  higher  terminal  pressure  and  the  less  range  of 
ylinder  temperature  would  result  in  less  loss  of  heat  from 
lie  cooling  effect  of  the  exhaust  than  in  case  of  higher 
litial  pressure  and  a  lower  terminal  pressure. 

Use  of  Air  Chambers  with  Pumps— Why  are  some  pumps 
lade   with   air   chambers   while    others    are   not? 

C.  R.  K. 

The  purpose  of  an  air  chamber  is  to  provide  an  elastic 


element  for  taking  up  the  shocks  and  irregularities  and  for 
inducing  a  uniformity  of  flow  in  the  pipe  line.  In  single 
and  in  duplex  single-acting  pumps,  although  the  reversal 
may  be  instantaneous,  there  is  of  necessity  a  momentary 
stoppage  that  is  attended  by  an  interruption  of  the  flow 
and,  for  smooth  running,  an  air  chamber  is  necessary  to 
take  up  some  of  the  water  during  the  stroke  and  replenish 
it  during  the  pause.  An  air  chamber  should  be  used  with 
crank  and  flywheel  pumps  of  any  type  on  4cft<iunt  of  the 
rapid  fluctuations  of  piston  speed,  but  they  may  be  dis- 
pensed \vith  in  duplex  double-acting  low  service  pumps, 
in  small  dupfex  pumps  for  general  service  and  in  small 
slow-running  pumps  such  as  deep-well  bucket  pumps  and 
for  use  with  centrifugal  and  ordinary  types  of  rotary 
pumps  where  the  flow  is  nearly  continuous. 

A.  C.  Voltage  on  Rotary  Converter — If  the  direct-current 
voltage  of  a  six-phase  rotary  converter  is  250  volts,  what 
must  the  alternating-current  voltage  be  at  the  collector 
rings  ?  C.  A.  R. 

The  value  of  the  voltage  at  the  collector  rings  of  a  six- 
phase  rotary  converter  to  give  250  volts  at  the  commutator 
will  depend  upon  how  the  converter  is  connected  to  the 
transformers.  If  in  double  delta,  the  voltage  at  the  col- 
lector rings  will  be  the  direct-current  voltage  times  0.612, 
or  in  this  case  250  x  0.612  =  153  volts.  If  a  diametrical 
connection  is  used,  then  the  alternating-current  volts  equal 
the  direct-current  volts  times  0.707  or  250  x  0.707  =  176. 
A  third  arrangement  is  the  six-phase  connection  in  which 
the  alternating-current  volts  is  equal  to  the  direct-current 
volts  times  0.354;  in  this  problem  250  x  0.354  =;  88  volts. 
These  voltages  are  theoretical  values;  in  practice  the  volt- 
ages will  probably  be  about  5  to  10  volts  higher.  The 
connection  generally  used  is  the  diametrical  arrangement 
as  this  allows  employing  the  highest  alternating-current 
voltage  at  the  collector  rings. 

Kilovolt-Amperes  and  Power  Factoi — I  am  in  charge 
of  a  600-kv,-a.  alternating-current  generator  and  would 
like  to  know  the  meaning  of  kilovolt-ampere  and  how 
horsepower  is  figured  from  it;  also  the  meaning  of  pov/er 
factor.  M.  J. 

The  power  (watts)  delivered  by  a  direct-current  gen- 
erator is  equal  to  the  volts  times  amperes.  In  an  alternating- 
current  generator  this  is  true  only  when  the  current  is  in 
step  with  the  voltage,  consequently  the  product  of  the 
volts  and  amperes,  with  respect  to  power,  may  mean  any- 
thing from  zero  to  the  value  of  their  product;  therefore 
kilovolt-amperes  (kv.-a.;>  has  been  adopted  as  a  unit  for 
rating  alternating-current  generators,  synchronous  motors, 
synchronous  condensers  and  transformers.  For  a  single- 
El 
1000  ■ 

circuit,  kv.-a.   =;   j^;    and  on  a  balanced  three-phase  cir- 

•<.   1  1  732£'/ 

cuit   kv.-a.    =     "fooo^'       '^^"^re    E    equals    the    voltmeter 

reading  and  /  equals  the  ammeter  reading.  The  wattmeter 
will  give  the  load  in  kilowatts  and  this  divided  by  kilovolt- 
amperes  gives  the  power  factor;  that  is,  power  factor   = 

kilowatts         .  ,.,,.,       ,  kilowatts 
;; from  which  kilovolt-amperes  = 


kilovolt-amperes'""" ^...f^.^^  ""power  factor 

and  kilowatts  =  kilovolt-amperes  x  power  factor.    Horsepower 
kilowatts  X  1000       kilovolt-amperes  X  power  factor  X  1000 
746  '^^  746 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications.— Editor.] 
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luilustrial  Unrest'^ 

Tho  industrial  pruhU'in  which  i-<)iifioiit8  not  only  our 
own  i-ountry  hut  ail  civili/.t'd  nittiuns,  is  prohiibly  the  most 
vital  ono  with  which  wc  us  cilizons  have  to  deal.  Kxtrenif 
rudii-alism,  cither  on  the  part  of  Government,  labor  or 
capital,  will  not  heal  the  wounds  caused  by  the  many  sus- 
picions, misunderslandinns  and  even  animosities  that  are 
the  outcome  of  the  lonjr  struKK'e  which  the  world  has  been 
making  to  keep  the  pendulum  of  human  ri^lits  at  the 
equity  mark,  halfway  between  overbearing;  capitalistic 
autocracy  on  the  one  hand  and  the  anarchistic  elements 
on  the  other. 

Neither  is  it  proper  to  throw  all  the  blame  for  the  present 
unfortunate  industrial  conditions  on  capital  or  all  on  labor 
or  all  on  government.  There  are  many  who  have  decideil 
ideas  on  this  subject,  but  it  must  be  constantly  remembered 
that  the  interested  parties  in  this  triangular  dispute  are 
labor,  capital  and  the  government. 

Throughout  all  allied  countries  workers  of  all  kinds 
recently  rose  in  defense  of  the  ideals  of  liberty,  democracy 
and  world  peace,  and  they  counted  no  price  too  great  for 
their  protection;  yet,  at  the  same  time,  there  is  grave 
danger  that  the  benefits  of  our  great  victory  for  these 
ideals  may  be  wholly  nullified  by  the  widespread  dissen- 
sions and  misunderstandings  in  the  industrial  world. 

To  capital  should  be  pointed  out  that  the  laborer  is 
worthy  of  his  hire,  that  right  working  conditions  and  sur- 
roundings should  be  safeguarded  to  him,  that  more  and 
more  the  profits  and  benefits  of  successful  business  must 
be  equitably  divided  among  those  who  produce  the  profits 
which  it  has  come  to  be  realized  now  means  both  the 
employed  and  the  employer. 

It  must  be  pointed  out  to  capital  that  labor  can  be  no 
longer  successfully  exploited,  that  fair  dealing  is  due  to  the 
workman  by  his  employer,  just  as  fair  dealing  is  expected 
by  the  employer  from  his  workmen. 

To  labor  it  must  be  pointed  out  by  those  in  authority 
at  the  head  of  our  Federal  and  State  Governments  that  the 
interests  of  capital  and  labor  are  in  the  end  identical — 
that  the  man  who  rows  the  boat,  if  he  scuttles  it  with 
the  idea  of  giving  the  man  who  steers  it  an  unpleasant 
cold  bath,  will  get  the  same  bath  himself. 

To  labor  it  must  be  pointed  out  that  Anarchy  and  I.  W. 
W.ism  and  Bolshevism,  all  more  or  less  synonymous,  are 
as  contrary  to  the  high  ideals  of  American  citizenship  as 
anything  could  well  be.  To  labor  must  be  pointed  out  that 
we  have  just  won  a  victory  of  right  against  might  and 
that  the  temporary  ability  of  a  trade-union  organization  to 
secure  unjustifiable  and  uneconomic  hours  of  work  or 
dollars  of  wages  is  but  the  Prussian  idea  of  might  over 
right;  that  there  must  be  reasonableness  in  all  things, 
even  the  demand  of  labor,  and  that  labor  must  be  constantly 
awake  to  the  dangers  which  confront  it,  not  from  outside 
in  the  form  of  the  employer  so  much  as  from  within  in  the 
shape  of  the  alien  agitator,  the  unamericanized  anarchist 
or  the  pro-German  Bolshevist  who  in  fanatical  fury  would 
pull  the  industrial  structure  down  upon  their  own  heads. 

No  department  of  the  United  States  Government,  whether 
it  bear  the  name  of  "Labor  Depart-ment"  or  "Capital  Depart- 
ment," should  ever  approach  the  problems  pertaining  to 
that  department  from  one  side  only.  A  labor  department 
that  merely  represents  labor  does  not  make  for  industrial 
harmony  and  peace;  neither  does  class  legislation  which 
has  for  its  goal  benefits  which  accrue  to  the  employer  or 
capital  only,  make  for  industrial  peace.  On  the  contrary, 
they  are  more  likely  to  bring  about  an  industrial  catastrophe 
that  may  well  wreck  the  hopes  and  aspirations  of  all  citi- 
zens of  the  United  States,  whether  they  be  employers  or 
employees. 

There  is  the  great  question  of  restriction  of  immigration 
before  the  Congress  of  the  United  States  today.  It  may  well 
be  that  that  measure  supported  strongly  by  labor  is  part  of 
a  plan  to  create  a  corner  in  the  supply  of  labor.  If  so,  to 
enact  it  w^ould  be  to  perpetrate  a  great  economic  wrong 
on  a  country  whose  very  greatness  is  the  result  of  immigra- 
tion of  years  to  its  shores. 

•Excerpt  from  an  address  by  Roger  AUeo  before  the  New  YorV; 
Business  Papers   Association. 


Legi.Mlators  must  be  taught,  and  I  use  that  word  udviitedly, 
that  one-si<le(l  legislation  is  one  of  the  worst  thingn  that 
lun  come  out  of  a  Congress. 

If  the  employer  proliteers,  it  is  well  that  the  politU 
ciun  and  statesman  should  cry  out  again  t  it  from  the 
housetops.  If  labor  i)roriteerH,  it  is  equally  proper  that 
statesmen  must  utter  their  open  condemnation  of  .such  • 
proceeding. 

I.  W.  W.ism,  Bolshevism,  hurling  of  monkey  wrenches 
into  the  machinery  of  social  order,  both  at  home  and  ubroud, 
must  stop,  and  someone  with  a  voice  loud  enough  to  be 
heard   must  utter  the  warning. 

In  closing  I  want  to  say  as  an  American  citizen,  proud 
of  my  country,  that  while  America  may,  and  undoubtedly 
docs,  need  readjustment  to  the  new  state  of  things,  it  doM 
not  need  revolutionary  reconstruction,  and  it  is  the  patri- 
otic duty  of  every  publisher  and  editor  to  see  that,  above 
all  else,  reconstruction  is  not  attempted  by  alien  agitators, 
Unamericanized  socialists,  and  many  other  pro-German  ele- 
ments, now  more  or  less  carelessly  classified  as  Bolshevists. 


Horsepower  Developed  from  Water 
in  Canada 

A  census  of  the  developed  water  power  in  the  Dominion 
just  completed  by  the  Dominion  Water-Power  Branch  of 
the  Department  of  the  Interior,  in  cooperation  with  the  Do- 
minion Census  Bureau,  discloses  exceptionally  interesting 
figures.  The  water-power  resources  of  Canada,  with  their 
strategic  locations  adjacent  to  practically  every  industrial 
center,  constitute  one  of  the  greatest  assets,  and  it  is  satis- 
factory to  note  that  the  economic  advantages  accruing  from 
utilization  of  these  powers  for  industrial  purposes  is  being 
fully  realized  in  practice. 

The  accompanying  table  analyzes  the  installed  turbine  or 
waterwheel  capacity  of  the  Dominion  by  provinces,  and  by 
use  of  power.  The  returns  indicate  a  total  developed  water- 
power  capacity  of  2,305,310  hp.  The  figure  is  several  hun- 
dred thousand  in  excess  of  any  estimate  previously  pub- 
lished and  indicates  that  Canada's  utilization  of  hydro 
power  is  even  more  marked  than  had  been  realized. 

Of  the  total  water  power  developed,  1,727,471  hp.  is  in- 
stalled in  central  electric  stations,  that  is  to  say,  in  sta- 
tions developing  electrical  energy  for  distribution  and  sale; 
352,214  hp.  is  installed  in  plants  owned  and  operated  by  pulp 
and  paper  companies,  and  225,625  hp.  is  installed  in  other 
miscellaneous  manufacturing  and  general  industrial  estab- 
lishments. The  foregoing  figure  for  pulp  and  paper  com- 
panies does  not,  however,  represent  the  total  amount  of 
water  power  used  in  that  industry;  upward  of  100,000 
hydro-electric  horsepower  in  addition,  is  purchased  by  pulp 
and  paper  companies  from  central  electric  stations,  making 
the  total  hydro  power  utilized  in  pulp  and  paper  industry 
some  450,000  hp.  If  this  100,000  hp.  is  added  to  Column  2, 
it  should  be  subtracted  from  Column  1  to  maintain  the  cor- 
rect tabular  totals. 

Returning  to  the  central  electric  station  total  of  1,727,471 
hp.,  it  is  of  interest  to  record  that  the  central  stations  al- 
ready constructed  throughout  the  Dominion  are  designed 
for  a  machine  installation  of  530,000  hp.  in  addition  to  the 
machinery  now  installed.  Of  this  amount  the  installation 
of  270,000  hp.  is  at  the  present  time  under  contemplation  in 
various  parts  of  the  Dominion.  These  figures  do  not  in- 
clude the  300,000-hp.  Queenstown  plant  which  the  Hydrau- 
lic Power  Commission  of  Ontario  has  under  construction  at 
Niagara. 

Column  5  of  the  table  discloses  interesting  figures  respect- 
ing the  hydro-power  development  in  the  various  provinces 
on  a  per  capita  basis.  In  the  Yukon  the  hydro  power  de- 
veloped per  thousand  population  totals  1574  hp.,  in  British 
Columbia  506  hp.,  in  Quebec  376  hp.,  in  Ontario  359  hp.,  and 
in  Manitoba  133  hp.  The  other  provinces  average  smaller 
figures.  The  ratio  for  the  entire  Dominion  averages  276  hp. 
developed  per  thousand  population.  The  availability  of 
hydro  power,  the  distribution,  density  and  occupation  of  the 
population  have  a  very  direct  bearing  on  the  amount  of 
power  developed. 
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The  exceptionally  high  ratio  in  the  Yukon  is  accounted 
for  by  extensive  use  of  hydro  power  in  the  mining  industry 
n  conjunction  with  the  comparatively  small  population. 

The  per  capita  figures  of  hydro  power  developed  for  the 
Dominion,  when  compared  with  similar  figures  for  other 
;ountries,  are  indicative  of  the  advanced  position  which  this 
■ountry  takes  both  in  the  extent  and  in  the  utilization  of 
ts  water-power  resources.  Norway  and  possibly  Sweden 
ire  the  only  countries  where  the  per  capita  utilization  of 
\ater  power  exceeds  that  of  Canada.  The  most  recent 
igures  available  for  the  United  States  would  indicate  a 
itilization  of  less  than  100  hydraulic  horsepower  per 
;housand  population,  as  compared  with  276  per  thousand 
n  Canada.  The  fundamental  reason  underlying  the  ex- 
«nsive  use  of  water  power  in  Canada  is  the  fact  that  prac- 
iically  every  commercial  center  from  coast  to  coast,  ex- 
:epting  only  a  few  in  the  middle  Prairie  Provinces,  have 
ibundance  of  water  power  available,  not  only  for  present 
leeds,  but  for  all  anticipated  requirements. 

)ISTRIBUTION   OF  DEVELOPED   WATER  POWER  IN   CANADA    BY 
PROVINCES  AND  BY  USE  OF  POWER,  JAN.   I,   1919 

Central  Electric         Pulp                 Other  Horsepower 
Stations          and  Paper,  Industries,               Total  per    1000 
*rovince    Horsepower      Horsepower  Horsepower  Horsepower  Population 
•ukon....         10.000                                             3,392                    1\392  1,574 
221,625               45,450                 44,348                 312,423  506 
300                  32,880  63 
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Total..      1,727,471  352,214 

Iron  and  Steel  Electrical  Engineers 
Discuss  High-Voltage  Fuses 

The  Pittsburgh  Section  of  the  Iron  and  Steel  Electrical 
Engineers  held  its  regular  monthly  meeting  in  the  roof 
rarden  of  the  Hotel  Chatham,  Pittsburgh,  Penn.,  Saturday 
•vening,  Feb.  15,  1919.  The  meeting  was  preceded  by  an 
nformal  dinner  at  6:30,  which  approximately  100  mem- 
lers  and  guests  attended. 

The  meeting  was  called  to  order  at  8  p.m.  President 
).  M.  Pettie,  after  a  few  brief  remarks  regarding  the 
vork  of  the  society,  introduced  Alfred  Alsaker,  who  pre- 
ented  a  paper  on  "Outdoor  Substation  Practice  and  the 
Jse  of  Carbon  Tetrachloride  Fuses."  In  his  introductory 
alk  Mr.  Alsaker  pointed  out  how  the  problem  of  sup- 
jilying  large  communities  with  electrical  power  from  large 
■conomical  power  plants  was  solved  by  the  introduction  of 
ligh-voltage  alternating  current,  this  power  being  trans- 
nitted  to  economically  located  substations  in  various  parts 
f  the  community  and  distributed  in  various  forms  from 
jhese  indoor  substations.  This  also  made  possible  the  de- 
elopment  of  our  large  water-power  resources.  However, 
he  equipment  used  for  large  cities  was  not  suitable  for 
mall  communities,  on  account  of  the  high  cost  of  substa- 
ions,  and  it  remained  for  the  development  of  the  outdoor 
ubstation  to  solve  the  problem  of  serving  small  towns  from 
arge  high-voltage  systems.  In  these  stations  air-break 
ype  switches  in  general  are  used  and  protection  is  obtained 
y  the  use  of  various  types  of  high-voltage  fuses.  The 
peaker  described  three  types  of  the  fuses — the  horn-gap 
ype,  the  inclosed  type  and  the  carbon-tetrachloride  type, 
'he  last-named  type  is  also  an  inclosed  fuse  of  special  con- 
truction  using  a  short  piece  of  fuse  attached  to  a  spiral 
pring  under  tension  in  a  tube  filled  with  carbon  tetrachlo- 
ide.  When  the  fuse  blows,  the  spring  recoils  into  the  op- 
posite end  of  the  tube,  introducing  a  long  break  in  the  cir- 
uit,  and  the  carbon  tetrachloride  rushes  in  and  quenches 
he  arc.  It  was  brought  out  that  the  carbon-tetchrachloride 
use  could  open  a  circuit  in  0.013  part  of  a  second. 

After  the  presentation  of  his  paper  Mr.  Alsaker  showed 

large  number  of  lantern  slides  of  various  types  of  out- 
oor  substations,  and  then  followed  a  discussion,  in  which 

large  number  took  part.  During  this  discussion  it  was 
Irought  out  that   carbon-tetrachloride  fuses   had    ruptured 


a  circuit  at  a  maximum  instantaneous  load,  as  shown  by 
an  oscillograph,  of  132,000  kv.-a.  at  110,000  volts,  and  that 
automatic  air-break  switches  had  ruptured  90,000  kv.-a. 
when  located  on  the  end  of  a  40-mile,  44,000-volt  transmis- 
sion line.  The  meeting  was  closed  by  Vice  President  B.  W. 
Gillson. 

The  next  meeting  will  be  held  by  the  Philadelphia  Sec- 
tion at  the  Engineers'  Club,  Saturday  evening.  Mar.  1, 
1919.  A  paper,  "The  Substitution  of  Electric  for  Hydraulic 
Power  in  Steel  Mills,"  will  be  presented  by  R.  B.  Gerhart. 
A  meeting  of  the  Cleveland  Section  will  also  be  held  on 
Mar.  1  at  the  Electric  League  Rooms,  Hotel  Statler,  Cleve- 
land, Ohio.  "Telephones"  is  the  subject  to  be  discussed  at 
this  meeting. 

Standardization  of  Boiler  Blowoflf  Valves 

At  a  meeting  at  the  Engineering  Societies  Building, 
New  York  City,  Thursday,  Feb.  13,  a  number  of  repre- 
sentative blowoff-valve  manufacturers  gathered  for  the 
purpose  of  considering  matters  of  importance  regarding  the 
manufacture  of  boiler  blowoff  valves,  especially  the  stand- 
ardization of  flanges  and  the  elimination  of  unnecessary 
sizes  and  varieties  of  valves. 

It  was  the  sense  of  the  meeting  that  there  was  no  engi- 
neering demand  for  freak  designs,  which  are  frequently 
asked  for  by  some  consulting  engineers  and  others,  such 
as  flanges  at  one  end  and  screwed  connections  at  the 
other,  steel  body  castings,  special  markings,  etc.,  all  of 
which  make  it  necessary  for  the  manufacturer  to  carry  a 
large  number  of  patterns.  Although  special  valves  cost 
more  to  manufacture,  the  purchaser  expects  to  obtain  them 
at  the  same  price  that  he  pays  for  a  standard  article. 
Again,  a  certain  size  of  blowoff  valve  may  be  made  stand- 
ard with  screwed  end  connections,  but  flanged  valves  must 
be  carried  to  meet  the  demands  for  such  when  they  are 
made. 

After  considerable  discussion  the  following  recommen- 
dations were  made,  to  be  submitted  for  a  referendum  to 
all  manufacturers  of  blowoff  valves  who  were  not  repre- 
sented at  the  meeting.  If  the  recommendations  as  made 
do  not  meet  the  views  of  the  manufacturers  as  a  whole, 
they  will  be  modified  or  enlarged  until  all  can  agree  on 
a  common  basis. 

The  first  recommendation  adopted  was  that  not  smaller 
than  1-in.  and  not  larger  than  2J-in.  boiler  bottom  boiler- 
blowoff  valves  be  manufactured,  these  sizes  being  those 
recommended  by  the  A.  S.  M.  E.  Boiler  Code,  the  inter- 
mediate  sizes   to   be    li-   and   2-in.    only. 

Regarding  connections,  the  recommendation  adopted  for 
blowoff  valves  for  use  on  power  boilers  operating  with 
pressures  up  to  250  lb.  was  that  such  valves  be  made  extra- 
heavy  pattern  only,  and  that  the  1-in.  sizes  have  screwed 
connection,  the  IJ-  and  2-in.  sizes  screwed  or  flanged,  and 
the  2|-in.  size  flanged  only.  It  was,  however,  recommended 
that  the   H-  and  2-in.  sizes  be  preferred  flanged. 

A  final  recommendation  was  that  the  manufacturers 
should  reduce  the  variety  of  styles  to  the  smallest  number 
of  types  possible,  in  the  interest  of  conservation  and 
economy. 

It  is  proposed  that  as  soon  as  all  the  blowoff-valve  manu- 
facturers agree  as  to  the  types  and  sizes  that  good  engi- 
neering requires,  their  recommendations  be  submitted  to 
the  Industry  Committee  on  Valves  and  Pipe  Fittings,  which 
has  succeeded  the  War  Service  Committee,  for  approval 
and  adoption.  This  will  be  necessary  if  harmony  in  fit- 
tings is  to  prevail. 


In  the  boiler  and  engine  rooms  care  should  be  exercised 
to  see  that  the  passageways  are  kept  clear,  and  that  fire 
tools,  barrows  and  other  obstructions  are  kept  in  their 
proper  places.  Fuel  and  ashes  should  also  be  kept  within 
restricted  limits. 


Where  a  safety  valve  blows  off  across  the  top  of  a  boiler 
the  outlet  should  be  so  extended  that  the  steam  will  be  dis- 
charged vertically,  above  body  level  if  practicable. 
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W  al»'r-l'o>v»»r  nevolo|niiciil  in  France 

On  .Moiiilay  i.'Vi'iuii>r,  Kd)-  10,  I'.M'.l,  in  the  auditorium  of 
the  Knr'iii'friiik'  Socfotics"  Building',  New  York  City,  at  ji 
joint  nu'otintr  of  tho  AmiTicmi  Insliluti-  of  KU'itiical  Entti- 
lU'iTs,  Ami"rii;m  Society  of  Mfi-hanital  KiijiiiK-iTs,  Amcrifun 
Sotii'ty  of  Civil  Kll^:uu•o^s  ami  tlu-  AnuTiian  Institute  of 
Minintr  Engineers,  the  ilek>K"tion  of  American  en^'ineers 
to  tlie  French  Enpineerinn  Congress,  recently  held  in  Paris, 
made  a  preliminary  report  on  the  work  of  the  con^r^ess. 
Lewis  B.  Stillwell  was  chairman  of  the  committee  appointed 
by  the  delegation  to  represent  it  at  the  Paris  Conjrress,  on 
water-power  development.  In  makinjr  his  report  Mr.  Still- 
well  said  in  part  re>rardintr  water-power  development  in 
France: 

There  are  three  important  water-power  districts  in  France: 
The  repion  of  the  Alps  in  southeastern  France,  drained  by 
the  Rhone  and  its  tributaries;  the  northern  slopes  of  the 
Pyrenees;  and  the  elevated  region. in  the  south-central  part 
of  Prance,  drained  for  the  most  part  by  streams  flowinp 
northward  into  the  Loire  and  westward  into  the  Garonne. 
Of  these  the  repion  of  the  Alps  is  by  far  the  most  im- 
portant. It  is  estimated  that  the  total  hydraulic  power 
available  for  commercial  development  in  France  is  ap- 
proximately 4,500,000  hp.  Hydro-electric  plants  thus  far 
installed  aggregate  a  capacity  of  approximately  1,000,000 
hp.,  of  which  about  800,000  hp.  are  in  the  watershed  of  the 
Rhone  and   its  tributaries. 

In  the  valley  of  the  Romanche  the  Societe  Electro- 
thermique  Keller-Leux  is  installing  a  power  plant  which 
will  utilize  in  one  step  a  fall  of  1100  m.  (3608  ft.)  The 
diameter  of  the  pipe  is  18  in.  (45.7  cm.).  Another  de- 
velopment which  particularly  interested  the  committee  is 
the  manufacture  of  iron  pipe  by  electrolytic  deposit  of  iron 
upon  revolving  cylinders. 

At  the  beginning  of  the  war  there  were  in  Dauphine 
29  hvdro-electric  "stations,  producing  an  aggregate  of 
170,000  hp.  At  the  end  of  June,  1918,  40  plants  were  in 
opejation,  producing  approximately  220,000  hp.  It  will 
be  noted  that,  notwithstanding  the  extreme  urgency  of  war 
conditions,  the  inci-ease  is  only  .'50,000  hp.,  although  far 
larger  amounts  of  undeveloped  power  are  available  in  this 
region  and  if  developed  would  have  been  of  the  utmost  value 
to  France. 

The  time  available  to  the  delegation  did  not  permit  a 
visit  to  the  region  of  the  Pyrenees.  The  impetus  toward 
water-power  development  has  been  felt  in  this  region,  and 
several  important  plants  are  now  in  operation,  including  one 
of  approximately  20,000  hp.  and  another  of  32,000  hp.  The 
committee  was  informed  also  that  two  projects  are  under 
way  in  that  region  which  will  employ  for  transmission  pur- 
poses a  potential  of  120,000  volts.  The  highest  hitherto  used 
in  France  is  60,000  volts. 

The  third  water-power  district  is  that  of  the  Massif  of 
the  south-central  part  of  France.  This  region  is  extensive 
in  area  and  there  are  a  number  of  streams  of  high  aggre- 
gate fall,  but  these  streams  are  not  large  and  the  potential 


power    poHsibilities   of   the    rojfion    are    by    no    meunit   com  ■ 
parable  to  Iho.se  of  the   Rhone. 

In  the  years  immedi.atcly  |)reccding  the  great  war  tht 
aiunial  consumption  of  coal  in  I'' ranee  waH  soiTietliing  ovei 
(■)(»,()()(), ()()()  tons.  Of  this  amount  approximaU-ly  one-third 
wa.-^  imported.  Tlu-  .average  pn«-e  then  was  from  $5  to  |6 
per  ton.  It  is  probable  that  in  the  future  the  price  will  be 
materially  higher,  probably  about  IfH  per  ton.  It  is  ubvioui, 
therefore,  that  France  .should  develop  her  water  power  ai 
rapidly  as  may  be  practicable. 

The  Engineering  Congress  at  its  session  in  March  last 
adopted  recommendations  looking  to  the  standardisation' 
of  frequency  and  voltage.  It  was  recommended  that  BC 
cycles  per  second  be  adopted  as  the  standard  frequency  anil 
that  the  use  of  25  cycles  per  second  be  permitted  in  special 
cases. 

Operator  Saves  Turbine 

At  the  station  of  the  New  Bedford  Gas  and  Edison  Li^ht 
Co.,  an  operator,  by  his  coolness,  probably  prevented  mate- 
rial damage  to  a  15,000-kw.  turbine  by  tripping  the  throttle 
and  staying  with  the  machine  until  it  had  stopped,  after 
a  piece  of  the  last,  or  ninth,  wheel  had  let  go  and  blown 
through  the  low-pressure  casing.  The  machine,  which  at 
the  date  of  the  accident,  Feb.  6,  had  been  in  service  about 
a  year  and  a  half,  was  of  the  single-cylinder  horizontal 
type,  the  last  wheel  being  about  100  in.  diameter  and 
running  at  a  relatively  low  peripheral  speed — 460  ft.  per 
sec.  The  machine  had  been  synchronized,  and  when  the  load 
reached  about  200  kw.  the  accident  occurred. 

An  investigation  is  now  being  made  into  the  causes  of  the 
failui-e,  and  the  finding  will  be  awaited  with  interest  by  en- 
gineers  in   general. 

Cutting  boilers  in  and  out,  forcing  them  to  operate  at 
too  high  or  allowing  them  to  run  at  too  low  rate  of  steam- 
ing, attempting  to  change  the  rate  of  combustion  too  rapidly 
and  failure  to  equalize  the  combustion  rate  as  much  as 
possible  on  all  the  boiler  units  being  fired,  all  add  to  the 
waste  of  fuel. 


Youth  is  the  expanding,  affirmative  period,  early  man- 
hood the  experience  period,  middle  age  the  period  of  balance, 
slower  to  acquire  but  safer  to  advise;  subsequently  occurs 
the  conservative  period,  making  gains  secure,  when  a 
novelty  must  be  startling  to  arouse  interest,  later  still 
nothing  excites  any  reflex  action. 


Steam-pipe  loss  is  brought  about  partly  by  convection, 
but  mainly  by  radiation.  It  is  also  greater  when  steam  is 
flowing  through  the  pipe,  as  when  the  engine  is  running, 
than  when  there  is  no  flow.  Moisture  in  steam  and  its 
deposition  on  the  pipe  surface  assist  in  the  transfer  of  heat 
to  the  pipe. 


New  Publications 


RESVLTP     OF     IIUXICIPAL     F.LECTRIC 
LIGHTING      IX      JI.\SS.VCHUSETTS. 
Bv    Edmond    Earle    Lincoln,    Instructor 
in"      Economics,      Harvard      I'niversity. 
Publis!hed     bv     Houghton     Mifflin     Co.. 
Boston    and    New    York.       C'lotli ;     48  1 
pages;    :>i   x    S   in.  :    16   charts:   numer- 
ous statistical  tables.      Price.   $3. 
The  author  of  this  book  has  made  an  ex- 
haustive   study    of    the    municipal    electric- 
lighting    situation    in    the    State    of    Massa- 
chusetts with  a  view  to  determining  how  it 
compares    with     private    enterprise    in    the 
same   field.      To   that   end  he   has   collected 
and  analyzed   a  vast   amount   of  data   con- 
cerning  legal    regulations    and    restrictions, 
the     physical     equipment     of    stations,     the 
financial   statistics   of   generating   and   pur- 
chasing plants  and  their  local  ba^^kgrounds. 
He   compares   public    business    witli   private 
business    at    its    worst    in    the    state    and 
reaches    the    following    interesting    conclu- 
sions :       That       municipal       electric-lighting 
plants,   while   they   have   not   been   failures, 
have    not    shown    conspicous    success :    that 
they    perform    ser\"ices    which    nwght    have 
been    rendered    equally    well,    if    not    better, 
by  private   enterprise ;    that   under   existing 
regulations    in    Massachusetts    there    is    no 


reason  why  a  municipality  should  invest  in 
an  electric  light  plant,  certainly  not  a  gen- 
i  rating  plant ;  that  the  public  can  hope  for 
better  service  from  plants  under  group  con- 
trol, properly  regulated,  than  from  those 
independently  owned  and  operated ;  and 
finally,  that  municipal  plants  should  be  re- 
quired, by  law  if  necessary,  to  li.-  conducted 
exactly  as  if  they  were  commercial  enter- 
prises, so  that  the  public  may  understand 
whether  thev  are  gaining  or  losing.  There 
probably  will  be  some  who  will  disagree 
with  the  author's  findings,  but  none  will 
question  his  intention  to  analyze  the  prob- 
lem  thoroughly  and   impartially. 

MAX    TO    MAN  ;    the    Story    of    Industrial 
Democracy.  Bv  .lohn  Leitch.   Published 
bv    D.    C."  Forbes    Co..    299    Broadway, 
New   York   City.      Cloth  ;    250   pp.  :   5   x 
'I  in.     Price  $2. 
The  author  believes  that  the  present  con- 
dition of  industrial  unrest,  due  to  the  chang- 
ing status  of  industry  and  the  increased  cost 
of  living,   demands   imperative   remedial  ac- 
tion.  He  explains  that  industrial  democracy 
has  been   evolved   through   years   of  experi- 
ment   based    on    the    fundamental    principle 
of  justice  between  employer  and  employee. 
Its   machinery,    which    is   modeled   after    the 
legislative    machinery    of   our    Federal    Gov- 
ernment,   provides    the    means   of   communi- 
cation  bv    which   the   opposed    ends   of    the 
industrial    organization    may    get    together. 


learn  each  other's  trials  and  limitations  and 
cease  to  be  opposed.  Citations  of  the  work- 
irgs  of  systems  as  installed  in  industrial 
establishments  occupy  four  c'naplers  of  tti- 
book.  The  author  shows  that  in  thes- 
cases  ihe  system  has  had  the  effect  of  in- 
ci easing  production  and  profit,  while  at  the 
same  time  it  has  increased  the  financial 
returns  of  the  employee,  eliminated  the 
spirit  of  unrest  and  substituted  a  feeling  of 
mutual  confidence. 

STORING.  Bv  H.  B.  Twyford.  Published 
bv  D.  Van  Nostrand  Co.,  New  York 
Cit.v.  1918.  Cloth;  6  x  9  in.:  2l3 
pages;  96  illustrations.  Price,  $3.50. 
This  book  treats  of  storing,  its  economic 
aspects  and  proper  methods  in  manufac- 
turing plants.  The  author  looks  upon  th>' 
question  of  "To  store  or  not  to  store'  a.' 
one  of  great  economic  importance  to  m^""' 
facturers  and  one  that  must  be  settled, 
in  nianv  cases,  on  a  more  scientific  basis 
The  book  is  divided  into  12  chapters,  name- 
ly: General  Considerations;  Economic  Ques- 
tions Connected  with  Storing  (two  chap- 
ters) ;  Specifications.  Definitions  and  Stana- 
ardization  ;  Location  and  Equipment  of 
Storeroom ;  Appliances  for  X'se  in  Store- 
room:  Manual  Operation;  Clerical  Work-- 
Inventories ;  The  Stores  Department  :  Re- 
ceiving Material:  Inspecting  and  Placing 
Material  in  Storeroom  ;  and  Delivt-ries  from 
Storeroom.     The  subject   is  considered  from 
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10  practical  side  as  well  as  from  the  theo- 
•tical.  The  construction  of  various  types 
f  bins  and  racVcs  and  their  location  in 
orerooms  arr  not  only  described,  but  a 
umber  of  illustrations  are  Kiven  which 
lake  the  chapter  on  this  subject  of  exct-p- 
onal  value.  The  <-hapltis  on  appliances 
ml  manual  oiieralion.  Rive  numerous  ap- 
[iances  and  iMiuipnunts.  including  trucks, 
'ales,  counting  machines,  conveyors,  tote 
3xes,  etc.,  for  handling  both  raw  and 
lanufactured  materials.  Numerous  forms 
re  given  in  Chapters  VIII  to  XII  for 
laking  out  inventories  and  keeping  record 
'  materials  received,  s'ored  or  delivered. 
;e.  This  work  sliould  prove  of  valuable 
sslstance  to  all  tliose  wlio  havi'  maiiufac- 
iring.  storage  and  liandliim'  pi-oblenis  to 
)lve. 

PRACTICVL    HINTS    ON    lirNNING    A 
GAS    ENGINE 

The  I'nitid  Slates  Dcpartmcni  of  Agri- 
Jlture  has  issued  Farmers'  I'.ulletin  1013. 
ilh  the  foregoing  title,  its  purpose  being 
)  assist  in  conserving  farm  labor  by  of- 
■rinj;  practical  help  to  operators  of  gas 
rigines.  It  mentions  the  more  common 
luse!  of  trouble  with  gas  engines  and 
jggests  methods  of  locating  tiuickly  the 
■asoii  for  llie  failure  of  the  engine  to 
perate  as  it  sliould.  Directions  are  given 
)r  testing  the  ignition  system  and  the  fuel 
istem  and  tlK're  is  an  extended  discu.ssioii 
f  the  problem  of  starling  in  cold  weather. 
t  the  end  of  the  huUctin  is  a  chart  for 
iagnosing  engine  troubles  systematically, 
he  sixteen  pages  contained  in  this  publi- 
itioti  are  full  of  information  clearly  written 
nd  easy  to  under.^taiid  and  apply. 

CENTRAL    STATION    HEATING 

This  bulletin  is  Technical  Paper  191  of 
le  Bureau  of  Mines  and  deals  with  the 
•onoiie.'  fe.itures  of  central-station  heat- 
ig  Willi  reference  to  communit.v  service. 
:  points  out  that  at  best  only  about  15 
er  cent,  of  the  heat  of  the  fuel  can  be  con- 
erted  into  electrical  energy  and  that  G 
?r  cent,  is  common,  so  that  great  gain  is 
ossible  by  combining  steam  power  plants 
nd  central-stal  inn  s.vstems.  It  discusses 
ie  question  of  rates  and  costs  of  such 
eatin.g  and  makts  the  following  recom- 
lendations:  It  would  appear  advantageoiit 
)  select  plant  locations  more  favorable  to 
^e  district  to  be  served  :  adopt  more  per- 
nnent  construction  materials  and  improved 
esigns ;  submi  rge  the  power  load  entirely 
t  all  times  during  the  lieating  season:  put 
U  consumers  on  meter  rates  with  an 
riuitahle  demand  charge  ;  run  compound 
ngines.  or  exhaust  the  turbines  tandem  to 
impld  engines   during  the  summer  months. 


Obituary 


Frederick  I-.  HicUock,  president  of  the 
leliaiice  Gauge  Column  Co..  of  Cleveland. 
>hio.  died  of  pneumoni.a  at  his  residence 
1  I'^ast  Cleveland  on  Feb.  16.  after  a  week's 
'ness.  He  was  .36  years  of  age.  He  was 
opnected  with  the  Ingersoll  Milling  Ma- 
hinc  Co..  Roekford.  111.,  for  five  years,  and 
.as  associate  editor  of  "Machiner.v"  for 
i.ur  years.  He  was  a  member  of  the  Uni- 
iT'^ity  and  Advertising  clubs  and  of  the 
Vindermere  Masonic  Lodge.  He  is  sur- 
ived  by  his  widow  and  three  daughters. 


Personals 


Theodore  K.  Hermaiison,  formerly  of  the 
larrison  (N.  J.)  works  of  the  Worthington 
lachiner.v  Corp..  is  now  works  manager  of 
he  Kpping-Carpenter  Pump  Co.,  of  Pitts- 
urgh,  Penn. 

W.viiii  ICnton,  who  until  recently  was  en- 
:ineer  in  charge  of  the  rolling  mill  work 
if  thi'  Mesta  Machine  Co.  has  been  ap- 
lointed  chief  engineer  of  Freyn,  Brassert 
i  Co.,  Kngineers.  Peoples  Gas  Building, 
Chicago. 

Lewis  S.  Maxfield,  formerly  mechanical 
ngineer  for  the  Carver  &  Nate  Co.,  engi- 
ieering  contractors,  has  resigned  to  become 
issistant  to  the  secretary  of  the  Heating 
nd  Piping  Contractors  National  Associa- 
ion.   2!l   West    .3!ltn   St.,    New    Ttjrk   City. 

Alfred  H.  Bartsoh.  formerly  advertising 
nanager  of  the  Bosch  Magneto  Co..  and 
or  the  last  two  years  merchandising  and 
idvertising  counsel  to  many  large  automo- 
ive  industrial  firms  in  Philadelphia,  has 
leen  appointed  general  sales  and  adver- 
ising  manager  of  the  American  Bosch 
Wagneto  Corp. 


Charles  H.  Herter,  for  many  years  re- 
search engineer  with  the  De  La  Vergne 
Machine  Co..  New  York,  and  well  known 
in  ice  and  refrigerating  circles,  has  entered 
the  employ  of  Chas.  A.  Schieren  Co..  30 
Ferry  St.,  New  York  City.  Mr.  Herter  will 
specialize  on  belting  calculations  in 
Schieren's    engineering    service    department. 

James  N.  Hatch,  consulting  engineer, 
Chicago,  has  formed  an  association  with 
Henry  C.  Eckland,  architect,  and  formerly 
connected  with  Eckland,  Fugard  &  Knapp. 
The  new  firm  will  be  known  as  Henry  C. 
Eckland  &  Co..  architects  and  engineers. 
.Mr.  Hatch,  however,  will  continue  his  con- 
sv;lting  practice  of  public  utilil.v  and  indus- 
trial engineering   as   heretofore. 

Col.  C.  H.  Crawford,  of  Philadelphia,  has 
been  elected  director  of  the  .American  Asso- 
ciation of  Engineers  to  succeed  T.  M,  Chap- 
man, deceased.  Colonel  Crawford  served 
in  the  purchase,  storage  and  traffic  di- 
vision of  the  general  staff  of  the  War  De- 
partment during  the. War.  and  has  recently 
tfken  eniploymeitt  with  the  Baldwin  Loco- 
motive W.)rks  at  Philadelphia.  He  has 
been  interested  for  a  number  of  years  in 
the  imity  of  the  engineering  profession,  and 
was  an  active  member  on  tlit-  committee  on 
cooperation,  representing  the  Engineering 
Association   of  Nashville. 


Engineering  Affairs 


The  Associatioa  of  Iron  and  Steel  Elec- 
trical Knsjneer's,  Philadelphia  Section,  will 
hold  a  joint  meeting  with  the  American 
Institute  of  Electrical  En.gineers  on  Mar.  1 
Dr.  W.  S.  Franklin,  of  the  Massachusetts 
Itistituie  of  Technology,  will   lecture. 

The  Eccentric  .Association  of  Firemen, 
No.  56.  I.  B.  of  S.  F.,  held  its  twenty-fourth 
ar.nual  entertainment  and  ball  on  Feb.  11, 
at  the  Star  Casino,  New  York  City.  There 
was  a  good  vaudeville  show  and  dancing 
u  :'S   a    feature  of   entertainment. 


Miscellaneous  News 


Tile       Engineering       E.xperiment       Station, 

I 'ill  versify  of  Illinois,  at  Urhana,  main- 
tains fourteen  research  graduate  assistant- 
ships.  Two  other  such  assistantships  have 
been  established  under  the  patronage  of  the 
Illinois  Gas  Association.  These  assistant- 
.ships,  for  each  of  which  there  is  an  annual 
stipend  of  $500  and  freedom  from  all  fees 
except  the  matriculation  and  diploma  fees, 
are  open  to  graduates  of  approved  Ameri- 
can and  foreign  universities  and  technical 
schools.  Nominations  to  these  positions 
must  be  received  by  the  director  of  the 
Station  each  year,  not  later  than  Mar.  1. 
Additional  information  may  be  obtained  by 
addressing  the  director  of  the  Station. 

The  Fourth  I,yon  Fair  will  be  held  in 
Lyon.  France,  Mar.  1  to  15.  The  fair  is 
under  the  patronage  of  the  President  of 
France  and  of  the  Minister  of  Commerce 
and  Industry.  The  Organizing  Committee 
of  the  fair  is  under  the  presidency  of  Sen- 
ator Edouard  Herriot.  mayor  of  Lyon.  The 
United  States  Department  of  Stale  and  De- 
I)artment  of  Commerce  have  endorsed  the 
fair.  On  account  of  the  apparent  interest 
manifested  by  American  manufacturers  and 
exporters  the  Fair  offlcials  have  now  ar- 
ranged to  place  additional  space  at  the 
disposal  of  .\merican  exhibitors.  The  Com- 
mittee of  the  Fair  has  sent  a  special  rep- 
resentative to  the  United  States  to  aid 
American  firms  and  individuals  that  may 
care  to  exhibit  their  samples. 

The  Professional  and  Special  Section  of 
the  I  iiited  States  lOmiilo.vmcnt  Service, 
formerly  located  at  20!l  South  La  Salle  St., 
has  removed  to  new  and  more  extensive 
quarters  at  63  East  Adams  St.,  Chicago. 
This  section,  formerly  known  as  the  Divi- 
sion of  Engineering,  will  enlarge  its  service 
to  include  all  kinds  of  professional  and 
technical  men  and  women.  During  the  war 
this  branch  of  employment  did  notable  work 
in  placing  engineers  and  teehnical  men  in 
various  branches  of  the  war  and  the  Gov- 
ernment. Now  its  activities  will  be  directed 
toward  reconstruction  and  peace  needs.  En- 
g'.iieers  and  professional  men  and  women 
desiring  the  services  of  the  Professional 
Section,  are  requested  to  write  to  the  above 
address  for  registration  blanks.  In  order 
to  secure  <iuick  service,  applicants  are  ad- 
vised to  communicate  with  the  branch  of 
the  Professional  Service  which  has  juris- 
diction over  their  zone  district.  People  liv- 
ing in  Illinois,  Indiana,  Iowa  and  sur- 
rounding territory  should  register  with  the 
Chicago  office.  No  charge  is  made  for  this 
service. 


Business  Items 


The      Wisconsin     River     Power     Co.     has 

moved  its  general  offices  from  73  West 
Adams  St.,  Chicago,  to  16  Carroll  St., 
Madison,    Wis. 

Badenhausen  Co.  announces  the  opening 
of  it.s  Pittsburgh  o!''ce  at  5030  Jenkins 
Arcade,  with  A  D.  Neeld,  .Ir.,  in  charge. 
This  office  will  cover  sales  in  Ohio,  West 
Virginia     and     western     Pennsylvania. 

The  Barber-<;rcene  Co..  of  Aurora,  III., 
announces  the  following  additions  to  its 
staff:  W.  A.  IJiiell.  formerly  conveyor  en- 
gineer of  the  Goodyear  Tire  and  Rubber 
Co.,  sales  engineer  :  H  W.  Cudding,  for- 
nierl.v  general  audilor  of  the  Lyon  Metallic 
Manufacturing  Co  ,  .auditor. 

The  II.  W.  Johns-Manville  Co.  has  this 
year  distributed  to  all  its  salaried  employ- 
ees an  extra  compensation  of  20  per  cent, 
on  the  salaries  paid  them  during  1918.  It 
has  been  the  custom  of  this  company  for 
some  years  past  to  recognizi-  the  faithful 
service  of   its  employees   in   this   manner. 

The    l)e    Ved    Kissick   Co.,    Inc.,   New    York 

City,  announces  that  it  has  added  to  its 
line  of  power-plant  fuel  and  labor-.saving 
specialties  the  vapor  and  \acuum  heating 
systems  of  the  Illinois  Fngineering  Co.  for 
the  New  York  territory.  This  new  depart- 
ment will  be  under  the  supervision  of  A. 
T  Browne,  who  has  been  active  in  the 
heating  and  ventilating  field  for  the  past 
eight   years. 

Edward  R.  Ladcw  Co.,  of  Glen  Cove,  New 
York,  announces  some  changes  in  its  South- 
irn  organization,  as  follows:  O.  S.  Ilor- 
ton  has  been  appointed  manager  of  the 
Southern  branch,  with  headquarters  at 
Cliarlotte,  N.  C.  and  territor.v  covering  all 
.states  south  of  Maryland,  West  Virginia. 
Kentucky  and  Arkansas,  west  to  Texas  : 
Walter  Carr,  formerly  of  the  New  York 
office,    is   assistant    branch   manager. 


Trade  Catalogs 


Sidney      Open-Back      Inclinable      Presse.s. 

Sidne.v  Power  Press  Co.,  Sidnev.  Ohio. 
Catalog.  Pp  8  ;  8J  X  11  in.  This  illustrates 
and  describes  the  types  of  flywheel  press 
manufactured  by  this  company. 

Ball  and  Roller  Bearings.  Gwilliam  Co., 
253  West  58th  St.,  -New  Y'ork.  Catalog. 
Pp.  18  ;  6  X  9  in.  This  illustrated  book- 
let gives  the  dimensions  and  specifications 
of  all  types  of  ball  and  I'oller   bearings. 

The  .Service  Engineering  Co.,  25  Cliurch 
.St.,  New  York,  has  issued  a  four-page  cir- 
cular te'l  ng  who  the  compan.v  is.  what  it 
does  and  how  it  does  it.  Interested  parties 
may  obtain  this  circular  by  writing  for  it. 

N.  G.  E.  A.  1918  Blue  Book.  Issued  by 
the  National  Gas  Engine  Association,  Lake- 
mont,  N.  Y.  This  is  a  classified  directory 
of  the  members  of  the  Association.  It  con- 
tains a  copy  of  the  constitution  and  by- 
laws. 

Zelnicker's  Bulletin  No.  259.  Walter  A. 
Zelnicker  Supply  Co.,  St.  Louis,  Mo.  Cata- 
log. Pp.  16  ;  3;,'  x  8.1  in.  Giving  specifica- 
tions of  all  kinds  of  tanks.  Interested  par- 
ties may  obtain  a  copy  by  writing  to  the 
Walter  A.  Zelnicker  Supplv  Co.,  St.  Louis, 
Mo. 

Tlie     l>e     Laval     Steam     Turbine     Co..     of 

Trenton,  N.  J.,  has  issued  a  32-page  illus- 
trated catalog  (Bulletin  M)  entitled 
"Geared  Marine  Steam  Turbines."  describ- 
ing standardized  geared  turbine  units  for 
marine  service,  details  of  construction  of 
turbines  and  gears  and  also  various  tur- 
bine-driven auxiliaries,  including  lighting 
sets,  circulating  iiumps,  boiler  feeders,  etc. 

The  Heine  Safety  Boiler  Co..  St.  Louis. 
Mo.,  has  just  completed  the  printing  of 
the  latest  edition  of  its  "Boiler  Logic,"  an 
86-page  treatise  on  steam  boilers,  which 
covers  the  following  topics:  Some  funda- 
mental consideration  of  boiler  design  ;  prac- 
tical baffling  of  water  tube  boilers  ;  Heine 
boilers  for  different  fuels;  overloads;  the 
boiler  as  a  pressure  vessel,  and  details  of 
construction,    Heine  boilers. 

The  Crescent  Principle  of  Belt  Joining. 
Crescent  Belt  Fastener  Co..  381  Fourth 
Ave.,  New  York  .\  four-page  circular  which 
summarizes  the  reasons  why  people  buy 
Crescent  belt  fasteners.  Instructions  for 
making  a  Crescent  joint  are  given,  and  it 
contains  a  read.v-reference  service  chart  by 
means  of  which  the  correct  type  of  belt 
fastener  can  be  determined.  Copies  may 
be  obtained   by   writing   to   the   company. 
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t'onii.,  ItrltlcriMirl  S.  '/,.  I'lill.  '.'4  Chun-h 
St..  NfW  lliiviii,  will  liiMtall  II  vmnuiMi  h.vh- 
tciii  III  lh<^  :i  Hlor.v  llu'at<T  which  he  pliiim 
to  liullil  (111  Main  St  Total  cMllinatcil  c-oHt, 
MOO.UOO.  T.  \V.  Uimli.  Gil  8lh  Avi'.,  Ni-w 
York  City.   .\.   y..   Arch. 

Conn..  Xrw  liuvcn — The  Now  KnKl"n<l 
Iron  Work.-*.  Inc..  ;•(>  I'oinnicrci'  St  .  plaiiM 
to  liiilld  a  1  Htor.v.  fin  x  150  ft.  iilant,  to 
licluiU-  a  power  plant,  on  Allurl  ami  Wi'ltoii 
St.     Total  •sllinatc.l  co.it.   JKMKIO. 

I'onn.,  Walrrbur.v — S,  Z.  Poll.  :;4  Church 
St..  .\i'W  llavcn.  win  InHlull  a  .steam  heat- 
ing H.v.stein  in  the  1  Htory  thoatiT  which  he 
ulunH  to  build  here.  Total  estimated  cost, 
$600,000.  T.  W.  l-4»mb.  64  4  8th  Ave..  New 
York   City.    N.    V.,    Arch. 

N.  Y..  lonii  Inlnnd — The  Bureau  of  Yards 
&  Dock."!.  Navy  Department.  WashlnKton, 
D.  C.  plans  to  build  an  extension  to  the 
power  plant   here.      Kstlniated   cost,   $30,000. 

N.  Y.,  MuNKrnu — The  Aluminum  Co.  of 
America  plana  extensive  improvements  and 
additions  to  its  plant  here.  Flans  include 
the  absorption  of  several  small  power  users 
on  the  Orass  and  St.  He({ls  River  to  cen- 
tralize   power    development. 

N.  Y..  New  York — The  City  Realty  Co. 
176  Broadway,  will  install  a  steam  heating 
system  in  the  i  story,  189  x  213  ft.  thea- 
ter which  it  plans  to  build  at  4810-4127 
Broadwav.  Total  estimated  cost.  $100,000. 
H.   J.    Krapp,   114    K;ist    16th  St..   Arch. 

N.  Y..  Troy — The  Mohican  Co.,  280  Broad- 
way. New  York  City,  will  install  a  steam 
heatinK  system  in  the  3  or  4  story,  56  X 
150  ft.,  retail  market  building  which  it  plans 
to  construct  at  361  River  St.  Total  esti- 
mated cost   between    $100,000   and    $150,000. 

N.  J.,  Newark — The  American  Oil  &  Sup- 
ply Co.,  52  Lafayette  St.,  will  install  a 
steam  heating  and  .sprinkler  system  in  the 
oil  plant  which  it  plans  to  build  on  Wilson 
Ave.  Tocal  estimated  cost.  $1,000,000.  P.  B. 
Taylor,   Essex   Bldg.,  Engr. 

X.  J.,  Yerona — The  Board  of  Freeholders 
of  Essex  County.  Court  House,  Newark, 
plans  to  build  a  power  plant  here.  Runyon 
&  Carey,  843  Broad  St.,  Newark,  Engr. 

Penn.,  Blairsvllle — S.  S.  Richard,  Altoona, 
plans  to  build  a  hospital  and  group  of  in- 
stitutional buildings  near  here,  consisting 
of  power  house,  administration  building, 
laundry,  etc.  F.  McCrooks,  Jones  Law  Bldg,. 
Pittsburgh,   Arch. 

Penn.,  Eri6 — The  Griswoid  Manufactur- 
ing Co.,  12th  and  Raspberry  St.,  is  in  the 
market  for  a  14  in.  x  6  ft.  Hendy  geared 
motor  driven  tool  room  lathe  with  taper  at- 
tachment, a  2  in.  motor  driven  radial  drill 
and  a   24   to    30   in.    motor  driven   planer. 

Penn,,  Johnstown — The  Board  of  Direc- 
tors of  the  School  District  will  receive  bids 
until  Mar.  15  for  the  construction  of  the 
main  school  building  and  the  boiler  house 
of  the  group  of  6  buildings,  known  as  the 
■\Villiam  A.  Cochran  School,  in  the  8th 
Ward.      C.    H.    Meyer,    Secy. 

Penn.,  McKees  Rorks  —  The  Pittsburgh 
Railway  Co..  435  6th  Ave..  Pittsburgh,  plans 
to  build  an  addition  to  tin-  power  house 
here,  also  a  new  station  at  Castle  Shannon 
and  new  tracks  at  various  points.  F.  Uhlen- 
hart,    Ch.   Engr. 

Md.,  Baltimore — The  City  Electrical  Com- 
mission. City  Hall,  plans  to  extend  the  elec- 
trical conduit  s.vstem  into  city's  new  annex 
during  spring  and  summer.  Estimated 
cost  between  $150,000  and  $200,000.  P.  G. 
Ligon,   Ch.   Engr. 

S.  C,  Charleston — R.  L.  Riggs,  4  Broad 
St.,  will  install  a  steam  healing  plant  and 
electria  elevators  in  the  3  story.  159  x  170 
ft  garage,  repair  shop  and  storage  building 
which  he  plans  to  build.  Total  estimated 
cost,  $100,000.  J.  O.  Newoomer,  *2  Broad 
St.,    Arch. 

Ga.,  tyerly — The  Lyerly  Milling  Co..  is  in 
the  market  for  an  electric  generator  and 
motor  to  be  installed  in  the  Sarling  Mill. 
w-hich  they  recently  acquired.  J.  S.  Owings, 
Mgr. 

La..  New  Orleans- — The  Pelican  Ship 
Ventilator  &  Metal  Co.  is  in  the  market 
for   a   power    drop   hammer. 

Ohio,  Cleveland — J.  Grossman,  c/o  Stand- 
ard Theater,  EJast  9th  and  Prospect  St.,  will 
install   steam   heating   and   ventilating   sys- 


leiiiH  III  ihi'  n  wlory.  7r>  x  196  ft.  llieatcr 
which  he  pIiinH  to  build  <in  iCuclld  Ave. 
iKiir  107th  St,     Total  OMtlmulcd  cuMt.  $300.- 

ciotr 

Ohio.  CIrvvUnd — D,  R.  Ilunna,  611  \awA- 
er-N'eWH  HIiIk  .  pliinH  to  InHliill  a  Nieaiii 
heatliiK  xyMlem  In  the  1«  Htory,  19!)  x  21" 
ft.  oIlUe  liulldInK  which  he  plans  to  build 
on    ICiiHt    14th   St.    and    l-niclld   Ave. 

Intl.,  Anilrrnan — Thi'  oltv  liaH  been  nu- 
thorl/.ed  to  iHHUe  $90,000  boiulH  with  whiith 
to  mako  Improvemi-niH  and  InHtull  new 
eiiulpmeni  In  the  electric  plant.  J.  K.  10m- 
ilnglon.    City    Clk. 

MUh,.  Helrolt— The  Wal.rworliH  Depart- 
ment has  applied  for  an  apiiroprlalloii  for 
the  construcllon  nf  a  new  boiler  house  to 
accommodate  a  600  lip.  boiler.  C.  V.  llub- 
bell.   City   lOngr. 

MIrh..  Wyandotte — E.  C.  Bryan,  City 
Clk.,  will  receive  bIdH  until  March  18  for 
furnishing  and  Installing  2  low  lift,  motor 
driven  centrifugal  pumping  units  (one  2100 
gallons  i)er  minute  and  other  4200  gallons)  ; 
also  for  steam  driven  pumping  unit  5.OO0,- 
000  gallon  cajiacity.  horizontal  cross  com- 
p<iund  crank  and  lly  wheel  pumping  engine. 
R.  W.  Pratt.  Hippodrome  Bldg..  Cleveland. 
Ohio.    Engr. 

III..  ChUaxo — L.  B.  Waterman  &  Co..  191 

Broadway,  New  York  City,  N.  Y.,  plans  to 
install  a  steam  heating  svstem  in  the  6 
story  store  and  otllce  building  which  thev 
plan  to  build  at  127-129  South  State  St. 
Total  estimated  cost.  $175,000.  Holaliird  & 
Roach,    104    South    Michigan    Ave.,    Arch. 

IH.,  Oeoatur — The  Comet  Automobile  Co.. 
156  South  W;>ter  St.,  plans  to  build  a  power 
and  heating  station.  The  growth  of  the 
business  of  the  company  necessitates  same. 
Estimated    cost.    $35,000. 

Iowa.  Sioux  Clfj — The  Terminal  Grain 
Corp.,  Grain  Exchange,  will  install  about 
600-hp.  in  electric  motors,  in  the  terminal 
elevator  which  it  plans  to  build  on  14th 
St.,  along  the  Great  Northern  Railway 
tracks.  Total  estimated  cost,  $140,000. 
Burrell  Engineering  &  Construction  Co.. 
323   South   La  Salle  St..  Chicago.   111..   Engr. 

Kan.,  Ottawa — The  Citv  Water  &  Light 
Department  is  in  the  market  for  a  new  500 
kw.  generating  unit,  including  condensing 
equipment  for  electric  plant  ;  also  steam 
engines   and   turbines.      W.   O.   Myers,   Supt. 

Kan,,  Ottawa — The  Warner  Manufactur- 
ing Co.  is  in  the  market  for  a  No.  7  Buffalo 
or  a  No.   4  Sturtevant  cupola  blower. 

Neb,,  Omaha — The  State  Legislature, 
Lincoln,  plans  to  appropriate  $120,000  for 
improvements  to  the  University  of  Nebraska 
College  of  Medicine.  42nd  St.  and  Dewey 
Ave.,  to  be  used  as  follows:  $40,000  for 
electrical  apparatus,  laboratory  equipment, 
etc.  ;  $80,000  for  the  construction  of  a  1 
story.  30  x  50  ft.  heating  plant  ;  also  pumps, 
pipe  covering,  watertube  boilers,  etc.  J. 
Latenser  &  Sons.  632  Bee  Bldg.,  Arch. 

Okla.,  Tulsa — The  city  will  soon  receive 
bids  for  installing  a  150  ft.  concrete  stack 
and  new  boilers.  R.  E.  Cuvian,  Comr. 
^Vater- Works. 

Colo.,  Denver— Armour  &  Co.,  U.  S.  Yards, 
Chicago.  111.,  will  .soon  award  the  contract 
tor  the  construction  of  a  4  story.  58  x  162 
ft.  boiler  house  here.  H.  A.  Merick.  c/o 
Colorado  Packing  &  Provision  Co.,  Stock 
Yards.    Denver.   Arch. 

Colo.,  .lulesboro — The  city  wil!  soon  award 
the  contract  for  rebuilding  the  light  and 
power  plant.  G.  H.  Austin,  Mavor.  Noted 
Nov.   26. 

Colo.,  Silver  Plume — The  Denbigh  Mines 
Co.  is  in  the  market  for  a  double-drum 
electric  hoist,  and  a  second-hand  motor 
driven   compressor.      H.    S.    Bushnell.    Supt. 

Idaho,  Nanipa — The  city  plans  to  build 
Push  tanks,  manholes  and  pump  to  handle 
200,000  gallons  per  day,  in  connection  with 
new  sewerage  system.  L.  R.  Cook,  City 
Kail,    Engr. 

Ariz.,  Florence — The  town  voted  in  favor 
of  a  bond  issue  for  $80,000  ;  $60,000  to  be 
used  for  water-works  improvements  and 
$20,000  for  power  plant.  List  of  required 
equipment  can  be  obtained  from  the  Board 
of    Supervisors.      Noted    Jan     7. 

Wash.,  Seattle — The  Puget  Sound  Trac- 
tion. Light  &  Power  Co..  Stuart  Bldg..  has 
had  plans  completed  for  rebuilding  its 
power  sub-station  recently  destroyed  by 
fire.     A.  L.  Xempster.  Mgr. 

Cal.,  >Iodesto — The  Waterford  Irrigation 
Dist.  plans  election  soon  to  vote  on  a  $200,- 
000  bond  issue:  $170,000  to  pav  for  water 
rights  and  $30,000  to  extend  and  improve 
irrigation  works.  Pumping  plant  will 
probably  be  installed  in  Tuolumne  River, 
to  lift  water  110  ft.  for  irrigating  13,866 
acres.     E.  N.  Bryan,  Modesto,  Engr. 


C»l„  <)tilnry — Tlie  lionrd  of  HuiHTVlaorr 
of  J'lumiiH  County  will  limtull  a.  Hleitm  hem. 
Ing  plant  In  the  4  Hlory  court  houNe  nnd  Jml' 
which  It  plaiiH  to  build.  (].  C  Mevlon,  Mltitu 
Illdg..     Siicrraiiiento,     Arch. 

N.  H..  Hyilnry — The  Dominion  Iron  h.  Ilerl 
Co.  Im  In  the  market  for  material  ami 
e(|ulpmi'nt    for    Uh    plant. 

Ont.,  Parry  Hound — The  Town  CoUn<  ii 
plans  to  build  an  electric  iitaiil  nnd  U  In 
Ilw  marki-t  for  mai'hinery  for  same.  K«ii 
mated  cost,    $185,000.  J.   \).    ISroughton.  C;k 

Onl.,  Krnfrrw — The  Renfrew  .Vlaehlner. 
Co.,  Lid.  Is  III  the  markit  for  iiii  eh-ctrl. 
Hpol  welder,  110  or  560  volt,  80  cycl«.  :. 
phiiHe   <-lr<'Ult. 

Ont,.  Toronto  —  Hyslop  BroH.,  Ltd.,  r.- 
Shuter  .St.,  is  In  the  market  for  1  mol.,r 
generator  Hi-I.  direct  drive,  Hlngle  urn' 
base,  5  hp..  3  (ihaHe,  1800  r.p.m..  Ken.  J 
volts,  «o  amp.,  capacity  30.  6  v.  batterlts  hi 
10  amp.,  board  with  6  leads,  volt  nwttr 
rheostat  and  ammeter. 

Ont..  Toronto — Bids  will  be  received  bv 
the  Town  Clerk,  until  March  7.  for  fur 
nishlng  and  Installing  1  water-works  nunip. 
Ing  unit  comprising  turbine  pump  of  iOim 
gallon  capacity  against  330  ft  head,  an>l 
steam  turbine  or  gasoline  engine,  dln-rl 
••oniiecled  to  pump.  KpeelticatlonH,  etc.,  ma.v 
be  seen  at  the  olllce  of  Chlpman  &  Power 
Mail    Bldg. 

Man.,  WinnlppK — The  Dominion  Oovem- 
ment,  f)ttawa,  Ont..  will  install  a  central 
heating  plant  and  boilers  in  the  Military 
Hospital  which  it  plans  to  build  at  Tuxedo 
I'ark.  Total  estimated  cost,  $190,000.  R.  C 
Wright,   c/o  Dept.  of  Pub.  Works. 

CONTKACTS    AWARDKI) 

N.  H.,  Portsmouth — The  Bureau  of  Yards 
&  Docks.  Navy  Department,  Washington, 
D.  ('.,  received  bi<ls  for  installing  plplnK 
•  connections  in  the  ixiwer  house  at  the  Nav) 
Yard  here,  from  the  Carroll  PJlectric  Co 
714  12th  St..  Washington,  D.  C.  $42,800 
J.  W.  Danforth,  70  Ellicott  Sq.,  Buffalo 
N.  Y.,  $42,986  ;  Rideout.  Chandler  &  Joyce 
178    High    St.,    Boston,    Mass.,    $44,158. 

Mass.,  MUlis — The  Cliquot  Club  Co.  ha« 
awarded  the  contract  for  the  construction 
of  an  addition  to  its  plant,  to  the  Aberlhaw 
Construction  Co..  27  School  St..  Boston, 
Mass.  Project  includes  a  power  house,  tiot- 
tling  factory,  etc.  Total  estimated  cost 
$150,000. 

N.  Y'.,  Brooklyn — J.  Kayser,  45  East 
17th  St.,  Manhattan,  has  awarded  the  con- 
tract for  the  construction  of  a  1  story,  50 
X  55  ft.  power  house  on  Classon  Ave.,  to  the 
Caye-Hosford  Construction  Co.,  299  Broad- 
way, Manhattan.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,    $60,000. 

N.  Y'.,  Iroquois — ^V.  Hunt.  Pres.  of  the 
Bd.  of  Managers,  Thomas  Indian  School, 
received  bids  for  installing  refrigeration 
equipment,  from  the  Moyer  Ice  Machine  k 
Engineering  Co.,  315  Grant  Ave.,  Jersey 
City,  N.  J.,  $9400  ;  Mollinberg-Betz  Macliin.- 
Co.,  110  Nash  St.,  Buffalo,  $9558;  Wigner 
JIachine  Co..  67  Mississippi  St.,  Buffalo, 
$9930.     Noted  Feb.   4. 

N.  Y..  New  Hampton — The  Commissioner 
of  Correction.  Municipal  Bldg..  .New  York 
City,  has  awarded  the  contract  for  the 
installation  and  completion  of  the  steam 
mains  and  tunnel  between  the  receiving, 
classification  and  administration  buildlnfc 
and  the  power  house  at  the  New  Y'ork  City 
reformatory  here,  to  L.  W.  Abrons,  15  East 
40th  St.,  New  Y'ork  City.  Estimated  cost. 
$4500. 

N.  Y'.,  New  York — Brown  Bros.  &  Co.,  5.1 
Wall  St.,  has  awarded  the  contract  for  the 
construction  of  a  4  story,  44  x  88  ft.  bank- 
ing building  at  81-83  Beaver  St.,  to  Marc 
Eidlitz  &  Son.  30  East  42nd  St.  A  steam 
heating  svstem  will  be  installed  in  same. 
Total  estimated  cost,    $150,000. 

N.  Y'..  New  Y'ork — The  Daughters  of 
Jacob,  157th  St..  Findlay  and  Fuller  Ave. 
(Bronx  Boro.),  have  awarded  the  contract 
for  the  constnaction  of  a  5  storv,  100  x  150 
ft.  home,  to  G.  Richard  Davis  &  Co.,  30 
East  42nd  St.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost. 
$600,000. 

N.  Y'..  rtioa — The  State  Hospital  Com- 
mission. Capitol.  Albany,  received  bids  Feb. 
11.  for  the  following  work  at  the  Utica 
State  Hospital  ;  installing  new  boilers,  from 
Gillis  &  (5eoghegan.  537  West  Broadway, 
New  Y'ork  Citv.  $42,990;  McNauU  Boiler 
Works,  983-1015  Front  St..  Toledo,  Ohio, 
$58,120;  E.  Keeler  Co.,  50  Church  St.,  New 
Y'ork  City.  $67,920;  heating  work,  from  the 
W.  B.  Armstrong  Co.,  Fulton  St.,  Albany, 
N.  X..  $39,640  ;  Almirall  Co.,  Inc..  1  Domi- 
nick  St..  New  York  Citv.  $41,975  ;  H.  C. 
Peterson   Co.,    20   Oneida  St.,    $44,963. 
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Walcr-Tube  lioilcr  Tube  Kupliircs 


Hy  wkldon  meluoy 


ALARCiK  lUM-c-entuKe  of  tube  failures  are  unavoid- 
ahli',  hut  many  ruptures  may  be  prevented  by 
•  the  prompt  renewal  of  tubes  in  which  serious 
defects  develop.  The  number  of  preventable  tube  rup- 
tures has  increased  durinjr  the  last  year  because  the 
shortage  of  steel  lias  made  it  imperative  to  t?et  the  max- 
imum service  from  every  tube.  On  account  of  this  con- 
dition some  operators   have   taken   chances   with   tubes 


when  they  are  not  deep  and  the  tubes  are  kept  clean, 
such  pockets  are  not  considered  serious.  Tubes  that 
l)ecome  distorted  to  such  an  extent  that  the  points  of  the 
pockets  can  be  dented  by  a  sharp  blow  from  a  light 
hammer  should  be  renewed.  Efforts  to  heat  the  dis- 
torted portions  and  drive  them  l)ack  to  their  original, 
radius  after  they  have  boon  pocketed  to  such  an  extent 
Ihat  the  walls  have  been  thinned,  are  usually  unsuccesn- 


TUBES  FROM  WATER-TUBE  POILER  RUPTURED  FROM  SEVERAL  CAUSES 

Ruptures  A  anrl  B  caused  by  deposits  of  mud  and  scale.  Ruptures   C  and  D  caused  by  crystallization.     End  view  of  tube  shows  con- 
dition of  tube  wan.     Rupture  £  is  of  a  4-in.  tube  caused  by  a  defective   lap   weld. 


which  have  developed  defects,  and  some  serious  ruptures 
have  resulted. 

At  A  and  B  (see  illustration)  are  shown  ruptures 
that  were  caused  by  overheating.  The  feed  water  used 
in  the  boiler  in  which  these  tubes  were  installed  was 
very  foul.  The  tubes  that  ruptured  were  found  to  con- 
tain considerable  deposits  of  precipitated  mud  and  or- 
ganic matter,  which  was  baked  on  the  internal  surfaces 
and  caused  the  ruptures.  Pockets  caused  by  accumula- 
tions of  scale  and  mud  are  frequent  in  water  tubes,  but 


ful,  and  there  is  considerable  hazard  in  connection  with 
operating  tubes  that  have  been  treated  in  this  manner. 
At  C  and  D  are  shown  sections  of  a  tube  that  became 
crystallized  to  such  an  extent  that  it  ruptured  without 
warning,  causing  considerable  damage  to  the  adjacent 
tubes  and  boiler  setting.  The  end  view  of  the  tube 
shows  the  coarse  crystalline  structure  of  the  metal. 
It  will  be  observed  that  only  a  very  narrow  section 
of  the  tube  wall  at  the  inside  edge  was  not  crystallized. 
The  ruptured  edges  of  the  tube  show  that  the  tube  wall 
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,'as  not  thinned.  In  addition  to  the  rupture  the  tube 
racked  in  a  number  of  places.  One  of  these  cracks  is 
hewn  in  the  illustration.  The  tube  end  was  so  lacking 
n  ductility  that  pieces  could  be  broken  off  with  a  blow 
f  a  hammer. 
In  the  illustration  A,  B,  C  and  D  show  that  seamless- 
rawn  steel  tubes  will  rupture  from  overheating  or 
eakness  caused  by  crystallization.  In  addition  to  be- 
ig  subject  to  these  conditions,  lap-welded  tubes  some- 
ime?  rupture  on  account  of  defective  welds.  Such 
uptures  are  usually  violent  and  cause  serious  damage. 
A  E  is  shown  a  rupture  of  a  lap-welded  tube  about 
Dur  months  after  its  installation,  under  a  pressure  of 
40  lb.  That  the  weld  was  defective  is  shown.  The 
rincipal  reason   for   the  use   of  lap-welded   tubes    in 


water-tube  boilers  is  the  fact  that  under  present  con- 
ditions they  are  considerably  cheaper  than  seamless- 
drawn  tubes. 

When  the  damage  caused  to  boiler  settings,  the  in- 
juries suffered  by  the  operating  force  in  the  boiler 
rooms  and  the  interruption  to  the  service  caused  by  tube 
ruptures  are  considered,  it  will  be  seen  that  there  is 
nothing  gained  by  operating  boilers  in  which  there 
are  tubes  that  are  suspected  of  being  defective.  When 
tubes  show  signs  of  crystallization  or  become  danger- 
ously distorted,  they  should  be  renewed.  Efforts  to  re- 
store ductility  to  crystallized  tubes  by  annealing  or  to 
drive  back  deep  pockets  are  so  uncertain  that  such  meas- 
ures cannot  be  considered  safe  or  satisfactory  methods 
of  repair. 


Effect  of  Interpoles  on  Cominutation  of 
Direct-Current  Machines 

By  R.  L.  WITHAM 

Assistant  engineer,  Sperry   Gyroscope  Co.,   Brooklyn,  N.   T. 


The  construction  of  the  inter-pole  direct-current 
machines  is  described.  The  purpose  of  the  inter- 
poles and  hoiv  they  operate  to  effect  commutation 
and  hoiv  one  interpole  ynay  be  used  for  each  pair 
of  main  poles  to  serve  the  same  purpose  as  an 
interpole    for    each    main    pole    are    explained. 

rHE  interpoles  in  a  direct-current  machine,  when 
used,  are  small  poles  placed  between  the  main 
poles.  It  is  from  their  location  that  they  get  their 
ame,  the  prefix  "inter"  meaning  between  or  among. 
>irect-current  machines  may  have  as  many  interpoles 
s  there  are  main  poles,  or  they  may  have  one  interpole 
Dr  each  pair  of  main  poles.  Fig.  1  shows  the  field 
rame  of  a  four-pole  compound-wound  interpole  machine 
aving  one  in- 
erpole  A  for 
ach  main  pole 
',  where  the 
lachine  Fig.  2 
as  only  one  in- 
erpole  A  for 
ach  pair  of 
lain  poles  B. 
'he  use  of  in- 
erpoles  on  di- 
ect-current  ma- 
hines  is  today 
Imost  uni- 
ersal.  Ten  or 
welve  years  ago 
heir  use  was  a 
ov  e  1 1  y.  Yet 
he  fundamental 
lea     of     which 
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FOUR-POLE    MOTOR    H.VVING 
FOUR  INTERPOLES 

hese  commutating  poles  are  but  the  materialization  is 
y  no  means  a  new  one.  Why,  then,  have  they  come 
nto  such  general  use  and  how  does  their  use  affect  the 
peration  of  the  machine  of  which  they  are  a  part?  To 
nswer  these  questions  it  is  necessary  first  to  consider 


their  purpose  and  in  what  manner  it  is  fulfilled. 
Briefly  stated,  the  purpose  of  interpoles  is  to  assist 
in  commutation.  Because  of  this  they  are  also  known 
as  commutating  or  auxiliary  poles.  In  any  direct-cur- 
rent machine  the  current  in  the  armature  coils  is  alter- 
nating; that  is,  while  any  one  coil  is  passing  across 
the  face  of  a  north  pole  of  the  machine  it  carries  cur- 
rent in  a  certain  direction,  but  that  direction  is  re- 
versed when  the  coil  moves  across  the  face  of  the  next 
consecutive,  or  south,  pole. 

Fig.  3  represents  diagrammatically  a  part  of  the  wind- 
ing of  a  direct-current  armature,  the  small  arrows  show- 
ing the  direction  of  current  in  the  coils.  Assuming 
that  current  flows  dovniward  in  the  conductors  under  a 
north  pole,  it  will  flow  upward  in  the  conductors  under 
a  south  pole  and  in  those  midway  between  poles  there 
will  be  no  current.     The  armature  is  assumed  to  be 

moving  from 
left  to  right  as 
indicated  by  the 
large  arrow.  It 
will  be  seen  that 
the  direction  of 
current  in  a  coil 
which  is  ap- 
proa  c  h  i  n  g  a 
brush  (as  for 
example,  coil  A) 
is  clock  wise, 
while  the  direc- 
tion of  current 
in  a  coil  which 
has  passed  the 
brush  (as  for 
example,  coil  C) 
is  counterclock- 
/ise.  This  shows 
that  while  the  coil  in  question  was  passing  under  the 
brush,  its  current  was  reversed  in  direction.  This  re- 
versal of  current  in  the  armature  coil  is  what  is  known 
as  commutation. 

Assuming  a  brush  0.5  in.  wide  and  a  peripheral  speed 


FIG.    2.       FOUR-POLE    MOTOR    HAVING 
TWO    INTERPOLES 
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of  coniimitator  of  2500  ft.  per  min.,  or  500  in.  per  sec., 
it  will  rc<iuire  0.001  of  a  second  for  n  Kiven  point  on  the 
coninuilator  to  travol  the  width  of  the  brush,  and  in 
this  brief  period  the  current  in  a  coil  underKoinjc  com- 
mutation must  be  reduced  from  its  normal  value  to 
zero  and  be  built  up  to  its  normal  value  again  in  the 
oppo.iitc  direction  if  commutation  is  to  take  place  with- 
out sparking.  What  force  can  be  made  to  act  upon  the 
coil  in  such  a  way  as  to  prixluce  this  change  in  current 
in  so  short  a  time?  The  way  to  produce  any  desired 
change  in  current  in  a  coil  is  to  set  up  an  electromotive 
force  in  that  coil,  and  the  way  to  set  up  the  required 
electromotive  force  is  to  so  arrange  conditions  that  the 
coil  will  cut  lines  of  magnetic  force  of  the  proper  polar- 
ity and  strength. 

The  laws  governing  the  generation  of  electromotive 
force  and  current  by  cutting  lines  of  force  is  clearly  ex- 


place  when  the  coil  is  in  some  such  position,  as  shown  1' 
Kig.  5,  where  the  desired  flux  is  furnished  by  the  mai 
pole;  or  (2)  without  shifting  brushes,  a  set  of  sma 
poles,  known  as  commulating  poles  or  interptiles,  ma 
be  introduced  midway  between  the  main  poles  to  pro 
vide  the  necessary  flux  at  that  point,  as  illustrated  i 
Kig.  G.  When  the  latter  method  is  used,  we  have  th 
interpole  machine. 

Having  shown  that  the  purpose  of  the  interpole  ia  t 
produce  a  comniutating  field  midway  between  the  mai 
poles,  consider  next  in  what  way  the  interpoles  shall  \^ 
supplied  with  the  magnetizing  current.  If  the  intei 
pole  winding  were  excited  from  a  source  of  constan 
potential,  as  is  the  case  with  the  shunt-field  windint 
the  commutating  flux  thus  established  would  be  conatai; 
regardless  of  the  load  on  the  machine.  But  this  is  w 
what  is  desired.    If  a  machine  is  carrying  a  current  c 
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FIGS.  3  TO  6.     FIELD  FR.VMES  OF  NOXIXTERPOLE  AND    INTERPOLE  DlRECT-CURREXT  MACHINES 


plained  in  that  part  of  "The  Electrical  Study  Course" 
appearing  in  the  Nov.  £0,  1917,  issue  of  Power.  A 
glance  at  Fig.  3  will  show  that  when  a  coil  is  in  such 
a  position  that  it  is  short-circuited  by  a  brush  (as  for 
example,  coil  B)  the  conductors  that  compose  that  coil 
are  midway  between  poles  and  at  these  midpoints  the 
magnetic  flux  due  to  the  poles  is  zero. 

This  condition  is  more  clearly  shown  in  Fig.  4,  which 
represents  the  distribution  of  flux  in  the  air  gap  be- 
tween the  poles  and  armature.  In  order  to  provide  for 
this  coil  a  magnetic  flux  of  such  strength  and  polarity 
that  it  will  set  up  the  electromotive  lorce  required  to 
commutate  its  current  either  of  two  things  may  be  done: 
(1)  The  brushes  may  bs  shifted  until  commutation  takes 


200  amperes,  it  requires  twice  as  strong  a  commutat 
ing  field  for  perfect  commutation  as  when  the  same  mi 
chine  carries  100  amperes.  In  other  words,  the  strengt: 
of  the  commutating  field  should  vary  directly  with  th 
ampere  load  on  the  machine.  This  result  is  approx 
imately  accomplished  by  connecting  the  commutatin; 
winding  in  series  with  the  armature  winding  and  work 
ing  the  iron  of  the  interpole  at  such  a  low  magneti 
density  that  it  is  always  unsaturated.  Then  the  annf. 
ture  current  can  be  made  to  vary  between  wide  limit 
and  the  commutating-field  strength  will  var>'  with  it,  jus 
as  it  should.  The  number  of  turns  per  coil  of  the  in 
terpole  winding,  the  length  of  air  gap  and  the  widt) 
and  shape  of  interpole  face  all  have  their  effect  on  th 
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strength  and  distribution  of  commutating  flux  and  hence 
upon  commutation,  but  the  proper  adjustment  of  these 
elements  is  a  matter  for  the  designer  of  the  machine 
to  determine  and  will  not  be  considered  here. 

Fig.  7  shows  the  polarity  of  the  interpoles  in  the 
case  of  a  generator  and  Fig.  8  that  of  a  motor,  the  di- 
rection of  rotation  being  taken  as  clockwise  in  both 
cases.  If  the  direction  of  rotation  is  reversed,  the  po- 
larity of  the  commutating  poles  should  be  reversed. 

Fig.  9  represents  a  four-pole  machine  in  which  are 
shown  the  four  armature  coils  which  at  a  given  instant 
are  short-circuited  by  their  respective  brushes.  Since 
coil  1  is  made  up  of  conductors  lying  in  both  slots  A 
and  D,  an  interpole  placed  at  either  A  or  D  will  have  the 
effect  of  setting  up  the  flux  needed  for  commutating  the 
current  in  coil  1.  In  like  manner  good  commutation  in 
coil  2  may  be  brought  about  by  an  interpole  placed  at 
either  A  or  B.  Similar  statements  may  be  made  regard- 
ing coils  3  and  4.  In  other  words,  a  commutating  pole 
placed  at  B,  if  properly  magnetized,  will  take  care  of 
commutation  in  both  coil  2  and  coil  3,  and  a  similar 


FTG.   9.     FIELD  FRAME  HAVING  FOUR  MAIN  POLES   AND 
TWO    INTERPOLES 

ommutating  pole  placed  at  D  will  take  care  of  commuta- 
ion  in  coils  1  and  4.  It  follows,  then,  that  interpoles 
it  A  and  C  may  be  dispensed  with  if  those  at  B  and  D 
ire  of  suitable  strength. 

In  general,  in  any  machine,  the  number  of  interpoles 
nay  be  made  either  equal  to.  or  half  of  the  number 
)f  main  poles.  The  usual  practice  is  to  use  as  many 
nterpoles  as  main  poles  when  the  number  of  pairs  of 
nain  poles  is  odd.  For  example,  in  a  six-pole  machine 
;ix  interpoles  and  in  a  two-pole  machine  two  interpoles 
ire  used.  There  is,  however,  no  reason  why  a  six-pole 
nachine  with  three  interpoles  or  a  two-pole  machine 
vith  only  one  interpole  will  not  operate  as  well  as  a 
our-pole  machine  with  two  interpoles  as  in  Fig.  2,  the 
ast  arrangement  being  a  very  common  type  of  con- 
struction. When  the  number  of  commutating  poles  is 
lalf  the  number  of  main  poles,  the  commutating  poles 
ire  all  of  the  same  polarity ;  that  is,  they  are  either  all 
lorth  or  all  south  poles. 

There  are  certain  cases  in  which  a  machine  should 
lave  as  many  interpoles  as  main  poles.    One  instance  is 


in  three-wire  generators,  where,  for  the  sake  of  secur- 
ing a  perfect  balance  on  both  sides  of  the  neutral  wire, 
it  is  required  that  all  the  north-pole  commutating  wind- 
ings be  connected  in  on  one  side  of  the  line  and  all  the 
south-pole  windings  on  the  other.  Obviously,  if  the  in- 
terpoles are  all  north  or  all  south  poles,  which,  as  has 
already  been  stated,  is  the  case  when  there  are  only  half 
as  many  of  them  as  there  are  of  main  poles,  this  bal- 
anced condition  is  impossible. 

(A  subsequent  article  will  explain  ho2v  interpoles  in- 
fluence the  other  characteristics  of  direct-current  gen- 
erators and  motors.) 

Heating  Plant  of  New  State  Capitol 
of  Oklahoma 

By  J.  Earl  Pullen 

The  steam-heating  plant  of  the  new  state  capitol  at 
Oklahoma  City,  Okla.,  contains  a  number  of  interest- 
ing features,  some  of  which  are  illustrated  in  the  ac- 
companying view  of  the  boiler  room.  Five  single-ended 
Scotch  marine  boilers  having  a  total  of  1250  boiler 
horsepower  supply  steam  to  the  capitol  building,  the 
pipes  being  run  through  a  750-ft.  tunnel.  One  of  the 
boilers  has  two  furnace  flues  and  the  other  four  are  of 
the  single-flue  type,  but  all  are  fitted  with  McMillan 
dutch-oven  furnaces.     Gas  is  used  as  fuel,  each  furnace 


BOILER    ROOM    OP    OKLAHO.ALV    STATE    CAPITOL 
HEATING   PLANT 

having  nine  Gwynn  gas  burners,  arranged  in  groups  of 
three,  as  shown.  After  leaving  the  boilers  the  gases 
pass  through  a  Sturtevant  economizer  located  overhead 
en  a  suitable  framework.  The  remainder  of  the  equip- 
ment consists  of  a  duplex  boiler-feed  pump,  two  vacuum 
pumps  and  an  air  compressor.  The  plant  has  been  in 
operation  since  late  in  1918. 


A  horizontal  return-tubular  boiler  made  without  a 
steam  dome  is  generally  provided  with  a  dry  pipe.  This 
consists  of  a  perforated  pipe  of  large  diameter  having 
a  length  equal  to  about  one-third  or  one-half  the  length 
of  the  boiler.  It  is  attached  to  the  upper  part  of  the 
shell  on  the  inside  and  is  connected  to  the  steam  pipe 
leading  to  the  main  steam  header  or  to  the  engine,  as 
would  be  the  case  where  but  one  engine  is  in  service. 
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|{Y  HARULD  L.  ALT 


In  this  article  vacuum-heativt/  systems  arc  discussed, 
t)icir  operation  and  care,  the  troubles  to  which  then  are 
.subject,  and  how  these  troubles  may  be  avoided  and  the 
system  kept  operatiny  at  good  efficiency. 


THE  vacuum  system  of  steam  heatinp  so  com- 
monly api)lie<l  to  huildiiiKs  involves  drawing  back 
both  the  condensate  and  air  from  the  system  with 
a  vacuum  pump,  which  discharges  the  mixture  of  air, 
water  and  vapor  into  a  separating  tank.  The  air  and 
vapor  pass  off  through  a  vent  pipe,  while  the  water 
may  be  returned  to  the  boiler.  A  typical  vacuum  in- 
stallation is  illustrated  in  Fig.  1.  The  chief  charac- 
teristics of  such  a  system  are  quick  action,  graduated 
heat  control  at  the  radiators,  small  return  pipes  anri 
its  suitability  for  large  installations.  It  is  quite  com- 
monly used  where  exhaust  steam  is  utilized  for  heating 
and  in  groups  of  buildings  where  large  areas  of  ground 


draiYc/afeef  or 
■'Qlobe  Valve 


Air  a  net 

,  •  Water  Trap 
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are  covered.  Steam  is  supplied  to  a  vacuum  system 
usually  under  a  slight  pressure  above  that  of  the  at- 
mosphere and  may  run  up  to  5  or  8  lb.  gage  and  is  sup- 
plied to  the  radiators  through  an  ordinary  radiator 
valve  or  through  a  valve  with  a  graduated  action  so 
that  any  desired  proportion  of  the  radiator  surface 
may  be  heated. 

All  types  of  graduated  valves  depend  upon  reducing 
the  size  of  inlet  orifice  so  that  only  part  of  the  steam 
necessary  to  heat  the  radiator  is  admitted  in  the  inter- 
mediate positions,  and  steam  or  vapor  may  occupy  only 
a  part  or  all  of  the  radiator.  Radiators  of  the  hot- 
water  tj-pe,  as  shown  in  Fig.  2,  are  used  with  the  gradu- 
ated valve  set  in  various  positions.  The  steam  or  vapor 
being  lighter  than  the  air  in  the  radiator,  it  seeks  the 
top.  To  prevent  pulling  steam  down  into  the  return 
line  and  breaking  the  vacuum,  traps  are  placed  on  the 
return  end.  These  traps  operate  on  the  same  principle 
as  radiator  air  vents  already  described,  passing  air  and 
water  but  not  steam.  Some  traps  for  this  purpose  have 
a  small  permanent  opening  to  pass  a  little  air  or  vapor 
at  all  times  in  order  to  keep  the  radiator  free,  but  the 
discharge  of  steam  through  this  orifice  is  so  small  that 


il  is  condensed  in  the  return  line  before  gettinK  back 
to  the  vacuum  pump. 

Such  traps  operate  on  one  of  two  principles — either 
thermo.static  (expansion)  or  the  float  (water-seal)  «•■ 
tion.  The  first  trap  developed  for  such  work  was  of 
the  expansion  type,  like  the  automatic  air  valve  pre-. 
viously  described,   but   it   had  a   very   ;rnall  movement 
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IK:.  2.     RADIATORS  REPRKSENTED  PARTI^Y  OR  WHOLIA 
UKATKI) 

SO  that  the  outlet  was  easily  clogged  and  scale  or  grit 
lodging  on  the  .seat  was  liable  to  injure  the  expanding 
part  by  preventing  its  proper  elongation.  The.se  trou- 
bles proved  so  objectionable  that  the  water-seal  trap 
was  evolved,  in  which  a  small  float  rises  and  gives  a 
full  opening  whenever  a  slug  of  water  comes  along  and 
air  relief  is  obtained  at  all  times  through  the  small 
opening  through  the  valve.  Later,  other  forms  of  ex- 
pansion valves  were  made  that  are  entirely  satisfactory. 
Little  difficulty  in  operation  is  encountered  with  the 
supply  valves,  but  with  the  return  traps  the  case  is 
different,  for  these,  operating  only  by  expansion  or 
gravity,  are  easily  troubled  by  scale  or  dirt,  some  of 
their  ills  being  sticking,  water-logging,  cracking,  etc. 
This  is  especially  true  of  the  older  and  more  obsolete 
types,  while  the  more  modern  designs  have  to  a  greater 
extent  minimized  these  troubles.  The  vacuum  system 
will  operate  with  more  faults  in  the  piping  than  any 
other  because  the  vacuum  helps  the  return  back  past  ob- 
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structions  and  through  smaller  lines  than  could  be  used 
with  a  gravity  system.  The  thing  that  must  be  observed 
above  all  others  is  that  no  connection  can  be  made  be- 
tween   the    steam    main    and    the    return    line    except 
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hrough  a  trap.  The  drip  piping  from  the  steam  main 
ftentimes  determines  whether  the  system  is  going  to 
perate  satisfactorily  or  not,  and  if  the  main  drips  do 
ot  properly  relieve  the  water,  trouble  will  result.  The 
ard  service  required  of  a  main  drip  trap  has  led  some 
lanufacturers  to  produce  a  "drip"  trap  of  heavier  con- 
truction  than  the  return  or  radiator  trap,  suitable  for 


Return   tlc^n 
FIG.  4.     WATER  SEAL  IN  ADDITION  TO  DIRT  POCKET 

ard  service.  Where  a  trap  is  used  to  drain  a  header, 
irt  and  sediment  should,  by  all  means,  be  kept  out  of 
ne  trap.  This  can  best  be  accomplished  as  shown  in 
'ig.  3  or  4,  in  which  loose  particles  fall  into  the  dirt 
ocket  made  of  IJ-in.  pipe.    If  this  dirt  pocket  is  made 


FIG.    5.      LIFT   FITTING    FOR   VACUUM    SYSTEM 
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FIG.  6.     AIR-LINE   METHOD  OF  PASSINfi   DOORWAYS 

2  in.  deep,  it  will  probably  accommodate  all  the  scale 
lat  will  ever  come  along — at  least  it  will  serve  with- 
ut  attention  for  many  years.  Still  better  results  are 
btained  if  a  water  seal,  as  shown  in  Fig.  4,  is  inter- 
osed  between  the  steam  main  and  the  trap  to  protect 
tie  expansion  mechanism  from  the  destructive  slugs 
f  water  which  sometimes  shoot  along  the  main  when 
he  steam  is  first  turned  on,  and  it  also  allows  the  drip 


to  cool  down  to  a  point  where  the  thermostatic  member 
will  be  in  contact  with  water  cold  enough  to  cause  it 
to  operate.  In  fact,  one  objection  to  the  thermostatic 
trap  is  that  hot  condensation  will  not  cause  the  trap 
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FIG.  7.     DRIP  CONNECTION  FROM  A  COIL 

to  open  and  the  water  will  be  held  at  the  '.rap  until  it 
cools.  The  customary  method  of  piping  steam  in  such 
r.ystems  consists  of  starting  at  a  high  point  and  pitch- 
ing down  to  a  point  where  another  rise  is  desirable  or 
where  a  drip  is  necessary,  then  make  the  rise  in  the 
main  and  connect  a  drip  at  this  point,  continuing  in 
this  manner  to  the  end  of  the  main,  where  the  last  drip 
connection  is  made  in  the  manner  illustrated  in  Fig. 
3  or  4.     For  best  operation  drips  on  the  steam  main 
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FIG.   8.      ECCENTRIC  BUSHING   IN   MANIFOLD 


should  not  be  more  than  100  ft.  apart  and  on  straight 
mains  should  be  made  as  shown  in  Fig.  3. 

Owing  to  the  vacuum  return  handling  both  air  and 
water,  because  no  automatic  air  valves  are  used  on  the 
radiators,  the  return  cannot  be  raised  at  any  point 
without  water  sealing  and  preventing  the  escape  of  the 
air.  There  are  two  ways  of  accomplishing  this,  one 
being  by  means  of  a  lift  fitting  arranged  as  shown  in 
Fig.  5  and  the  other  by  a  water  seal  in  the  return  line 
and  providing  a  separate  air  line  to  bypass  the  seal, 
as  shown  in  Fig.  6.  Where  returns  are  carried  above 
the  floor,  difficulty  occurs  at  doorways,  but  this  may 
also  be  solved  by  the  air-line  method,  as  shown  in  Fig. 
6.      If   it   is   desired  to  empty  the   line  of  water   that 
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vvouUl  otherwise  he  retained,  the  sitiipU'  iiistiillatioM  of 
II  siiiKrle  valve  in  the  air  lino  a.s  indicated  will  make  it 
possihle  to  draw  all  the  water  out  hy  suction  when 
these  valves  are  closed  and  the  vacuum  puni])  run  a 
short  time  at  the  end  of  the  season. 

Where  leak.v  traps  are  K'vinjr  trouble  by  vapor  ^el- 
tiiijr  into  the  steam  line,  a  remedy  of  more  or  less  per- 
manent nature  will  be  found  in  connectinjf  a  small 
cold-water  line  to  the  vacuum  return  close  to  the  vacuum 
pump.  This  line  is  sometimes  connected  to  the  pump 
strainer  (which  should  always  be  used)  and  is  used 
to  supply  a  small  quantity  of  makeup  water  at  all  limes, 
while  others  use  a  special  cast-iron  condensinjr  cham- 
ber or  surface  condenser  in  which  the  uncondensed 
\apor  is  broujrht  into  contact  with  the  cold-water  tubes, 
resulting  in  an  almost  perfect  vacuum.  The  cold  water 
supplyinj?  the  house  service,  heaters  or  boiler-feed  line 
is  carried  through  these  tubes  in  series  and  keeps  them 
cool.     In  order  to  keep  the  system  operating  at  a  good 


FIG.    9.      REDUCING    ELBOW   FOR   DRAINAGE 

efficiency,  the  pump  strainer  should  be  cleaned  fre- 
quently, the  periods  of  cleaning  being  more  frequent 
in  new  systems  and  decreasing  as  the  system  becomes 
gradually  more  and  more  cleaned  out. 

Pipe  coils  are  not  treated  quite  the  same  as  radiators 
in  the  matter  of  connecting  traps.  While  on  the  radi- 
ators no  strainers  or  dirt  pockets  are  used,  these  are 
recommended  on  large  pipe  coils,  being  placed  between 
the  coil  and  the  trap  with  the  strainer  arranged  so 
that  the  particles  will  fall  into  the  wire  basket,  which 
may  be  easily  removed  and  emptied.  On  wall  coils  the 
bottom  of  the  manifold  is  commonly  bushed  to  li-in. 
pipe  and  the  regular  drip  connection  made  as  shown  in 
Fig.  7 ;  but  if  the  coil  lies  horizontally,  as  is  the  case  with 
ceiling  coils,  the  return  connection  can  be  made  by 
the  use  of  an  eccentric  bushing  (Fig.  8)  or,  better  still, 
with  a  reducing  ell  and  regular  connection  (Fig.  9). 
Where  steam  mains  lie  below  the  return  lines  or  where 
the  drip  connections  throw  the  trap  outlet  below  the 
level  of  the  return  line,  it  is  perfectly  permissible  to 
lift  the  trap  discharge  for  a  small  distance  (say  not 
to  exceed  three  feet)  as  shown  in  Fig.  10;  because  a 
trap  in  such  a  location  does  not  necessarily  handle  air. 
In  handling  water  alone  the  water  sealing  of  the  trap 


discharge  by  liftill^r  it  to  a  higher  level  is  not  objec- 
tionable provided  there  is  ample  opportunity  for  the  air' 
to  escape  elsewhere.  Of  course,  if  such  a  connection 
is  to  1)0  used  when  air  mu.st  be  considered,  a  regular 
lift  fitting  must  be  used. 

In  a  case  where  more  than  one  building  is  connected 
to  a  system,  it  is  sometimes  desirable  to  place  a  vucuum 


FIG.  10.     POR.SIBLE  CONNECTION   IF  NO  AIR  IS   PRESENT 

regulator  on  each  building  so  that  any  desired  vacuum 
can  be  carried  on  any  building,  and  a  building  with  slug- 
gish circulation  can  be  helped  out  by  increasing  its 
vacuum  slightly.  This  is  accomplished  by  employing  a 
trap  that  passes  the  water  of  condensation  as  fast  as 
it  is  produced,  but  has  a  diaphragm  control  on  the  air- 


•■Wcfter  Trap 

FIG.    11.      ARRANGED    FOR    DIFFERENT    DEGREE   OF 
VACUUM 

line  byijass  around  the  trap,  sa  that  any  desired  degree 
of  vacuum  can  be  placed  on  any  building  as  desired. 
The  connections  around  such  a  trap  are  illustrated  in 
Fig.  11  and  are  seIf-explanatorj\  Of  course,  the  vacuum 
on  the  main  line  must  equal  or  exceed  the  highest 
vacuum  expected  to  be  maintained  in  any  building. 
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Statistical  Analysis  of  the  Central  Electric 
Stations  of  Canada 

~  Ontario  is  largely  responsible  for  the  large  proportion 

Figures  showing  the  various  kinds  and  amounts  of  municipal  stations  purchasing  power  in  bulk. 

of  potver  in  Canadian  central  electric  stations,  Table  I  summarizes  by  provinces  the  number,  kind 

capital  invested  and  salaries  and  wages  paid,  ivith  and   horsepower   of   the   primary   power   machines    in- 

data  of  especial  interest  concerning  hijdro-electric  stalled    in    central   electric   stations    on    Jan.    1,    1918. 

poioer.  The  primary  power  totals  1,844,571  hp.,  of  which  78.3 

per  cent.,  or  1,444,314  hp.,   is  installed   in  commercial 

'                                                                                         '  stations  and  21.7  per  cent.,  or  400,2.57  hp.,  in  municipal 

'~>(  ROWTH     of     the     central-station     industry     in  stations.      Of   the   total   primary   horsepower    installed 

---Canada    has    been     rapid,    particularly    during  1,652,661  hp.  is  derived  from  water,  180,200  from  steam 

^-^  recent  years.     The  larger  electric  systems,  both  and   11,710  from   gas   and  oil.     From  these  figures   it 

oimercial  and  publicly  owned,  have  been  widely  ex-  will  be  noted  that  89.6  per  cent,  of  the  entire  primary 

aded  from  year  to  year,  opening  up  new  territory  in  power   in  central  stations   in   Canada   is   derived   from 

e  electrical-distribution  field.  water. 

To  measure  properly  the  scope  of  the  industry  and  One  of  the  most  important  features  of  the  statistics 

gage  its   importance   to   commercial   and    industrial  in    Table   I    is   the   outstanding   position   which   water 

terests,  the   Dominion   Water  Power   Branch   of   the  power  takes  in  the  central-station  field.     Out  of  a  total 

apartment   of  the   Interior,   in   cooperation   with   the  installed  primary  capacity  of  1,844,571   hp.,   1,652,661, 

)minion  Bureau  of  Statistics  of  the  Department  of  or  practically  90  per  cent.,  is  derived  from  water.    This 

ade  and  Commerce,  has  had  under  way  during  the  figure   is   indicative   of  the   extent   and   availability  of 

st  year  an  exhaustive  analysis  of  the  central  electric  the  water-power  resources  of  the  Dominion  and  of  the 

itions  of  the  Dominion.     As  some  time  must  elapse  remarkable    degree    to    which    their    adaptability    for 

TABLE  I.     N'UMBER,   KIND  AND  HORSEPOWER  OF  PRIMARY  POWER  MACHINES,    1917 

Kind  of  Power 

Total                      Total   Stpam  Steam  Engines         Steam  Turbines  Gas  and  Oil  Water  Wheds  Total    Primary 

Primary  Power  Engines  and  Turbinss  Powfr 

Horsepower  Horsepower  Horsepower  Horsepower  Horsepower  Horsepower 

Per  Cent.  Per  Cent.  Per  Cent.  Per  Cent.  Per:  Cent.  Per  Cent.      Com-  Munir- 

of  of  of  of  of  of  mercial  ipal 

No.     Total     Total    No.  Total    Total  No.  Total  Total  No.     Total    Total  No.  Total    Total  No.       Total      Total  Stations  Stations 

nada 983  1,844,571      100  251  180,200     9  8  207  53,312     2  9     44    126,888     6  9  113  11,710       0  6  619  1,652,661     89  6  1,444314  400  257 

lerta 82         75,417     4    I      57  41,862   55   5  17  12,162    16   2      10      29,700   39   3  II  975        1.3  14         32.580     43   2  49,312  26'l05 

tish  Columbia. .     86      232.648    12   6      22  21,808     9   4  16  3.308      14        6       18,500     8   0  12  1,815        0   8  52      209,025     89  8  219,990  12658 

initoba 41         67,337     3   6      15  2,575      3   8  15  2,575      3   8 11  662        10  15         64,100     95   2  24,888  42  449 

w  Brunswick          40         17.733      10     20  9,790   55   2  17  5,890   33   2        3         3,900   22  0  5  1,065        6  0  15           6,878      38  8  15,488  2,245 

vaScotia 55         17.44^      0  9     39  13,950   80  0  36  7,830  44   9        3         6,120   35    1  2  140       0  8  14           3,354      19.2  13,855  3  589 

tario 352      784,665   42   5     43  31,745      4   0  37  8,845      1    1        6      22,900      2   9  W  1,917        0   3  298      751,003     95   7  521,396  263,269 

nreEd.IsI 10           1,226     0    1        2  425   34   7  2  425   34   7  3  631      514  5               170      13   9  1,226 

ebee 232      606,082   32   9     22  30,245      5   0  16  4,745     0  8        6      25,500     4   2  6  286        0    1  204      575,551      94.9  586,851  19,231 

ikatchewan 81         31,759      1    7      29  27,540   86  8  20  7,472   23   5        9      20,068   63   3  52  4,219      13   2            1,048  30,711 

kon 4         10.260     06       2  260     2  6  1  60     0  6       1            200     2  0  2        10,000     97  4  10,260 

fore  the  complete  report  can  be  published  and  dis-  central  electric  station  work  has  been  appreciated  in 
ibuted,  a  brief  synopsis  of  the  statistical  data  has  principle  and  realized  in  practice.  The  vast  water- 
en  prepared.  power  resources  of  the  Dominion,  the  ready  adaptability 
In  considering  the  statistics  that  are  summarized  of  hydro  power  to  the  production  of  electrical  energy 
reunder,  it  should  be  borne  in  mind  that  the  figures  and  the  increasing  extent  and  scope  of  economical  elec- 
ve  reference  solely  to  central  electric  stations;  that  trical    transmission,    form    an    industrial    asset   which 

to  stations  engaged  in  the  distribution  and  sale  of  probably  more  than  any  other  will  insure  a  full  measure 

;ctrical  energy.     Where  central   stations  were   inter-  of  future  prosperity. 

)ven  with  other  activities,  such  as  the  operation  of  Table  II  presents  the  principal  features  of  the  statis- 

?ctric  railways,  mines,  pulp  mills  or  other  industrial  tics  respecting  employees,  salaries  and  wages.     For  the 

terprises,  the  central-station  equipment,  capitalization  entire  Dominion   the  number   of  employees   in   central 

d  other  statistical    data   secured   have   been   wholly  electric  stations  totals  8847,  with  salaries  and  wages 

vorced  from  the  allied  industry.     This  line  of  sever-  aggregating   $7,777,715.      Of   this   total   5135   are   em- 

ce   has    been    drawn    through    the    entire    statistical  ployed  in  commercial  stations  with  salaries  aggregating 

alysis.     Central   stations  purchasing  power   in   bulk  $4,290,505,  and  3712  in  municipal  stations  with  salaries 

r  purposes   of   resale   are    included    in    the   financial  totaling   $3,487,210.      The   total   number   of   employees 

d  staff  statistics.  throughout   the   Dominion   averages  4.8  per  thousand 

The   total    number    of   central    electric    stations    re-  installed  primary  horsepower.     The  total  salaries  and 

rded  is  666,   of  which   323   are  commercial   stations  wages    paid    average    $4.22    per    annum    per    installed 

d  343  are  municipal.     Examination   of   the   figures,  primary   horsepower.      Reference   to    the    salaries    and 

vvever,  shows  that  the  excess  in  municipal   stations  wages  per   installed  power  capacity   discloses  the   fact 

attributable  to  the  nongenerating  station.  Of  the  that  those  provinces  in  which  are  located  extensive  trans- 
itions with  generating  equipment  296  are  commercial  mission  systems  of  large  central-station  systems,  show 
d  174  are  municipal.  Of  the  stations  without  gen-  a  low  salary  and  wages  bill  per  installed  horsepower 
ating  equipment  27  are  commercial  stations  and  169  capacity.  These  extensive  systems  are  in  all  cases 
e   municipal.      The    hydro-electric   power    system    of  founded  upon  water-power  installation.     On  the  other 
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hand  in  Uio.sc  provinces  where  central-.station  industry  i.s 
wliolly  or  larprely  confined  to  individual  stations  for 
local  purpo.ses,  the  unit  salarie.s  and  wages  cost  per 
installed   capacity   is   high. 

A  few  of  the  outstanding  financial  features  of  the 
industry  are  set  out  in  Tai)le  III.  The  capital  actually 
invested  in  central  electric-station  industry  totals  $;{5G,- 
00-l,168,  of  which  79.5  per  cent,  is  invested  in  com- 
mercial stations  and  20.5  per  cent,  in  municipal  or 
publicly  owned  stations. 

The  capital  indirectly  dependent  upon  electrical 
energy  is  enormous.  No  attempt  has  been  made  to  go 
into  this  phase  in  this  report.     As  showing  the  general 


markahly  low.  This  is  partly  explained  by  the  fact  that 
in  the  analysis  the  distribution  system  in  the  City 
of  Calgary  is  not  charged  to  the  hydraulic  developments 
serving  the  city. 

Of  special  interest  is  the  actual  cost  of  construction 
of  hydro-dectric  power  stations  per  installed  horse- 
power. Omitting  all  real  estate,  transmission  and 
distribution  equipment,  seventy  representative  hydro- 
electric stations  throughout  the  Dominion  with  an 
aggregate  turbine  installation  of  745,797  hp.  and  a  total 
construction  cost  of  $r)0, 740,468  show  an  average  cost 
of  $69.11  per  installed  turbine  horsepower.  The  figure 
in  brief  represents  the  average  capital  cost  of  construc- 


TAULE  II.    TOTAL   .NlMUKIl  OK   i;.\IIM.OVi;i:s,   AND  SALAIIIKS  AND  WACKS   PKIl   I'HI.MAIIV    HOKSEPOWEU  INSTALLED 


Division 

Canada 

Alberta 

Total 

Primary 

Horsepower 

Installed 

1.844.57! 

75,417 

232,648 

.Salaried  E 
a.ui  Wage 

Total 

Nun.t>cr 

8.847 

438 

453 

405 

215 

288 

4,147 

23 

2.476 

363 

39 

mployees 

-Karnirs 

Per 

1000  Hp. 

In.stallcd 

4  8 

5  8 
2  0 

6  0 
12    1 
16   5 

5   3 
18  8 
4    1 

n  4 

3.8 

Salaries  and 

Total 

$7,777,715 

458,423 

496,081 

433.262 

155,164 

227,874 

4,063,060 

17,402 

1,514,186 

348,952 

63,311 

WaRCH 
Per 
Hp. 
IiiHtalled 
$4   22 
6  08 
2    13 
6  44 
8  75 

13  07 

5  18 

14  19 
2   50 

10  98 

6  17 

Commercial    Stations 
Total 
Total            Salaries 
Em-                 and 
ployees            WaRcs 
5.135          $4,290,505 
156              152.652 
310              357,488 
79                66,669 
178              125,945 
235              193,314 
1,777           1,920,659 
23                17,402 
2.301            1,361,153 
37                 31,912 
39                 63,311 

Muniei 

Total 
Em- 
ployees 
3,712 
282 
143 
326 
37 
53 
2,370 

175 

326 

ipal  Btationn 
Total 
Salaries 
and     ^ 
Wagei 
$3,487,210 
305.771 
138,993 

Manitoba 

New  Brunswirk 

67.337 

17,733 

17,444 

366,593 
29,219 
34  560 

Ontario 

Prinee  Edward  Island 

Quebec 

Saskatchewan 

Yukon 

784,665 

1,226 

606,082 

31,759 

10,260 

2,142,401 

153,033 
317,040 

dependability  of  the  modern  community  upon  electrical 
energy,  reference  might  be  made  to  the  City  of 
Winnipeg.  According  to  a  very  careful  and  complete 
analysis  made  by  the  Dominion  Water  Power  Branch 
in  1915  of  the  interests  in  Winnipeg  which  were  to  a 
greater  or  less  degree  dependent  upon  hydro-electric 
power  derived  from  the  Winnipeg  River,  it  was  shown 
that  capital  was  involved  to  the  extent  of  $169,260,963, 
and  this  on  a  power  installation  of  only  55,400  hp. 
The  total  revenue  received  from  the  sale  of  electrical 
energy  in  1917  was  $44,536,848,  of  which  $27,135,399 
was  secured  by  commercial  and  $15,401,449  by  munic- 
ipal plants. 

In    securing   the    statistics    concerning    capital,    the 
actual  cash  investment  in  the  central-station  activities 


tion  at  the  power  site  and  is  of  considerable  interest 
to  engineers. 

A  comparison  of  the  central-station  statistics  of 
Canada  with  similar  figures  in  the  United  States  would 
be  of  interest.  Unfortunately,  the  1917  census  returns 
of  the  United  States  will  not  be  ready  for  publication 
for  several  months.  While  it  is  scarcely  fair  to  com- 
pare the  1917  returns  with  the  1912  returns  of  the 
United  States,  the  figures  may  be  instructive.  The 
proportion  of  central-station  power  derived  from  water 
in  Canada  is  practically  90  per  cent.  In  the  United 
States  in  1912  the  hydro-power  portion  was  30  per  cent, 
of  the  total.  The  water  power  used  in  central-station 
work  in  Canada  averages  198  installed  horsepower  per 
thousand  population.     In   the   United   States   in    1912 


TABLE   in.      CAPITAL   INVESTED   IN   CENTRAL   STATION    INDUSTRY   AND   IN   HYDRO   POWER   CENTRAL   STATIONS 


I  Central  Electric  Stations 

Total    Capital    Invested 


In  Hydropower  Central  Electric  Stations 
Total   Capit.il   Invested 


Canada 

Alberta. .    .          

Total 
Primarj- 
Horsepower 
.      1,844,571 
75,417 

.Amount 

$356,004,168 

11,102,620 

43,548,492 

12,078,173 

3,443.848 

3,376,405 

142,777,379 

211,900 

130,213,470 

5,590,515 

3,661,366 

Per 

Primary 

Horsepower 

$193 
147 
187 
179 
194 
194 
182 
173 
215 
176 
357 

Total  in 
Commercial 

Stations 

$282,818,495 

5,634  479 

41,255,719 

3.460,220 

2.941,569 

2,776,101 

96,538,585 

211,900 

126.080,992 

257,564 

3,661,366 

Total  in 
Municipal 
.Stations 
$73,185,673 
5,468,141 
2,292,773 
8.617,953 
502,279 
600,304 
46,238,794 

4,132.478 
5,332.951 

Total 

Turbine 

Horsepower 

1,652,661 

32,580 

209,025 

64,100 

6,878 

3,354 

751,003 

170 

575,551 

10,000 

Amount 

$310,104,658 

2,293,537 

41,045,100 

11,493,274 

1,315,723 

686.705 

129.342.065 

48.400 

120,516,166 

3,363,688 

Per 

Turbina 

Horsepower 

$188 

70 

232,648 

196 

Manitoba 

New  Brunswick 

...■"         67.337 
17.733 
17,444 

179 
191 
205 

Ontario 

Prince  Edward  Island    .  . 

Quebec 

Saskatchewan 

Yukon 

784.665 
1.226 

606,082 
31.759 
10,260 

172 

285 
209 

336 

was  called  for,  apart  from  the  consideration  of  stock 
and  bond  is.sues.  The  resulting  figures  are  therefore 
of  particular  interest  as  a  basis  for  determining  the 
investment  cost  per  horsepower  installed.  The  figures 
indicate  that  the  actual  average  cost  per  installed 
horsepower  for  the  Dominion  is  $193.  This  cost  in- 
cludes all  capital  invested  in  construction  and  equipment 
of  hydraulic  works,  power  stations,  transmission  and 
distribution  systems;  real  estate;  cash  on  hand;  cur- 
rent assets;  supplies,  and  all  other  similar  items. 

Of  special  interest  are  the  figures  relating  to  the 
capital  invested  in  hydro-power  central  stations.  The 
average  capital  cost  per  installed  horsepower  for  the 
Dominion  is  $188.  Referring  to  the  table,  the  invest- 
ment per  turbine  horsepower   in   Alberta   appears   re- 


the   similar   figure   was   24.7   hp.    per   thousand   popu- 
lation. 

While  the  ratios  in  the  United  States  have  un- 
doubtedly very  materially  increased  during  the  past 
five  years,  there  is  little  doubt  that  the  ratios  for  the 
Dominion  are  substantially  in  advance  of  those  in  the 
United  States.  The  fundamental  reason  underlying 
the  great  use  of  water  power  in  central-station  work  in 
Canada  lies  in  the  fact  that  with  but  two  or  three 
exceptions,  every  city  of  importance  in  Canada  is 
served  with  central-station  power  from  hydro-power 
stations.  In  other  words,  practically  all  the  commercial 
and  industrial  centers  of  the  Dominion  are  within 
ea.sy  transmission  distance  of  ample  supplies  of  eco- 
nomically developed  hydro-electric  power. 
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TKi£  enormous  price  of  coal  in  Italy  has  resulted 
in  the  realization  of  an  idea  which  at  first  thought 
seemed  visionary,  but  which  has  been  developed  in 
a  marvelous  manner  and  is  assuming  considerable  im- 
portance ;  this  is  the  industrial  exploitation  of  the 
natural  heat  emitted  from  the  soil  in  those  regions  more 
or  less  volcanic  in  character. 

The  first  experiments  along  this  line  were  made  some 
years  before  the  war  by  Prince  Ginori-Conti,  in  Tus- 
cany, at  Larderello,  near  the  salt  mines  of  Volterra,  a 
region  extensively  covered  with  volcanic  formations, 
the  most  wonderful  being  the  so-called  "soffioni,"  which 
are  certain  volcanic  vents  emitting  powerful  jets  of  very 
hot  steam  containing  boric  salts  and  various  gases  used 
in  the  extraction  of  boracic  acid.  Instead  of  limiting 
the  use  of  these  steam  jets,  as  in  the  past,  to  extracting 
the  salts  contained  in  the  exhalations  of  these  natural 


rapor  vents,  the  ejection  of  the  steam  is  stimulated  by 
loring  holes.  In  this  way  it  is  possible  to  obtain  power- 
ul  jets  at  a  pressure  of  two  to  three  atmospheres, 
fCcording  to  the  locality,  and  in  some  exceptional  in- 
tances  as  high  as  five  atmospheres,  the  temperatures 
arying  from  150  to  165  deg.  C.  These  jets  maintain 
heir  force  and  temperature  unchanged  for  many  years, 
nd  they  are  not  affected  even  when  other  openings, 
ot  too  near  each  other,  are  bored  in  the  ground,  prov- 
ng  that  they  do  not  influence  each  other  recipro- 
ally,  so  great  is  the  underlying  thermic  energy.  In 
905  Prince  Ginori-Conti  applied  this  natural 
team  to  a  40-hp.  engine,  using  only  a  small 
ection  of  the  Nenella  fissure, 
/hich  is  the  most  powerful  "sof-  -~ 

one,"  the  steam  ejected  having    ,/  " 


a  pressure  of  five  atmospheres.  The  results  obtained 
during  several  years  of  experimentation  were  sat- 
isfactory, so  that  he  continued  to  make  larger  and  deeper 
borings,  measuring  the  force  of  the  steam  ejected; 
combined,  this  force  could  operate  engines  of 
many  thousand  horsepower.  In  1912  an  experiment 
was  made,  very  wisely  on  a  more  modest  scale, 
but  sufficient  to  obtain  conclusive  results,  for  which  a 
oOO-hp.  turbine-alternator  was  used. 

Later,  because  of  the  enormous  increase  in  the  price 
of  coal,  the  Prince  decided  to  exploit  the  thermic  energy 
of  these  "soffioni"  on  a  much  larger  scale.    But  as  other 


substances  are  emitted  with  the  steam,  among  them  sul- 
phuric acid,  which  corrodes  metals,  particularly  iron 
and  therefore  the  pipes  in  which  the  steam  was  to  be 
collected,  he  attempted  to  use  this  steam  only  for  heat- 
ing. Three  turbine-alternators  of  3000  kw.  each  were 
installed,  fed  by  boilers  at  low  pressure  not  heated  by 
coal  or  other  combustible  fuel,  but  by  the  natural  steam, 
superheated  to  165  deg.  C,  issuing  from  these  "soffioni" 
and  piped  and  carried  to  the  boilers. 

Today  the  works  at  Larderello  have  a  central  plant  of 
16,000  hp.,  operating  without  interruption  and  distribut- 
ing current  to  Florence,  Livorno  and  Grosseto ;  the  ca- 
pacity is  soon  to  be  increased. 

Here  we  have  a  new  and  original  utilization  of  Italy's 
natural  wealth;  current  is  generated,  not  by  the  use  of 
"white   coal"    (water  power),   but   by  means   of 
heat  energy  of  volcanic  origin.     As  the  natural 
steam  available  at  Larderello  and  the  surrounding 
country    is,   one   might   say,    unlimited    and    de- 
pends upon  the  number  of  bore-holes  made  in 
the   boraciferous   soil,   the   great   possibilities 
for    further    development    are    readily    seen. 
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Why  SIkmiU  iIh^  Work  of  iUc  Kiic  I 
A(liiiiiiistrali<Hi  (]c^asc*? 

15Y  CKOHCK   II.  SIIKASM-'.V 


WASHINGTON.  Fob.  1.— The  Fuel  Admini.slration  to- 
ilay  (iisi-oiitimiod  all  price  control  and  much  of  the 
supervi.-iion  over  di.stributioM  of  coal,  coke,  oil  and 
natural  jras  un<ler  an  order  .sijrned  by  Administrator  (Jar- 
field.  With  the  pa.ssinjr  of  control  over  fuel,  most  of  the 
activities  of  the  Fuel  .'Xdniinistration  ceased.  The  Admin- 
istration, however,  under  the  Lever  Act,  cannot  disband  un- 
til peace  has  been  declared.  Some  coal  men  said  today  that 
cessation  of  control  over  prices  on  coal  would  result  in  a 
lowerinjr  of  prices.  The  unusually  mild  winter,  it  was 
said,  also  would  tend  to  lower  prices.  Others  predicted 
little  change  in  price  levels. 

The  press  dispatch  here  (luoted  has  a  .-liiifnificant 
meaning. 

The  Fuel  Administration  is  passing.  Its  much-crit- 
icized activities  will,  in  all  probability,  soon  have  their 
e.xistence  in  history  only.  Like  many  other  war  meas- 
ures, the  control  of  fuel  ceases  in  the  wake  of  the 
passing  calamity  which  was  the  means  of  bringing  it 
about.  As  indicated,  the  Fuel  Administration  must 
theoretically  remain  in  existence  under  the  Lever  Act 
until  peace  is  actually  established.  However,  with  the 
cessation  of  price  control  and  the  bulk  of  distribution 
supervision  it  is  plain  that  the  need  for  this  branch  of 
Government  activity  is  past  or  rapidly  passing  and  that 
its  existence  until  the  declaration  of  peace  will  be  little 
felt  by  either  the  producer  or  the  consumer  of  coal. 

Control  of  Prices  Has  Benefited  the  Consumer 

The  Fuel  Administration,  through  its  control  of 
prices,  undoubtedly  has  been  the  means  of  saving  the 
consumer  much  money  by  preventing  an  abnormal  jump 
in  price  which  othei"wise  would  have  been  almost  cer- 
tain to  accompany  the  coal  crisis  during  the  winter 
1917-18,  and  the  more  or  less  inadequate  supply  of 
the  last  year.  By  direct  pressure  brought  to  bear  upon 
the  consumer  through  the  control  of  distribution  and 
an  educational  campaign  directed  toward  conservation, 
it  has  also  been  the  means  of  saving  enormous  quantities 
of  coal  that  would  otherwise  have  been  carelessly  wasted, 
even  in  the  face  of  the  existing  shortage.  On  the  other 
hand,  the  Fuel  Administration,  hastily  organized  and 
handicapped  by  urgency  of  action  in  order  to  meet  the 
emergency,  undoubtedly  has  made  mistakes  that  in  some 
instances  may  have  caused  hardships  that  might  have 
been  avoided.  In  return  for  this  it  has  probably  been 
the  object  of  more  severe  criticism  than  any  other 
governmental  department.  But  what  man  or  group  of 
men  ever  became  associated  with  the  initial  attempt  to 
remedy  a  serious  situation,  and  actually  remedied  it, 
without  making  some  mistakes,  stepping  on  a  number 
of  uncovered  or  very  thinly  clad  toes  and  receiving  the 
usual  amount  of  criticism  as  an  additional  reward  for 
their  efforts?  The  chief  trouble  with  the  average  critic 
is  that  he  does  not  see  the  true  situation  at  all  and, 
in  turn,  views  the  remedy  applied  only  as  it  affects  him 
individually,  whereas  the  reformer  must  observe  the 
situation  in  a  collective  light  and  adopt  the  desired  rem- 
edy on  the  same  basis. 

Regardless  of  judgment  that  has  been   or  may  be 


passed  on  the  efforts  of  the  Fuel  Administration,  the 
fact  remains  that,  in  spite  of  possible  mi.stakea,  the  car- 
rying out  of  it.s  conservation  program  has  been  the 
means  of  bringing  about  a  huge  fuel  saving.  The  sig- 
nificant  thing  about  the  passing  of  the  major  portion  of 
its  activities  is  the  indication  that  the  fuel  situation  in 
rapidly  approaching  its  normal  condition.  Its  relin- 
quishing control  of  prices  is  evidence  that  with  the  lull 
in  industrial  activity,  the  rapid  improvement  in  trans- 
portation facilities  and  the  effect  of  an  unu.sually  mild 
winter,  a  shortage  no  longer  exists.  Consequently,  the 
law  of  supply  and  demand  will  now  be  able  to  take  care 
of  any  desire  on  the  part  of  the  producer  to  boost  sell- 
ing prices  and  will  probably  cau.se  their  lowering  before 
long. 

On  the  other  hand,  and  for  the  same  reason,  the  dis- 
continuing of  supervision  over  distribution  indicates 
that  there  is  no  longer  a  necessity  for  restriction  and 
compulsory  conservation.  Therefore  the  consumer,  after 
having  been  protected  from  the  producer  and  from  him- 
self as  well  for  considerably  over  a  year,  is  once  more 
the  sole  master  of  his  own  coal  pile  and  the  manner  in 
which  it  is  used. 

With  the  element  of  compulsion  removed  and  the  fuel 
situation  further  tempered  by  a  gradual  decline  in  price 
which  is  certain  to  accompany  the  return  of  normal 
market  and  transportation  conditions,  what  will  be  the 
attitude  of  the  industrial  and  the  domestic  consumer,  but 
particularly  the  industrial  consumer,  toward  the  mat- 
ter of  conservation?  The  estimates  of  the  Fuel  Ad- 
ministration indicate  that  by  the  careful  carrying  out 
of  its  wartime  conservation  measures,  a  saving  of  one 
hundred  million  tons  of  coal  per  year  is  by  no  means 
a  remote  possibility.  Thus  the  logical  conclusion  must 
be  that  under  pre-war  conditions  this  amount  of  coal 
was  annually  wasted,  and  a  large  portion  of  the  waste 
is  chargeable  to  industry. 

Conservation  or  Waste  a  Matter  of  Personal  Choice 

Conservation  or  waste  was  a  matter  of  choice  with 
the  consumer.  Little  action  was  taken  toward  the  former 
and  the  latter  was  the  result.  The  necessary  steps  for 
the  forcible  prevention  of  waste  by  the  Government  dur- 
ing peace  may  be  unconstitutional,  but  the  argument 
that  this  is  the  consumer's  personal  problem  is  unreason- 
able. The  wasting  of  coal  is  not  a  personal  matter,  but 
the  impoverishing  of  a  national  resource,  and  in  in- 
dustry the  huge  sums  of  money  thus  involved  find  their 
direct  reflection  in  the  price  of  the  finished  product. 
Therefore  the  matter  of  fuel  waste  is  a  national  prob- 
lem in  peace  no  less  than  in  war. 

This  being  the  case,  why  the  cessation  of  this  branch 
of  Government  control?  If  necessary  during  war — and 
no  one  will  doubt  that  it  was — the  result  accomplished 
will  indicate  that  it  is  at  least  desirable  during  peace. 
Therefore,  why  not  the  adoption  of  necessary  legisla- 
tion to  make  the  Fuel  Administration,  or  a  similar  or- 
ganization, a  permanent  governmental  department? 
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Talks 

on 

DIESEL 

Engines 

X,f-i.  Morrison 


IX — The  construction  of  inlet  and  exhaust  valves 
and  their  cages  serves  to  occupy  the  minds  of 
the  men  durinri  an  entire  evening's  talk. 


NOW,  boys,"  began  Egan  when  they  had  gath- 
ered for  their  next  talk,  "the  exhaust  and  inlet 
valves  are   pretty   closely   associated  with   cyl- 
der  heads,  so  we'll  consider  valves  next.     I've  found 


and  cage  of  the  original  American  Diesel.  The  valve 
is  mounted  on  an  extension  at  one  side  of  the  cylinder 
head,  and  the  joint  at  A  between  the  cage  and  the  head 
is  made  tight  by  a  copper  gasket.     Special  attention 

Stof  held  by  three 
such  Cap  Screws 
e<juall/  spjcr  i  ■ 


sealed  by  Copper  Gasket 


IXLET   VALVE   AND    CAGE    OF   AMERICAN    DIESEL 
ENGINE 

lat  Woods  here  is  a  fair  draftsman  and  he's  going  to 
ive  us  sketches  of  the  valves  we'll  talk  about."  He 
irned   to  the  young   fellow,   who   stood   at   his   elbow 

u  s  h  i  n  g      self-consciously.     . 

Let's  begin  with  your  Fig. 
/'  he  said,  and  Woods  sorted 
at  the  sheet  and  handed  it 
|)  him.  "This  drawing,"  said 
I.  R.,  "shows  the  inlet  valve 


.4t  the  next  meeting  Egan  will  explain  how  to 
determine  when  a  valve  needs  regrinding,  how 
to  perform  that  operation  and  how  to  time 
the    action    of   the    inlet    and    exhaust    valves 


PIG.    2.      FALSE   SEAT   FOR  EXHAUST  VALVE 

should  be  given  to  this  gasket.  Quite  a  number  of  en- 
gines use  copper  gaskets  on  the  valve  cages,  and  they're 
a  source  of  trouble.  The  average  engineer  is  careless 
about  getting  the  correct  size — the  gasket  usually  is 
cut  too  large  on  the  outside.  When  the  cage  is  inserted 
into  the  head  cavity,  the  gasket  binds,  it's  impossible 
to  draw  the  bolts  up  snug,  and  as  a  consequence  leaks 
occur  around  the  cage.  It's  a  good  plan  to  always  cut 
the  copper  gasket  ,',.  in.  smaller,  outside  diameter,  than 
the  seat  on  which  it  to  rest. 

"In  some  of  the  other  plants  the  chiefs  purchase  gas- 
kets from  the  engine  builder.  Of  course  in  this  way 
they  are  always  sure  of  getting  the  correct  size,  but 
usually  the  price  paid  is  quite  out  of  proportion  to  this 
advantage.  Here  at  the  plant  we  originally  made  all 
the  gaskets  out  of  sheet  copper,  cutting  them  as  re- 
quired. In  making  a  gasket  as  large  as  a  valve-cage 
gusket  we  always  kept  the  center  cut  out  instead  of 
throwing  it  away.  We  found  that  ordinarily  a  couple 
of  small  gaskets  could  be  cut  from  this  waste  stock. 
This  served  to  keep  down  our  gasket  expense.  The 
last  two  or  three  years  we  have  inclined  toward   the 

exclusive  u.se  of  copper  wire 

for  valve-cage  gaskets  as  well 
as  cylinder-head  gaskets. 
These  are  bent  around  a 
wooden  form  and  the  two  ends 
are  soldered  together  with  a 
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very  >^o(t  solder.  Thi.s  is  one  of  my  own  pet  ideius,  and 
for  thiit  rea.son  !  may  lie  unduly  partial,  hut  if.s  my 
candid  opinion  that  these  wire  tcisket.s  are  .superior  to 
any  other. 

"Adjustments  are  the  things  an  engineer  is  niijrhty 
interested  in.  With  a  ea>re  of  this  type  the  wear  occurs 
on  the  pins  H  and  the  admission  spring  nut  C.  If  the 
pins  wear  tiat  all  that  is  neces.sary  is  to  ream  out  the 
holes  to  a  larger  size  and  turn  up  new  pins.  This  should 
not  he  reciuired  oftener  than  ones  in  five  years.  The 
valve  nut  is  a  bad  customer.  The  movement  of  the  lever 
in  opening  the  val  e  causes  the  threads  on  the  nut  to 
gradually  shear  off  It's  an  expensive  job  to  secure  a 
new  valve  and  nut ;  the  cheapest  method  is  to  drill  a 
l-in.  hole  through  the  valve  stem  and  the  nut.  By  in- 
serting a  belt  with  a  drive  fit,,  the  nut  can  be  locked 
firmly  in  place.  I've  tried  spotting  the  stem  and  using 
a  setscrew  in  the  nut,  but  the  hammer  blow  of  the  lever 
soon  loosens  the  setscrew. 

"The  valve  and  the  stem  are  made  in  one  piece,  of 
steel,  and  the  valve  seat  is  at  a  45-degree  angle.     Fre- 


FIG.  3 

FIGS.     3     AND    4.       VALVE    OF    MCINTOSH    AND    SEYMOUR 

ENGINE 

Fig.  3 — Exiiaust  valve  and  cage.      Fig.   4 — DetaiLs  of  valve 

quently  the  valve  stem  wears  out  while  the  valve  itself 
is  in  good  condition.  I've  often  cut  off  the  stem  and 
welded  a  new  one  on  the  valve." 

"Chief,  why  doesn't  the  exhaust  valve  have  a  cage, 
too?"  asked  Woods. 

"That,  I  presume,  is  merely  a  matter -of  choice  on 
the  part  of  the  designer.  Quite  a  number  of  engine 
builders  use  an  elaborate  inlet-valve  cage,  but,  when 
they  get  to  the  exhaust  valve,  seem  to  be  content  with 
making  the  seat  on  the  cast-iron  head  itself.  If  there  is 
any  advantage  in  an  inlet  cage,  then  surely  the  exhaust 
valve  needs  it  all  the  more.  The  hot  gases  pass  over 
the  exhaust-valve  seat,  and  it  is  natural  that  it  corrodes 
faster  than  the  inlet-valve  seat.  It  requires  grinding 
oftener,  and,  if  the  engine  is  old,  the  seat  generally  has 
been  reamed  so  often  as  to  make  it  worthless.  We  find 
false  seats  inserted  just  as  in  the  case  of  our  old  Amer- 
ican." 

"How  can  you  insert  a  false  seat?"  one  of  the  men 
wanted  to  know. 

"The  next  time  you  look  into  the  engine,  observe  the 
way  we  did  it.     However,  this  sketch.  Fig.  2,  will  show 


how  it  i.s  done.  It  i^  necessary  to  bore  out  the  seat 
.md  leave  a  sciuarc-shouldcred  recess.  Then  turn  up 
your  row  .■cut  out  of  tool  steel  and  drill  for  three  fdister- 
head  .screws,  as  I  show.  You'll  find  it  a  job  to  tap  the 
screw  holes  in  the  head,  i)ul  it  can  lie  done  if  you  are 


FIC.   fi.      EXHAI'ST  VALVE  OF  IJI'SCH-SfLZER  ENGINE 

careful.  When  putting  in  this  seat,  always  use  a  thin 
copper  gasket  to  seal  the  joint.  If  a  better  job  is  de- 
sired, you  can  use  an  oxyacetylene  ilame  and  build  up 
a  new  seat.  This  .seat,  after  being  reamed  and  ground, 
is  just  as  good  as  the  original.  Both  of  these  methods 
can  V)e  used  on  any  engine  where  no  exhaust-valve  cage 
is  used. 

"Let  us  go  on  to  Woods's  next  drawing.  Fig.  3,  which 
shows  the  exhaust  valve  and  cage  used  on  the  Mcintosh 
&  Seymour  vertical  engine.  You  will  notice  that  the 
cage  is  partly  water-cooled.  While  the  inlet-valve  cage  is 
not  so  cooled,  its  dimensions  are  the  same,  and  the  two 
are  interchangeable.  In  fact,  at  one  of  our  plants  water 
cooling  is  cut  out,  and  the  cages  are  used  with  either 
valve.    In  this  way  only  one  spare  cage  need  be  carried 


FIG.  6.  VALVE  GEAR  OF  McEWEN  ENGINE 

on  hand.    This  cage  is  sealed  by  a  gasket  and  is  about 
as  neat  a  design  as  I've  met  with. 

"Now  the  exhaust  and  inlet  valves  are  identical  in  all 
respects  save  one.  This  difference  is  the  valve  seat, 
which,  in  the  exhaust  valve,  is  a  separate  part,  as  Fig. 
4  shows.    The  inlet  valve,  on  the  contrary,  is  in  one  piece. 
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The  seat  on  the  exhaust  valve  is. a  steel  shell  fastened 
to  the  valve  body  by  two  countersunk  machine  screvi's. 
As  you  know,  the  hot  exhaust  gases  pit  the  seat  and  I'll 
wager  we  regrind  the  exhaust  valve  three  times  to  one 
regrinding  of  the  inlet  valve.  With  this  design,  when 
the  seat  is  badly  worn,  all  we  need  to  do  is  to  replace  it." 

"J.  R.,  why  are  the  valve  seats  at  a  different  angle 
from  the  other  engines  here?"  Woods  inquired. 

"The  valve-seat  angle  on  these  engines  is  60  deg.  while 
on  the  Busch-Sulzer  and  the  American  the  angle  is  45 


FIG.   7.     VALVE   GEAR  OF  ALLIS-CHALMER.S   ENGINE 

deg.  This  is  merely  a  matter  of  designer's  fancy,  and 
as  far  as  I  can  see,  the  angle  does  not  affect  the  tight- 
ness of  the  valve.  I  believe  it's  easier  to  regrind  the 
45-deg.  seat,  but  I'll  confess  this  probably  is  merely 
a  hobby  of  mine  without  foundation  in  fact." 

Woods  broke  in:  "Mr.  Egan,  this  cage  is  like  the 
Busch-Sulzer." 

"Yes,  it's  very  much  like  the  Busch ;  so  much  so  that 
it  was  hardly  necessary  for  you  to  show  the  latter,  as 
you  have  done  in  your  Fig.  5.  There  are  four  studs 
holding  the  cage  on  the  Busch  while  the  other  has  two 
lugs.  With  two  lugs  it  is  easier  to  pull  the  cage  to 
a  perfect  seat  in  the  head — at  least  I  have  found  it 
so.  There  is  also  a  difference  in  the  designs  of  the 
valve  rocker-arms.  The  Mcintosh  &  Seymour  arm  is 
made  solid,  but  the  Busch-Sulzer  is  in  two  pieces  that 
are  held  together  by  a  bolt  A.  To  make  the  parts 
come  together  in  their  correct  positions,  the  builders 
use  two  dowel  pins  B  that  rest  in  reamed  recesses  at 
the  joint." 

"Chief,  what's  the  idea  of  the  arm  being  made  in 
two  pieces?"  Kelly  asked.  "It  surely  isn't  due  to  trou- 
ble in  casting  the  arm." 

"The  idea  is  to  allow  the  cage  to  be  removed  without 
removing  the  whole  rocker-arm.  You  see,  since  the 
rocker-arms  are  mounted  on  a  common  shaft  C,  it's 
necessaiy  to  remove  the  whole  rocker  assembly  to  get 
at  a  single  cage.  With  the  split  rocker,  only  that  par- 
ticular rocker  need  be  unbolted.  It  is  an  advantage, 
and  we  have  never  had  any  trouble  in  putting  the  halves 
together. 

"Now,  coming  to  horizontal  engines,  Fig.  6  shows  a 
cross-section  through  the  valve  cages  of  the  McEwen 
engine.    The  valves  are  made  separate  from  the  stems, 


and  the  exhaust  valve  has  a  skirt  A  carried  down  along 
the  stem  to  deflect  the  exhaust  gases  and  protect  the 
stem  against  being  burned  out.  The  rocker-arm  B  is 
fulcrumed  on  a  bracket  cast  with  the  valve  cage.  The 
reach  rod  C  is  fairly  long  and  is  in  compression  when 
the  inlet  valve  D  is  being  opened.  On  the  other  hand, 
the  exhaust  rod  E  is  in  tension." 

He  picked  up  the  sketch  shovni  in  Fig.  7  and  smoothed 
it  out  on  the  table. 

"This  is  a  section  of  the  Allis-Chalmers  engine,"  he 
explained.  "The  valves  are  moved  by  eccentrics  A  in- 
stead of  cams,  as  in  the  preceding  cases.  To  get  a 
quick  opening  of  the  valves,  the  lever  B  is  made  with 
a  cam  surface  that  rolls  against  the  face  of  the  swing- 
ing tappet  C  that  rests  against  the  valve  stem.  The 
advantage  is  that  there  is  no  sharp  blow  when  the  valve 
is  opened,  such  as  you'd  get  with  a  cam  striking  a  roller. 
The  disadvantage  is  that  there  are  more  parts." 

"How  about  grinding  valves?"  inquired  Sandy  the 
Scot,  rolling  his  r's. 

Egan  glanced  at  his  watch  before  he  replied  to  the 
question. 

"It's  too  late  to  begin  that,"  he  said,  "for  it's  a  long 
story.  We'll  continue  it  in  our  next,  as  the  magazines 
say." 

Testing  Power  Equipment 

In  a  case  lately  before  the  District  of  Columbia 
Supreme  Court  (47  Appeal  Cases,  147),  a  suit  in- 
volving the  right  of  a  buyer  of  soot  blowers,  used  in 
cleaning  boiler  tubes,  to  rescind  the  purchase  on  the 
ground  that  the  equipment  failed  to  do  the  work  it  was 
intended  to  do,  that  court  laid  down  the  following  rules 
governing  cases  of  this  kind: 

When  machinery  is  bought  on  condition  that,  if  at 
the  expiration  of  a  specified  test  period  it  proves  to 
be  unsatisfactory,  it  is  to  be  returned  at  the  seller's 
expense,  the  buyer  is  bound  for  the  price  unless  he  gives 
the  machinery  a  fair  test.  But  he  is  not  bound  to  con- 
tinue the  test  the  full  period  if  in  a  shorter  time  the 
machinery  is  found  to  be  unsatisfactory. 

A  test  period  of  this  character  runs  from  the  time 
that  the  equipment  is  properly  placed  in  position  to  do 
the  intended  work. 

Where  no  time  is  fixed  for  the  return  of  goods  sold 
subject  to  the  satisfaction  of  the  buyer,  they  must  be 
returned,  or  an  offer  be  made  to  return  them,  within 
a  reasonable  time.  A  request  by  the  buyer  for  shipping 
instructions  is  sufficient  as  an  offer  to  return. 


Generally  speaking,  an  engine  with  sm.all  clearance 
space  is  supposed  to  be  more  economical  than  one  with 
large  clearance.  It  is  not  so  much  the  clearance  space 
as  it  is,  the  clearance  surface  that  affects  the  economy. 
If  there  is  a  large  amount  of  cooling  surface  for 
the  steam  to  come  in  contact  with  when  it  enters  the 
cylinders,  there  will  be  a  great  deal  of  condensation 
and  more  steam  will  be  required.  If  the  valves  are 
placed  close  to  the  head  of  the  cylinder,  as  in  the  Corliss 
engine,  reducing  the  surface  of  the  ports  and  passages 
and  leaving  only  the  cylinder  heads  and  piston  and  a 
.small  section  of  the  cylinder  walls  to  condense  the 
steam,  a  high  degree  of  economy  should  be  effected. 
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Calculation  oC  Plaiil  Kfliciriici^^s  and  Fuel  (.osls 

By  ,J.   T.  foster 

Englrx'rrlnK  Dopnrfmont.  riihllr  .St-rvlci' Elect rlr  I'n.  Vi-wark.  N.  J. 


TItv  author  iircsints  two  charts  with  which  the 
cnqiveci  )>iay  nadilij  determine  the.  efficiency  of 
the  bniUrs,  evaporation,  and  fuel  cost  per  thou- 
sand pniinds  of  steam  or  inilh  per  kilowatt-hour. 
The  charts  ate  worth  adding  to  one's  loose-leaf 
notebook. 

THE  high  price  and  shortage  of  fuel,  together 
with  the  tendency  for  .<till  higher  prices,  has 
made  the  engineer  con.«ider  the  necessity  of 
using  the  cheaper  grades  of  fuel  and  of  making  of  a 
more  thorough  analysis  of  plant  performance. 

The  question  of  boiler  and  grate  performance  has 
been  covered  in  some  detail  in  a  previous  article  in 
Power,  and  in  this  article  it  is  the  writer's  purpose  to 
discuss  o\er-all  plant  efficiency  so  that  the  relation 
between  the  various  factors  entering  into  the  problem 
may  be  readily  determined  with  fair  accuracy. 

Individual  calculations  showing  the  various  relation- 
ships are  far  from  complex,  as  will  be  seen  from  the 
formulas  given,  but  the  working  up  of  any  considerable 
amount  of  derived  data  makes  the  task  irksome. 

The  charts,  Figs.  1  and  2,  materially  simplify  the 
problem  of  deriving  quantities  that  cannot  be  obtained 
directly  from  the  station  log. 

The  formulas  from  which  the  following  problem  is 
worked  out  and  upon  which  the  charts  are  based,  are  as 
follows :     Let 

B  r=  B.t  u.  per  pound  of  dry  fuel; 

£":=  Evaporation  from  and  at  212  deg.  F.; 

W  =  Plant  water  rate,  lb.  per  kw.-hr. ; 

F  =  Pound,  dry  fuel  per  kw.-hr. ; 

T  =  Thermal  efficiency  of  plant,  per  cent. ; 
t  =  Combined  efficiency  of  boiler  and  furnace; 
970.4  =  B.t.u.  per  lb.  steam  from  and  at  212  deg.  F.; 

3415     =:  B.t.u.  in  one  kw.-hr. 
Then 


E  = 


Bxt 


^-  E 


3415 


970.4  "        E  BX  F 

Problem:  Assume  that  a  plant  is  using  14,000-B.t.u. 
coal,  has  a  combined  boiler  and  furnace  efficiency  of  80 
per  cent,  and  a  plant  water  rate  of  16  lb.  per  kw.-hr. 
Find  the  over-all  plant  efficiency,  cost  of  steam  per 
thousand  pounds  and  the  cost  of  fuel  in  mills  per  kw.-hr. 
14,000  X  0.80 


970.4 
16 
11.5 


=   11.5  lb.   steam  per 
=  1.39  lb.  fuel  per  kw.-hr. ; 


=     17.8    per    cent,    plant    efficiency. 


Solution:   E  —. 
pound  of  fuel;  F 

rj,  3415 

"  14,000  X  1.39 
With  fuel  at  $4.50  per  ton,  the  cost  of  the  fuel  item 

per  kilowatt-hour  would  be  ^^77,  X  1-39  =  2.79  mills. 

The    cost    of    steam    per    thousand    pounds    would    be 
2.79  X  1000 


16 


^  17.5  cents. 


Where  a  number  of  such  problems  are  to  be  worked 


out,  or  when  it  is  desired  to  compare  the  values  of  coah 
of  various  prices  and  heat  contents  on  a  cost  per  kilo- 
watt-hour basis  the  use  of  curves  is  much  more 
convenient. 

Fig.  1  is  ;i  (juadrant  chart  from  which  may  be 
obtained  the  evaporation  per  pound  of  fuel,  pounds  of 
fuel  per  kilowatt-hour  and  plant  efficiency  when  the 
heat  content  of  the  fuel,  combined  boiler  efficiency  and 
plant  water  rate  are  .shown. 

Fig.  2  is  worked  out  to  show  the  cost  of  .steam  per 
thousand  pounds  and  the  co.st  of  fuel  per  kilowatt-hour, 
in  mills  when  the  heat  content  of  the  fuel,  comljined 
efficiency  and  cost  of  coal  are  know.  The  use  of  the 
curves  may  be  illustrated  by  the  solution  of  the  follow- 
ing problems: 

Problem  1:  Assume  the  same  condition?  as  shown 
previously  when  formulas  were  used;  namely,  14,000- 
B.t.u.  coal  at  S4.50  per  ton,  combined  boiler  and  furnace 
efficiency  80  per  cent.,  plant  water  rale  16  lb.  per  kw.- 
hr.  Find  evaporation  per  pound  of  fuel,  pounds  of  fuel 
per  kilowatt-hour,  plant  efficiency,  co.st  of  steam  per 
thousand  pounds  and  cost  of  fuel  per  kilowatt-hour. 

Solution:  Fig.  1;  from  the  14,000-B.t.u.  point  project 
upward  to  the  80  per  cent,  efficiency  line,  then  hori- 
zontally and  read  if  desired  the  equivalent  evaporation 
as  11.5  lb.  steam  per  pound  of  fuel.  Continue  hori- 
zontally to  the  transfer  curve  and  then  downward  to  the 
IG-Ib.  water-rate  line.  Project  horizontally  to  the  left 
to  the  vertical  scale  and  read  1.40  lb.  of  fuel  per  kilo- 
watt-hour; continue  horizontally  to  the  line  passing 
through  the  original  14,000-B.t.u.  line  and  read  the 
plant  efficiency  as  17.6  per  cent. 

Fig.  2;  from  the  14,000-B.t.u.  line  project  upward  aa 
before  to  the  80  per  cent,  efficiency  line,  horizontally  to 
the  transfer  curve,  then  downward  to  the  $4.50  coal 
line.  Project  horizontally  to  the  left  and  read  on  the 
vertical  scale,  cost  of  steam  as  17.5c.  per  thousand 
pounds;  continue  horizontally  to  the  16-lb.  water  rate 
line,  then  vertically  downward  to  the  scale  and  read 
cost  of  fuel  as  2.79  mills  per  kilowatt -hour. 

Problem  2:  The  plant  assumed  is  using  14,000-B.t.u. 
coal  at  $4.50  per  ton,  but  has  a  chance  to  buy  11,000- 
B.t.u.  coal  at  $2.50  per  ton.  Would  it  be  advisable  to 
purchase  the  poorer  coal  and  what  would  be  the  maxi- 
mum price  that  could  possibly  be  paid  for  this  grade 
of  fuel  and  still  maintain  a  fuel  cost  of  2  79  mills  as 
at  present? 

Solution:  Performance  te.sts  on  the  11,000-B.t.u.  coal 
show  that  the  boiler  and  furnace  can  develop  an  effi- 
ciency of  only  70  per  cent,  as  against  the  80  per  cent, 
that  now  obtains.  Use  the  charts  as  described  and 
read  equivalent  evaporation  as  8  lb.  steam  per  pound 
coal,  cost  of  steam  14c.  per  thousand  pounds;  cost  of 
fuel  as  2.25  mills  per  kw.-hr.  This  compares  with  a 
present  cost  of  2.79  mills  in  the  case  of  the  14,000- 
B.t.u.  coal  and  is  advantageous. 

To  obtain  the  maximum  price  that  could  be  paid  for 
the  11,000-B.t.u.  coal,  continue  downward  from  the 
point  on  the  $2.50  line  to  the  intersection  of  a  hori- 
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E-fficiency,     Per  Ceni-  Planf   VVa+-et-   Rate,  Pound   per  Kilowott    Hour 

POWER     PLANT     THERMAL      EFFICIENCY 
FTG.  I 


Cost  of    Fuel,    Mills   per    KHowatr 

POWER     PLANT     FUEL    COST     PER     KILOWATT 

ns.  2 


Price  o-F    Fuel    m   Dollors 
per  2240  Pounds 


CHARTS  FOR   DETERltlXATION  OF  PLANT  EFFICIENCY  AND  FUEL  COSTS 
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zontal  line  correspond inpr  to  a  cost  of  2.79  mills  unci     lion,   conihinetl   boiler  and   furnace  eniciency,   over-all 


IG  lb.  water  rato  and   road   niaxiniuni   cost  of    11,000- 
(i.t,u.  coal  as  $;?  lo. 

From  the  oporatinjr  onti:ineer's  point  of  view  tin-  fol- 
lowing problem  will  be  of  somcwbat  more  interest. 
Given  a  plant  with  a  water  rate  of  18  lb.  per  kw.-hr., 
coal  con.sumi)tion  .'?  lb,  por  kw.-hr.  and  coal  of  11,000- 
B.t.ii.  content  at  $1.50  per  long  ton.     Find  the  evapora- 


plant  etlicieiicy,  cost  of  steam  and  co.st  of  fuel  per 
kil()W!itt-hour.  The  evaporation  will  be  (>  lb.  steam 

per  pound  of  coal.  With  this  data  the  following  quan- 
tities may  be  read  from  the  curves:  Combined  effi- 
ciency 53  per  cent.,  over-all  plant  eMkiency  10.6 
per  cent.;  cost  of  steam  per  thousand  lb.  =  11.5c.;  coat 
of  coal  per  kilowatt-hour  -^-  2.05  mills. 


The  Electrical  Study  Course — Adjustment 
of  Voltage  or  Balancer  Sets 


Shows  how  the  voltages  of  the  balancer  machines 
are  affected  by  uribalanciyig  of  the  load  and  de- 
scribes methods  of  overcoming  changes  of  volt- 
ayes  due  to  this  cause. 

THE  balancer  sets  illustrated  in  the  preceding 
lesson  had  the  field  coils  of  the  two  machines 
connected  in  series  across  the  outside  supply 
wires,  as  shown  in  Fig.  1.  Unless  the  field  coils  and 
magnetic  systems  of  the  machines  were  absolutely 
identical,  such  an  arrangement  would  not  be  found 
practicable,  as  there  would  be  no  way  of  adjusting  the 


terminals  of  G„  as  shown  in  Fig.  .3.  The  rea-sons 
for  the  unsatisfactory  results  obtained  with  the  former 
method  and  the  manner  in  which  these  drawback* 
are  avoided  by  the  latter  will  be  made  clear  in  what 
follows. 

In  the  preceding  les.son  it  was  shown  that,  when  a 
three-wire  system,  such  as  that  in  Fig.  1,  carried  an 
unbalanced  load,  the  voltage  across  the  more  heavily 
loaded  side  would  be  less  than  the  voltage  across  the 
more  lightly  loaded  one.  This  effect  is  considerably 
more  accentuated  when  the  connections  are  those  of 
Fig.  2,  since  the  decrease  or  increase  in  voltage  across 
the  lines  affects  the  field  current.  For  example,  let 
us   suppose   that   while    no    lam.ps   are   turned   on   the 


FIGS.    1    TO    4.      DIAGRAMS    OF    CONNECTIONS    FOR    SHUNT    BALANCER  SETS  ON  A  THREE-WIRE   SYSTEM 


individual  voltages  of  the  machines  if  they  proved  to 
differ  slightly;  any  change  in  the  field  current  of  one 
would  mean  a  like  change  in  that  of  the  other,  causing 
the  voltage  of  the  machines  to  change  in  unison. 

To  provide  the  requisite  amount  of  adjustment,  the 
fields  would  have  to  be  connected  in  some  such  mannei 
as  Fig.  2,  in  which  each  field  is  connected  across  it? 
own  machine  in  series  with  a  rheostat. 

The  field  current  of  one  machine  can  now  be  changed 
without  affecting  that  of  the  other,  and  consequently 
the  two  voltages  can  be  regulated  independently  of  each 
other.  This  connection  has  objections  which  are  over- 
come by  connecting  the  field  winding  of  machine  G. 
across  the  terminals  of  G.  and  the  field  of  G,  across  the 


voltages  of  machines  G,  and  G,  have  been  adjusted  by 
means  of  their  field  rheostats  /?,  and  R.  until  they  are 
both  the  same,  and  that  load  is  then  put  on  the  system 
in  such  a  way  that  more  lamps  are  turned  on  between 
A  and  A^  than  are  turned  on  between  ^V  and  B,  as  in 
Fig.  4.  The  voltage  across  AN  will  thereby  be  caused 
to  decrease  while  that  across  NB  increases.  That  is, 
the  voltage  across  an  decreases  and  that  across  nb  in- 
creases, and  consequently  the  current  through  the  field 
winding  F,  will  be  decreased  while  that  through  F.  will 
be  increased.  The  voltage  of  G,  will  therefore  suffer  a 
still  further  decrease,  just  as  in  the  case  of  any  self- 
excited  shunt  generator,  while  the  counter-voltage  of 
G,,  which  is  running  as  a  motor,  is  increased. 
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When  the  field  currents  of  the  machines  are  the  same, 
the  generated  voltage  of  the  generator  and  the  counter- 
electromotive  force  of  the  motor  are  nearly  equal.  Also 
ihe  terminal  voltage  of  the  generator  is  its  generated 
voltage  minus  the  voltage  drop  due  to  its  armature 
resistance,  the  same  as  in  any  generator  supplying  a 
load;  while  the  terminal  voltage  of  the  motor  is  its 
counter-electromotive  force  plus  its  voltage  drop,  in  the 
armature,  which  is  true  for  any  motor.  But  in  the 
case  under  consideration — namely,  that  of  Fig.  2 — it 
has  just  been  shown  that  the  generated  voltage  of  the 


FIG.  5.   COMPOUND-WOITND  BALANCER  SET  CONNECTED 
TO  BALANCED  LOAD 

generator  and  counter-electromotive  force  of  the  motor 
no  longer  remain  equal  when  the  load  on  the  system 
is  unbalanced  due  to  the  field  currents  in  F,  and  F ,  not 
being  equal.  This  makes  the  difference  between  E,  and 
E\  considerably  greater  than  if  the  generated  voltages 
of  both  machines  were  the  same. 

The  difference  in  voltage  between  E,  and  E.  would 
of  course  depend  on  the  difference  in  the  loads  on  the 
two  sides  of  the  system.  It  would  never  be  very  great 
even  for  a  considerably  unbalanced  condition,  but  a 
fluctuation  of  even  a  few  volts  is  objectionable  in  the 
case  of  a  lighting  load.  A  very  simple  way  to  over- 
come the  difficulty  is,  as  already  stated,  to  connect  the 
field  winding  of  G,  to  the  armature  terminals  of  G„ 
and  vice  versa  as  in  Fig.  3.  In  this  case  a  drop  in 
voltage  across  G,  will  decrease  the  current  through  F. 
and  consequently  reduce  the  generated  voltage,  in  this 
:ase  the  counter-electromotive  force  of  G,,  and  an  in- 
crease in  voltage  across  G,  will  have  the  opposite  effect. 
Similarly,  a  change  in  voltage  across  G,  will  affect  the 
current  through  F,  and  hence  the  generated  voltage 
3f  G,. 

As  an  illustration,  let  us  suppose  that  the  loads  L. 
find  L,,  Fig.  3,  are  balanced  and  that  the  voltages  of 
G,  and  G,  have  been  adjusted  to  the  same  value  by  means 
}{  the  field  rheostats  /?,  and  R,,  under  which  condition 
the  generated  voltages  or  counter-electromotive  force 
E  will  be  the  same  in  both  machines.  Now  assume 
that  load  L,  is  increased  or  L,  decreased;  then,  as  al- 
ready explained,  G,  will  operate  as  a  generator  and  G, 
IS  a  motor.  The  terminal  voltage  £",  of  G,  will  there- 
fore tend  to  decrease  and  the  terminal  voltage  E.,  of  G., 
will  tend  to  increase.  However,  as  soon  as  E,  begins 
to  decrease,  the  current  through  F.  decreases  and  con- 
sequently the  counter-electromotive  force  E  of  G,  be- 
comes less,  thereby  causing  E.  to  be  smaller  than  it 
tvould  be  if  E  remained  the  same.  Also,  as  soon  as  E, 
begins  to  increase,  the  current  through  F,  also  in- 
creases, and  hence  the  generated  voltage  E  of  G,  in- 
creases. The  value  of  E,  will  therefore  be  greater  than 
it  would  be  if  E  had  remained  the  same  in  both  ma 
chines. 


From  these  facts  it  is  evident  that  the  result  of  con- 
necting the  field  windings  as  in  Fig.  3  is  precisely  the 
opposite  of  that  obtained  when  they  are  connected  as 
in  Fig.  4;  that  is,  that  while  in  the  latter  case  the  dif- 
ference in  the^  voltages  E,  and  E.  occasioned  by  an  un- 
balancing of  the  load  is  accentuated  as  compared  with 
the  conditions  of  Fig.  1,  it  is  actually  diminished  in 
the  former  case.  The  operation  of  the  balancer  set  is 
therefore  much  more  satisfactory  when  the  connec- 
tions of  Fig.  3  are  used. 

Another  method  of  stabilizing  the  voltages  across  the 
two  sides  of  the  balancer  set  is  to  use  compound-wound 
instead  of  shunt-wound  machines.  The  connections 
would  then  be  made  as  shown  in  Figs.  5  and  6.  From 
the  connections  in  Fig.  5  it  is  seen  that  when  the  load 
is  balanced,  the  two  machines  of  the  balancer  set  are 
operating  as  differentially  connected  compound  motors; 
that  is,  the  shunt-field  ampere-turns  oppose  those  of 
the  series-field  winding.  When  the  load  is  unbalanced, 
as  in  Fig.  6,  in  the  machine  that  acts  as  a  generator 
(in  this  case  G,)  the  currents  in  the  two  field  windings 
have  the  same  direction,  but  the  motor  fields  remained 
in  opposition.  The  latter  condition  tends  to  increase 
the  speed  of  the  motor  and  with  it  the  speed  of  the 
generator,  which,  if  the  field  strength  of  the  generator 
remained  constant,  would  cause  the  voltage  to  increase 
across  the  terminals  of  G,.  However,  the  series-field 
winding  is  assisting  the  shunt  field,  therefore  as  the 
load  is  increased  the  voltage  of  G,  will  also  be  increased. 
Hence  the  voltage  of  G,  will  be  increased  from  two 
sources,  one  the  tendency  of  the  machines  to  increase 
in  speed  and  also  due  to  the  generator  field  increasing 
in  value  from  the  compounding  effect  of  the  series 
winding.  The  effect  of  compounding  is  therefore  simi- 
lar to  that  found  when  the  fields  of  shunt  machines  are 
interchanged,  in  that  the  unbalancing  of  the  load  causns 
the  generated  voltage  of  the  generator  to  increase  and 
the  counter-electromotive  force  of  the  motor  to  de- 
crease, thereby  causing  the  terminal  voltages  E,  and 


PIG.    6.      COMPOUND-WOUND  BALANCER   SET   CONNECTED 
TO  UNBALANCED  LOAD 

E.  to  remain  practically  constant  irrespective  of  the 
degree  of  unbalancing. 

So  far  we  have  only  considered  whether  G,  was  run- 
ning as  a  generator  and  G,  as  a  motor,  or  vice  versa, 
without  investigating  very  closely  the  value  of  the  cur- 
rent delivered  and  taken  by  each,  and  without  refer- 
ence to  the  exact  effect  on  the  speed  of  the  set.  We 
will  now  take  up  these  points  in  the  order  mentioned. 

Since  the  arrangement  of  Fig.  1  is  simpler  than  that 
of  any  of  the  others,  we  will  make  use  of  it  in  the  di.s- 
cussion  of  current  distribution.  It  is,  however,  to  be 
understood  that  the  argument  applies  equally  to  any 
of  the  other  methods  of  connection.  When  the  system 
is  balanced,  we  have  a  generator  G  supplying  current 
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to  a  number  of  lamps  and  to  two  motors  G,  and  G,  con- 
nected in  series.  When  the  system  is  unbalanced,  we 
have  G  operating  as  a  generator,  and  also  one  of  the 
machines  G,  or  G,  operating  as  such,  beinjr  driven  by 
the  other,  which  continues  to  run  as  a  motor  under 
increased  load.  However,  G  must  furnish  all  the  power 
used  in  the  system  since  it  is  the  only  machine  that  is 
connected  to  a  prime  mover,  such  as  an  engine  or  tur- 
bine. Whatever  current  is  taken  by  G,  or  G,  running 
as  a  motor  to  drive  its  mate  as  a  generator  must 
be  supplied  from  G,  since  there  is  no  other  source  of 
power. 

When  the  load  is  balanced,  there  will  be  no  current  in 
N  and  the  currents  /.  and  /,  through  G,  and  G.  will  be 
the  same.  The  current  in  the  mains  A/,  and  A/,  will 
•Lherefore  be  the  sum  of  the  current  /,  or  /,  and  the 
current  /•'  or  Ib  of  the  outside  wires;  that  is,  1  =  1, 
+  7.1  =  7j  -f-  /«.  When  the  load  is  unbalanced  I ^ 
is  no  longer  equal  tc  In  and  hence  a  current  /.v  flows 
in  the  neutral.  The  current  /  in  Af,  must  of  course  be 
equal  to  /  in  A/,  in  any  case,  so  that  the  differences  be- 
tween Ia,  Ib  and  Ix  must  be  taken  care  of  by  the 
balancer  set.  Just  how  the  currents  are  distributed 
will  be  taken  up  in  the  next  lesson. 

In  the  problem  of  the  preceding  les.son  it  was  required 
to  find  the  current  in  the  three  lines  of  a  115-230-volt 
three-wire  system  that  has  thirty-two  20-watt  lamp- 
connected  across  one  side  and  twenty-four  across  thr 
other;  also  to  find  the  current  in  the  outside  wires  and 
the  voltages  across  the  two  sides  of  the  .system  if  the 
neutral  wire  were  to  become  open-circuited.  The  cur- 
rent taken  by  each  lamp  would  be  its  input  divided  by 


The  load  across 
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the  voltage,  or  :p._  =  0.174  ampere. 

one  side  would  therefore  be  32  X  0.174  =  5.57  amperes, 
and  that  across  the  other  24  X  0-174  =  4.18  amperes. 
The  former  would  be  the  current  through  one  of  the 
outside  wires  and  the  latter  that  through  the  other. 
\\hile  the  current  through  the  neutral  would  be  their 
difference,  or  5.57  —  4.18  =  1.39  ampere.  If  the  neu- 
tral were  to  be  opened  the  current  would  be  found  by 
dividing  the  outside  voltage — namely,  230  volts — by 
the  total  resistance  connected  between  the  outside 
wires,  which  would  be  the  sum  of  the  resistances  across 
the  two  sides.     Since   each   lamp  takes   0.174   ampere, 

115 
its   resistance   must   be    kyja    ^^   ^^^    ohms.      Conse- 
quently, the  resistance  across  one  side  of  the  system 
will  be    w  =  20.7  ohms  and  that  across  the  other  -^y 

=  27.6  ohms,  making  the  total  20.7  +  27.6  =  48.3 
ohms.     The  current  in  the  outside  wires  will  there- 

230 
.3 

side  will  be  the  current  times  the  resistance,  which  gives 
4.76  X  20.7  =  99  volts  across  one  side  and  4.76  X  27.6 
:^  131  volts  across  the  other. 

The  distance  between  the  generator  G  and  the  bal- 
ancer set  in  Fig.  1  is  A  mile.  If  the  maximum  load  to 
be  supplied  is  100  amperes  at  110  volts  and  the  drop 
in  the  mains  A/,  and  M.  is  not  to  exceed  10  per  cent., 
neglecting  the  losses  in  the  balancer  set,  what  size  wire 
wouid  have  to  be  used  in  the  mains  A/,  and  M.l 


fore  be 


4.76  amperes.     The  voltage  across  each 


Diirabla  (iagc-(ilaHH  Slii<'l(i 

A  new  gage-glass  shield  possessing  desirahU?  features 
of  safely  and  unobstructed  view  has  been  developed  re- 
cently by  the  l)ural)la  Manufacturing  Co.,  114-118  Lib- 
erty St.,  New  York  City.  The  device  consi.sts  essentially 
of  two  laminated  gla.^ses  set  in  cast  retainers,  formingr  a 
V-shaped  protector  over  the  front  of  the  gage-glass. 
The  shield  is  hinged  to  the  water  gage  and  can  be  swung, 
freely  to  either  side  when  it  is  desired  to  insert  a 
new  gage-glass.  The  clo.sed  and  open  positions  of  the 
shield  are  shown  at  A  and  B  respectively.  The  pro- 
tecting plates  are  made  up  of  laminated  glass  i!  in. 
thick  and  21  in.  wide,  the  length  varying  to  meet  the 
requirements  of  the  gage  to  which  they  are  applied. 
The  plates  consist  of  three  independent  layers  of  glass 
with  a  transparent  compound  between.  It  is  said  that 
they  will  withstand  the  bursting  of  the  gage-glass  or 
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a  heavy  blow  from  boiler-room  tools.  Even  if  th( 
exterior  layers  are  cracked  or  checkered,  the  plate  a.- 
a  whole  stands  up  and  the  individual  particles  are  hek 
in  place  by  the  compound  so  that  there  are  no  flyin? 
glass  or  splinters  to  injure  the  attendant.  When  th( 
gage-glass  breaks,  the  outflowing  steam  is  directec 
backward  and  away  from  the  operator  coming  to  repaii 
the  damage. 

All  metal  parts  are  of  brass  so  that  they  will  no* 
rust  or  corrode,  but  will  retain  their  original  pleasin* 
appearance.  The  vertical  members  of  the  protector  an 
brass  rods  of  small  diameter.  From  either  side  then 
is  no  obstruction  of  the  view,  and  even  when  directly 
in  front  of  the  gage  the  water  level  is  still  visible,  th< 
small  rod  at  the  apex  of  the  V  being  only  one-third  thi 
diameter  of  the  gage-glass. 

The  design  of  the  shield  had  four  objects  in  view 
Safety  to  the  attendant,  protection  of  the  glass  fron 
mechanical  breakage  and  cold  drafts,  unobstructed  viev 
and  simple  application. 
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Geyser  Boiler  Cleaner 

Keeping  boilers  clean  is  an  important  step  in  obtain- 
ing efficient  operation  of  the  plant.  If  a  boiler's  sheets 
iare  kept  free  from  mud  and  scale,  not  only  is  the  heat 
igiven  off  by  the  burning  fuel  more  rapidly  absorbed 
iby  the  water  in  the  boiler,  but  the  plates  are  prevented 
from  overheating.  Cooling  down  and  washing  out  of 
boilers  at  frequent  intervals  is  to  be  avoided  where  pos- 
sible, but  such  practice  is  necessary  where  muddy  water 
is  used  or  water  containing  scale-forming  salts. 

For  the  purpose  of  removing  the  deposits  from  the 
Ifeed  water  a  steam-boiler  cleaner,  for  use  with  Scotch 
marine  boilers,  known  as  the  Geyser,  is  manufactured 
by  the  Gey.ser  Boiler  Appliance  Co.,  Detroit,  Mich. 
This  apparatus  is  simple  in  construction,  and  its  appli- 
cation to  a  boiler  is  shown  in  Fig.  1.  The  system  con- 
sists of  a  number  of  collecting  nozzles  attached  to  pipes 
fio  as  to  distribute  them  along  the  bottom  of  the  boiler 
shell.  See  Fig.  1.  These  nozzles  are  piped  to  a  valve 
chamber.  Fig.  2,  that  is  provided  with  three  ports,  one 
on  each  side  and  one  at  the  top. 

When  raising  steam  in  a  Scotch-marine  boiler,  heat 
lis  imparted  to  all  of  the  water  above  the  grate  line, 
which  consequently  soon  acquires  a  high  temperature. 
The  valve  chamber  of  the  cleaner  being  placed  in  the 
top  of  the  boiler,  to  which  is  fitted  the  conductor  pipe-:, 
soon  absorbs   heat   from   the   surrounding   water,   and 
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FIG.  1.    APPLICATION  OF  THE  CLEANER  TO  A  SCOTCH 
BOILER 

this  heat  is  conducted  to  the  water  contained  in  the 
chamber,  with  the  result  that  it  starts  to  expand  in 
volume,  and  its  specific  gravity  changing,  it  soon  finds 
its  way  out  of  the  discharge  port  in  the  top  of  the 
valve  chamber,  and  is  replaced  by  the  water  in  the 
conductor  pipe,  which  leads  to  the  bottom  of  the  boiler. 
Thus  there  is  a  continual  circulation  in  the  system  as 
long  as  there  is  a  difference  in  temperature  between 
the  bottom  and  the  top  of  the  boiler,  unless  the  valve 
closure  is  effected.  The  method  of  operation  is  as 
follows : 

To  start  the  circulation,  open  the  main  blowoff  valve 


and  turn  the  handle  on  the  valve  shaft  until  the  pointer 
Is  even  with,  say.  No.  1  on  the  dial  plate.  This  opens 
communication  between  No.  1  collecting  nozzle  and  the 
main  blowoff  pipe.  The  pressure  of  the  boiler  and  the 
shape  of  the  collecting  nozzle  produce  a  rapid  current 
around  and  into  the  collector  nozzle,  for  an  area  ap- 
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KIG.  2.  SECTIONAL  AND  END  VIEWS  OF  VALVE  CHAMBER 

proximately  six  inches  on  each  side  of  the  nozzle.  When 
:  11  sediment  and  small  pieces  of  scale  are  removed  from 
this  part  of  the  boiler,  the  handle  is  turned  until  the 
pointer  is  even  with  the  next  number  on  the  dial.  The 
pointer  is  allowed  to  remain  in  this  position  until  all 
;;olids  are  removed,  and  then  the  operation  is  repeated 
by  moving  the  valve  until  a  complete  revolution  is 
made.  In  this  way  sediment  and  scale-forming  in- 
gredients are  removed  from  the  bottom  of  the  boiler 
and  blown  out  through  the  blowoff  pipe. 

Injury  in  Using  Steam 

The  plaintiff,  an  employee  in  a  manufacturing  estab- 
lishment, was  directed  by  his  superior  to  clean  out  some 
empty  barrels  in  which  cylinder  oil  had  been  contained. 
Following  the  directions  given  him,  he  inserted  a  steam 
flue  blower  in  a  hole  in  one  of  the  barrels,  permitting 
steam  to  escape  from  the  same  hole.  The  barrel  ex- 
ploded, blowing  a  piece  of  pipe  through  plaintiff's  hip. 

In  an  action  to  recover  damages  from  the  employer 
on  account  of  the  accident  (McLeod  vs.  Des  Arc  Oil  Mill 
Co.,  206  Southwestern  Reporter,  655),  the  Arkansas 
Supreme  Court  holds  that,  although  plaintiff  had  had 
considerable  experience  in  handling  steam  and  steam 
engines,  still  he  was  not  debarred  from  recovering  dam- 
ages on  a  theory  that  his  employer  had  negligently 
omitted  to  give  him  proper  instructions  as  to  how  to 
steam  the  barrels,  if  he  actually  did  not  know  what  vol- 
ume of  steam  could  be  safely  used  in  the  barrels.  The 
law  charges  an  employer  with  knowledge  concerning  the 
dangers  incident  to  employment  and  the  duty  of  instruct- 
ing employees  concerning  such  dangers  as  are  likely 
to  be  unknown  to  the  latter  through  inexperience. 


It  is  not  economical  to  operate  an  engine  when  it  is 
overloaded  or  when  it  is  too  large  for  the  work  it  has 
to  do.  Under  such  operating  conditions  the  cutoff  will 
probably  be  either  too  late  or  too  early  in  the  stroke 
for  the  economical  use  of  the  steam.  If  the  cutoff  is 
too  early  there  will  be  an  increased  proportional  loss 
from  cylinder  condensation,  and  if  it  is  too  late  the 
expansion  of  the  steam  will  not  be  so  complete. 
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Elr^^lrically  Wrhh^d  Sh^aiii  Liiu^s 


By  H.  K. 

AhkIhIiiiiI    "•hl-f    Kl.M  lildil    !• 

IX  TUK  construction  of  the  United  States  Govem- 
mi'iit  Explo.sive.*<  Pljint  "C"  at  Nitre,  W.  Va.,  some- 
thintr  over  ten  miles  of  steam  lines  carrying  190  lb. 
pressure  were  required.  Of  this  about  five  miles  were 
12  in.  diameter  or  over.  At  the  time  the  construction 
of  this  plant  was  undertaken,  in  the  spring  of  1918,  the 
available  supply  of  large  extra-heavy  flanges  was  very 
small  and  it  was  doubtful  if  a  suflicient  quantity  could 
be  obtained  within  the  time  available  for  completing  the 
plant.  Therefore  in  order  to  fini.sh  the  work  in  time 
the  Thomas  E.  Murray  Engineering  Corp.,  which  was 
handling  the  power-section  engineering  work,  recom- 
mended, and  the  War  Department  adopted,  the  use  of 
arc  welding  for  the  connection  of  all  the  high-pressure 
steam  and  feed-water  lines  6  in.  in  diameter  and  over 
in  the  plant.  At  the  time  the  armistice  was  signed 
over  one  thousand  of  these  joints  had  been  completed 
and  were  in  service. 

All  the  outside  mains  are  suspended  from  timber 
bents,  at  a  height  of  approximately  ten  feet  about  the 
ground,  as  shown  in  Fig.  3.    The  welding  operation  was 
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anOS.  1  TO  3.     METHOD  OF  WBLDIXG  JOINTS  AXn 
IXSTALLING    STEAM    L,r.VE 

performed  directly  under  the  bents  and  the  section  of 
welded-joint  pipe,  after  being  tested,  was  raised  in 
place  by  means  of  chain  blocks. 

The  length  of  welded-joint  pipe  so  handled  averaged 
approximately  200  ft.  and  contained  ten  sections  of 
mill-length  pipe  and  nine  welded  joints,  the  two  end 
sections  having  a  standard  Van  Stone  flange  for  con- 
necting with  fittings  cr  valves  in  the  completed  line. 

The  tj-pe  of  welded  joint  used  is  a  combination  butt 
and  sleeve  joint,  as  indicated  in  Figs.  1  and  2.  The 
butt  ends  of  adjoining  sections  were  scarfed  off  at  an 
angle  of  about  45  deg.  with  the  axis  of  the  pipe  and 
butt-welded.  The  weld  was  then  chipped  flush  with  the 
pipe  surface,  and  a  hydrostatic  test  of  from  400  to  600 
lb.  was  applied  to  the  completed  length.  After  inspec- 
tion, the  reinforcing  sleeve  was  applied.  The  sleeves  are 
made  in  halves  and  aie  die-formed  of  metal  equal  in 
thickness  to,  and  of  a  length  approximately  equal  in 
diameter  to  that  of  the  pipe  to  which  they  are  applied. 

The  welding  was  performed  by  the  pencil-arc  process, 
the  current  employed  being  110-volt  alternating,  which 


WOODKOW 

tiKlifiT.   Niw    Voik    lOdlHcm   ("a. 

wa.s  obtained  primarily  from  the  general  supply  syuten 
for  the  plant,  carrying  GGOO-volt  three-phase  current  le< 
through  transformers  and  secondary  lines  to  the  weld 
ing  reactances,  furnishing  the  controlling  medium  re 
quired  for  the  welding  operation. 

The  electrodes  used  in  the  butt-welding  operatioi 
were  slag-coated  and  were  of  the  same  character  a; 
those  extensively  u.sed  in  ship  welding.  The  welding  oi 
the  sleeves  was  performed  with  a  low-carbon  steel  ban 
wire.  The  butt  weld  consisted  of  two  runs  of  metal 
the  first  of  No.  10  and  the  second  of  No.  8  wire,  th< 
first  run  being  carefully  cleaned  free  of  slag,  first  b\ 
hammering  and  finally  by  .scrubbing  with  a  wire  brush 
until  the  metal  showed  clean  and  bright  before  applyin^' 
the  second  run.  The  sleeve  weld  consisted  of  two  longi 
tudinal  welds  joining  the  two  halves  of  the  .sleeve,  anc 
a  weld  on  each  end  of  the  sleeve  completely  joining  tht 
.sleeve  to  the  pipe  (See  Fig.  2). 

The  application  of  the  sleeve  was  determined  upon 
for  structural  reasons,  as  the  stresses  likely  to  be  en- 
countered in  an  installation  of  this  character  are  prac- 
tically indeterminate. 

One  of  the  problems  met  with  in  handling  pipe  in 
such  long  lengths  is  the  question  of  accurate  alignment, 
which  was  accomplished  in  this  case  in  the  following 
manner:  The  proper  level  above  the  ground  for  the 
pipe  was  determined  by  its  accessibility  to  the  welder, 
and  this  point  was  marked  on  each  leg  of  each  pipe- 
carrying  bent,  and  timber  joists  were  securely  fastened 
between  the  legs  of  the  bents  at  the  proper  level,  as  in 
Pig.  3.  The  pipe  lengths,  approximately  20  ft.  long, 
■were  laid  on  these  joists,  and  as  the  spacing  of  the 
bents  along  the  axis  of  the  pipe  was  20  ft.,  this  brought 
a  joint  between  each  pair  of  bents.  The  ends  of  the 
individual  pipe  lengths  were  then  brought  within  about 
,'„  of  an  inch  of  contact  and  lined  up  and  clamped  se- 
curely in  position  by  means  of  a  half-sleeve  applied  to 
the  under  side  of  the  pipe  and  fastened  by  straps  to 
each  end  of  eachlpipe  section  (See  Fig.  1). 

This  left  the  upper  half  of  the  butt  joint  ready  for 
the  first  run  c^  the  weld.  Vt'hen  one-half  of  the  first  run 
was  completed  on  each  joint,  the  clamps  and  the  sleeve 
were  removed  and  the  entire  200-ft.  length  of  pipe 
was  rolled  on  the  joists  until  the  other  half  of  the  butt 
joint  was  uppermost,  and  the  first  run  was  then  com- 
pleted. In  consequence  of  the  tact  that  it  was  possible 
to  turn  the  pipe  at  will  thereafter,  the  second  run  of 
the  weld  was  made  continuous. 

It  takes  one  welder  about  three  hours  to  completely 
butt-weld  and  sleeve  a  12-in.  joint.  The  time  required 
for  other  sizes  would  be  in  proportion  to  their  diameter. 

I  feel  that  the  use  of  the  electric  welding  is  going  to 
be  a  very  important  feature  in  the  development  of 
power  stations  where  the  tendency  is  going  to  higher 
steam  pressures,  in  the  neighborhood  of  600  lb.,  as 
welded  joints^can  unquestionably  be  made  stronger  than 
any  other  connection,and  are  absolutely  leakproof. 


•Presented  in  the  discussion  on  electric  welding  at  a  joint 
meetingi  of  the  American  Institute  of  Electrical  Engineers  and  the 
American  Institute  of  Mining  Engineers,  held  during  the  Mid- 
winter ConvenHton  of  the  American  Institute  of  Electrical  Engi- 
neers, New  York.  X.  X.,  Feb.  19,  1919. 


No  man  who  frets   and  chafes  at  his  work  can  do 
justice  to  himself,  his  job  or  his  employer. 
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Interpole  Direct-Current  Machines 

IN  THE  development  of  electrical  apparatus  during 
the  last  twenty  years  many  changes  in  the  design 
jnd  construction  of  direct-current  machines  have  taken 
Dlace.  If  a  typical  modern  direct-current  motor  of  from 
ive  to  one  hundred  horsepower  rating  based  on  a  cer- 
;ain  speed  be  compared  with  a  machine  of  the  same 
lorsepower  and  speed  rating,  built  fifteen  or  twenty 
,'ears  ago,  two  points  of  difference  will  at  once  be 
ipparent.  First,  the  modern  motor  will  be  smaller  than 
;he  old  machine;  and  second,  it  will,  in  all  probability, 
lave  interpoles,  whereas  the  old  machine  will  not.  The 
irst  of  these  two  points  of  difference  is  the  effect, 
)f  which  the  second  is,  to  a  large  extent,  the  cause. 
\.  better  understanding  of  the  operating  conditions  of 
he  machine  and  a  better  knowledge  of  the  electric 
ind  magnetic  properties  of  the  materials  have  enabled 
he  manufacturer  to  make  such  economical  use  of  his 
naterial  as  to  reduce  very  considerably  the  quantity 
equired  to  make  a  machine  that  will  accomplish  a  given 
'esult.  Of  all  the  causes  that  have  contributed  toward 
his  end,  no  one  thing  has  had  greater  influence  than 
he  introduction  of  interpoles. 

Commutation  was  formerly  much  more  than  at  pres- 
:nt  the  bugbear  of  direct-current  machinery.  By  a 
ufficiently  liberal  use  of  materials  in  the  noninterpole 
ype,  good  commutation  at  a  certain  speed  was  accom- 
ilished.  But  it  is  not  always  desirable  that  a  motor 
un  at  one  speed  only.  By  the  use  of  an  adjustable- 
peed  motor  such  intermediate  speed-changing  devices 
.s  gears,  belts,  step  pulleys,  etc.,  may  often  be  elimi- 
lated.  The  average  noninterpole  motor  will  usually  run 
atisfactorily  at  any  speed  between  one  hundred  and 
ne  hundred  and  fifty  per  cent,  of  its  rated  revolutions 
ler  minute,  but  at  higher  speeds  sparking  at  the  brushes 
lecomes  excessive.  On  the  other  hand,  an  interpole 
notor  that  is  designed  for  that  purpose  will  operate 
iroperly  at  any  speed  between  one  hundred  and  four 
lundred  per  cent,  of  its  rated  revolutions  per  minute. 

Not  only  is  it  true  that  the  range  of  speeds  over 
irhich  a  motor  will  operate  satisfactorily  is  increased 
>y  the  use  of  interpoles,  but  the  range  of  loads  is 
ncreased  as  well.  When  a  noninterpole  machine  is 
perating  at  a  certain  load,  as,  for  example,  full  rated 
aad,  the  commutating  conditions  may  be  ideal,  but  at 
ny  other  load  they  will  not  be  ideal  unless  the  brushes 
re  shifted.  With  interpole  machines  the  brush  posi- 
ion  that  is  best  for  one  load  is  best  for  all  loads. 

There  are  certain  things  about  interpole  machines 
/hich  it  is  very  desirable  that  the  operating  man  who 
las  direct-current  machines  in  his  charge  should  know. 
le  should  have  sufficient  knowledge  of  the  theory  of 
ommutation  so  that  he  will  understand  why  interpoles 
re  used;  he  should  be  able  to  tell  whether  the  inter- 
poles in  any  of  his  machines  are  of  the  correct  polarity 
nd  whether  the  windings  are  properly  connected;  he 


should  know  that  the  brushes  of  an  interpole  machine, 
when  once  correctly  set,  should  never  be  shifted,  re- 
gardless of  changes  in  load,  speed  or  direction  of  rota- 
tion ;  he  should  know  that  an  interpole  motor  should  run 
at  the  same  speed  in  either  direction  of  rotation  and 
that  if  it  does  not,  the  brushes  are  not  set  in  the 
neutral  position;  and  he  should  know  the  effect  on 
the  speed  and  stability  of  his  motor  when  its  interpoles 
are  not  of  the  proper  strength  and  how  to  proceed  to 
remedy  the  trouble.  A  careful  study  of  the  two  articles 
on  "Interpole  in  Direct-Current  Machines,"  the  first 
one  of  which  appears  on  another  page  of  this  issue, 
will  give  him  this  knowledge. 

Capacities  of  Large  Steam  Turbines 

ELSEWHERE  in  this  issue  appears  a  paper  on  steam- 
turbine  design,  by  J.  F.  Johnson,  which  our  readers 
will  appraise  as  a  valuable  as  well  as  a  bold  piece  of  engi- 
neering literature.  It  is  bold  because  of  the  frankness 
with  which  the  author  goes  into  detail  about  the  ex- 
perience in  the  operation  of  reaction  turbines  of  thirty 
thousand  kilowatts  and  greater. 

Calling  attention  to  the  fact  that  turbines  of  fifteen 
thousand  kilowatts  capacity  did  not  appear  until  about 
1908,  while  today  many  large  plants  have  turbines  of 
thirty  thousand  kilowatts  or  greater  capacity,  he  asks: 
"Has  this  growth  been  natural,  logical  and  healthy,  or 
has  it  suffered  temporarily  from  overstimulation  which 
is  destined  to  result  in  a  relapse,  or  reversion  to  smaller 
sizes?" 

The  growth  has  been  logical,  broadly  speaking,  if  not 
as  "healthy"  as  some  would  desire.  While  some  engi- 
neers may  state  that  the  growth  has  not  been  natural, 
inferring  that  it  is  undesirable  to  go  beyond  a  certain 
capacity,  say  thirty  thousand  kilowatts,  consensus  of 
opinion  would  indicate  that  this  is  not  so  and  that  there 
will  not  be  a  reversion  to  comparatively  small  sizes. 

Of  course  one  may  get  too  many  eggs  in  one  basket. 
But  when  has  one  got  too  many?  Because  he  has  many 
it  does  not  follow  that  he  has  too  many.  It  has  helped 
operating  costs  very  materially  to  enlarge  upon  the  unit 
capacities  of  prime  movers  and  boilers.  And  who  does 
not  recall  with  what  anxiety  on  the  part  of  the  pro- 
fession generally  the  large  Delray  boilers  were  put  in 
service?  It  was  a  daring  thing  to  jump  from  the  cus- 
tomary boiler  of  five  hundred  horsepower  to  one  of 
nearly  twenty-five  hundred  rated  horsepower,  providing 
it  with  stokers  that  made  it  possible  to  increase  the  rat- 
ing to  such  length  that  a  load  of  eleven  thousand  kilo- 
watts could  be  carried  by  it.  Boilers  of  fifteen  hundred 
horsepower  have  become  more  widely  used  for  large 
stations  than  those  of  the  size  used  at  Delray.  But  one 
cannot  find  an  appreciable  fiaw  in  the  reliability  or  per- 
formance of  the  latter.  It  is  more  a  question  of  adapt- 
ability. The  same  may  be  said  of  the  turbine.  The 
larger  the  load  demand  at  one  time  on  the  station  the 
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liir^rr  tlio  i-upiifity  of  the  units  installed  in  order  l<i 
take  iidvantaKe  of  low  cost  per  unit  of  capaeity.  The 
lar^e  turbine  has  not  only  jjiven  more  economical  per- 
formance because  of  its  si/e;  liut  a  material  reduc- 
tion in  cost  of  foundations,  huildintrs,  pipinK  and 
s\vitchii\K'  e<iuipment  results  as  compared  with  costs  for 
the  same  output  in  machines  of  smaller  capacities. 

Mr.  Johnson  avoids  consideration  of  the  ((uestion  of 
how  far  it  may  he  advisable  to  go  in  the  (|ue.st  of  ^reat 
capacity  in  a  sinjrie  cylinder.  Rut  the  ([uestion  is  as 
much  a  part  of  larjre  steam-turbine  desijrn,  application 
and  service  as  stoker  performance  is  a  p:irt  of  modern 
boiler  practice.  Naturally,  the  limit  of  capacity  is 
sooner  reached  in  a  single-cylinder  than  in  a  multiple- 
cylinder  machine.  Hut  what  is  that  limit?  Develop- 
ment up  to  date  has  reached  forty-five  thousand  kilo- 
watts in  the  sintrle-cylinder  turbine.  Is  this  the  limit, 
and  if  it  is,  why? 

Klt'ftrio  Wfldinj; 

THK  possibilities  of  development  under  intensely 
concentrated  investijjation  are  remarkably  illus- 
trated in  the  progress  that  has  been  made  in  the 
application  of  electric  weldintr  under  the  tremendous 
stimulus  created  by  the  demands  of  the  great  war 
that  is  passing  into  history.  The  degree  of  importance 
that  this  use  of  electricity  has  reached  is  reflected  in 
the  fact  that  an  entire  afternoon  session  of  the  recent 
midwinter  convention  of  the  American  Institute  o!" 
Electrical  Engineers  was  devoted  to  the  subject. 

Of  the  two  methods  of  electric  welding,  arc  and 
resistance,  the  former  has  undoubtedly  undergone  the 
greater  improvement.  That  this  should  be  so  is  quite 
natural,  since  the  resistance  method  has  for  many  years 
occupied  a  position  of  development  relative  to  which 
that  of  the  arc  process  might  be  called  crude.  In  the 
research  work  done  on  the  arc  process  it  appears  that 
the  efforts  have  been  concentrated  more  particularly 
on  the  type  that  uses  a  metal  electrode  as  distinguished 
from  the  one  using  a  carbon  or  graphite  pencil.  It 
was  also  brought  out  that  practically  all  efforts  had 
been  concentrated  upon  the  application  of  the  process 
to  steel  welding.  In  fact,  the  great  need  for  welding 
came  in  connection  with  the  urgent  demands  of  the 
shipbuilding  program,  and  as  a  consequence  a  major 
part  of  the  efforts  of  the  committee  under  whose  super- 
vision the  work  was  carried  on,  was  directed  toward 
the  problem  of  applying  the  process  to  the  needs  of 
the  steel-ship  builder.  However,  the  investigations 
undertaken  let  in  a  flood  of  light  on  the  entire  situa- 
tion and  points  the  way  toward  the  eventual  perfection 
of  the  process. 

The  work  was  begun  under  the  auspices  of  the 
Standards  Committee  of  the  American  Institute  of 
Electrical  Engineers,  from  which  it  was  taken  over  by 
the  General  Engineering  Committee  of  the  Council 
of  National  Defense,  which  eventually  carried  on  its 
work  under  the  Emergency  Fleet  Corporation.  The 
members  of  the  committee  are  to  be  congratulated  on 
the  impartiality  and  conservatism  that  are  reflected 
in  its  findings,  which  formed  the  basis  of  most  of  the 
papers  presented. 

That  the  subject  is  an  extremely  far-reaching  one 
and   that   much    research   work    is   yet   to    be    done   is 


apparent"  upfjn  considering  the  multitude  of  variables 
that  enter  into  it.  As  in  oxyacetylone  welding,  the 
(hief  variable  is  the  operator,  and  this  will  proimbly 
always  renuiin  so  in  the  case  of  welding  that  cannot 
be  done  automatically.  Among  the  other  variables  arc 
the  composition  of  electrode  used,  the  effect  of  bare 
versus  covered  electrodes,  the  current  density  used  un- 
der diflferent  conditions,  and  the  preparation  of  the 
work  to  be  welded.  There  is  al.so  the  choice,  as  in 
power  applications,  between  direct  current  and  alternat- 
ing current,  with  advocates  on  each  side,  although  the 
results  obtained  indicate  that  equally  successful  re- 
sults, as  regards  the  quality  of  welding,  can  be  ob- 
tained whichever  is  used. 

Aiiieriran   Enpinrorinf^ 
Standards    ( loiiiinittec 

AMONG  the  many  things  the  world  war  has  taught 
us  is  that  individual  effort  is  uneconomical  and 
costly,  and  if  a  nation  is  to  meet  the  competition  of  the 
future  successfully  it  must  be  through  collective  action, 
not  only  among  industries  but  al.so  among  individuals. 
Beforo  this  collective  effort  can  attain  its  greate.st  re- 
sults, thero  must  be  a  higher  degree  of  standardization 
than  in  the  past,  at  least  within  the  nation  itself.  It  is 
for  this  purpo.se  that  the  American  Engineering  Stand- 
ards Com.mittee  has  recently  been  organized,  the  pur- 
pose and  machinery  of  which  were  outlined  by  President 
Comfort  A.  Adams  in  his  address,  "Engineering  .-ind  In- 
dustrial Standardization,"  before  the  midwinter  conven- 
tion of  the  American  Institute  of  Electrical  Engineers. 
The  part  of  this  address  dealing  with  the  American 
Standards  Committee  is  published  on  page  337. 

One  of  the  first  thoughts  that  must  suggest  itself  to 
ihe  reader,  on  reading  this  outline,  is  that  the  ma- 
chinery of  this  committee  is  a  masterpiece  in  American 
organization,  comprehensive  in  its  scope  and  democratic 
in  its  method  of  dealing  with  the  work  to  be  undertaken, 
embodying  an  appreciation  that  has  been  lacking  in 
many  of  the  .standardization  organizations  of  the  past — 
as  Ml.  Adams  has  expressed  it,  "A  realization  that  a 
standard  must  not  only  be  rational  and  technically  cor- 
rect, but  also  acceptable  to  all  those  interested  in  its 
manufacture  and  use,  and  the  mere  promulgation  of  £ 
standard  by  any  society,  however  powerful,  does  not 
make  it  a  real  standard." 

The  work  of  this  committee  should  receive  the  hearty 
support  of  every  industry  coming  within  its  field  of 
effort  since  its  creation  will  apparently  eliminate  the 
overlappinj."  and  confusion  of  standards  that  our  indus- 
tries have  been  beset  with  by  the  many  different  stand- 
ards committees  of  the  numerous  engineering  and  in- 
dustrial organizations  in  this  country  today,  and  with 
the  proper  support  and  cooperation  of  all  interested 
organizations,  it  should  contribute  largely  to  the  in- 
dustrial development  of  the  nation. 


Speakinj^  of  a  Ford  engine  that  was  used  to  drive  an 
ice-cutting  machine,  a  reporter  in  one  of  our  small-town 
newspapers  says:  "The  engine  went  into  the  lake  in 
twelve  feet  of  water,  but  continued  to  run  for  about  five 
minutes  at  the  bqttom  of  the  lake."  Fishy?  Not  a  bit. 
It  may  have  been  a  leftover  from  one  of  Henr>''s  much 
talked  of  one-man  submarines. 
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DJagrani  Showed  Lack  of  Oil 

A  new  engine,  when  being  "tuned  up,"  seemed  to 
be  in  difficulty,  so  I  indicated  it,  obtaining  the  diagram 
shown.  The  valves  were  not  closing  properly,  which 
seemed    to    show    that    the    cylinder    was    not    getting 


DIAGRAM   FROM   POORLY   LUBRICATED   CNGINE 

enough   oil.      After   speeding    up    the   lubrication   and 
waiting  a  few  minutes,  a  regular  diagram  was  obtained. 
It  was   easy   then  to  convince  the   attendants   of  the 
importance  of  watching  the  cylinder  lubrication. 
Toronto,  Ont.,  Canada.  R.  McLaren. 

Care  of  Economizers 

In  the  Feb.  11  issue  of  Power,  page  192,  was  an 
article  entitled  "Care  of  Economizers,"  by  J.  F.  Dag- 
gett, and  as  indicated  by  the  subcaption,  some  very 
helpful  information  was  set  forth.  However,  there  was 
one  paragraph  that  I  am  unable  to  understand,  or,  at 
least,  to  understand  the  condition  referred  to. 

Quoting  from  the  article,  "If  the  water  in  the  econ- 
omizer gets  too  low,  immediately  open  the  bypass  flue 
damper,  leaving  the  outlet  wide  open."  The  first  clause 
of  this  sentence  would  seem  to  imply  that  under  ordi- 
nary conditions  a  certain  water  level  should  be  main- 
tained, and  the  questions  I  would  like  to  ask  are.  Where 
is  the  point  of  normal  water  level,  and  what  means  are 
provided  to  determine  if  the  water  is  too  low  or  too  high 
in  the  economizer?  The  necessity  of  knowing  this 
would  seem  apparent  in  view  of  Mr.  Daggett's  sugges- 
tion for  immediate  action.  Does  he  mean  that  econ- 
omizers are,  or  should  be,  fitted  with  water-glass  and 
try-cocks?  D.  E.  GRANGER. 

Newark,  N.  J. 

Gate  Valve  Exploded 

Referring  to  the  article  on  page  83,  of  the  Jan.  21 
issue,  I  would  call  attention  to  the  fact  that  such  things 
often  happen.  It  is  sometimes  difficult  to  remove  a 
nipple  from  a  screwed  end  valve  without  damaging  the 
thread  in  the  valve  or  on  the  nipple  to  such  an  extent 
that  neither  can  be  used  again. 


It  is  seldom  that  two  or  three  persons  will  put  the 
thread  on  the  nipple  the  same  way,  but  assuming  that 
the  thread  in  the  valve  is  all  right,  that  on  the  pipe 
or  nipple  might  be  a  little  different,  and  to  hold  a  thread 
end  tight  in  a  fitting  a  little  white  lead  can  be  used ; 
and  naturally,  after  the  joint  has  been  in  use  for  some 
time  the  thread  is  so  tight  that  the  nipple  can  be  re- 
moved only   with   difficulty. 

If  a  flanged  gate  valve  had  been  used,  such  an  ex- 
perience as  mentioned  should  not  have  occurred,  because 
a  pair  of  flanges  could  be  easily  loosened.  Furthermore, 
if  at  any  time  a  nipple  is  removed  from  a  standard- 
size  gate  or  globe  valve,  uhe  valve  is  in  most  cases  de- 
formed and  not  good  for  further  use. 

I  do  not  agree  with  the  argument  of  many  engineers 
that  so  many  flange  connections  are  the  causes  of  leaks, 
especially  now  that  there  are  on  the  market  many 
good  gaskets  which  will  answer  the  purpose. 

In  the  long  run  it  is  much  cheaper  to  use  flanged 
fittings  around  the  whole  plant.  F.  C.  Heylman. 

Martinez,  Calif. 

Radiators  Located  Below  Vacuum 
Return  Main 

It  is  sometimes  desired  to  heat  a  basement  or  cellar 
room  where  the  steam  and  return  piping  is  overhead 
and  ceiling  coils  are  objectionable.  In  this  case  a  hot- 
water  type  radiator  can  be  used  to  advantage  by  in- 
stalling  it   so   the    drip    of   a   return    riser   circulates 


PIPING  HOT-WATER  RADIATOR 

through  it  in  the  same  manner  as  a  hot-water  radiator, 
as  shown  in  the  illustration.     To  operate,   open  valve 
1  and  close  or  partly  close  valve  2,  and  the  hot  water 
will  then  pass  through  the  radiator  and  give  off  heat. 
Brooklyn,  N.  Y.  W.  T.  Meinzer. 
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Liiliriratiii^  K<irk-an(i-I*inioii  Gearn 

The  iiriiinipaiiN  iiiK  skitili  .slmws  tlii'  di'vico  adoptoil 
by  u  IcH-al  ciiKineer  for  lul)rii'atiii>?  the  nick-and-pinioii 
gear.s  that  shift  the  oporatinjr  valves  of  a  pair  of  hori- 
zoiital-rylinder  hydraulir  elevators  in  his  charge.  The 
racks  are  made  of  steel  and  the  pinions  of  brass.     In 


Pin/on  S/rcrff- 
RACK-AND-PIXION    CKAR    LUBRICATOR 

the  original  design  of  the  machine  no  provision  was 
made  for  getting  oil  to  the  meshing  contacts  of  the 
gears  in  the  horizontal  position.  On  this  account  the 
wear  of  the  pinion  was  excessive,  necessitating  frequent 
renewals.  To  correct  this  the  engineer  threaded  the 
cap  of  the  valve  casing  to  receive  a  4-in.  pipe  coupling 
having  a  cup-shaped  grease  receptacle  attached  as 
shown. 

The  engineer  figures  that  the  lubrication  thus 
secured  has  increased  the  durability  of  the  brass  pinions 
tenfold.  A.  J.  DiXON. 

St.  Louis,  Mo. 

Voltage  on  Generators  Varies  When 
Being  Paralleled 

In  the  plant  where  I  am  employed  are  three  compound- 
wound  220-volt  generators.  The  capacities  of  the  three 
machines  are  75,  200  and  300  kw.  respectively,  and  they 
are  ari-anged  to  be  connected  in  parallel  through  three- 
pole  switches.  All  three  generators  are  steam-engine 
driven. 

The  machines  give  no  trouble  when  operating  in 
parallel,  but  when  cutting  them  in  or  out  of  service  the 
voltage  varies  to  such  an  extent  as  to  affect  the  speed 
of  the  motors  out  in  the  plant.  Although  this  change 
in  speed  is  for  only  a  very  short  period,  it  is  sufficient 
to  affect  the  product  being  manufactured  by  the  ma- 
chinery driven  by  the  motors.  I  would  appreciate  some 
advice  from  the  readers  of  Power  as  to  the  best  remedy 
for  this  trouble.  CHARLES  A.  ARMSTRONG. 

Philadelphia,  Penn. 

A  Home-Made  Tachometer 

Needing  a  hand  tachometer,  I  procured  from  the  local 
garage  an  old  automobile  speed  indicator  that  was  in 
good  condition  and  made  a  temporary  handle  to  go  on 
the  spindle,  so  that  I  could  turn  it  and  count  the  revo- 
lutions.    I  then  counted  the  number  of  revolutions  the 


•<piiidlc  would  have  In  make  per  mile  of  the  recording 
dial,  which  in  this  instance  was  'IhftO. 

The  next  thing  was  to  find  how  many  revolutionH  per 
minute  were  t'()ual  to  one  mile  per  hour:  2r)r)0  :  60  -= 
42fi  r.p.m.  1  mile  per  hour.  I  then  pasted  a  piece  of 
tracing  cloth  over  the  old  dial  and  worked  out  the  points 
on  the  scale  corresponding  to  200  r.p.m.,  1500  r.p.m.,  etc., 
up  to  2100    (the  limit   in   this  case  was   50  miles  per 

200 


hour  or  21.'')3'i  r.p.m.)  thus:  200  r.p.m. 


miles  per  hour;  300   r.p.m. 


3(X) 

42  ;i 


-    42S    -  '-'^ 
7.08  miles  per 


hour,  etc. 

I  then  nmrked  these  points  on  the  tracing  cloth  cor- 
responding to  the  miles  per  hour  and  marked  the  r.p.m. 
opposite,  and  after  the  whole  .scale  was  worked  out,  sub- 
divided the.se  divisions  into  smaller  divisions  equal  to 
25  r.p.m.,  thus  completing  the  scale. 

A  piece  of  round  steel  was  drilled  the  exact  size  of  the 


Center  s/o-Vcr/ 
iof»-f(ey 


Hole  dri/fec/  for  a 

Hght  push 

fit  on  Spina'e 
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GRADUATIONS  ON  TACHOMETER    DIAL, 

spindle,  and  a  slot  made  in  it  to  fit  the  key  on  the 
spindle.  Having  got  this  fitted,  it  did  not  take  long  to 
file  up  a  diamond-point  center  and  harden  it.  This 
completed  a  handy  speed  indicator,  which  is  accurate 
enough  for  most  purposes.  D.  James. 

New  York  City. 
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Changes  In  Header  Piping 

The  change  in  piping  illustrated  on  page  219  of  the 
Feb.  11  issue  was  unnecessary.  I  have  the  same  kind 
of  a  header,  with  a  6-in.  outlet  connected  like  the  one 
shown,  and  it  was  only  necessary  to  put  in  a  li-in.  drip 


^ffecn^, 


DRIP   ANSWERS    AS   WELL   AS    TRAP 

pipe  near  the  end  of  the  header  and  connect  it  to 
the  boiler.  It  gives  the  results  desired,  there  is  no 
trap  to  cause  trouble  and  the  extra  radiating  surface 
is  not  excessive.  W.  H.  Wakeman. 

New  Haven,  Conn. 

[The  elbow  in  the  pipe  line  shows  the  original  con- 
nection. The  lighter  shaded  tee  and  drop  leg  represent 
the  changes  made  by  the  engineer. — Editor.] 

Trouble  with  Belt  Tighteners 

In  the  Dec.  10  issue,  page  856,  J.  S.  Eckert  described 
the  trouble  he  was  having  with  idlers  used  with  a  couple 
of  belt  drives,  and  in  the  Jan.  21  issue,  page  101,  he 
reports  that  the  trouble  was  overcome  by  turning  off  the 
crown  of  the  idler  pulleys.  The  fact  that  the  problem 
was  solved  by  turning  the  crown  off  the  idler  pulley 
would  indicate  that  the  crown  was  the  cause  of  the  dif- 
ficulty, but  was  it?  This  is  but  one  of  those  half- 
truths  which,  someone  has  declared,  are  more  danger- 
ous than  untruths. 

When  a  belt  gives  trouble  by  running  off  the  pulley,  it 
should  be  ascertained  whether  the  shafts  are  parallel 
and  if  the  belt  is  true.  A  slipping  belt  or  one  out  of 
true  will  run  off  a  crowned  pulley  quicker  than  it  will 
run  off  a  straight-faced  pulley.  This  is  because  of  the 
tendency  of  the  less-stretched  edge  to  run  up  on  the 
crown. 

The  belt  manufacturers  had  informed  Mr.  Eckert 
that  his  trouble  was  partly  due  to  the  excessive  width 
for  such  a  thin  belt  (belt  48  in.  wide,  3  in.  thick).  As 
suggested,  the  trouble  seems  to  have  been  caused  by 
uneven  stretching  of  the  belt,  which  has  the  same  effect 
as  if  the  pulleys  were  out  of  line.  Turning  off  the 
crown  of  the  pulley  did  not  remove  the  cause  of  the 


trouble.  Crown  on  a  pulley  will  not  cause  a  properlj 
installed  belt  to  leave  the  pulley,  but  has  the  opposite 
effect — witness  the  many  drives  operating  successfully 
with  crowned  pulleys.  C.  0.  Sandstrom. 

Kansas  City,  Mo. 

Better  Cylinder-Oil  Testing  Methods 
Are  Needed 

Professor  Trink's  letter  on  page  644  of  the  Oct.  29 
issue  of  Poiver  calling  for  a  discussion  of  better  meth- 
ods of  lubrication  tests  of  steam  cylinder  oils  was  read 
with  interest,  and  I  have  been  disappointed  that  it  has 
called  forth  no  more  discussion  than  has  appeared  so  far. 

It  seems  to  me  that  the  proper  place  to  test  a  cylinder- 
lubricating  oil  would  be  in  the  cylinder  of  the  engine 
in  which  it  is  to  be  used.  The  problem  then  would  be 
one  of  devising  some  means  of  ascertaining  the  internal 
condition  of  the  cylinder  at  all  moments  during  the  test. 

Friction,  as  we  all  know,  produces  heat  and  a  lack  of 
lubrication  produces  friction.  Then  why  not  devise  a 
method  of  determining  what  portion  of  the  heat  of  the 
cylinder  is  due  to  steam  temperature  and  what  portion 
is  due  to  friction,  introducing  oil  until  the  friction  is 
reduced  to  a  minimum. 

I  would  suggest  attaching  a  recording  thermometer 


PROPOSED    METHOD    OF    TESTING    CYLINDER 
LUBRICATION 

to  the  center  of  the  cylinder  wall  and  one  to  the  center 
of  the  cyhnder  head,  having  both  temperature  lines 
drawn  on  the  same  chart  at  the  same  time.  The  bulb 
attached  to  the  head  would  indicate  (nearly)  the  tem- 
perature due  to  steam,  and  the  bulb  attached  to  the  cen- 
ter of  the  cylinder  wall  (where  the  piston  speed  is  the 
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prentest)  would  jr've  the  teniperatuio  due  to  .steam  tem- 
ponituie  i)lus  that  due  to  frii-tion. 

A.ssumiiiK  that  under  normal  operating  condition.s 
Ixith  instruments  rerorded  the  same  temi)erature.  then 
a  laek  of  proper  luhrieation  would  show  itself  in  a  ri.se 
on  the  line  drawn  by  the  thermometer  attached  to  the 
cylinder  wall;  or  a.ssuminK  that  the  center  of  the  cylin- 
der wall  indicated  normally  a  slijrhtly  higher  tempera- 
ture and  the  steam  pressure  changed  periodically,  then 
it  would  he  juKssible  to  note  a  lack  of  lubrication  by  a 
wider  divergence  of  the  two  lines. 

New  York  City.  Wii.Hi-.RT  Walton  Cranford. 

Han(l-l)ani|M'r  K«'«iiilation 

The  letter  on  pa^o  181',  of  the  Feb.  4  issue  of  Power, 
on  hand-rejiulation  of  dampers,  by  T.  Henwood,  cannot 
be  too  highly  commended.  No  one  knows  better  than 
the  operating  engineers  who,  under  the  direction  of  the 
United  States  Fuel  Administration,  acted  as  volunteer 
in.spectors  of  the  many  abominations  in  the  shape  of 
hand-damper  control  apparatus  in  use  throughout  the 
countrj'.  In  some  plants  the  damper  is  never  used  ex- 
cept when  a  boiler  is  taken  off  the  line  and  it  is  found 
that  a  stick,  a  brick  or  perhaps  a  poker  regulates  the 
damper  position. 

If  the  owners  of  plants  could  only  realize  what  an 
enormous  saving  in  fuel  can  be  effected  by  the  judicious 
use  of  the  draft  control,  they  would  soon  see  the  ad- 
visability of  making  such  control  as  easy  of  operation 
as  is  the  opening  and  closing  of  the  feed  valve.  Then 
if  a  gage  is  installed  that  will  show  the  strength  of 
the  draft  or  differential  through  the  fire,  the  first  step 
will  have  been  accomplished.  A  few  dollars  will  pur- 
chase a  steam-flow  meter  for  boiler  use,  and  then  the 
most  ignorant  fireman  will  soon  realize  that  for  a  given 
steam  output  a  cei'tain  draft,  as  .shown  by  the  gage,  is 
required.  This  draft  requires  a  certain  damper  posi- 
tion and  it  needs  no  expert  to  determine  just  what  to 
do  to  obtain  these  conditions. 

Perhaps  the  owner  will  answer  such  an  argument 
by  saying  that  his  operating  force  would  soon  tire  of 
the  constant  observation  of  such  devices.  Has  he  ever 
given  thought  as  to  starting  a  bonus  system  for  his 
power-house  employees?  Some  think  that  this  would 
require  an  endless  amount  of  bookkeeping  and  thus 
claim  that  such  a  system  could  not  be  adopted  in  their 
plants  on  account  of  the  difficulty  of  charging  costs 
properly.  Almost  every  steam  plant  has  a  unit  of  out- 
put, whether  it  be  barrels  of  flour,  sacks  of  cement, 
square  feet  of  heating  surface,  kilowatt-hours,  gallons 
of  water  pumped,  or  any  manufactured  commodity. 

Let  the  o^^^ler  look  over  his  coal  bills  and  find  what 
they  were  at  a  time  when  the  plant  was  new,  or  when 
he  had  what  he  considered  the  best  of  engineers.  Then 
let  him  take  the  coal  bill  during  that  period  as  a  cri- 
terion, go  to  his  engineer  and  tell  him  that  any  saving 
of  coal  will  be  split  "fifty-fifty"  between  the  office  and 
Ihe  operating  force.  Also  explain  that  a  saving  of 
half  a  ton  of  coal  a  day  at  $4  a  ton  will  mean  a  division 
of  $1  between  the  day  engineer  and  fireman  and  the 
night   engineer  and   fireman. 

Only  25  cents  a  day  to  be  sure,  but  that  means  $7.50 
per  month,  and  after  the  first  month  that  the  firemen 
receive  the  bonus  just  watch  their  "smoke."     There- 


after watch  them  get  torches  or  candles  and  kg  after' 
those  leaks.  See  how  they  will  cut  the  damper  to  the 
minimum  amount  during  cleaning  periods  so  as  to  re-  i 
(luce  the  inrush  of  excess  air  into  the  furnace  as  much 
as  possible;  also  expect  an  urgent  call  for  boiler-wall 
cement.  Kxamine  the  a.sh  pile  and  .see  how  the  com- 
bustible matter  in  it  has  decreased.  Also  .see  how  soon 
it  will  be  noised  around  that  such  and  such  a  plant  is 
a  good  place  in  which  to  work,  and  not  only  will  there 
be  an  increase  in  the  savings  from  month  to  month,  but 
the  very  personnel  of  the  crew  will  be  better,  with 
obvious  results. 

Of  course  the  owner  must  do  his  part.  He  can  do  a 
lot  of  educational  work  by  putting  up  a  few  signs  such 
as:  "Kxcess  Air  Means  Decreased  Bonus";  "Damper 
Wide  Open  With  F'urnace  Doors  Open  Means  a  Loss 
of  Fuel";  "Watch  for  Cracks  in  the  Settings";  "Don't 
Let  Safety  Valves  Blow" ;  "Coal  in  Ashes  Means  a  Loss." 

A  few  such  signs  will  go  a  great  way  toward  edu- 
cating the  men,  and  when  they  know  the  effect  on  the 
amount  of  bonus,  the  result  is  magical. 

Louisville,  Ky.  .lOHN   F.  HURST. 

Dividing  Box  with  Condensing  Head 

The  dividing  box  illustrated  on  page  132  of  the  Jan. 
28  issue  of  Power  has,  I  think,  one  serious  disadvan- 
tage. The  V-shaped  columns  of  water  discharging  over 
the  weirs  of  the  intake  lines  to  the  heaters  trap  a  great 
deal  of  air. 

Condensate  ab.sorbs  a  large  proportion  of  this  air,  and 
if  the  temperature  of  this  water  is  not  raised  to  205 
deg.  or  over,  the  oxygen  is  not  driven  off.  The  '•esult  is 
increased  work  for  the  air  pump  of  the  main  units. 

If  the  discharge  opening  to  the  heater  is  sealed  by 
using  a  gooseneck,  vented  on  top  to  prevent  a  siphon  ef- 
fect, this  condition  can  be  overcome. 

Brooklyn,  N.  Y.  C.  L.  Vance. 

Generator  Heats  Excessively 

There  are  many  possible  causes  for  Mr.  Burkard's 
generator  heating,  referred  to  in  the  article,  "Generator 
Heats  Excessively,"  Jan.  21  issue  of  Power.  If  the 
brushes  do  not  heat,  it  is  not  likely  that  the  heating  is 
caused  by  any  inherent  characteristic  in  them.  Low 
insulation  resistance  of  the  generator  windings,  or  the 
machine  being  installed  in  a  damp  place  might  cause 
heating.  The  bearing  on  the  opposite  end  of  the  shaft 
from  the  commutator  may  be  heating  and  the  heat  may 
travel   along  the   shaft   into   the   armature. 

New  York,  N.  Y.  Patrick  Molloy. 


Advantage  should  be  taken  so  far  as  possible  of  low- 
load  periods  to  reduce  the  peak-load  difficulties  of  the 
plant.  For  instance,  boilers  should  be  blown  at  noon 
hour  or  other  times  of  light  load,  and  this  is  the  time  '] 
to  fill  water  tanks,  charge  storage  batteries,  blow  tubes, 
run  ash  and  coal  convevors,  etc. 


Into  North  Dakota  there  are  now  being  imported 
annually  two  million  tons  of  bituminous  coal  and  one 
million  tons  of  anthracite,  every  pound  of  which  should 
and  some  day  will  be  replaced  with  fuel  from  the 
Dakota  lignite  field. 
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Size  for  Cold-Rolled  Steel  Head  Shaft— What  size  of 
cold-rolled  steel  shaft  should  be  used  at  200  r.p.m.  for 
receiving  and  transmitting   100  hp.  ?  E.   T. 

The  formula  for  cold-rolled  head  shafts  carrying  main 
receiving  or  driving  pulleys  and  well  supported  by  bearings 
is  hp.  =  d'  X  r.p.m.  —  100,  in  which  d  =  diameter  of 
shaft  in  inches.  For  200  r.p.m.  and  100  hp.,  the  formula 
would  become  100  =  d^  x  200  ~  100,  from  which  d  = 
fW=  3.684,  or  3H  in. 

Weight   of   Water    Discharged    Over    V-Notched    Weir — 

What  is  the  formula  for  the  number  of  pounds  of  water 
at   60   deg.   F.   flowing   over   a   90-deg.    V-notched    weir? 

T.  E.  S. 
The  formula  for  flow  over  a  90-deg.  V-notch  weir  is 
cu.ft.  per  min.  =  0.306  V/l^  in  which  h  =  the  head  of  water 
measured  in  inches  above  the  apex  of  a  symmetrically 
placed  V-notch  made  in  "thin  plate"  or  beveled  for  clear- 
ance on  the  dischai'ge  side  of  the  wear.  One  cubic  foot  of 
water  at  60  deg.  F.  weighs  62.3677  lb.,  and  for  that  tem- 
perature the  weight  of  water  discharged  would  be  62.3677 
X  0.306  X   V7?  :=  19.08  Vl?.    lb.  per  min. 

Preference  for  Standard-Weight  Pipe — For  general  power- 
plant  work  and  for  pressures  upward  of  300  lb.  per  sq.in., 
why  is  6-  to  8-in.  standard  pipe  preferred  to  the  extra- 
heavy?  W.  E.  A. 

Standard-weight  pipe  is  preferred  to  extra-heavy  on  ac- 
count of  greater  flexibility.  Extra-heavy  pipe  is  considered 
to  be  more  appropriate  where  pipes  occupy  inacessible 
places  or  are  especially  exposed  to  corrosion.  For  300 
lb.  pressure  the  factor  of  safety  of  standard  pipe  would 
be  about  2J,  while  extra-heavy  would  give  a  factor  of  safety 
of  about  4i.  The  selection  with  respect  to  safety  must  be 
left  to  the   discretion  of  the  designer. 

Coal  Required  for  Heating  Air — A  fan  delivers  36,000 
cu.ft.  of  air  per  minute  through  steam-heating  coils.  What 
amount  of  coal  of  10,000  B.t.u.  per  lb.  will  be  required  to 
raise  the  temperature  of  the  air  from  10  deg.  F.  below  zero 
to  70  deg.  above  zero?  C.  C.  P. 

The  specific  heat  of  dry  air  at  constant  pressure  is  about 
0.2376  and  at  — 10  deg.  F.  the  weight  per  cubic  foot  would 
be  about  0.0882  lb.  As  the  elevation  of  temperature  would 
be  80  deg.,  the  heat  required  would  be  36,000  X  60  x 
0.0882  X  0.2376  X  80  =  3,621,252  B.t.u.  per  hour.  Allow- 
ing a  boiler  efficiency  of  60  per  cent,  to  be  obtained  with 
coal  of  10,000  B.t.u.  per  lb.,  would  require,  3,621,252  -^  (10,- 
000   X   0.6)   =  604  lb.  of  coal  per  hour. 

Fuse  Blown  on  Three-Phase  Motor — What  would  be  the 
effects  of  a  fuse  blowing  in  either  of  the  primaries  or 
secondaries  of  three  transformers  connected  in  star,  to  a 
three-phase  motor?  B.  R. 

The  opening  of  a  fuse  on  either  side  of  the  transformer 
bank  would  leave  the  motor  operating  single-phase.  If 
the  motor  is  lightly  loaded  it  will  continue  to  run  until 
shut  down,  but  cannot  be  started  again  until  the  fuse  is 
replaced.  While  the  motor  continues  to  operate  single 
phase  it  will  take  about  100  per  cent,  more  current  in 
the  active  phase  than  when  operating  three-phase.  The 
single-phase  pull-out  torque  will  be  from  30  to  40  per  cent. 
of  what  it  was  for  three-phase  operation. 

Results  of  Evaporative  Test — In  an  evaporative  test  of 
10  hours'  duration,  three  water-tube  boilers  having  re- 
spective rated  capacities  of  265,  265  and  400,  or  a  total  of 
930  boiler  horsepower,  evaporated  313,000  lb.  of  water 
fed  at  166.4  deg.  F.  into  steam  at  an  average  gage  pres- 
sure of  150  lb.  per  sq.in.  with  6  per  cent,  moisture.  Thei-e 
was  57,535  lb.  of  coal  burned  with  8678  lb.  of  ash  and 
refuse.     What  was   the  equivalent   evaporation   from   and 


at  212  deg.  F.  per  pound  of  coal  and  per  pound  of  com 
bustible  and  what  percentage  of  the  rated  capacity  wa 
developed?  P.  T.  J. 

One  pound  of  dry  saturated  steam  at  the  pressure  o 
150  lb.  gage,  or  150  -}-  15  =  165  lb.  absolute,  contains  119 
B.t.u.  above  32  deg.  F.,  and  the  heat  contained  per  pouni 
of  the  liquid  is  338.2  B.t.u.  above  32  deg.  F.  Hence,  eacl 
pound  of  the  feed  water  at  the  temperature  of  166.4  deg 
F.,  for  conversion  into  steam  at  150  lb.  gage  pressure  witl 
6  per  cent,  moisture,  must  have  received  94  per  cent,  o 
1195  +  6  per  cent,  of  338.2  -  (166.4  -  32)  =  1009.19 
B.t.u.  Evaporation  of  a  pound  of  water  from  and  at  21 
deg.  F.,  requires  970.4  B.t.u.,  and  for  the  conditions  statei 
the  factor  of  evaporation  is  1009.192  ^  970.4  =  1.039S 
The  evaporation  under  actual  conditions  was  313,000  ~. 
57,535  =  5.44  lb.  of  water  per  pound  of  coal  and  313,00i 
^  (57,535  —  8678)  =  6.406  lb.  of  water  per  pound  o 
combustible,  so  that  the  equivalent  evaporation  from  am 
at  212  deg.  F.  was  5.44  X  1.0399  =  5.657  lb.  of  wate 
per  pound  of  coal  and  6.406  X  1.0399  =  6.662  lb.  of  wate 
per  pound  of  combustible. 

A  boiler  horsepower  is  equivalent  to  evaporation  of  34.! 
lb.  of  water  from  and  at  212  deg.  F.  per  hour,  and  there 

313,000    X    1.0399 
fore   the   evaporation   developed   was 10  x  S4~5 ~ 

943.44  boiler  hp.,  which  is  (943.44  -  930)  ^  930  =  0.0144 
or  about  IJ  per  cent,  greater  than  the  rated  capacity. 

Lower  Allowable  Pressure  Requires  Larger  Safet; 
Valve — Two  boilers  are  of  the  same  dimensions  through 
out  and  each  is  provided  with  the  same  size  of  grate 
kind  of  fuel  and  draft,  and  the  temperature  of  feed  watei 
in  each  case  is  to  be  200  deg.  'P,.  One  of  the  boilers  i; 
allowed  to  caiTy  a  working  pressure  of  50  lb.  gage  am 
the  other  150  lb.  gage.  Which  should  be  provided  witl 
the  larger  safety  valve?  E.  L. 

The  boiler  that  is  allowed  the  lower  pressure  should  b( 
provided  with  the  larger  safety  valve.  From  the  identity 
of  the  boilers  and  settings,  it  is  to  be  presumed  that  eacl 
will  transmit  the  same  amount  of  heat  in  generation  Oj 
steam.  A  pound  of  steam  at  50  lb.  gage,  or  65  lb.  abso 
lute,  contains  1178.5  B.t.u.,  and  for  generation  from  feec 
water  at  200  deg.  F.,  each  pound  would  receive  1178.5  — 
(200  -  32)  =  1010.5  B.t.u.  A  pound  of  steam  at  150  lb 
gage,  or  165  lb.  absolute,  contains  1195  B.t.u.,  and  foi 
conversion  of  the  feed  water  into  steam  at  this  pressure 
each  pound  must  receive  from  the  boiler  1195  —  (200  — 
32)  =  1027  B.t.u.  Therefore,  for  the  same  heat  generatec 
by  the  furnace  and  transmitted  by  the  boiler,  there  woulc 

be    ..     '   ,  or  about  98  per  cent,  as  many  pounds  of  stean: 

generated  at  the  higher  pressure.  Napier's  approximate 
formula  for  the  discharge  of  steam  from  a  safety  valvt 
is:  Flow  in  pounds  per  second  =  absolute  pressure  X 
area  in  square  inches  -^  70;  that  is,  the  escape  area  re- 
quired is  directly  as  the  weight  and  inversely  as  the  abso- 
lute pressure,  so  that  the  safety  valve  for  discharging 
steam,    at    165    lb.    absolute    would    need    to    have    only   9i 

65 
per  cent,   of  r^r.    or  about  40  per  cent,  as  much  area  oi 

opening  as  for  discharging  as  much  steam  as  would  be 
generated  at  65  lb.  absolute  for  the  same  amount  of  heat 
transmitted  by  the  boiler. 


[Correspondents  sending  us  inquiries  should  sign  theii 
communications  with  full  names  and  post  office  addresses 
This  is  necessary  to  guarantee  the  good  faith  of  the 
communications  and  for  the  inquiries  to  receive  atten- 
tion.— Editor.] 
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FIG.    1.      THE   30-000-KW.    COMPOUND   TIKBINES,    INTERBOHOUGH   RAPID  TRANSIT  CO.,  NEW  YORK 


Notes  on  Large  Steam-Turbine  Design 

By  J.  F.  JOHNSON 

Engineer,  Turbine  Department,  Westingliouse  Electric  and    Manufacturing  Company 


The  author  discusses  those  factors  that  influence  the 
dete7~mination  of  the  size  of  steam  turbines  for  modem 
power  stations.  He  follows  this  with  a  valuable  description 
of  the  operation  of  large  reaction  turbines  which  have  been 
recently  installed. 

THE  remarkable  growth  of  the  electric-power  industry 
during  recent  years  has  been  paralleled  by  an  equally 
remarkable  growth  of  steam-turbine-driven  generat- 
ing units.  So  rapid  has  this  development  been  that 
frequently  before  the  first  machine  of  a  new  design  was 
:ompleted,  another  of  materially  greater  capacity  and  higher 
efficiency  was  being  designed. 

While  machines  of  15,000-kw.  capacity  were  put  into 
operation  as  early  as  about  1908,  their  use  did  not  become 
genei-al  until  1913;  whereas  today  nearly  every  one  of  what 
may  be  called  large  generating  stations  has  at  least  one 
unit  of  30,000-kw.  capacity  or  larger  in  service  or  on  order. 

Has  this  growth  been  natural,  logical  and  healthy,  or 
has  it  suffered  temporarily  from  overstimulation  which  is 
destined  to  result  in  a  relapse,  or  reversion  to  smaller  sizes  ? 
If  such  reversion  occurs,  will  it  be  the  result  of  faulty  en- 
gineering, born  of  overconfidence  on  the  part  of  the  build- 
ers of  the  apparatus  or  on  the  part  of  the  users?  That  is, 
will  be  because  units  of  necessary  reliability  and  economy 
are  not  commercially  obtainable,  or  because  units  of  30,000 
kw.   and  larger   are   too   large   for   the   present   and    im- 

•Abstract  of  a  paper  read  before  the  Philadelphia  Section. 
American  Society  of  Mechanical  Engineers. 


mediate    future    requirements    of    large    power-generating 
stations  ? 

In  the  following  table  is  given  roughly  approximate 
figures  showing  for  several  districts,  each  included  within 
a  circle  of  about  ten  miles  radius,  the  total  capacity  in 
kilowatts  of  generating  units  which  will  have  to  be  in- 
stalled by  1920,  based  upon  an  estimated  increase  of  peak 
load  of  8  per  cent,  each  year  and  a  surplus  of  generating 
capacity  installed  above  peak  load  of  20  per  cent. 

Sum  of  Maximum  Total 

Sustained  Peali  Load,  Capacities 
All  Companies,     To  Be  Installed 
District  1917  by  1920 

New  York   800,000  1,190.000 

Chicago    400.000  596.000 

Philadelphia    250,000  373,000 

Buffalo  and  Niagara  Falls 300,000  447,000 

Detroit 1.5.5,000  231.000 

Boston 155.000  231,000 

In  the  selection  of  sizes  of  generating  stations  the  choice 
of  sizes  of  generating  units  is  important  because  the  num- 
ber and  sizes  of  units  in  a  station  of  given  capacity  will 
materially  affect  the  total  cost  of  power  generated.  If  the 
sizes  of  units  be  too  small  and  the  number  too  large,  the 
cost  per  kilowatt  of  the  station  completed  will  be  greater, 
the  maintenance  and  operating  expenses  higher,  the  effi- 
ciency poorer  and  reliability  at  least  no  greater  than  if  the 
proper  sizes  are  used.  On  the  other  hand,  if  the  units  be 
too  large,  the  cost  per  kilowatt  installed  may  be  too  large 
because  of  the  greater  reserve  or  stand-by  capacity  re- 
quired, and  the  efficiency  may  even  be  poorer  by  reason  of 
the  units  operating  at  loads  too  far  below  their  points  of 
best  efficiency. 
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Take  for  example,  a  district  with  a  maximum  peak  re- 
quirement of  600,000  kw.,  which  to  insure  proper  reliabil- 
ity it  is  decided  to  generate  in  three  stations  of  approxi- 
mately equal  sizes.  We  will  assume  that  these  stations 
will  normally  always  operate  in  parallel  with  each  other 
and  that  there  will  be  one  spare  unit  for  each  five  in  ser- 
vice during  the  peak.  If  20,000-kw.  units  are  used,  there 
will  be  30  operating  and  6  spares,  making  a  total  of  36 
units,    12   in   each    station.      If   30,000-kw.    units    are    used, 


tions,  piping  and  switching  equipment,  and  operating 
costs,  including  maintenance,  supplies  and  attendance, 
should  be  less  per  kilowatt;  the  efficiency  higher  because 
of  the  higher  efficiency  of  the  larger  units,  larger  auxiliaries 
and  smaller  friction  and  radiation  losses  in  the  larger 
steam  and  water  piping;  and  reliability  greater  because  of 
the  smaller  number  of  operations  of  starting  and  stopping 
and  cutting  in  and  out  of  service  of  units  necessary. 

In  so  far  as  conditions  affected  by  the   design  of  units 
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there  will  be  a  total  of  20  operating  and  4  spares,  making 
a  total  of  24  units,  8  in  each  station.  If  40,000-kw.  units  are 
used,  there  will  be  a  total  of  15  operating  and  3  spares, 
making  a  total  of  18  units,  6  in  each  station.  If  60,000-kw. 
units  are  used,  there  will  be  a  total  of  10  operating  and  2 
spares,  making  a  total  of  12,  4  in  each  station. 

If,  to  remove  from  this  consideration  of  ideal  size  of 
units  conditions  imposed  by  the  design  of  the  apparatus,  it 
is  assumed  that  irrespective  of  the  size  the  reliability, 
efficiency  and  purchase  price  per  kilowatt  will  be  the  same, 
it  should  be  obvious  without  resorting  to  catculations  that 
the  20,000-kw.  size  is  too  small  and  that  best  results  are  to 
be  expected  with  either  the  40,000-  or  60,000-kw.  sizes, 
because  the  installation  costs,  including  buildings,  founda- 


are  concerned,  it  is  quite  generally  appreciated  that  in  sizes 
up  to  at  least  30,000-kw.  capacity,  higher  efficiency  at  the 
same  cost  per  kilowatt  is  obtainable  purely  by  reason  of 
the  larger  size  and  still  higher  efficiency  for  a  slight  in- 
crease in  cost  per  kilowatt,  and  it  has  been  quite  conclu- 
sively demonstrated  that  as  high  a  degree  of  reliability  is 
obtainable  in  these  larger  units  as  in  the  smaller  ones. 
Fig.  10  shows  the  approximate  relative  steam  consumption 
rate  of  units  in  sizes  varying  from  5000-kw.  to  40,000-kw., 
all  designed  for  the  same  cost  per  kilowatt. 

While  districts  in  which  the  peak  requirements  of  any 
one  operating  company  are  as  great  as  from  400,000  to 
600,000-kw.  are  at  the  present  time  not  numerous,  there 
are  many  that  will  probably  reach  that   stage   before   in- 
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stallations  boinp  nindc  nt  this  time  will  bo  expected  to  be- 
come ob.solete.  In  these,  units  of  the  Inr^cr  sizes  should 
bo  introduced  to  replncc  Bmnller  ones  ns  they  become  obso- 
Icto  and  to  tnlto  cure  of  incrensinn  requirements  «t  such 
a  rnto  as  will  effect  tlio  most  economical  proiluction  of 
power  over  the  estimated  period  of  usefulness  of  the  machines 
instnili'il.  It  will  \k'  in  order  liere  to  make  mention  of  the 
fact  that  numerous  generating  stations  of  about  200,000  kw. 


^/P£  cosjAcr  vuyMf 
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FIG.    I.      SECTION'AL,  VIEWS    OF  DITMMIES 

installed  capacity,  projected  and  designed  by  the  ablest  en- 
gineering talent  in  the  country,  are  under  construction  and 
in  operation,  and  units  of  30,000  kw.  and  larger  are  being 
employed  in  them;  also  that  stations  of  approximately 
300,000  kw.  installed  capacity  are  being  projected  and 
will  probably  be  built  in  the  near  future. 

Appreciating  the  need  of  generating  units  of  large 
capacities  in  the  future  growth  of  the  electric-power  in- 
dustry, the  engineering  staff  with  which  the  writer  is  as- 
sociated several  years  ago  took  up  the  work  of  designing 
such  machines,  assured  themselves  of  their  feasibility,  and 
advocated  their  use.  A  number  of  them  have  now  been  in 
operation  several  years. 

Up  to  the  present  a  total  of  14  units  have  been  sold, 
varying  in  capacity  from  30,000  to  70,000  kw.  maximum. 
Of  these  11  have  been  shipped,  10  are  in  service,  and  7 
have  been  in  service  for  periods  varying  from  approximately 
one  to  five  years.  The  records  of  performance  of  these 
machines  should  emphatically  remove  aa|r  doubt  as  to  the 
commercial  possibility  of  units  of  large  capacity,  and 
satisfactorily  prove  that  at  least  within  limits  not  yet 
reached,  increase  in  size  need  not  impair  reliability  and 
may  improve  efficiency. 

The  first  three  of  these  units,  which  are  exact  duplicates, 
were  sold  to  the  Interborough  Rapid  Transit  Co.,  of  New 
York.  They  are  of  the  two-cylinder  cross-compound  pure- 
reaction  type,  and  designed  for  maximum  reliability  and 
efficiency.     These  units  are  shoAvn  in  Fig.  1. 

They  are  of  30,000  kw.  maximum  rating  vrith  point  of 
highest  efficiency  at  25,000  kw.,  operating  with  205  lb. 
steam  pressure,  120  deg.  F.  superheat,  29  in.  vacuum  re- 
ferred to  30  in.,  the  high-pressure  operating  at  1500  r.p.m., 
and  the  low-pressure  at  750  r.p.m.  [A  description  of  these 
units  appears  in  Poiver  for  Apr.  20,  1915.] 

The  first  one  was  put  in  service  Dec.  30,  1914,  the 
second  in  February  and  the  third  in  August,  1915.  Elabo- 
rate and  exact  steam-consumption  tests  were  conducted  on 
the  first  of  these  units  by  the  purchaser.  (See  paper  by 
H.  G.  Stott  and  W.  S.  Finlay,  presented  at  May,  1916, 
meeting  of  New  York  Section  of  the  A.  S.  M.  E.,  also  Power 
for  May  23,  1916,  p.  746.) 

These  units,  since  their  installation,  have  been  operating 
on  an  average  of  from  sixteen  to  twenty  hours  per  day, 
on  fluctuating  railway  loads  varying  from  10,000  to  30,000 
kw.  With  the  first  and  third  no  troubles  of  any  sort  have 
been  experienced,  and  they  have  been  ready  at  all  times 
for  any  service  within  their  designed  capacity  except  when 
out  of  sei-vice  for  regular  periodic  inspection  or  ordinary 
maintenance.  On  the  second  the  labyrinth  packing  on  the 
balance  pistons  of  the  high-pressure  element  has  failed 
three  times,  requiring  renewal  of  some  parts.  The  cause 
of  these  failures  was  at  first  supposed  to  have  been  im- 


proper ndjuslmrnt,  but  investigations  following  the  third 
failure  indicated  excessive  lost  motion  in  the  thrust  bear- 
ing and  heavy  distortional  stresses,  caused  by  rigid  brarinr 
of  the  steam  pipe  near  the  turbine  us  the  probable  r 

The  fourth  unit,  placed  in  operation  in  the  N' 
Slatiuii  of  the  Commoiiwealtli  Ivlison  (;o.,  ('hicago,  in  .-icj)- 
tember,  1917,  consists  of  a  laiidum-compound  pure-reaction 
turbine,  dircct-connecti'd  to  a  single  generator.  It  has  a  rat- 
ing of  30,000  kw.  with  an  additional  overload  capacity  of 
6000  kw.  operating  with  220  lb.  steam  pressure,  200  deg.  F. 
superheat,  and  29  in.  vacuum,  1200  r.p.m.  These  arc  shown 
in  Figs.  2  and  3. 

A  few  hours  after  being  put  into  service,  subsequent  to 
completion  of  erection,  the  labyrinth  packing  on  the  low- 
pressure  element  failed,  due,  we  think,  to  buckling  of  the  tur- 
bine cylinder,  caused  by  rigid  piping  connections  between  the 
two  surface  condensers,  which  are  bolted  rigidly  to  the 
two  exhaust  openings  on  the  turbine,  preventing  the  con- 
densers from  translating  with  the  turbine  as  its  tempera- 
ture increased.  Temporary  repairs  were  made  locally 
and  the  unit  put  in  service  in  about  four  weeks.  It  has 
been  operating  almost  continuously  since  without  trouble 
(except  cracking  of  a  copper  expansion  joint),  carrying 
loads  as  high  as  40,000  kw.    In  one  instance  it  was  kept  on 
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the  line  for  71  days,  anil  then  taken  off  only  to  clean  the 
condenser.  Material  for  making  permanent  repairs  to  the 
labyrinth  packing  was  shipped  to  the  station  within  a  few 
months  after  the  accident,  but  purchaser  has  not  yet  given 
permission  to  take  the  unit  out  of  service  long  enough  to 
install  it.  This  packing  in  section  is  shown  in  Figs.  4  and  5. 
The  fifth  unit,  a  30,000-kw.  pure-reaction  single-cylin- 
der machine,  operating  on  200  lb.  steam  pressure,  100  deg. 
superheat,  29  in.  vacuum,  was  placed  in  operation  in  the 
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Gold  Street  Station  of  the  Edison  Electric  Illuminating  Co., 
of  Brooklyn,  in  October,  1917.  Owing  to  congestion  in 
the  shops  and  urgency  of  shipment,  this  turbine  was  not 
operated  prior  to  shipment.  The  overspeed  test  was  made 
after  installation.  No  correction  of  balance  was  necessary, 
and  with  the  exception  of  a  few  leaks  in  the  oiling  system 
and  the  breaking  of  a  defective  gear  on  the  oil  pump  drive, 
no  trouble  has  been  experienced.  It  has  been  available  for 
service  at  all  times  and  has  been  operating  approximately 
continuously  except  over  Sundays  and  when  necessary  to 
clean  the  condensers,  at  average  loads  of  approximately 
23,000  kw.,  and  peak  loads  as  high  as  32,000  kw. 

The  sixth  unit,  placed  in  service  in  December,  1917,  in 
the  Kent  Avenue  Station  of  Brooklyn  Rapid  Transit  Co.,  is 
a  duplicate  of  the  fifth  machine.  Just  after  installation 
some    rebalancing    of   both    turbine    and   generator    rotors 


.SECTION  OF  THE   KINGSBT^RY  THRTTST   BEARING 


was  necessary.  On  Oct.  18,  after  having  been  in  service 
about  ten  months,  the  Kingsbury  thrust  bearing  overheated 
and  wiped  some,  but  did  not  damage  any  other  part  of  the 
machine.  When  opened  for  inspection,  it  was  found  that 
the  labyrinth  packing  strips,  which  were  made  of  an 
aluminum  alloy,  ware  considerably  corroded  by  the  action 
of  strong  alkalies  used  at  this  plant  for  treating  feed 
water;  and  two  rows  of  blading  in  the  high-pressure  por- 
tion of  the  machine  were  found  to  have  been  damaged  at 
some  previous  time,  caused  probably  by  foreign  matter  or  a 
defective  blade.  This  machine  was  in  regular  service  up  to 
Oct.  18,  carrying  maximum  loads  as  high  as  31,000  kw.  and 
an  average  of  25,000  kw.  The  thrust  bearing  is  showTi  in 
section  in  Fig.  6. 

The  seventh  unit  is  a  40,000-kw.  60-cycle  cross-compound 
machme,  installed  in  the  Brunots  Island  Station  of  the 
Duquesne  Light  Co.,  and  was  placed  in  service  in  Decem- 
ber, 1917.  The  high-pressure  element  of  this  machine 
operates  at  1800  r.p.m.  and  the  low-pressure  at  1200  r.p.m. 
This  unit  has  been  in  regular  service  carrying  loads  nor- 
mally of  from  30,000  to  40,000  kw.  with  peaks  as  high 
as  50,000  kw.  On  Feb.  18,  while  operating  the  machine 
to  correct  the  balance  of  one  of  the  generators,  the  main 


bearing  at  the  coupling  end  of  the  high-pressure  turbine 
burned  out,  apparently  due  to  interruption  of  oil  service 
to  that  bearing.  This  let  the  spindle  down  suificiently  to 
cause  rather  heavy  blade  rubs  throughout  the  machine. 
The  bearing  was  rebabbitted  and  the  machine  put  back  in 
service  without  any  other  work  being  done  except  rechecking 
the  clearances  and  placing  a  balance  weight  on  the  spindle 
to  correct  for  the  weight  rubbed  off  the  blades.  In  July 
the  generator  wa§  damaged  by  electrical  trouble,  and  while 
this  repair  was  being  made,  both  elements  of  the  turbine 
were  dismantled.  The  high-pressure  rotor  was  returned  to 
the  shops,  the  damaged  blading  replaced  and  rebalanced. 
New  blading  was  also  installed  in  the  stator  to  restore 
original  clearances  and  original  efficiencies.  Inspection  of 
the  low-pressure  element  revealed  several  broken  blades 
which  were  defective  and  had  slightly  damaged  the  rest  of 
the  blading  in  those  rows, 
requiring  replacement  of  ap- 
proximately IJ  rows  of  blading 
on  each  end  of  the  machine. 
The  eighth  unit,  practically  a 
duplicate  of  the  seventh,  rated 
at  45,000  kw.  maximum,  was 
placed  in  service  for  the  Nar- 
ragansett  Electric  Light  Co.  in 
Providence  in  January,  1918. 
[For  description  with  excellent 
drawings  of  this  machine  see 
Power  for  Aug.  27,  1918,  p. 
292.]  In  placing  this  machine 
in  service  the  labyrinth  packing 
on  the  high-pressure  element 
was  damaged,  due  to  improper 
adjustment,  which  necessitated 
temporary  repairs,  keeping  the 
machine  out  of  service  until 
about  Mar.  1.  Since  then  no 
trouble  has  been  experienced 
except  some  distortion  of  the 
couplings  caused  by  a  series  of 
violent  short-circuits  and  some 
defective  workmanship  on  the 
fitting  of  the  coupling  keys. 
Permanent  repairs  to  the  laby- 
rinth packing  have  been  made, 
and  new  coupling  parts  are  to 
be  installed  in  the  near  future. 
In  the  meantime  the  old  parts 
are  operating  satisfactorily 
without  any  evidence  of  distress. 
This  machine  operates  on  loads 
as  low  as  5000  kw.,  and  has 
carried  a  peak  load  of  50,000 
kw.  for  periods  of  from  four  to 
five  minutes.  Longitudinal  sec- 
tions of  the  high-  and  the  low- 
pressure  elements  are  shown  in  Figs.  7  and  8. 

The  ninth  unit  is  a  70,000-kw.  three-cyclinder  cross-com- 
pound 25-cycle  machine,  installed  for  the  Interborough 
Rapid  Transit  Co.  in  New  York.  The  one  low-pressure  ele- 
ment was  placed  in  service  Apr.  18,  1918,  operating  on 
high-pressure  steam.  The  high-pressure  element  was 
placed  in  service  Aug.  21,  operating  in  connection  with 
the  low-pressure  already  installed,  and  the  second  low- 
pressure  element  was  placed  in  service  Oct.  9.  Some  in- 
termittent vibration  trouble  appeared  on  the  first  low- 
pressure  machine,  the  cause  for  which  was  found  to  be 
lack  of  sufficient  clearance  on  one  of  the  spindle  rings, 
causing  distortion  during  expansion.  After  this  was  cor- 
rected no  further  trouble  was  experienced  except  the  break- 
ing of  a  few  defective  blades  on  the  intermediate  stage  of 
the  second  low-pressure.  This  unit  is  equipped  with  an 
automatic  control  mechanism  for  cutting  out  of  service, 
either  automatically  or  manually,  either  element  without 
disturbing  the  other  two.  These  features  have  been  given 
a  thorough  try-out,  which  in  so  far  as  a  demonstration 
goes,  has  verified  all  expectations  as  to  flexibility  of  this 
feature.  In  regular  service  it  has  carried  loads  as  high 
as  55,000  kw.  with  swings  up  to  61,000  kw. 
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Wliilo  these  records  do  not  »ll  .show  100  per  cent,  per- 
fection, tliey  do  show  that  in  not  one  instance  has  there 
been  liny  evidence  of  inherent  or  basic  defects  in  desi(;n  or 
difficulties  in  construction  or  operation.  Some  troubles 
have  been  experienced,  but  these  have  all  been  of  minor 
characti'r,  due  to  avoidable  defects  in  detail  design,  con- 
struction, installation  t)r  operation;  such  as  are  experienced 
with  new  desijrns  of  any  si/e  or  sort.  It  is  sit^nificant 
that  with  one  exception  no  important  part  of  any  one  of 
these  units  has  ever  been  returned  to  the  works  for  re- 
placement, alteration  or  repair.  The  hi(rh-prossure  rotor 
of  the  lJu<]Uesne  Lipht  Co.  unit  was  returned  to  the  shops 
for  checking  for  truth  and  rebladintr.  While  most  of  them 
have  not  been  subjected  to  any  accurate  steam  consump- 
tion tests,  delinite  reductions  in  station  coal  consumption 
rates  were  elTected   by  the   installation. 

The  fore^:oin^r  naturally  leads  to  a  consideration  of  some 
of  the  more  important  problems  of  larjre  steam-turbine  de- 
sign and  of  their  solutions.  The  successful  practical  de- 
sign of  a  lartre  turbine  comprises  many  problems  worthy 
of  the  hiphest  enpineerinp  skill.  Many  conflicting  factors 
must  be  most  judiciously  combined   in"  order  to  secure  the 


supplied  at  the  throttle  at  250  lb.  pajre  prcBsure  and  150 
deff.  F.  superheat  enters  the  first  stape  at  a  pressure  of 
about  255  lb.  absolute  and  specific  volume  of  2.2H  cu.fl. 
per  lb.  (allowinjr  10  lb.  drop  tliruuk'h  the  throttle  and  inlet 
valves).  It  leaves  the  last  sta^e  at  380  cu.ft.  per  lb.  when 
28i  in.  vacuum  is  maintained  by  the  condenser,  and  550 
cu.ft.  per  lb.  when  29  in.  is  maintained;  that  is,  the  volume 
when  exhaustinjr  to  284  in.  vacuum  is  IG04  times,  and  when 
exhausting  to  29  in.  is  241  times  as  larjje  as  it  is  at  the 
entrance.  This  means  that  if  the  rate  of  steam  flow  is 
such  as  to  rciiuire  an  18-in.  steam  inlet  pipe,  and  if  its 
velocity  were  maintained  the  same  throuRh  the  exhaust  as 
throuKh  the  inlet  pipe,  the  exhaust  openinjf  when  expanding 
to  28i  in.  vacuum  would  have  to  be  19  ft.  4  in.  in  diameter, 
and  when  expanding  to  29  in.  vacuum  2;i  ft.  4  in.  in  diameter; 
or  if  the  mean  diameter  and  exit  anple  of  all  the  ro-.vs  of 
blading  be  the  same  and  the  ratio  of  blade  speed  to  steam 
speed  be  the  same  in  each,  thereby  keeping  the  theoretical 
efficiency  of  all  stapes  eijual,  and  if  these  blade  and  steai.i 
speeds  be  so  chosen  as  to  fix  the  height  of  the  blades  in  the 
first  stage  at  one  inch,  the  last  row  would  have  to  be  ap- 
proximately 13  ft.   lOJ   in.  if  designed  for  28J   in.  vacuum. 


FIG.    7.      LOXGlTlDINAL   VIEW   OF   HIGH-PRE.S.Sl_'RE    ELEMENT.    45,00(I-KW,    TURBINE 


best  evenly  balanced  design  and  one  which  will  serve  the 
purpose  for  which  it  was  intended  most  usefully. 

In  this  as  in  all  other  arts,  carefully  studied  and  ac- 
curately judged  experience  is  the  great  teacher,  and  high- 
est success  is  attained  only  after  years  of  growth,  adhering 
to  the  same  basic  design,  the  principles  of  which  must  be 
right  and  therefore  susceptible  to  the  highest  development. 

To  begin  with,  the  engineer  must  have  a  clear  vision  of 
his  ideal,  his  turbine  made  perfect  in  every  detail.  This 
must  be  the  standard  toward  which  he  constantly  strives, 
deviating  from  it  only  as  compelled  to  do  so  in  com- 
promising between  conflicting  factors.  In  this  ideal,  re- 
liability and  general  operative  excellence  must  stand  out 
as  the  dominating  characteristics,  because  above  all  things 
the  machine  must  be  dependable  to  deliver  its  rated  capacity 
of  kilowatts  upon  demand;  second  to  this  comes  efficiency, 
because  it  must  in  competition  with  other  units  yield  a 
profit  for  the  owner;  and  third  comes  cost,  because  the  unit 
must  be  salable  in  competition. 

The  first  and  perhaps  greatest  single  problem  is  suggested 
in  the  theoretical  design;  namely,  that  of  providing  areas 
suitable  to  accommodate  the  enormous  increase  in  volume 
of  the  steam   while   passing   through   the   turbine.     Steam 


and   20   ft.    1    in.   if   it   were   designed   for   29   in.   vacuum. 

A  diagram  has  been  prepared  to  show  this  enormous 
increase  in  volume  and  indicated  thereon  are  the  relative 
blade  heights  based  on  the  assumption  of  the  speeds  being 
kept  constant.  The  impracticability  of  adhering  to  such 
proportions  in  actual  desig^is  is  obvious.     See  Fig.  9. 

Here  is  where  the  combining  of  conflicting  factors  be- 
gins. In  the  first  stages  the  areas  and  blade  heights  should 
be  kept  large  to  reduce  the  losses,  and  in  the  low-pressure 
stages  they  must  be  sacrificed  on  account  of  practicable 
limits  of  mechanical  design.  In  single-cyclinder  machines 
where  the  blading  is  all  on  the  same  spindle,  the  problem 
becomes  doubly  difficult. 

The  first  determination  is  that  of  rotative  speed,  which 
is  usually  not  difiScult  to  make  since  the  frequency  of  the 
generator  restricts  the  permissible  speeds  to  a  few  and 
these  are  rather  widely  separated.  The  limiting  capacities 
at  the  various  permissible  rotative  speeds  for  which  gener- 
ators can  be  built  must  also  be  considered,  although  at  the 
present  time  the  practicable  limits  of  turbines  and  genera- 
tors is  reached  at  approximately  the  same  capacities  except 
in  the  case  of  single-phase  generators.  With  these  the  lim- 
iting capacities   are   less   than   with   polyphase   generators. 
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The  chief  factor  in  the  selection  of  the  rotative  speed 
is  the  design  of  the  last  row  of  blades  with  reference  to 
height,  diameter  and  exit  angle,  because  this  is  the  most  im- 
portant stage  in  the  whole  turbine.  In  it  the  mechanical 
stresses  and  fatiguing  effect  of  vibration,  the  B.t.u.  drop  and 
physical  dimensions  are  all  greatest.  Consequently,  upon 
it  depend  largely  the  reliability,  efficiency  and  cost  of  the 
unit. 

Here  the  temptation  of  reward  in  high  efficiency  with- 
out appropriate  higher  cost  by  departing  from  known  re- 
liable and  conservative  practice  in  the  employment  of  ma- 
terials and  stresses  is  greatest,  and  the  engineer  must 
needs  keep  both  eyes  firmly  fixed  upon  his  ideal  lest  he  be 
led  astray  by  the  alluring  appeals  of  a  daring  commer- 
cialism. Here  must  be  considered  the  alternatives  of  a 
higher  rotative  speed  with  the  low-pressure  stage  made 
multiflow  as  against  a  slower  rotative  speed  and  single- 
flow  construction. 

The  length  of  blades  must  not  be  excessive  with  refer- 
ence to  the  diameter,  not  only  because  of  the  higher  stresses 


reached,  keeping  the  blade  height  within  approximately 
one-fourth  of  the  rotor  diameter  as  a  limit  of  good  practice. 
The  materials  of  which  the  rotor  and  blades  are  made  will 
of  course  determine  the  safe  stresses,  and  on  account  of 
the  great  import  of  safety  and  reliability  in  these  parts, 
only  good  quality  of  plain,  or  5  per  cent,  nickel  low-carbon 
steels  should  be  used  because  these  are  commercially  com- 
mon materials,  uniform  in  quality  and  do  not  require  sen- 
sitive heat  treatments. 

For  rotors,  cast  or  forged  steel  having  a  tensile  strength 
of  70,000  lb.,  true  elastic  limit  of  28,000  to  30,000  lb.  and 
elongation  of  18  per  cent,  in  2  in.  may  be  stressed  to  20,000 
lb.  per  sq.in.  and  for  blades  5  per  cent,  nickel  steel  hav- 
ing tensile  strength  of  85,000  lb.  and  true  elastic  limit  of 
35,000  lb.,  may  be  stressed  to  25,000  lb.,  both  at  20  per 
cent,  overspeed.  The  stresses  at  normal  operating  speed 
will  therefore  be  13,900  and  17,350  lb.  respectively,  and 
the  factor  of  safety  against  rupture  approximately  five. 

Increasing  the  diameter  not  only  permits  increasing  the 
blade  height,  but  also  the  steam  speed  without  materially 


FIG.   8.      LOW-PRESSURE  ELEMENT   OF  THE   45,000-KW.   TURBINE  AT  PROVIDENCE 


in  the  blades  and  rotor,  but  also  because  the  difference  in 
velocity  of  the  blades  at  their  tips  and  at  their  roots,  as 
well  as  the  difference  in  blade  spacing  will,  if  too  great, 
materially  impair  the  efficiency. 

On  the  other  hand,  if  the  area  through  the  blades  is  too 
much  restricted,  the  steam  velocity  will  become  too  high 
and  the  bearing  losses  too  great.  If  this  restriction  is 
carried  to  the  extreme,  the  steam  in  passing  through  the 
last  row  of  blades  may  even  reach  its  critical  velocity  with- 
out expanding  entirely  down  to  the  condenser  pressure,  in 
which  event  the  remainder  of  the  expansion  takes  place 
in  the  form  of  an  explosion  upon  leaving  the  blade  pas- 
sages, and  from  it  only  a  small  percentage  of  the  energy 
is  recovered. 

To  secure  the  most  satisfactory  design  for  the  last 
stages,  and  in  order  to  permit  the  stresses  or  physical 
dimensions  with  the  ever-present  cost  from  becoming  pro- 
hibitive, several  compromise  features  are  employed.  The 
first  of  these  consists  of  increasing  the  rotor  diameter  and 
blade  heights,  if  necessary,  until  the  safe  limit  of  stress  is 


affecting  the  efficiency,  by  reason  of  the  increase  in  blade 
speed.  There  is,  however,  a  slight  falling  off  in  efficiency 
with  the  higher  speeds  even  though  the  ratio  of  blade  to 
steam,  speed  be  kept  practically  constant  because  the  actual 
velocity  of  the  steam  with  reference  to  the  blade  being 
greater,  the  frictional  losses  will  be  greater. 

The  second  compromise  consists  of  increasing  the  steam- 
passage  area  through  the  blades  by  changing  the  blade 
shape.  This  change  increases  the  angle  between  the  di- 
rection of  steam  flow  from  the  blade  and  the  direction  of 
the  bladqi  and  a  slight  impairment  of  efficiency  results 
therefrom.  However,  this  loss  is  slight  compared  to  the 
gain  from  the  higher  ratio  of  blade  speed  to  steam  speed 
resulting  from  the  increased  area.  This  practice  is 
standard  on  practically  all  condensing  machines  built  for 
high  vacuum. 

The  third  compromise  consists  of  permitting  the  steam 
speed  to  increase  without  a  corresponding  increase  in  blade 
speed,  thereby  decreasing  the  ratio  of  blade  speed  to  steam 
speed,  and  increasing  the  leaving  losses.     This  compromise 
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may  properly  be  employed  up  to  the  point  where  the  loss 
~f  elliciency  will  justify  the  inrri-iiHod  expense  of  Rreutcr 
bhule  mens  whii-h  may  necessitate  droppintr  to  n  lower 
rotative  speed  or  eniployii)K  multiple  stajjes. 

Two  or  more  low-pressure  stages  in  multiple  in  con- 
nection with  n  single  hijrh-pressure  stnjre  nre  used  when 
the  required  areas  cannot  be  obtained  with  a  single  staKC 
at  the  rotative  speeil  chosen,  and  when  it  is  more  feasible 
to    employ    niultiple    stages    than    a    lower    rotative    speed. 
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KU;.  9.      I.VCRKASK  IN'  VOU'ME  Ol'  STKA.M  l'()l{  DIFKRRENT 
VAiMT.MS  ,\NIJ  KKLATIVE  IJL.VDE  LENGTHS  REQl'IKKU 

Other  considerations  favoring  multiple  stages  are  (1),  re- 
duced physical  dimensions  of  the  exhaust  chambers,  simpli- 
fying both  the  ribbing  and  bracing  necessary  to  maintain 
the  proper  rigidity;  and  the  cylinder-supporting  structure, 
including  foundations;  and  (2),  limitations  of  shipping 
dimensions  established  by  transportation  companies. 

The  design  of  the  higher  stages  usually  involves  only  an 
equitable  selection  of  diameters,  blade  speeds  and  steam 
speeds.  Keeping  these  low  results  in  low  stresses  and  high 
efficiency,  but  large  number  of  stages,  and  high  cost;  while 
keeping  them  high  reduces  the  length,  weight  and  cost,  but 
inci-eases  the  sti-esses  and  impairs  the  efficiency. 

If  the  steam  volumes  in  the  first  stages  are  relatively 
small  for  the  rotative  speed  employed,  as  would  be  oc- 
casioned by  the  use  of  high  steam  pressure  or  low  rating, 
a  double-velocity-stage  impulse  element  may  often  be  em- 
ployed to  advantage,  the  advantages  secured  being  reduc- 
tion of  length,  increased  diameter,  reduced  pressure  and 
temperature  inside  the  main  cylinder  and  adaptability  for 
varying  overload  capacity,  but  not  increased  efficiency  nor 
decreased  cost. 

Having  fixed  the  rotative  speed  to  secure  proper  design 
of  the  low-pressure  stages,  and  the  diameters  and  steam 
speeds  of  the  high-pressure  stages  to  give  the  highest 
economy,  the  length  of  the  rotor  may  become  excessive, 
necessitating  its  division  into  two  parts  to  maintain  req- 
uisite reliability.  These  parts  may  be  arranged  either  in 
tandem  form,  driving  a  single  generator,  or  in  cross-com- 
pound form  driving  two  generators.    When  arranged  cross- 


Turbine  Capacity  in  Thousanol  Kw. 

FIG.  10.  REI.ATIVE  STEAM  CONSUMPTION  OF  L'NITS  OF 
FROM  5000  TO  40.000  K\V.  CAPACITY,  ALL  DESIGNED  FOR 
SAME   COST  PER   KILOWATT 

compound,  it  will  often  be  found  advantageous  to  increase 
the  rotative  speed  of  the  high-pressure  element,  thereby 
gaining  reduced  physical  dimensions,  weight  and  cost, 
without  sacrifice  of  efficiency  or  reliability.  The  multi- 
cylinder  construction  is  especially  desirable  in  the  em- 
ployment of  high  steam  pressures  and  superheats  in  that 
the  high-pressure  turbine  structure  is  small  and  there  is 
no  danger  of  stress  complications  resulting  from  wide 
temperature  differences  and  no  transmission  of  heat  through 
the    cylinder    walls    from  the    high-pressure    to     low-pres- 
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Huro  stages.  It  has  a  further  advantage  in  these  days  of 
increasing  steam  conditions  in  that  a  unit  may  be  designed 
for  given  sleiim  coTiditions  and  later  redesigned  for  ma- 
terially higher  conditions,  the  redesign  beinK  entirely  car- 
ried out  in  the  high-pressure  clement. 

In  units  of  00,000  kw.  or  larger,  the  three-cylinder 
cross-compound  construction  employing  one  high-pressure 
and  two  low-pressure  elements,  possesses  the  advantages 
of  high  efficiency  and  reliability  without  employing  exces- 
sively large  structures  uiid  has  greater  flexibility  than  is 
possible  with  either  of  the  other  constructions.  This 
flexibility,  enabling  the  high-pressure  element  to  operate 
with  either  low-pressure  element,  or  either  of  the  three 
elements  to  operate  alone,  admirably  adapts  it  for  use  in 
systems  not  yet  large  enough  to  permit  employing  a  single 
unit  of  so  large  capacity.  These  units  may  be  provided 
with  a  control  mechanism  by  means  of  which  either  of  the 
elements  may  be  taken  out  of  service  either  automatically 
or  manually,  through  operation  of  circuit-breakers  or  auto- 
matic stop  governor,  and  the  remaining  ones  will  continue 
to  operate,  carrying  loads  up  to  the  maximum  ratings  of 
their  generators.  The  low-pressure  elements,  when  operat- 
ing on  high-pressure  steam  direct,  may  be  made  to  carry 
loads  for  short  periods  considerably  in  excess  of  the  rated 
capacities  of  their  generators. 


In  Pennsylvania  there  is  a  fire  that  has  been  burning 
continuously  for  sixty  years.  It  started  in  a  coal  mine 
and  spread  to  surrounding  deposits.  How  much  fuel  it 
has  wastefuUy  consumed  cannot  be  even  approximately 
estimated.  It  is  said  that  more  than  one  million  dollars 
has  been  expended  in  efforts  to  extinguish  the  fire,  all  in 
vain.  Now  another  attempt  is  to  be  made.  The  plan  is 
to  strip  the  top  of  the  mountain  which  overlies  the  burning 
section,  remove  veins  of  coal  that  lie  in  the  path  of  the 
fire,  and  thus  "starve"  it.  The  area  to  be  stripped  is  about 
a  mile  long  and  400  yards  wide.  The  stripping  will  have 
to  be  of  an  average  depth  of  forty  feet. — Detroit  News. 


Keep  Coal  out  of  the  waste  pile 
and  waste  out  of  the  Goal  Pile 


3F  the  earth's  abundance  only  those  things 
I  that  procreate  are  subject  to  increase. 
I  Fixed  in  the  earth  is  the  great  storehouse 
of  mineral  weaith.and  upon  it  we  must  depend  for 
all  time  By  no  human  skill  may  it  be  increased  by 
so  much  as  one  tiny  atom.  The  total  amount  is  in- 
wrought and  immutable.  Mine,  either  by  surface 
operation  or  deep-driven  incision,  and  instead  of 
nourishing  and  curing  the  wound  nature  leaves 
It  stark  Elsewhere  and  yet  elsewhere  must  the  stuff 
of  life  be  taken  out  and  carried  away.  Let  us  not 
waste  this  stuff  Whether  it  be  heat-giving,  power- 
giving  coal  or  something  less  essential  to  happi- 
ness let  us  save  at  every  step  The  Pennsylvartia 
Crusher  Company  intends  to  do  its  full  share  and 
seeks  to  work  with  those  who  are  interested  in 

l^epwg  coal  out  of  the  waste  pile  and 
waste  out  of  the  coal  pile 


FUEL-CONSERVATION  WALL  HANGER 
An  attractive  wall  hanger  in  tw'o  colors,  about  10  by  12J  in.,  which 
is  reproduced  in  miniature  here,  has  been  issued  by  the  Penn- 
sylvania Crusher  Co..  Stephen  Girard  Building.  Philadelphia. 
Penn.  It  is  intended  for  free  distribution  and  anyone  interested 
in  fuel  saving  can  obtain  a  copy  on  application   to   the  company. 
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American  Engineering  Standards  Committee 


IN  HIS  address,  "Engineering '"and  Industrial  Standard- 
ization," delivered  at  the  Midwinter  Convention  of  the 
American  Institute  of  Electrical  Engineers,  Feb.  20,  1919, 
President  Comfort  A.  Adams  outlined  the  purpose  and  ma- 
chinery of  the  American  Engineering  Standards  Committee 
as  follow^s: 

At  present  the  work  of  standardization  is  carried  on  by 
numerous  organizations  each  in  its  own  field  and  with  its 
own  machinery,  usually  through  a  standards  committee. 
But  the  fields  overlap  and  the  machinery  differs  largely 
in  the  different  organizations.  In  many  cases  the  commit- 
tees are  made  up  of  men  who  do  not  realize  that  a  standard 
must  be  not  only  rational  and  technically  correct,  but  also 
acceptable  to  all  those  interested  in  its  manufacture  and 
use.  The  mere  promulgation  of  a  standard  by  any  society, 
however  powerful,  does  not  make  it  a  real  standard. 

Moreover,  the  fields  of  the  several  organizations  overlap 
in  large  degree;  there  is  much  duplication  of  effort  and 
confusion  of  result,  and  many  of  the  standards  promul- 
gated are  practically  useless. 

Cooperation  between  two  or  more  organizations  has  been 
tried,  sometimes  successfully,  but  there  was  no  recognized 
machinery  of  cooperation,  no  standard  procedure,  and  con- 
fusion still  reigns. 

To  meet  this  need  there  has  been  recently  created  an 
American  Engineering  Standards  Committee  whose  pur- 
pose, organization  and  method  of  operation  are  outlined 
below : 

The  American  Engineering  Standards  Committee  was 
formed  by  joint  action  of  five  national  engineering  societies 
(American  Society  of  Civil  Engineers,  American  Institute 
of  Mining  Engineers,  American  Society  of  Mechanical  En- 
gineers, American  Institute  of  Electrical  Engineers  and 
the  American  Society  for  Testing  Materials)  called  the 
"Founder  Societies,"  to  meet  a  long-felt  need  of  some  avail- 
able and  satisfactory  machinery  for  the  development  of 
engineering  and  industrial  standards,  by  the  operation  of 
which  duplication  would  be  avoided  and  cooperation  be- 
tween all  interested  organizations  and  Government  de- 
partments secured;  so  that  when  a  standard  or  group  of 
standards  is  developed  it  will  be  acceptable  to  all  concerned 
and  therefore  a  real  American  standard.  Moreover,  as 
international  standardization  develops,  there  is  imperative 
need  for  an  authoritative  national  body  to  deal  with  the 
corresponding  foreign  bodies.  National  Engineering  Stand- 
ards Committees  are  already  in  operation  in  England, 
Canada,  France  and  Holland,  and  others  will  undoubtedly 
be  organized  in  the  near  future. 

The  Asaerican  Engineering  Standards  Committee  ma- 
chinery now  proposed  for  the  development  of  standards  is 
made  up  as  follows: 

a.  The  committee  proper  or  the  "Main  Committee,"  with 
three  representatives  from  each  of  the  five  "Founder  So- 
cieties" and  three  Government  departments,  whose  func- 
tions are  chiefly  those  of  an  organizing,  coordinating  and 
steering  committee. 

b.  "Sectional  Committees,"  one  for  each  group  of  stand- 
ards, with  representatives  from  all  organizations  or  Gov- 
ernment departments  vitally  interested  in  that  particular 
group  of  standards,  whose  function  is  to  prepare  the 
standards  in  question  under  the  direction  of  the  most  vitally 
interested  organization  known  as  the  "Sponsor  Body." 

c.  The  "Sponsor  Body"  or  "Body"  may  be  one  of  the 
Founder  Societies,  a  Government  department,  or  one  of  the 
"Cooperating  Societies"  or  organizations. 

d.  Under  "Cooperating  Societies"  it  is  intended  to  in- 
clude all  organizations  interested  in  the  production  of 
standards  and  willing  to  cooperate. 

The  procedure  is: 

1.  When  the  development  of  a  particular  group  of 
standards  is.  proposed,  the  main  committee  assigns  the 
work  to  the  appropriate  organization  as  "sponsor,"  or  if 
the  situation  seems  to  indicate  that  more  than  one  organ- 
ization is  equally  interested,  to  these  organizations  as  "joint  ^ 
sponsor."  -' 


2.  The  sponsor  then  appoints  the  sectional  committee  sub- 
ject to  the  approval  of  the  main  committee.  The  purpose 
of  this  approval  is  merely  to  assure  the  comprehensive  rep- 
resentation of  all  the  interests  involved.  Complete  records 
of  all  interested  organizations  and  of  their  standardization 
work  and  connection  will  be  kept  on  file  and  properly  classi- 
fied in  the  office  of  the  main  committee.  The  main  com- 
mittee or  its  secretary  will  thus  be  able  either  promptly 
to  suggest  the  proper  representation  to  a  sponsor  on  re- 
quest or  to  approve  or  amplify  the  representation  as  pro- 
visionally proposed  by  the  sponsor. 

3.  After  a  group  of  standards  has  been  prepared  and 
accepted  by  a  sectional  committee,  it  is  submitted  to  the 
sponsor  body  for  its  approval  and  then  to  the  main  com- 
mittee with  a  full  report  of  its  history.  When  approved 
by  both  the  sponsor  body  and  the  main  committee,  the 
standards  in  question  become  American  standards. 

4.  When  the  report  of  any  sectional  committee  is  being 
considered  by  the  main  committee,  three  members  of  that 
sectional  committee  are  invited  to  sit  with  the  Main  com- 
mittee to  report,  discuss  and  vote  on  the  standards  in  ques- 
tion as  if  they  were  regular  members  of  the  committee. 
Thus  each  sectional  committee,  and  therefore  usually  each 
sponsor  body,  will  be  represented  on  the  main  committee 
when  standards  in  which  they  are  interested  are  discussed. 

5.  The  scrutiny  of  a  standard  by  the  main  committee  is 
to  make  sure  that  the  proper  procedure  was  pursued  (that 
is,  was  prepared  by  a  comprehensively  representative  sec- 
tional committee),  that  the  vote  of  acceptance  was  nearly 
enough  unanimous,  and  that  the  standard  is  consistent 
with  other  related  standards.  Consideration  is  also  given 
to  international  relations;  but  the  main  committee  is  not 
supposed  to  pass  upon  the  details,  as  it  is  obviously  impos- 
sible for  a  moderate-sized  workable  committee  to  cover  the 
details  of  all  parts  of  the  field. 

6.  After  approval  by  the  main  committee  the  standard 
is  published  by  the  sponsor  body  with  the  statement  that 
it  has  been  approved  by  the  American  Engineering  Stand- 
ards Committee  and  labeled  "American  Standard,"  with 
the  appropriate  descriptive  title. 

Briefly  summarized  this  procedure  is  as  follows:  Stand- 
ard assigned  by  main  committee  to  sponsor  body;  sponsor 
body  appoints  a  thoroughly  representative  sectional  com- 
mittee, subject  to  approval  of  main  committee;  sectional 
committee  prepares  standard  and  submits  to  sponsor  body, 
which  then  submits  the  standard  with  its  approval  to  the 
main  committee.  The  standard  is  then  published  by  the 
sponsor  body  and  labeled,  "American   Standard." 

The  machinery  thus  provides  for  absolutely  compre- 
hensive cooperation,  eliminates  overlapping  and  duplication 
of  effort,  and  yet  does  not  undesirably  restrict  the  initiative 
of  the  several  cooperating  societies. 

With  proper  support  and  the  cooperation  of  all  inter- 
ested organizations,  it  should  contribute  largely  to  the  in- 
dustrial  development   of  the   country. 

Moreover,  it  should  be  a  potent  factor  in  promoting  inter- 
national standardization  and  foreign  commerce. 

In  the  broad  sense  international  standardization  means 
a  common  industrial  language  and  the  removal  of  one  of 
those  barriers  which  tend  to  separate  nations  and  to  give 
rise  to  misunderstandings. 

The  more  of  these  barriers  we  can  remove,  the  more  likely 
we  are  to  attain  that  lasting  peace  which  the  world  longs  for. 


Under  a  final  agreement  on  the  oil  leasing  bill  more 
than  50,000,000  acres  of  Government-owned  oil,  gas,  coal, 
phosphate  and  sodium  lands  in  Western  states  and  Alaska 
will  be  opened  for  development.  The  land  will  be  subject 
to  a  royalty,  which  in  the  case  of  oil  and  gas  will  not  be 
less  than  one-eighth  of  the  gross  value  of  the  production. 


Congress  has  authorized  the  expenditure  of  $100,000  for 
lignite  investigations  by  the  Bureau  of  Mines  and  a  survey 
is  being  made  to  determine  where  the  experimental  plant 
•shall  be  located. 
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of  KliH'lrical  Engineers 


Till"  .\nu'rii-jm  Institute  of  I'llftliical  Kii^'ini'or.s  la-Id  its 
si'voiitli  aiiDUiil  iniilwiiitiT  roiivi-tition,  Fi-b.  19,  20  and  21, 
in  the  Knjrinci'rinn  Socii'tii-s  Huildin>;,  New  York  City.  The 
first  session,  Wednesday  afternoon,  was  a  joint  meetinjr  of 
the  American  Institdle  of  Kleetrieal  Knjrinecrs  and  Ameri- 
can Institute  of  Mining  Kn^ineers.  Kleetric  Weldinjr  was 
the  subject  discussed  at  this  session,  five  papers  bcinji 
presented. 

S.  W.  Miller  presented  a  paper,  "Path  of  Rupture  in 
Steel  Fusion  Welds,"  in  which  he  pointed  out  the  results  of 
a  series  of  tests  on  welds  made  by  various  processes  in  dif- 
ferent kinds  of  iron  and  steel.  These  tests  consisted  very 
larpely  of  a  photoniicrotrraph  study  of  both  pas  and  electric 
welds  subjected  to  bendinp  after  beinp  polished  and  etched. 
In  the  paper  are  piven  82  of  these  plvotomicropraphs,  some 
of  them  of  1200  diameters.  The  etching  was  done  with  a  2 
per  cent,  solution  of  nitric  acid  in  absolute  alcohol  and  has 
been  carried  far  enouph  to  show  the  prain  boundaries.  The 
object  of  the  etching  was  to  locate  the  grain  boundaries, 
therefore  no  attention  was  paid  to  the  structure  of  the 
heavy  etchings  unless  they  were  checked  by  normal  etching 
with  both  picric  and  nitric  acid. 

The  author  expressed  the  opinion  that  in  the  present  case 
it  is  difficult  to  describe  what  occurs  during  the  testing, 
therefore  he  has  given  most  of  the  information  with  photo- 
graphs. The  conclusion  reached  is  that  the  first  evidence 
of  strain  in  any  weld  is  at  whatever  visible  defects  may  ex- 
ist in  the  weld,  such  as  films  of  oxide  around  the  grains  or 
around  small  particles  of  metal,  as  in  electric  welds.  How- 
ever, this  is  hard  to  prove  by  photographs.  In  electric  welds 
the  structure  is  usually  more  columnar  than  in  gas  welds. 
It  would  appear  that  the  rapid  cooling  of  electric  welds  is 
responsible  for  this  and  that  the  slower  cooling  of  gas  welds 
probably  makes  the  grains  more  nearly  equiaxed. 

All  brittle  welds  resemble  one  another  in  that  the  struc- 
ture is  move  or  less  columnar  and  that  they  contain  impuri- 
ties. According  to  the  usual  understanding,  during  the 
solidification  or  cooling  from  high  temperatures  of  a  metal, 
impurities  are  rejected  to  the  grain  boundaries.  The  au- 
thor is  of  the  opinion  from  rough  tests  he  has  made  that 
the  brittleness  in  gas  welds  at  least  can  be  removed  by  heat 
treatment.  However,  he  is  not  so  sure  about  electric  welds, 
since  their  heat  treatment,  at  least  in  an  ordinary  way, 
does  not  remove  the  line  structure;  in  many  cases  the  lines 
lie  either  on  or  very  close  to  the  grain  boundaries. 

The  quenching  of  electric  welds  appears  to  produce  an 
entirely  different  structure;  the  grains  lose  their  columnar 
nature  and  the  lines  disappear.  It  seems  clear  that  the  only 
way  to  account  for  the  brittleness  of  welds  is  to  assume 
that  it  is  caused  by  films  of  material  at  the  grain  bounda- 
ries, the  nature  of  these  films  differing  in  different  welds. 

While  the  author  questions  whether  anything  but  cir- 
cumstantial evidence  can  ever  be  adduced  for  his  belief 
in  the  presence  of  the  films,  the  facts  are  that,  under  weld- 
ing conditions,  very  thin  films  which  are  visible  do  exist; 
and  that  with  welds  containing  impurities,  the  breakage  is 
always  at  the  grain  boundaries  where  it  is  known  the  im- 
purities collect.  So  he  sees  no  reason  to  doubt  their  ex- 
istence and  believes  that  they  are  responsible  for  the  brit- 
tleness of  such  welds. 

In  a  paper,  "Micostructures  of  Iron  Deposited  by  Electric 
Arc  Welding,"  read  by  George  F.  Comstock,  the  author  adds 
some  further  discussion  on  a  paper,  "Some  Structures  in 
Steel  Fusion  Welds,"  by  S.  W.  Miller,  presented  before  the 
American  Institute  of  Mining  Engineers,  February,  1918. 
This  paper  is  also  a  photomicrographic  study  of  electric 
welds. 

"Welding  Mild  Steel,"  a  paper  presented  by  H.  M.  Ho- 
bart,  deals  with  investigations  undertaken  by  the  Welding 
Research  Subcommittee  of  the  Welding  Committee  of  the 
Emergency  Fleet  Corporation.  An  abstract  of  this  paper 
will   appear  in  an  early  issue   of  Power. 


A  brief  review  wa.s  given  of  what  had  been  done  in  Hub- 
stilutinp  welding  for  riveting  in  ship  construction,  by  S. 
V.  Cioodall  in  a  paper,  "Welding,  a  Process  in  .Ship  Con- 
struction." The  author  points  out  that  the  Welding  Com- 
mittee of  the  Emergency  Fleet  Corporation  has  found  by 
actual  experience  that  a  labor  saving  of  at  least  GO  per 
cent,  has  resulted  from  the  substitution  of  arc  welding 
for  riveting  on  minor  parts  of  ships  whore  structural 
strength  is  of  little  concern.  The  conclusion  is  reached  that 
the  best  line  of  approach  appears  to  be  to  build  up  a  staff 
of  thoroughly  skilled  welders,  to  gain  experience  by  the 
adoption  of  welding  on  minor  parts,  to  proceed  cautiously 
in  the  extension  of  the  process  to  more  important  members, 
not  to  expect  a  great  saving  in  time  and  cost  immediately, 
but  to  per.severe,  not  necessarily  toward  the  rivetless  ship, 
but  toward  a  vessel  in  which  the  employment  of  both 
processes  of  riveting  and  welding  is  so  adjusted  that  more 
riveting  or  more  welding  could  be  done  only  at  greater  cost. 

0.  H.  Escholz,  in  a  paper,  "Fusion  in  Arc  Welding," 
called  attention  to  such  characteristics  as  penetration  and 
overlap,  peculiar  to  the  metallic-electrode  arc-welding 
process,  which  facilitate  visual  inspection  and  discussed 
briefly  the  effect  of  arc  length,  welding  procedure,  elec- 
trode material,  arc  current  and  electrode  diameter  upon 
these  characteristics.  An  abstract  of  this  paper  will  be 
published  in  an  early  issue  of  Power. 

Comfort  A.  Adams,  president  of  the  American  Institute 
of  Electrical  Engineers,  who  presided  at  the  meeting,  gave 
a  brief  summary  of  the  work  done  by  the  Welding  Com- 
mittee of  the  Emergency  Fleet  Corporation,  of  which  he  is 
chairman.  The  speaker  told  how  ever  20  tons  of  steel  plates 
had  been  used  in  making  the  welding  tests  of  the  research 
committee.  He  said  that  the  advance  made  in  electric  weld- 
ing during  the  last  year  had  been  as  great  as  that  of  the 
preceding  ten  years  and  announced  that  a  new  welding  or- 
ganization is  being  started  to  continue  the  work  begun  by 
the  welding  committee  and  to  carry  on  investigations  neces- 
sary for  the  advancement  of  all  classes  of  welding. 

In  discussing  the  various  papers  on  welding,  H.  A. 
Horner  spoke  of  the  necessity  of  having  skilled  welders  and 
told  how  those  of  the  Emergency  Fleet  Corporation  were 
instructed.  Mr.  Horner  expressed  the  opinion  that  the  out- 
look for  producing  skilled  welders  from  the  laboring  classes 
were  not  very  promising  and  that  few  exceptionally  skilled 
welders  were  produced  by  the  training  given  the  class 
of  men  the  Emergency  Fleet  Corporation  had  to  instruct. 
The  speaker  said  that  the  best  welders  are  men  of  a  very 
sensitive  nature  and  that  if  conditions  were  not  favorable 
for  producing  good  welds  they  would  stop  work.  To  produce 
good  welds  the  welder  must  concentrate  all  his  attention 
upon  his  work  and  he  cannot  be  expected  to  do  satisfac- 
tory work  if  he  has  to  dodge  hot  rivets. 

W.  L.  Merrill  took  just  the  opposite  view  to  what  Mr. 
Horner  expressed  regarding  training  unskilled  laborers  to 
become  skilled  welders.  He  said  this  was  not  only  possible 
but  had  already  been  done.  Speaking  on  spot  welding,  Mr. 
Merrill  said  that  it  was  always  possible  to  tell  the  character 
of  the  weld  by  an  inspection  of  the  surface  of  the  weld, 
and  that  two  spot-welding  machines,  each  weighing  6  tons, 
had  been  built  and  successfully  tested  in  ship  construction. 

It  was  brought  out  in  the  discussion  that  a  system  was  un- 
der development  whereby  the  quality  of  any  weld  could  be 
determined  without  destroying  the  weld. 

The  part  of  the  discussion  of  greatest  interest  to  power- 
plant  engineers  was  that  by  H.  R.  Woodrow  on  electric 
welding  something  over  10  miles  of  high-pressure  steam 
line.     This  discussion  is  published  on  page  322  of  this  issue. 

On  Wednesday  evening  Dr.  John  A.  Brashear  delivered 
an  exceedingly  interesting  lecture,  entitled  "An  Evening 
with  the  New  Astronomy."  The  lecture  was  illustrated 
with  lantern  slides,  many  of  them  showing  what  it  was  pos- 
sible to  see  through  the  large  telescopes,  to  the  development 
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of  which  Dr.  Brashear  has  devoted  a  large  part  of  his  life. 
From  the  applause  given  the  speaker  by  the  audience  that 
filled  the  auditorium,  it  was  evident  that  they  felt  the 
doctor's  efforts  had  not  been  in  vain. 

At  the  Thursday  morning  session  President  Comfort  A. 
Adams  addressed  the  meeting  on  "Engineering  and  In- 
dustrial Standardization."  He  discussed  the  importance 
(if  standardization  and  its  dangers  and  indicated  the  com- 
parative chaos  that  still  reigns  in  most  parts  of  the  field 
of  engineering  an"H  industrial  standardization,  not  only  in 
the  standards  themselves,  but  in  the  methods  of  creating 
them,  and  outlined  the  machinery  proposed  by  the  Ameri- 
can Engineering  Standards  Committee  to  remedy  this  con- 
dition. The  outline  of  the  proposed  machinery  of  the 
American  Engineering  Standards  Committee  is  published 
in  this  issue  on  page  337. 

After  President  Adams  delivered  his  address  two  papers 
were  presented:  "The  General  Equation  of  the  Electric- 
Circuit — III,"  by  C.  P.  Steinmetz;  and  "Review  of  Work  of 
Subcommittee  on  Wave-Shape  Standard,  of  the  Standards 
Committee,"  by  H.  S.  Osborne. 

Thursday  afternoon  was  devoted  to  technical  excursions 


to  the  Brooklyn  Navy  Yard,  which  approximately  200  mem- 
bers and  guests  visited;  to  the  New  York  Edison  Co.'s 
Waterside  Station,  the  United  Electric  Light  and  Power 
Co.'s  power  station,  the  Interborough  Rapid  Transit  Co.'s 
power  station,  the  Electrical  Testing  Laboratories  and  the 
laboratories  of  Bell  Telephone  System. 

A  dinner-dance  was  held  on  Thursday  evening  at  the 
Hotel  Astor,  which  375  members  and  their  guests  attended. 

Two  technical  sessions  were  held  on  Friday.  The  morning 
session  was  held  under  the  auspices  of  the  Telephone  and 
Telegraph  Committee.  Two  papers  were  presented:  "Aero 
Telephony,"  by  E.  B.  Croft  and  E.  H.  Colpitt,  and  "Theory 
of  Transient  Oscillations,"  by  J.  R.  Carsons.  The  after- 
noon session  was  held  under  the  auspices  of  the  Electro- 
physics  Committee.  Three  papers  were  presented  at  this 
session:  "Ionization  of  Occluded  Gases  in  High-Tension 
Insulations,"  by  G.  B.  Shanklin  and  J.  J.  Matson;  "The 
Dielectric  Strength  of  Air  Films  Entrapped  in  Solid  In- 
sulation," by  F.  Dubsky,  and  "Abnormal  Voltages  in  Trans- 
formers," by  L.  F.  Blume  and  A.  H.  Boyajian. 

The  average  attendance  at  the  meetings  was  large  and 
the  convention  closed  with  a  total  registration  of  1001. 


Illinois  Chief  Engineers  Meet  at  Dunning 


SINCE  the  recent  consolidation  effected  by  the  present 
Governor  under  the  Civil  Administrative  Code,  the 
vai'ious  state  institutions  of  Illinois  are  tied  more 
closely  together  and  are  under  common  supervision.  All 
mechanical  work,  including  operation,  maintenance,  repair 
and  new  construction  is  subject  to  the  supervision  of  Fred 
J.  Postel,  a  state  officer  bearing  the  title  of  supervising 
engineer.  The  chief  engineers  of  the  various  institutions, 
having  charge  of  mechanical  work,  are  now,  in  a  way, 
units  of  the  organization,  and  as  there  are  many  operating 
features  of  common  interest,  they  were  called  together  at 
state  expense  to  hold  their  first  annual  meeting  at  Dun- 
ning on  Feb.  14  and  15.  An  interesting  program  had  been 
prepared,  there  was  lively  discussion  on  topics  pertaining 
to  the  work,  and  in  one  of  the  power  plants  of  the  institu- 
tion demonstrations  of  boiler-room  instruments  including 
draft  and  CO2  equipment  and  a  recording  pyrometer,  were 
made.  Twenty-three  institutions  under  the  Department  of 
Public  Welfare  and  five  normal-school  plants  were  repre- 
sented. The  attendance  exceeded  forty  and  the  meeting 
was  such  a  decided  success  that  in  all  probability  it  will 
be  made  an  annual  event. 

Acting  as  chairman,  Fred  J.  Postel  first  called  upon  the 
director  of  the  Department  of  Public  Welfare,  Charles  H. 
Thorne,  who  greeted  engineers  and  spoke  of  the  value  to 
be  derived  from  such  a  gathering.  Mr.  Thorne  was  a 
great  believer  in  placing  the  engineer  where  he  belonged, 
at  the  head  of  the  mechanical  equipment,  giving  him  full 
charge  in  order  that  he  will  take  pride  in  his  work,  assume 
the  responsibility  and  receive  the  recognition  that  is  due  him. 

Joseph  Harrington,  formerly  administrative  engineer  for 
Illinois,  United  States  Fuel  Administration,  introduced  an 
excellent  talk  on  "Boiler  Room  Operation"  by  commending 
highly  the  attitude  toward  engineers  Mr.  Thorne  was  trying 
to  develop.  The  engineer  was  coming  into  his  own.  The 
experience  of  last  winter  had  opened  the  eyes  of  the  public 
to  his  importance  and  a  realization  that  his  work  calls  for 
ability,  resourcefulness  and  sound  judgment. 

Upon  the  assumption  that  the  speaker  were  called  in  to 
make  a  report  on  the  power  plant  of  a  state  institution, 
he  would  first  want  to  know  the  over-all  efficiency,  meas- 
ured by  the  coal  per  kilowatt-hour,  or  if  current  was  not 
generated,  by  the  pounds  of  steam  per  pound  of  coal.  Coal- 
weighing  equipm.^nt  then  was  the  first  essential.  It  is 
necessary  to  know  the  amount  of  coal  used  in  each  day's 
run  and  if  done  right  the  coal  to  each  boiler  should  be 
weighed,  so  that  any  variation  in  economy  might  be  traced 
accurately  to  the  source. 

How  much  steam  is  made  with  the  coal  is  the  next  ques- 
tion. Its  solution  calls  for  a  steam-flow  meter.  Feed-water 
weighing  equipment  would  answer  the  purpose,  but,  owing 


to  the  various  leaks  from  the  boiler,  the  records  would  not 
give  accurately  the  steam  delivered  to  the  mains.  The  in- 
stallation of  both  meters  is  preferable  as  one  tends  to  check 
the  other. 

With  the  two  fundamental  items  determined,  the  next 
step  is  to  record  these  data  in  a  simple  and  comprehensive 
log,  so  that  the  figures  can  be  analyzed  and  comparison 
m^de  with  past  performance.  Division  should  be  made 
between  the  boiler  and  engine  rooms  so  that  variations  in 
efficiency  can  be  traced  to  the  proper  department  and  cor- 
rective measures  applied. 

To  analyze  boiler-room  conditions,  start  with  the  coal.  Its 
heat  value  should  be  known.  If  it  is  not  practical  to  test 
each  carload  received,  the  origin  of  the  coal  can  be  deter- 
mined and  from  data  available  a  close  approximation  made 
of  the  heat  value  and  the  ash  content.  "Then  determine  the 
rate  of  combustion  per  square  foot  of  grate  area.  The 
amount  of  coal  that  can  be  burned  economically  per  unit 
of  draft  is  definitely  fixed.  Limitations  of  each  furnace 
should  be  recognized  unless  it  was  desired  to  force  the 
furnace  at  a  loss  of  efficiency  by  passing  fixed  carbon  to 
the  ashpit.  About  7  lb.  of  air  per  pound  of  carbon  was 
all  that  could  be  forced  through  the  fuel  bed.  Unless  the 
balance  needed  were  admitted  over  the  fire  or  around  the 
grate,  it  would  have  to  be  supplied  mechanically. 

Excess  air  is  determined  by  the  gas  analyzer.  CO2  read- 
ings are  the  best  indications  of  furnace  efficiency  available. 
It  is  a  nice  thing  to  have  a  CO2  recorder  on  each  boiler  or 
at  least  one  instrument  in  the  plant  that  could  be  shifted 
from  one  boiler  to  the  other.  A  recording  instrument  is 
needed,  as  the  conditions  in  a  furnace  constantly  vary. 
Where  such  an  instrument  is  not  practical  the  speaker 
advocated  a  gas  sampling  tank  on  each  boiler  that  would 
draw  a  continuous  sample  and  hold  it  for  the  hand  analyzer. 

Hydrocarbon  losses  were  not  determined  by  the  Orsat. 
Heat  balance  tests  showed  that  the  difference  between  clean 
and  smoky  operation  ranged  from  3  to  5  per  cent.,  the 
hydrocarbon  rather  than  the  carbon  loss  being  responsible. 
Insufficient  furnace  volume  was  usually  responsible.  An 
increase  in  flame  travel  would  better  conditions.  In  the 
old  days  boilers  of  the  B.  &  W.  type  were  set  with  the 
bottom  of  the  front  header  4  to  6  ft.  above  the  floor.  The 
furnaces  were  always  smoky  and  efficiencies  ranged  from 
55  to  60  per  cent.  Today  boilers  are  set  12  ft.  above  the 
floor  and  for  heavy  loads  15  ft.  is  not  too  much.  The  fur- 
nace should  be  proportioned  so  that  the  flame  does  not 
reach  the  tubes.  A  cubical  content  of  12  cu.ft.  per  square 
foot  of  grate  area,  as  compared  to  6  cu.ft.,  the  old  standard, 
is  not  too  much.  With  powdered  coal  volumes  of  30  cu.ft. 
per  square  foot  of  grate  have  been  reached,  so  that  the 
furnace   was   as   large   as   the   boiler   itself.      Securing   the 
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propi-r  furnai-i*  volumo  is  only  half  the  |)rol)lcm.  To  ^'ct 
thf  ni'oossury  flami-  lriivi>l  tlii"  lu'ijrlit  vertically  muHt  Iw 
considtToil.  If  tlio  boiit-rs  cannot  Ix'  rnisod,  a  dutch  oven 
i.s  the  ni'Xt  ln-sl  tliinjr  to  si'curi'  Ifnjjth  of  flanio  travel. 

The  lo.t.s  from  unclean  heatinK  .surface  niifrlit  easily  prove 
serious.  There  were  two  sides;  on  one  soot  collected  and 
on  the  otlier,  sca'e.  Kxcessive  loss  from  either  was  readily 
preventable.  As  the  loss  due  to  scale  increases  as  the 
squnre  root  of  the  thickness,  the  first  thin  layer  does  the 
Kreat».st  dnmape.  The  speaker  was  not  a  believer  in  boiler 
compounds.  The  scale-form in^r  matter  should  be  precipi- 
tated before  the  water  reachid  the  boiler.  A  watcr-purifi- 
catiun  system  always  paid.  To  prevent  scale  formation  in 
the  boilo'    wi.s  entirely  feasible  and  economical. 

Soot  was  one  of  the  tinest  insulators  known  and  allow- 
ing it  to  collect  mipht  be  compared  to  wrappinj;  the  tubes 
with  asbestos  paper.  For  its  removal  the  speaker  liked 
to  see  mechanical  blowers  ratlicr  than  the  steam  lance;  for 
what  the  operator  can  do  easily,  he  will  do  more  readily. 
.■\  rise  of  25  dep:.  in  the  flue-tras  temperature  means  approxi- 
mately a  loss  of  1  per  cent,  in  efliciency. 

For  the  average  six-boiler  plant,  the  instruments  con- 
sidered essential  were  a  coal  scale,  steam-flow  meter,  gas- 
srmphng  tank  and  Orsat,  flue-gas  temperature  recorder  and 
a  draft  gage  on  the  furnace  and  uptake.  An  operator  could 
get  by  without  more  elaborate  equipment,  although  there 
were  refinements  that  might  prove  desirable. 

In  the  discussion  the  accuracy  of  the  steam-flow  meter 
was  questioned.  More  confidence  was  placed  in  the  feed- 
water  meter.  The  use  of  rain  water  and  distilled  water 
for  makeup  and  the  causes  of  pitting  were  discussed. 

Oil  carried  over  with  the  exhaust  steam  into  a  vacuum 
heating  system  and  thence  back  to  the  boilers  was  a  trouble 
that  had  been  experienced.  Due  to  the  vacuum  the  oil  had 
volatilized  and  got  past  the  separator.  The  use  of  oil  that 
did  not  volatilize  readily  and  the  insertion  of  a  valve  on 
the  supply  line  that  maintained  pressure  on  the  separator 
relieved  the  trouble. 

On  the  basis  that  the  appropriation  for  instruments  was 
limited,  it  was  Mr.  Harrington's  contention  in  reply  to  a 
question  as  to  what  instruments  were  most  essential,  that 
the  cop.l  must  be  weighed  and  the  water  measured. 

Formation  of  slag  on  the  lower  tubes  of  a  water-tube 
boiler  had  been  prevented  by  the  application  of  graphite 
and  the  use  of  a  hand  lance  in  addition  to  the  mechanical 
blower.  Reference  was  made  to  the  perfection  of  mechan- 
ical elements  to  take  care  of  the  slag.  Increasing  the 
width  of  the  throat  between  the  end  of  the  arch  and  the 
bridge-wall  had  lessened  the  slag  trouble  by  reducing  the 
velocity  of  the  gases. 

In  removing  soct  excellent  results  had  been  obtained  by 
the  use  of  salt.  The  salt  should  be  absolutely  dry  and  not 
too  coarse  and  should  be  placed  on  the  hottest  part  of  the 
fire.  Tubes  had  been  used  to  blow  it  to  the  proper  loca- 
tion in  the  furnace.  In  one  case  it  had  been  used  in  con- 
junction w-ith  a  mechanical  blower,  with  good  results. 

The  use  of  a  damper  regulator  that  threw  the  damper 
fully  off  or  on  was  not  favored  as  it  was  seldom  that  the 
fuel  bed  was  in  a  right  condition  for  either  extreme.  A 
damper  regulator  that  floated  with  the  demand  for  steam 
was  the  better  type  to  employ. 

Friday  Afternoon  Session 

At  the  afternoon  session  Prof.  H.  H.  Stock,  of  the  Uni- 
versity of  Illinois,  talked  on  coal  storage  and  some  of  the 
things  that  had  taen  discovered  in  a  study  of  over  100  fires 
during  the  past  season.  Coal  should  be  stored  as  near  as 
possible  to  the  point  where  it  is  to  be  used.  The  mines, 
the  railways  and  the  consumers  should  share  the  expense 
of  storage  as  each  is  benefited  thereby.  From  the  storage 
of  coal  there  is  very  little  lost  in  heat  value. 

As  to  the  kind  of  coal  that  can  be  stored  safely,  almost 
any  bituminous  coal  under  certain  conditions  will  give 
trouble  from  spontaneous  combustion.  This  trouble  de- 
pends not  so  much  on  the  coal  itself  as  the  size  and  the 
way  in  which  it  is  stored.  Most  of  the  trouble  from  fires 
develops  from  run-of-mine  coal,  a  mixture  of  fine  and 
coarse  particles.  The  finer  the  coal  the  greater  the  area 
exposed  to  the  air  and  the  greater  the  oxidation.    With  the 


coar.se  coal  on  the  outside  of  the  pile  as  it  usually  is,  nllow« 
ing  air  to  get  to  the  line  dust  at  the  center,  trouble  is  al- 
most Hure  to  develop.  Lump  or  sized  coal  that  is  clean 
and  doe.s  not  contain  much  line  coal  can  bo  Htored  Hafely. 
Screenings  have  been  storod  by  keeping  the  pile  compact 
and  pressed  down  to  exclude  the  air.  In  over  100  fires  in 
Chicago  that  h;ivi'  Ix-cn  studied  during  the  past  Beason,  55 
I)er  cent,  were  in  mine-run  coal  and  ."ii!  piT  cent,  in  screen- 
ings. It  did  not  seem  to  make  any  dilFerence  whether  the 
piles  were  under  cover  or  in  the  open,  as  the  division  on 
this  basis  was  exactly  even. 

There  were  two  ways  to  cool  to  prevent  spontaneous 
combustion.  One  was  to  ventilate  the  pile  thoroughly,  sup- 
plying enough  air  to  carry  off  the  heat  and  the  other  waj 
to  admit  no  air  at  all,  so  that  th>»re  could  be  no  oxidation. 
The  latter  condition  might  be  obtained  by  storing  undei 
water  or  in  finely  packed  piles.  One  of  the  safety  rules 
for  storage  was  to  limit  the  height  or  the  pile  to  8  or  10  ft. 
The  temperature  of  the  piles  should  be  watched  closely  anl 
when  it  reached  150  deg.  preparations  should  be  made  to 
move  it. 

Pyramid  piling  usually  brought  the  big  lumps  to  the 
bottom  and  the  sides,  and  the  fine  cool  to  the  center  and 
top.  This  was  the  worst  condition  possible,  as  air  was 
readily  admitted  through  the  coarse  coal  and  fires  started 
readily  at  the  junction  point  between  the  fine  and  coarse 
coal.  If  it  is  necessary  to  store  mixed  coal  i*:  should  be 
piled  in  even  layers. 

In  the  discussion  following  it  was  brought  out  that  fires 
were  more  likjly  to  develop  in  coal  that  was  brought  in 
wet.  In  putting  out  fires  a  brine  solution  seemed  to  be 
more  effective  than  water. 

Prof.  S.  S.  Parr,  also  from  the  University  of  111' noi.3,  made 
a  plea  for  uniform  sampling  of  coal.  He  distributed  printed 
instructions  on  equipment  to  use  and  method  of  sampling. 

In  the  evening  F.  D.  Whipp,  fiscal  supervisor,  gave  an 
interesting  talk  on  state  institutions,  showing  ('he  act.vities 
and  giving  statistics  on  the  cost  of  operation.  The  Natonal 
Tube  Company's  reel  on  the  manufacture  of  iron  and  steel 
pipe,  showing  the  progress  from  the  ore  in  the  ground  to 
the  finished  products,  was  also  presented. 

Saturday  Morning's  Session  •>-• ^- ^ 

On  Saturday  morning  F.  J.  McCullough,  assistant  super- 
vising engineer,  gave  an  interesting  talk  on  the  leaks  and 
wastes  in  state  institutions  that  should  be  stopped.  In  his 
opinion  the  leaks  and  wastes  were  better  indications  of 
an  engineer's  ability  than  an  examination. 

The  remainder  of  the  day  was  taken  up  by  discussion  of 
operating  problems.  The  utilization  of  waste  heat  in  tun- 
nels was  recommended.  The  engineers  were  advised  to 
allow  the  air  for  one  or  two  buildings  to  flow  through  the 
tunnels  and  take  up  the  heat  that  was  radiated  from  the 
steam  and  hot-water  piping.  More  attention  should  be 
paid  to  fresh  air  in  the  buildings,  and  to  keep  down  the 
power  required  by  the  fans  in  cold  weather  part  of  the 
air  should  be  recirculated.  Vacuum  heating  systems  could 
be  laid  out  so  that  the  returns  would  almost  come  back 
by  themselves  to  the  plant.  The  vacuum  should  not  exceed 
6  to  8  in.  at  the  pump,  giving  about  3  cr  4  in.  at  the  build- 
ing. A  higher  vacuum  was  disadvantageous  as  it  would 
cause  more  leakage  of  air  into  the  system  and  add  to  the 
work  of  the  pump.  It  was  pointed  out  that  an  oil  sepa- 
rator should  have  at  least  6  ft.  of  straight  pipe  ahead  of 
it  and  a  run  of  10  ft.  was  better  practice. 

In  two  or  three  institutions  in  the  domestic  hot-v/ater 
system  an  open  heater  had  been  substituted  for  a  closed 
heater  and  the  water  circulated  by  means  of  a  pump.  The 
open  heater  was  much  easier  to  clean  and  as  the  steam 
from  the  pump  was  exhausted  into  the  heater,  there  wa.! 
very  little  loss.  Some  trouble  had  developed  from  scale 
forming  in  the  pump. 

By  properly  regulating  the  humidity,  considerable  sav- 
ing could  be  effected  in  the  steam  required  for  heating. 
One  of  the  simplest  and  m.ost  inexpensive  methods  was  to 
introduce  a  steam  jet  in  the  air  supply  to  the  building 
when  the  indirect  system  of  heating  was  employed,  and  in 
the  case  of  direct  radiation,  to  introduce  a  pet-cock  in  the 
riser  near  the  ceiling  of  the  various  rooms. 
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Furnace  Fractures  \^Tiile  Bulge  Is 
Being  Forced  Back 

The  report  of  the  Manchester  Steam  Users'  Association 
for  1917-18  contains  an  account  of  furnace  fracture  during 
the  process  of  setting  back  a  bulge  that  had  formed.  Usu- 
ally, if  a  bulge  is  slight,  it  is  forced  back  cold;  but  if  it 
ij  deep,  it  is  heated,  driven  back  and  finished  off  cold.  In 
the  instance,  referred  to,  a  bulge  had  been  set  back  and 
was  being  finished  off  cold,  when  suddenly  a  piece  of  metal 
about  1(5  in.  in  diameter  broke  out  of  the  furnace  plate. 
The  condition  at  the  edges  of  the  break  left  no  doubt  that 
the  fracture  was  instantaneous. 

In  explanation  of  this  action,  it  is  pointed  oat  that 
wrought  iron  and  mild  steel  have  a  common  critical  tem- 
I)erature,  usually  called  blue  heat,  at  which  the  metal  is 
in  a  rotten  condition  and  usually  breaks  if  bent.  If  the 
bending  is  stopped  before  either  breakage  or  cracks  occur 
and  the  sample  is  laid  aside  for  a  short  time  and  the 
bending  is  then  continued,  a  fracture  is  almost  certain  to 
occur. 

In  the  light  of  this  explanation,  the  accident  to  the  fur- 
nace plate  is  understandable.  The  center  of  the  bulge 
was  heated  red  hot  for  the  setting-back  operation,  and 
there  was  a  circular  zone  in  which  the  metal  was  at  a  blue 
heat.  The  operation  was  successful,  but  the  next  day  it 
was  thought  that  improvement  could  be  made  and  the  ram 
pressure  was  again  put  on,  this  time  on  the  cold  plate, 
with  the  result  that  fracture  occurred  along  the  line  of 
the  blue-hot  zone.  The  inference  is  that  if  a  bulge  is 
heated  when  being  forced  back,  it  should  be  reheated  after 
the  operation  is  finished. 


Compromise  on  the  Administration 
Water  Power  Bill 

After  what  appeared  to  be  an  almost  hopeless  deadlock, 
the  House  and  Senate  conferees  on  the  Administration 
water-power  bill  a  few  d»ys  ago  reached  a  compromise 
agreement,  which  provides  that  the  administration  of  water 
powers  shall  be  vested  in  a  commission  composed  of  the 
Seci-etaries  of  T*ar,  Interior  and  Agriculture,  who  will  be 
authorized  to  grant  fifty-year  permits  for  the  use  of  water 
power.  One  of  the  principal  points  of  disagreement  was 
the  recapture  clause,  the  House  committee  insisting  on  the 
payment  of  the  net  investment,  while  ihe  Senate  stood  out 
for  payment  on  the  basis  of  fair  value.  The  recapture 
clause  in  the  compromise  bill  provides  that  the  Government 
upon  expiration  of  the  lease  may  take  over  the  property 
by  payment  of  an  amount  equal  to  the  net  investment  pro- 
vided this  sum  does  not  exceed  the  fair  cash  value. 

The  question  of  compensation  to  be  paid  the  Government 
for  the  privilege  of  the  grant  was  another  matter  of  con- 
troversy, but  now  this  matter  is  to  be  left  in  the  hands  of 
the  commission. 

It  was  hoped  that  the  amended  bill  would  reach  the  floor 
of  the  House  and  the  Senate  in  the  closing  days  of  the  ses- 
sion, and  it  is  possible,  although  not  altogether  certain,  that 
the  bill  may  be  passed  before  final  adjournment 


Study  the  work  you  are  doiag.  When  a  man  gets  it  into 
his  head  that  there  is  a  right  way  and  wrong  way  to  handle 
every  job,  he  has  caken  the  first  step  toward  making  his 
work  interesting. 


Personal 


W.  G.  Burrell,  who  has  been  in  the  em- 
ploy of  the  Wellman-Seaver-Morgan  Co.  for 
the  last  21  years,  was  elected  second  vice 
president  of  the  company  at  its  recent  an- 
nual stockholders'  meeting-. 

H.  P.  Bust,  formerly  with  Viele,  Black- 
well  &  Buck,  engineers.  New  York,  and 
until  recently  with  the  engineers  of  the 
Canadian  army,  has  accepted  an  appoint- 
ment with  Wm.  Cramp  &  Sons  Ship  and 
Engine  Building  Co.,  Philadelphia.  Penn..  as 
engineer  of  plant. 

W.  S.  Quigrley,  president  of  the  Quigley 
Furnace  Specialties  Co..  Inc..  sailed  for 
Liverpool  on  Feb.  15,  for  the  purpose  of 
further  developing  European  connections  of 
his  company.  He  will  spend  several  weeks 
in  England.  France  and  Italy  and  visit  the 
plants  installing  the  Quigley  system  for 
preparing  and  burning  pulverized  coal  and 
lignite. 

Lieut.  A.  G.  Kessler,  U.   S.   X.  R.   F..  who 

for  the  last  six  months  has  been  in  charge 
of  the  gun  division  of  the  Bureau  of  Ord- 
nance, Navy  Department,  has  been  released 
from  active  duty  in  the  Xaval  service  and 
has  become  vice-president  of  the  General 
Ordnance  Co..  Derby.  Conn.,  and  of  the  Na- 
tional Tractor  Co..  Cedar  Rapids.  Iowa,  in 
charge  of  purchasing  and  production  at 
both  plants.  Mr.  Kessler  was  formerly  gen- 
eral manager  of  the  Lakeside  Forge  Co., 
Erie,  Penn.  The  New  York  offices  of  the 
National  Tractor  Co.  are  at  512  Fifth  Ave. 

R.  K.  S.  Geare  has  been  elected  president 
of  the  Mid  West  Manufacturing  Co.,  re- 
cently incorporated.  Mr.  tjeare  is  well 
known  to  the  construction  and  power  plant 
field  in  Chicago  and  the  Middle.  West  be- 
cause of  his  active  representation  of  the  T. 
L.  Smith  Co.,  Manistee  Iron  Work.  Co.. 
Geare  &  Co.,  and  others,  tvnich  work  he 
will  still  continue.  The  Mid  West  Manu- 
facturing Co.  has  located  its  factory  in 
Chicago,  with  general  offices  in  the  Old 
Colony  Building.  It  has  acquired  the  sales 
and  manufacturing  rights  of  the  "Conti- 
nental" chain-grate  stoker  from  the  Manis- 
tee Iron  Works,  and  the  "Chaingrip"  pipe 
vise  and  tools  from  the  Gerolo  Manufac- 
turing Co.  In  addition  to  this  the  manu- 
facture of  special  machines,  tools  and  dies  ; 
rebuilding  of  construction  and  power  plant 
machinery  together  with  the  installation 
of  such  machinery  will  constitute  an  im- 
I'ortant   part  of  the  new  company's  activity. 


Engineering  AflFairs 


The    American    Association    of    Engineers 

will  hold  its  annual  convention  at  the  Hotel 
LaSalle,  Chicago,  May  13-14. 

The  .American  Institute  of  Electrical  En- 
gineers will  hold  its  three  hundred  and 
forty-eighth  meeting  in  Boston.  Mass., 
Mar.  14. 

The    National    Electric    liijrlit    Association 

will  hold  its  annual  convention  at  At- 
lantic City  during  the  week  beginning 
May  19,  and  plans  are  now  being  perfected 
for  making  it  all  that  the  big  pre-war  meet- 
ings were.  The  customary  exhibition, 
which  has  not  been  held  since  1916,  will  be 
one  of  the  big  features  at  the  coming  con- 
vention. 

The  Jtanufacf urers  .Aircraft  .Association, 
Inc.,  will  hold  its  first  aeronautical  exposi- 
tion in  Madison  Square  Garden  and  the 
69th  Regiment  Armory,  New  York  City. 
March  1-15.  Every  phase  of  the  industry 
will  bei  represented  and  the  exposition  will 
have  a  distinctly  international  character. 
It  is  expected  that  the  Division  of  Jlilitary 
Aeronautics  will  have  available  for  display 
an  interesting  collection  of  war  trophies ; 
and  both  the  Navy  and  Army  have  pre- 
pared comprehensive  exhibits  of  mechani- 
cal appliances  and  scientific  instruments 
called  into  being  by  the  remarkable  de- 
velopment of  aerial  navigation  duiing  the 
war. 


Miscellaneous  News 


The    New    .Jersey    Board    of    Boiler    Rales 

will  hold  a  public  hearing  at  the  State 
House.  Trenton.  N.  J.,  on  Thursday.  Mar. 
20  at  2  p.  m.  for  final  consideration  of 
adoption  of  the  recently  revised  A.  S.  M.  E. 
Boiler  Code  covering  "New  Installations, 
Part   I,  Section   I,   Power  Boilers." 


Business  Items 


The  Dearborn  Chemical  Co.'s  Indianapolis 
(Ind.)  oflice  is  now  back  at  312  Traction 
Terminal  Building. 

The  Pulverized  Fuel  Equipment  Corp.  has 

recently  been  organized  for  the  purpose  of 


taking  over  the  business  of  the  Locomotive 
Pulverized  Fuel  Co.,  and  to  broatit^n  the 
activities  of  the  latter  to  cover  the  central 
power  station,  metallurgical  and  industrial 
fields.  The  head  offices  are  at  30  Church 
St.,  New  York  City,  with  Canadian  office 
in  the  Transportation  Building,  Montreal. 


Trade  Catalogs 


The  Chas.  A.  Schieren  Co.,  New  York 
City,  has  issued  a  new  trice  List  which 
differentiates  the  various  brands  of  Schitren 
beltings  by  markings,  grades  and  weights, 
and  enables  the  buyer  to  select  a  belling 
to    meet   his   specifications. 

Tlie  (ireen  Fuel  Economizer  Co.,  Beacon, 
-V.  Y..  has  issued  a  63-page  Bulletin  No.  'ISl, 
illustrating  and  telling  all  about  "Green's" 
economizers.  A  catalog  of  useful  informa- 
tion for  all  who  have  economizers  in  their 
charge. 

The    Clias.    A.    Schieren    Co.,    New    York 

City,  has  issued  an  attractive  booklet,  with 
artistic  colored  illustrations  on  "The  Story 
of  Schieren  Beltings."  The  business  of 
tanning  hides  and  manufacturing  the 
leather  into  belting  is  treated  simply  and 
fully,  m  a  way  that  any  layman  can  tinder- 
stand. 

:Modern  Methods  of  Ash  Disposal,  .\rneri- 
can  Steam  Conveyor  Corp.,  Chicago.  Pages. 
160.  7i  X  10  in.  Fully  describes  the  four 
principal  classes  of  ash-disposal  systems, 
giving  the  advantages  and  disadvantages 
of  all  the  various  methods.  .\lso  illustrates 
typical  installations  and  oeslgns. 

The  Graton  &  Knight  Slanufacturing  Co.. 
Worcester,  Mass..  has  gotten  out  a  very 
finely  illustrated  catalog  in  two  colors, 
showing  the  different  processes  of  belt 
making  from  the  receiving  of  the  hide  right 
through  .c  the  finished  belt.  It  consists  of 
124  pages  with  a  special  three-page  insert 
ot  the  factory.  It  not  only  illustrates  and 
describes  the  different  oroducts  made  bv 
'his  company,  but  shows  what  can  be  ae- 
c.  inplished  for  the  manufacture  of  high- 
grade  leather  belting  and  leather  specialties. 
The  belting  section  fully  explains  the  char- 
acteristic qualities,  the  particular  differ- 
ences and  the  capabilities  of  the  different 
brands  of  belting.  It  also  embodies  mech- 
anical rules,  tables  and  other  information 
that  should  be  of  value  in  determining  the 
most  erticient  belt  for  any  drive  or  in  as- 
sisting with  other  transmission  problems. 
The  Graton  &  Knight  Manufacturing  Co. 
will  gladly  furnish  anyone  intere.sted  with 
a   copy  of  this   catalog. 
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i-ii<>rtisi':i>    woitii 

\'t..  llrUlol— Tl»>  llortoiilii  Towor  Co.. 
illitiiiliiii,  lilaiiH  Id  IiiiIIiI  uii  cxtfiiHlon  to 
ll«  h.vilro-iiowrr  |>liiiit  Uvvf.  I.  M.  l''or»t, 
lir.vpluiii   IIUIk.,   lUitliuul.  Cifii.   Mkf. 

.M»ii«..  llul.rok<< — Tile  Si-hool  Koiinl  iilium 
to  lii.Mtnll  a  Hlt'iiin  liratliiK  s.VHtcin  In  tho 
U-«t<>r.v  srluml  liuildliiK  which  11  |ilaiiM  to 
build.  Total  o.Mliiuatt'd  ccmt.  $275.(11(0.  (!. 
1".   It.   .MiUrinaii  &   t'o..   437   llltth  St..   Arch. 

Mi»»..  .South  lloNton — The  Buronu  of 
Su|i|illcs  &  AccovintM.  .N'avv  I>e|>artment. 
WashliiKloii.  n.  «'..  will  rccflvf  bld.s  until 
Mar.  18  (or  instulllnfr  2  nir  compres- 
sors at  the  Navy  Yard  hero.  Schedule 
No.    3788. 

R.  1..  rrorldonrr — The  Board  of  Con- 
tract \-  Supply  l.s  havhiK  plans  prejiared 
by  J.  II,  Gainer.  KnRr..  iMty  Hall,  for  the 
construction  of  a   central    heatlnK   plant. 

Conn.,  Norwalk — The  Norwalk  Uealty  & 
Improvement  Co.,  c/o  M.  N.  Mayehoff,  31 
AVest  Ave.,  plans  to  install  a  steam  heat- 
ing svsteni  in  the  hotel  which  it  plans  to 
build  on  'Wall  St..  on  the  site  of  Old  Uoyal 
James  Inn.  Total  estimated  cost,  $100,000. 
G.  K.  Shepard,  14  Kilby  St..  Boston,  Mass., 
Arch. 

N.  Y.,  Mohawk — \V.  W.  Wotherspoon, 
State  Supt.  of  Public  Works.  Capitol. 
Albany,  is  having:  plans  prepared  for  the 
construction  of  a  hydraulic  power  plant 
here. 

N.  Y.,  »w  Rifton — The  Hudson  Power 
Corp.,  c/o  Kingston  Gas  &  Electric  Co., 
Kingston,  has  had  plans  prepared  for 
the  construction  of  a  power  plant  on  the 
Walkill  River,  here.  J.  G.  \Miite  Engineer- 
ing Corp..  43  Exchange  Place,  New  York 
City,  Engr. 

N.  Y..  New  York — The  Swartout  Realty 
Co..  c/o  Ames  &  Co..  2G  West  31st  St..  will 
install  a  steam  heating  system  in  the  2- 
story.  100  x  171  ft.  garage  which  it  plans 
to  build  on  Lenox  .\vo.  between  110th  and 
111th  St.  Total  estimated  cost,  $200,000. 
B.  M.  Levitan,  7  West  45th  St.,  Arch. 

N.  Y.,  .Syracuse — The  Department  of 
Education  will  install  a  steam  heating 
system  in  the  3-story.  100  x  150  ft.  school 
which  it  plans  to  build  on  Madison  and 
Walnut  Ave.  Total  estimated  cost,  $230,000. 

N.  Y.,  Tonawanda — The  Republic  Light. 
Heat  &  Power  Co.  plans  to  build  an  elec- 
tric-lighting-plant  here. 

X.  Y.,  Wards  Island — The  Bureau  of 
Yards  &  Docks.  Navy  Department.  Wash- 
ington. D.  C.  plans  to  install  an  electric 
conduit  and  switchboard  here.  Estimated 
cost.   $7500. 

N.  Y..  Watervliet— The  Ludlum  Steel  Co.. 
Spring  St..  will  build  a  1-story  boiler 
house. 

X.  Y.,  WellsvlUe — The  Pure  Carbon  Co. 
plans  to  build  a  boiler  house  here. 

Penn.,  Bethlehem^J.  Osborne  Hunt. 
Arch..  114  North  Montgomer.v  St.,  Tren- 
ton, N.  J.,  will  receive  bids  about  May  1 
for  the  construction  cf  a  2-story.  60  x 
200  ft.  factory  and  a  1-story.  50  x  75  ft. 
po>ver  i)lant  for  the  Travelers  Tire  & 
Rubber  Co..  819  North  Broad  St..  Philadel- 
phia. Estimated  cost.  $500,000.  Guy 
DeLee  Rigandiere.  Pres. 

Penn.,  Honesdale — The  Consolidated  Heat. 
Light  &-  Power  Co..  110  7th  St..  plans  to 
build  an  electric  power  plant  here.  Esti- 
mated cost.   $50,000. 

Penn..  Meadville — The  Meadville  Malle- 
able Iron  Co..  Kerrtown  St.,  plans  to 
build  a  1-story,  45  x  50  ft.  power  plant. 
Estimated   cost.   $10,000. 

Penn..  Oil  City — The  city  plans  to  build 
an  addition  to  the  boiler  house.  Estimated 
cost.   $45,000.      W.  W.   Hoh.    City  Clk. 

Penn..  Philadelphia  —  The  Bureau  of 
Yards  &  Docks.  Navy  Department.  Wash- 
ington. D.  C.  plans  to  install  pumping 
equipment  in  the  Naval  Base.  here.  Speci- 
fication  No.    3816. 

Penn..  Philadelphia — Clark  &  Craighead. 
1736  North  Broad  St..  will  install  a  steam 
heating  s.vstem  in  the  2-story.  100  x  200  ft. 
garage,  store  and  office  building  which  will 
be  built  here.  Total  estimated  cost. 
$150,000. 

Penn.,  Philadelphia — The  Philadelphia 
Electric  Co..  1000  Chestnut  St..  plans  to 
improve  its  plant.     A.  J.  DeCamp,   Mgr. 


I'nnn.,      Vork      llinrii     -The      Vurk      llnvfii 

Water   &    I'liwir    Ci>     huH    relalni'd    Gai It. 

Seely,.  *  l''l.inlnk'.  I'.riKrH  .  2"  I  I,<miimI  Si. 
Ilai  rlHlMUK.  li>  iiiaUe  liiveHl  luatloiiH  and  huI>- 
nilt  report  for  IniprovhiK  and  cnlurKlnic 
ihi>  20.01111  hp  hydro-eloctrlc  power  plant. 
\V.   L.   Maiui,   Gen.   Msr. 

I>.  C,  WuMlilnKloii — The  niiri'au  of  Sup- 
plies *  AeiountH.  Navy  Di'parlnii'nI.  will 
receive  liidH  until  Mar.  18  for  liiHtiillInK 
a  40-hp.  motor  iind  controller  at  the 
Navy  Yard  here.     Speoiltcatlon  No.  3787. 

Alii..  I'ninn  SnrlniCN — The  rity  voted  In 
favor  of  a  $10,000  honil  Issue  for  Improve- 
ments to  Its  electrlc-lighl  plant.  Address 
the  Mayor. 

Ohio,  .\liliinrr — Tlio  cltv  plans  an  elec- 
tion March  18  to  vote  on  a  $200,000  bond 
issun  for  the  construction  of  an  elect rlc- 
llght  and  power  plant.  Wade  Shictler, 
City    Engr. 

Ohio,  Cleveland — The  East  0th  St.  Euclid 
Co..  c/o  C.  H.  Beardsley.  East  0th  St.  and 
Euclid  Ave.,  will  Install  a  steam  heating 
system  in  the  8-story,  70  x  1 63  ft.  otilce 
building  whUh  it  plans  to  remodel.  Esti- 
mated cost.   $1110.000. 

Ohio,  Cleveland — J.  L.  Free,  100.T  Pros- 
pect Ave.,  will  Install  a  steam  heating  sys- 
tem in  the  2  story.  80  x  200  ft.  mercantile 
building  which  he  plaris  to  build  on  Pros- 
I)ect  Ave.  and  East  21st  St.  Max  Dunning. 
1005  Prospect  Ave.,  Arch. 

Ohio.  Cleveland — The  Rlalto  Amusement 
Co..  c/o  P.  E.  lOsslck.  Stork  Theater.  West 
85th  St.  and  Lorain  Ave.,  will  install  a 
steam  heating  system  in  the  2-story.  70  x 
175  ft.  moving  picture  theater  which  it 
plans  to  build.  Total  estimated  cost, 
$150,000. 

Ohio,  ,IarkNon  Center — The  City  Council 
plans  a  $15,000  bond  issue  for  public  im- 
provements, to  include  the  construction  of 
a  lighting  plant. 

Ohio.  Orville — The  City  Council  voted  in 
favor  of  bond  issue  of  $20,000  for  improving 
and  enlarging  the  lighting  plant. 

Mich.,  netroit — The  Holley  Carburetor 
Co..  145  East  Willis  Ave.,  plans  to  build 
a  23  x  44  ft.  boiler  house  and  install 
separate  boiler  for  heating,  forced  feed 
boiler  and  pump,  also  motors  for  power 
in  connection  with  the  factory  which  it 
plans  to  build  on  Epworth  Blvd.  and  Van- 
couver St.  A.  Kahn,  Marquette  BIdg.. 
Arch. 

Alioh.,  Kinde — Bids  will  be  received  by 
AV.  Brinker.  Village  Pres..  furnishing  en- 
gine, generator,  exciter,  switchboard,  pole 
line  material,  lamps,  lamp  posts  and  other 
material  for  the  complete  construction  of 
an  electric-light  plant.  Bonds  for  $10,000 
will  be  sold  for  same. 

Mich.,  River  Rou^e — The  Ford  Motor  Co.. 
Highland  Park,  plans  to  build  a  2-story. 
40  X  80  ft.  sub-station  and  transformer 
house. 

III.,  Chioasro — J.  S..  H.  C.  and  H.  Phipps. 
787  5th  Ave..  New  Y'ork  City,  plan  to  build 
a  boiler  house  in  connection  with  the  1- 
story.  133  x  520  ft.  factory  which  they 
will  build  on  47th  and  Whipple  St.  Total 
estimated  cost.  $225,000.  Marshall  Field 
Co.,   22   East  Washington  St.,   lessee. 

111.,  New  Athens  —  The  New  Athens 
Milling  Co.  plans  to  rebuild  its  power 
house  recentlv  destroyed  by  fire.  Estimated 
cost.    $5000. 


Minn..  International  Fall.s — The  city  plans 
to   build   a   pumping   station. 

Alinn..  Virf^inia — The  city  will  receive 
bids  about  March  1st  for  the  installation 
of  a  heating  plant.  Plans  include  the  con- 
struction of  a  power  plant.     Noted  Feb.  18. 

Kan.  Junrtion  Cit.v — T.  W.  Dorn.  City 
Clk..  will  receive  bids  until  Mar.  10 
for  furnishing  f.o.b.  cars,  a  50  kw.  engine 
generator  set. 

X^eb..  Pl.vmoutli — The  Beatrice  Lighting 
Co..  Beatrice,  plans  to  build  an  electric- 
light   plant   here.      B.   H.   Conlee.    Mgr. 

Mont.,  Cut  Bank — J.  Seal  &  Son,  Great 
Falls,  hasfapplied  to  the  City  Council  for  a 
franchise  to  construct  a  small  hydro-elec- 
tric  plant. 


MiMil..  I>iiliilli— Till-  I'lty  pliiiiH  to  InHtall 
a  Hleani  hiiillMK  pl.'inl  ami  inic'innlfiil 
v<  fit  Hal  Ion  syHl.in  in  tin-  4-«tory  dly  hull 
which  It  plans  to  Inilld  on  West  iHt  Ht. 
Toliil  esllniiileit  <-<jHt,  $1,000,000,  U  A. 
AyreH.  Clly  Mall,  EnKr. 

Mont.,  Mllrn  City — The  Clly  Council  will 
InKlall  an  ash  conveyor.  2  m-w  bollerH  with 
stoker  or  self  fi-edlng  aiiparatUH  anil  ii  GO- 
kllowalt  Keiii'rator  with  lurblnn  motor  In 
the  electrlc-llKhl   plant.      J.  J.   McGIll,   .Supt, 

Ark.,  I'orl  SniJlli — The  Fort  Smith-Van 
Iluren  Bridge  nistrlct.  17  North  fith  St., 
will  soon  award  the  contract  for  furnlshlnK 
niaiei'lals  and  recotiBtructlng  tin-  power  and 
light  clrcuIlM  on  the  Free  Bridge.  W.  L. 
Winters.   lOngr. 

Oklu.,  Brrry — The  clly  plans  to  ImproVB 
the  w.iterworks  and  eleclrlc-llKht  plant. 
I';stlinated    co.U,    $100,000. 

Cat.,  Heal  Ilrneh — The  clly  will  Install  a 
rot;iry  pumj)  and  motor  and  2  auxiliary 
booster  pumps  In  cotmectlon  with  the 
sewerage  system  which  It  plans  lo  con- 
struct. Total  estimated  cost,  $40,000. 
Olmsted  &  Glllelen,  112  Holllngsworth 
BIdg..  Los  Angeles,  Engr.  A.  Dyson, 
City  Clk. 

«lue.,  Montreal — The  Montreal  Tramways 
Co..  Ltd.,  78  West  Craig  St.,  has  had  plans 
prei)ared  for  the  const ru<!l  ion  of  a  substa- 
tion on  Cute  St.  Estimated  cost,  $400,000. 
B.  Vernon.  Royal  Trust  BIdg..  Arch.  W. 
Graves,  Tramways  BIdg.,  Ch.  Engr. 

Sank.,  Ontlook — The  Town  Council  is  In 
the  market  for  a  25  hp.  engine  and  pump  to 
force  water  to  uptown  cistern  ;  lift  of  pump 
about  30  ft.     Thomas  G.  Colby,  Clk. 

B.  C,  KHciulmult  —  The  Department  of 
Public  Works,  Ottawa,  Ont.,  will  receive 
bids  until  Mar.  18  for  installing  a  com- 
plete heating  system,  two  multitubular 
boilers,  60  in.  diameter.  14  ft.  long,  elec- 
trically driven  centrifugal  boiler  feed  pump, 
etc..  in  the  Military  Hospital  which  it  plans 
to  build  here.  Total  estimated  cost,  $150,- 
000.      R.    C.    Wright,    Arch. 

B.  C.  Smithers — The  Canadian  Pacific 
Riiilway.  Windsor  St..  Montreal,  Que.,  plans 
to  build  a  power  house  and  is  in  the  mar- 
ket for  machiner.v.  Estimated  cost,  $25.- 
000.      A.   Kilpatrick,    Local   Supt. 

CONTRACTS     AWARDED 

X.  Y.,  Xew  York— M.  A.  Hoyt.  28  East 
3Gth  St.,  has  awarded  the  contract  for 
altering  the  office  building  at  40-44  Pine 
St.  into  a  bank,  to  Marc  Eidlitz  &  Son.  30 
East  42nd  St.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost.   $300,000. 

X.  Y.,  Xew  York — The  E.  K.  Stalle  Estate 
has  awarded  the  contract  for  the  construc- 
tion of  a  30-story,  51  x  99  ft.  office  build- 
ing on  42nd  St.  between  Broadw^ay  and 
7th  Ave  ,  to  Subw^ay  Central  Building  Corp.. 
1482  Broadway.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost.  $1,500,000.  United  Land  &  Stores 
Co.,  44  West  18th  St..  lessee. 

X.  J.,  F.Uzabeth — The  United  States 
Leather  Co.,  856  Magnolia  St..  has  awarded 
the  contract  for  the  construction  of  a  2- 
story.  115  X  220  ft.  factory,  to  the  Turner 
Construction  Co.,  244  Madison  Ave.,  New 
Y'ork  City.  A  steam  heating  system  will 
"be  installed  in  same.  Total  estimated 
cost.    $200,000. 

Penn.,  Pittsburgh — The  Hein  Co..  34 
Isabella  St.,  has  awarded  the  contract  for 
the  construction  of  an  additional  3rd  and 
4th  story  to  its  power  plant,  to  G.  Enziar 
&  Co..  802  Madison  Ave.  Estimated  cost 
$25,000. 

S.  C.  Greenville — The  General  Asbestoii 
&  Rubber  Co..  27  Cumberland  St..  has 
awarded  the  contract  for  the  construction 
of  a  1-story  power  plant,  to  the  Fiske- 
Carter  Construction  Co.  Estimated  cost, 
$50,000. 

Cal..  Fresno — The  San  Joaquin  Light  & 
Power  Co.,  H  and  Tulare  St..  will  build  a 
20.000  hp..  hydro-electric  plant  on  the  San 
Joaquin  River  near  Macy  Flat,  to  cost  $1.- 
750.000.  Project  includes  diversion  dain 
70  ft.  high,  lt)0  ft.  long. at  base  and  450  ft. 
long  at  top,  2  mi.  from  present  power 
hou.se:  2  mi.  tunnels  and  2  J  mi.  concrete 
lined  conduits  to  carry  600  sec. -ft.  of 
water  from  dam  to  plant  ;  3  tunnels.  largest 
9000  ft.  long,  cut  through  solid  rock  ;  rock 
taken  from  tunnels  will  be  used  to  build 
dam  and  penstock  800  ft.  long;  will  also 
build  roads  to  proposed  power  plant  on 
the  Kings  River  where  20.000  hp.  plant 
will  be  built  on  Dinkey  Creek  :  one  plant 
will  be  built  each  year  on  Kings  Rivei. 
iiltimate  plans  calling  for  development  of 
about  200.000-260.000  hp.  Comnlete  cost 
to  exceed  $55,000,000.  Work  will  be  done 
if   da.v   labor. 
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These    are    prices    to    the    power    plant    by    jobbers    in    the    larger    buying    centers   east    of    the 
Mississippi.    Elsewhere  the  prices  will  be  modified  by  increased  freight  charges  and  by  local  conditions. 


POWER-PLANT  SUPPLIES 

HOSE— 

Fire  50-Ft.  Lengths 

Underwriters'  2|-in 75c.  per  ft. 

■Common,  2j-in 30% 

Air 
First  Grade        Second  Grade       Third  Grade 

}-in.  perft $0.55  $0  40  $0.30 

Steam — Discounts  from  List 

First  grade 25%         Second  grade 35%         Third  grade 40% 

RUBBER  BELTING — The  following  discounts  from  list  apply  to  trans- 
mission rubber  and  duck  belting: 

Competition 50%         Best  grade 30% 

.Standard 40% 

Note — Above  discounts  apply  on  new  list  issued  July  1. 

LEATHER  BELTING — Present  discounts  from  list  in  the  following  cities 
are  as  follows: 

Medium    Grade         Heavy  Grade 

NewYork 40—5%  35% 

.St.  Louis 45%  50%, 

•Chicago 45%,  40% 

Birmingham 30%  35% 

Denver 35-5%  30% 

RAWHIDE  LACING— 20%  for  cut;  45c.  per  sq.  ft.  for  ordinary. 

PACKING — Prices  per  pound: 

Rubber  and  duck  for  low-pressure  steam $0  90 

Asbestos  for  high-pressure  steam i    60 

Duck  and  rubber  for  piston  packing I    00 

Flax,  regular '    20 

Flax,  waterproofed I    60 

Compressed  asbestos  sheet I    00 

Wire  insertion  asbestos  sheet ' 

Rubber  sheet 

Rubber  sheet,  wire  insertion 

Rubber  sheet,  duck  insertion 

Rubber  sheet,  cloth  insertion 

Asbestos  packing,  twisted  or  braided  and  graphitcd,  for  valve  stems  and 

stuffing  boxes 

Asbestos  wiek,  5-  and  l-lb.  balls 

PIPE    AND    BOILER    COVERING — Below    are    discounts    and    part    of 
standard  lists: 


I  20 
.60 
80 
.50 
.30 

I    20 

85 


PIPE  COVERING 

Standard  List 
Pipe  Size  Per  Lin. Ft. 
1-in.  $0.27 
2-in.  .  36 
6-in.  .  80 
4-in.  .  60 
3-in.  .  45 
8-in.  110 
lO-in.  1.30 
85  %  magnesia  high  pressure 


BLOCKS  AND  SHEETS 
Price 
Thickness  per  Sq.Ft. 

Hn.  $0.27 

1  -in. 
U-in. 

2  -in. 
25-in. 


3  -in. 
3Hn. 


For  low-pressure  heating  and  return  lines 


4-ply. 
3-ply 

2-pIy. 


.30 

.45 

.60 

.75 

.90 

1.05 

Llist 

58%  o 

60%  o 

62 


GREASES — Prices  are  as  folic 
for  barrel  lots: 

Cin-  Pitts- 

cinnati  burgh 

Cup 7  9 

Fiber  or  sponge        8  1 0 

Transmission  .7  9 


off 
vs  in  the  following  cities  in  cents  per  pound 


Axle. 

Gear 

■Car  journal. 


22(gal.) 


9 
21  (gal.) 


Chicago 
5i 


St. 
Louis 
7.2 


4  75 
7  5 


4.9 


Bir- 
mingham 

6i 

9 

9 

3}  to4J 


141 


COTTON   WASTE — The    following   prices   are   in    cents   per   pound: 

. New  York  . 

Current  One  Year  Ago     Cleveland  Chicago 

White n00tol3  00  13  00  16.50        12  00tol6  50 

Colored  mixed.  8  50  to  12  00  12  00  13   00         I  1    50  to  14   00 

WIPING  CLOTHS— Jobbers'  price  per  1000  is  as  follows: 

13ix  13J  13ix20} 

•Cleveland $52  00  $58  00 

Chicago    48.00  50.00 

LINSEED  OIL — These  prices  are  per  gallon: 

NewYork — ■   ■ Cleveland ■• Chicago • 

Current         One        Current        One        Current        One 

Year  Ago  Year  Ago  Year  .'^go 


Raw  in  barrels $1   50         $1   49         $1.65       $1.40 

5-gal.  cans 165  149  1 .  80  1.50 

WHITE  AND  RED  LEAD— Base  price  per  pound: 
-Red- 


$1.66 
1.86 


$1   41 
151 


Current 


Dry 

lOO-lb.  keg 13  00 

25-  and  50-lb.  kegs...    13  25 

125-lb.  keg 13  50 

I-lb.  cans 1  5  00 

5-lb.  cans 16.00 


500  lb.  lots  less  10%  discount;   2000  lb.  lots  less  10-2}%. 


Steel  A  and  smaller. 
Tinned 


AMMONIA — Price  nor  pound  in  St.  Louis  for  26  dcg.  U.  S.  P.,  lOO-lb  car- 
boys, is  I  Ic;  in  lOOO-lb.  drums,  9c. 

RIVETS — The  following  quotations  are  allowed  for  fair-sized  orders  from 
warehouse: 

New  York       Cleveland        Chicago 

40%,  45%  45%, 

30%,  45%  40% 

Button  heads,  J,  J,  1  in.  diameter  by  2  in.  to  Sin.  sell  as  follows  per  1 00  lb. : 
New  York.      .  $6  60     Cleveland..  .$5. 15     Chicago. ..  $5.  47     Pittsburgh...   4  65 

Coneheads.    same   sizes: 
New  York.    .    $5  67     Cleveland..  .$5.  25     Chicago.  ..  $5.  57     Pittsburgh. ..$4.  75 

REFRACTORIES — Following  prices  are  f.  o.  b.   works.  Pittsburgh: 

Chrome  brick net  ton  $  I  20  00  at  Chester,  Penn. 

Chrome  cement net  ton  65  00  at  Chester,  Fenn. 

Clay  brick,  1st  quality  fireclay net  ton  40-30  at  Clearfield,  Penn. 

Clay  brick,  2nd  quality net  ton  38-48  at  Clearfield,  Penn. 

Magncsite,  dead  burned net  ton  37  50  at  Chewalah,  Penn. 

Magnesite  brick,  9  x  4^  x  2}  in net  ton  90  00  at  Chester,  Penn. 

Silica  brick net  ton  45-55  at  Mt.  Union,  Penn. 

Standard  size  fire  brick,  9  x  4'r  x  2J  in.     The  second  quality  is  $4  to  $5 
cheaper  per  1000. 

St.  Louis— Fire  Clay,  $35  to  $50. 

Birmingham — Fireclay,  $50;    silica,  $50;  magnesite,  $110;  chrome,  $165. 

Chicago — .Second  quality,  $25  per  ton. 

Denver— Silica,  $35  per  1000. 

FUEL  OIL  —  Domestic  light,   22-26  deg.,  Baume,  is   lOJc.  per  gal.  in  St. 


Louis 


BABBITT  METAL — Warehouse  prices  in  cents  per  pound: 


■ New  York 

Current  One 

Year  Ago 
Best  grade, .. .    87  00  90   00 

Commercial...    42  00  50  00 


• Cle 

Current 


eland . 

One 

Year  Ago 
93  CO 
22.00 


■ Chicago     ' 

Current  One 

Year   Ago 
75.00  90  00 

15.00  30  00 


SWEDISH    (NORWAY)    IRON— The    average  price  per  100  lb.,  in  ton 

lots,  is; 

Current  One  Year  Ago 

NewYork $25.50-30  $15.00 

Cleveland 20  00  15  50 

Chicago 19.00  1500 

In  coils  an  advance  of  50c.  usually  is  charged. 

Note — Stock  very  scarce  generally. 

POLES — Prices  on  Western  red  cedar  poles: 


New  York 

6  in.  by  30  ft $5.82 

7  in.  by  30  ft 7.65 


7 

8  in 


8  in, 
8  in 


by  35  ft 11.10 

by  35  ft 12.65 

by  40  ft 12.85 

by  45  ft 18  90 

by  50  ft 22.65 

1  Oc.  higher  freight  rates  on  account  of  double  loads. 

For  plain  pine  poles,  delivered  New  York,  the  price  is  as  follows: 


Chicago 

$5.17 

6.85 

10  00 

11  35 
II  50 
16  90 
20  30 


Denver  San  Francisco 


$4  55 
6  10 
8.95 
10  10 
10  20 
15  00 
18.00 


$5.  17 

6  85 

10  00 

11  35 
II  50 
16  90 
20.30 


lO-in.  butts,  5-in.  tops,  length  20-30  ft $9  00 

I  2-in.  butts,  6-in.  tops,  length  30-40  ft II    50 

I  2-in.  butts,  6-in.  tops,  length  4 1-50  ft 1  2  50 

1 4-in.  butts,  6-in.  tops,  length  5 1-60  ft 21    00 

1 4-in.  butts,  6-in.  tops,  length  6 1-7 1  ft 23.50 

PIPE — The  following  discounts  are  for  carload  lots  f.  o.  b.  Pittsburgh;   basing 
card  of  Jan.  I,  1919,  for  steel  pipe  and  for  iron  pipe: 

BUTT  WELD 
Steel  Iron 

Inches  Black      Galvanized  Inches  Black      Galvanized 

i,  },  and  i 47%  20J%  J  to  U 36%,  20% 

J 51%  36J% 

I  to  3 54%o  40J%, 


LAP  WELD 

47%  34J%,  2 29% 

50%  37J%  25to6 31%, 

BUTT  WELD,  EXTRA  STRONG  PLAIN  ENDS 


5,   Jandi 43% 

! 48%, 

;  to  U 52% 


255  < 
35J< 
39}' 


i  to  1} 36% 


15%, 
18%, 


21% 


LAP  WELD,  EXTRA  STRONG  PLAIN  ENDS 

2    45%  33}%,  2 30%  17% 

2}  to  4 48%  36}%,  2i  to  4 32%  20%, 

4}  to  6 47%  35}%,  4}  to  6 31%,  19% 

Stock  discounts  in  cities  named  are  as  follows : 

-New  York-       -Cleveland-       - —    Chicago    

Gal-  Gal-  Gal- 

Black  vanized  Black  vanized     Black         vaniicd 
f  to  3  in.  steel  butt  welded.    43%,        27%        43%        26%,       44.9%  29.9% 

3}  to  3  in.  steel  lap  welded.  .    38%,        23%        39%        23%,       40.9%  26.9% 

Malleable  fittings    Class  B  and  C,  from  New  York  stock  sell  at  list  +  12i%. 
Cast  iron,  standard  sizes,  10%,  off. 


;mi 


HOII.RR    TllBKS  — Thr   IdllnwiiiK   ait   Ihr   prir 
lillntiuriili: 

Up  WrIdrU  Sin  I 
ill 


POW  DM 


Vol.  4".).  No.  y 


•  fi<r 
Clnir 


rirltinil   Ii>Ik 
iml   Iron 


lo  M  ." 


17 

n 
m 

16 


M  t.,4)  n. 
J  tn  »  II. 
1\   (..   l\   111 

2  III  il  III 
II  III  I i  III 


+   2 

+  l'>i 
+  >2 


If  III 
1 1  in 


Timl  Siiiiiilr 
IT  Nrt  T..I1 


•— C'ultl  Drouii  oi  Hut  Uulli-d 

Per  NpI  Tom 

l;  in  »2M 

274  2  li.  24  ill      184 

264  21  lo  ij  in      174 

214  4in  194 

4)  lo  Sin  214 

Thc"««>  prici'K  <lo  not  iipply  lo  npi'iiiil  »prcifiriilioiii<  for  loroniotive  '.ubfR  nor  In 
sp<'rial  ii|M-<-ifi<-ulioni<  for  IuImh  for  tlir  Niivy  Ui'pnrtnii'nl,  wtiiih  wil'  br  ■ulijirt  to 
itpiTinl  ni'Kotiiition 

ELECTRICAL  SUPPLIES 

(icncrnl  Doiliiic  l)xpci  tod,  To  He  Nolcil  in  Neil  In^ue 
ARMORED  CABLE- 


Two  C'ond        Thnr  Cond 

\^  AS  siic 

Two  Pond 

Thn-.'  ( -ond 

l..'nd                    Lrad 

M  Kt 

M  Kt 

M  I't                  M  Ft. 

No 

14  !4oli(l              .    . 

$104  00 

$138  00 

»I64  00              $222  00 

No 

1 2  solid 

135  00 

170  00 

211    00                290  00 

No 

10  solid 

I8S  00 

235  00 

255  00                325  00 

No 

8  strnndrd. . . 

235  00 

325  00 

345  00                450  00 

No 

6  sirandrd   .  . 

370  00 

472  00 

625  00 

From  thr  abo\-F  lials  disiounts 

arc: 

1.1's.slhnr 

coil  lots 

Net   I-ist 

Coils  K. 

,000  ft 

10% 

1.000  ft 

and  over 

15% 

BATTERIES.   DRY— Regular   No.    6  sire  red  seal,  Columbia,   or   Ever 
R.H.Iv: 

Each,  Net 

I.c58tlinn  12      $0  40 

1 2  to  50 38 

50  to  125  (bbl.) 35 

125  (bbl.)  or  over 32 

CONDUITS.    ELBOWS   AND  COUPLINGS— Following  are   warehouse 
net  prices  per  1000  ft.  for  conduit  and  per  100  for  couplings  and  elbows: 


. Conduit  ■ 


SiiCi 
In. 

J 

J.. 


Black 
1,000  Ft 
and  Over 


Galvanised 
1,000  Ft 
and  Over 


Elbo 


$76  50  $81   60 

101   20  108   10 

1....         149  60  159  80 

li...        202  40  216  20 

Ij...        242  00  258   50 

2  ...        325  60  347  80 
21...        514   80  549  90 

3  ....        673   20  719    10 
3*....        837  20  892  40 

4  ....     1.013  70        1,079   10 

5%  cash  10  days. 
From  New  York  Warehouse — Less  5%  cash- 
Standard  lengths  rigid.  10ft      Standard  lengths  flexible,  3  in  .  lOOft.    Stand- 
ard lengths  flexible,  ',  to  2  in  .  50  ft 

CONDUIT  NON-METALLIC,  LOOM— 


Galvaniied 
100  and 
Over 
$19  38 
19  38 
25  50 
37  74 
48  15 
64  20 
117  70 
192  60 
513  60 
1,134  20 
1.310  75 


Bh 


100  and 
Over 
$5  76 
6  72 
9  60 
12  48 
17  17 
21  21 
28  28 
40  40 
60  60 
80  80 
101    00 


Couplings  — -~ 
ek       Galvanized 


100  and 
Over 
$6  12 
7  14 
10  20 
13  26 
18  19 
22  47 
29  96 
42  80 
64  20 
85  60 

107  00 


Siie  I.  D., 

A 


In. 


Feet  per  Coil 
250 
250 
250 
200 
200 
150 
100 
100 
Odd  lengths 
Odd  lengths 


List,  Ft. 
$0  055 
06 
.09 
.12 
.15 
.18 
.25 
.33 
.40 
.55 


Coils     .55%Off. 
Less  coils,  40%  off 


CUT-OUTS — Following  are  net  prices  each  in  standard-package  quantities: 
CUT-OVTS,  PLVG 


S.  P.  M.  L 
D.  P.  M.  L 
T.  P.  M.  L 
D.  P.  S.  B 
D   P.  D.  B 


$0  11 
.18 
26 


T.  P  to  D.  P. 
T.  P.  to  D.  P. 


S.  B. 
T.  B 


$0  24 
.38 
33 
.54 


D.  P. 


T.  P.  M.  L 
D.  P.  S.  B 
T.  P.  S  B 
D  P.  D.  B 
T  P.  D.  B 
T   P  to  D 


M.L $0  33 

48 


CUT-OUTS,  N.  E.  C.  FUSE 

0-30  .\mp.  31-60  Amp. 


42 
81 
78 
1  35 
90 


$0  84 
1  20 
1    05 

1  80 

2  10 

3  60 
2  52 


P   D.  B 
FLEXIBLE  CORD— Price  per  1000  ft   in  coils  of  250  ft.: 

No    18  cotton  twisted  

No    16  cotton  twisted 

No.    18  cotton  parallel 

No.   1 6  cotton  parallel 

No.   18  cotton  reinforced  heavy  .    

No.   16  cotton  reinforced  heavy  

No.   18  cotton  reinforced  light      

No.   16  cotton  reinforced  light      

No.   18  cotton  Canvasite  cord      

No.  16  cotton  Canvasite  cord      

FUSES.  ENCLOSED— 

250-Volt 

3-amp-  to     30-amp- 

35-3mp.  to     60-amp 

65-amp.  to  100-amp 

10-amp.  to  200-amp 

25-amp.  to  400-amp 

2-map-  to  600-amp. 


60-100    Amp. 

$1   68 

2  40 


$22  00 

28  40 
25  00 
32   00 

35  00 
42  00 
30  00 

36  00 

29  00 
35   00 


Std.  Pkg. 
100 
100 

50 

25 

25 

10 


List 

$0.25 

35 

90 

2  00 

3  60 
5  50 


k-nii 


>5- 

65.111111 
llO-iuiii 
I25-HIIII 
450- 


in-i.i..|. 


(lU-ii 


lUO-iiinp 
200-nliip 
400-iiiiip 
imp   lo  bOO-iiiiip 
Ihneouiil     U'M  l-5lli  xtniidnid  i>,t.  kii 
l-5lh  lo  nljiniliird  piiekiiii- 
.Siiuidnril  paekntfi' 


FU.SK  PLU(;S,   MICA  CAP 

0    10  iiiiip-ri'.  nliiniliinl  piiekiiK'' 

0    )U  ainiM're,  le».  lliiiii  Mutiihird  pii 


Std    I'Uf 

U.I 

100 

40 

100 

60 

50 

1    50 

25 

2  50 

25 

5   50 

10 

«  00 

40% 
52*^ 

$5 

25  (• 

7 

00  (' 

I 


LAMP.S  -Bel. 

«    nil'    pre 

»enl     i|UO 

alioiih    III 

lens    Iha 

11    niaiidarii 

packi 

iiualilil 

IK 

Slraiglil-Side  BiiIIik 

Pear 

-.^hape  Bulbs 

.Mail 

II  B 

No   in 

Mnzdi 

iC 

No 

WiittH 

Plain 

FroKli-d 

I'nekage 

Walls 

Clear 

l-rohted 

pBCkl 

10 

$0  35 

$0  38 

100 

75 

$0  70 

$0  75 

50 

15 

100 

100 

1    10 

1    15 

24 

25 

100 

150 

1    65 

1    70 

24 

40 

100 

200 

2   20 

2  27 

24 

50 

100 

300 

3   25 

3  35 

74 

60 

40 

100 

400 

4   30 

4  45 

17 

100 

85 

24 

500 

4   70 

4  85 

12 

750 

6   5u 

e  75 

« 

1000 

7   50 

7  75 

8 

.Standard   quantitiiii  are  subjeci   to  discounl   of    10%  from   list.     Annual 
iintraeti.  ranging  from  $150  to  $300,000  net  allow  a  discount  of  17  to  40%  from 


PLUGS,  ATTACHMENT 


Hubhell,  porcelain  No    5406. 
Miibbell  eompoKJlioii  No    5467. 
Benjamin  swivel  No    903, 


standard  package  250 
starulard  package  50 
wtandurd  package  250 


enl  taps  No.  5638,  .standard  package     50 

RIBBKR-COVERED  COPPER  WIRE— Per  1000  ft   in  New  York: 


Esch 
$0  24 

.32 
20 

.40 


Solid 

Single    Braid 

$13  00 

16  70 

23  52 

...  31  00 


Solid 
Double  Braid 
$16  00 
18  80 
26  10 
36  40 


000 
0000 


Stranded. 
Double  Braid 
$18  00 
22  00 
29  10 
40  20 
62  00 
83  10 
122  40 
161  30 
189  68 
230  00 
282  40 
345   50 


Duplex 

$32  00 

36  85 

50  60 

70    10 


Prices  per  1000  ft.  for  Rubber-covered  Wire  In  Following  Cities: 


-Denver — 


.St.  Louis- 


Single 

Jo. 

Braid 

14 

$15  00 

10 

22  65 

a 

31    95 

6 

54   40 

4 

77  50 

? 

115  30 

1 

150  05 

Double 
Braid    Duplex 

$16  00  $33  00 
31  00  69  00 
42  00  78  00 
65  00  130  00 
93   00 

140  00 

182  00 

242   00 

290   00 

360   00 

435   00 


. Birmingham 

.Single     Double 
Braid      Braid    Duplex 
$12  00   $17.35  $29.90 

23    10     23  60     52.80 

32   10     41    10 

55  40     65  90     

72  65     90  00      

115.00   129  50     

155.60   168  50      

199.50  219  00     

245.50  261    50     

299.50  317  00     

356.00  378  50     ... 


Double  .singlf 

Braid  Duplex  Braid 
$19  00  $38  40  $21  00 
29  05  58  25  27  20 
39  20  78  65  38  00 
58    10 

83  00  

123    50  

161    20 

0  179  05  

00  243   35 

000  296   65 

0000  361    50 

I'itts'jurg — Me.  base;  discount  .30% 
SOCKETS.  BRASS  SHELL— 

J  In.  or  Pendant  Cap.  |    In.    Cap 

Key,  Keyless,  Pull,  Key,  Keyless,  Pull. 

Each  Each  Each  Each  Each  Each 

$0  33  $0  30  $0  60  $0.39  $0.36  $0.66 

Less  l-5th  standard  package      -(-20% 

l-5th  lo  standard  package -|-  10% 

Standard  package    — 15% 

WIRE.  ANNUNCIATOR  AND  DAMPPROOF  OFFICE— 

No    18  B.&S.  regular  spools  (approx.  8  lb.) 45c.  lb. 

No.   18  B.&S.  regular  1-lb.  coils 47c.  lb. 

WIRING  SUPPLIES— 

Friction  tape.  J  in.,  less  100  lb.  50c.  lb.,  100  lb.  lots. 
Rubber  tape,  i  in.,  less  100  lb..  65c   lb..  100  lb.  lots 
Wire  solder,  less  100  lb.  50c    lb.,  100  lb.  lots 
Soldering  paste.  2  ox.  cans  Nokorode 


SWITCHES,   KNIFE- 
TYPE 


Size, 
Amp. 

30 

60 
100 
200 


Single  Pole. 
Each 
$0  42 
74 

1  50 

2  70 


NOT  FUSIBLE 

Three  Pole, 
Each 


. .     48c.  lb 

. .     60c.  lb. 

46c.  lb. 

$1   20dos 


Double  Pole 
Each 
$0  68 

1  22 

2  50 
4  50 


$1  02 
I  84 
3  76 
6  76 


TYPE  "C"  FUSIBLE,  TOP  OR  BOTTOM 
30  .70  1   06  1   60 

60  1    18  I   80  2  70 

100  2  38  3  66  5  50 

200  4  40  6  76  10   14 

Discounts: 

Less  than  $10.00  list  value     +5% 

$10  to  $25  list  value              —8% 

$25  to  $50  list  value                   —15% 

$50  to  $200  list  value                   —20% 

$200  list  value  or  over                                  —25% 


Four  Pole 

Each 

$1 

36 

2 

44 

5 

00 

9 

00 

2 

12 

3 

60 

7 

30 

13 

50 

POWER 
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Big  Words  Humanized 

ADAPTABILITY 

means  doing  the  next  best  thing  in  the  handiest  way. 

EFFICIENCY 

is  knowing  just  how  and  fitting  it  to  just  when. 

LOYALTY 

consists  in  being  decently  considerate  of  the  Boss. 

RESPONSIBILITY 

lies  in  having  grit  enough  to  risk  a  call-down. 

OPPORTUNITY 

is  the  same  thing  as  being  born  lucky. 

RELIABILITY 

shows  the  capacity  for  staying  put  longest. 

INTEGRITY 

is  the  Sunday  name  f(jr  plain  weekday  honesty. 


By  FRKDI'.RICK   MOXOX 
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STEAM  for  42.000  sq.ft.  of  radiator  surface  in  26 
buildings  widely  scattered  over  a  eampu.s  contain- 
ing 20  acres  is  the  demand  made  on  the  central 
heating  plant  of  the  Colorado  State  Agricultural  Col- 
lege, Fort  Collins,  Colo.  The  building  that  houses  the 
boiler  plant  is  shown  in  the  headpiece.  It  is  located 
fairly  central  to  the  group  of  college  buildings  and  at 
the  same  time  has  good  side-track  accommodation  from 
the  main  line  of  a  railroad  that  passes  through  the 
college  grounds. 

As  the  college  is  a  state  institution  dependent  for 
support  on  appropriations  made  by  the  legislature,  the 
building  program  was  governed  by  the  funds  available 
and  the  equipment  was  installed  in  units  instead  of 
being  completed  at  one  time.  At  present  there  are  two 
234-hp.  Stirling  boilers  in  operation,  but  the  building  is 
designed  to  accommodate  four  more  units  of  the  same 
size  and  type. 

Northern  Colorado  lignite  slack  is  burned  under  the 
boilers  on  stokers  of  the  chain-grate  type.  When  the 
plant  was  first  put  in  operation,  the  stokers  were  fed 
by  hand  with  coal  brought  into  the  boiler  room  in  small 
industrial  cars ;  a  later  appropriation,  however,  en- 
abled a  Jeffrey  mechanical  coal-handling  equipment  to 
be   installed. 

A  side  track  runs  along  the  outside  of  the  building, 
and  the  coal  is  delivered  from  the  cars  into  a  track 
hopper  12  ft  wide  and  20  ft.  long,  made  of  l-in.  plate. 
A  standard  plate  feeder  receives  the  coal  from  the  track 
hopper  and  feeds  it  to  a  24  x  24-in.  single-roll  crusher, 
as  showm  in  Fig.  1.  The  crusher  is  used  to  reduce  the 
size  of  lump  coal  whenever  it  becomes  impossible  to 
obtain  enough  slack. 

The  crushed  coal  is  discharged  into  a  i-in.  steel 
spiral  conveyor  12  in.  in  diameter  and  is  carried  up  a 
slight  incline  for  a  distance  of  30  ft.,  being  then  fed 
direct  to  the  V-bucket  elevator-conveyor  shown  in  Fig. 
2.  This  elevator-conveyor  has  16  x  20-in.  steel  buckets 
with  reinforced  lips  spaced  30  in.  apart  and  has  a  ca- 
pacity of  30  tons  per  hour.  The  vertical  run  is  23  ft. 
between  centers  and  the  horizontal  run  is  52  ft.  be- 
tween centers.  The  latter  carries  the  coal  to  the 
hoppers  in  front  of  the  boilers. 

In  working  out  the  coal-conveying  system  it  was 
necessary  to  take  into  account  a  future  installation  of 
steel  storage  bunkers  which  will  be  erected  as  soon  as 
sufficient  appropriations  have  been  made.  The  driving 
mechanism  of  the  coal-handling  unit  has  been  calcu- 
lated on  the  basis  of  the  completed  installation  and  so 


is  of  such  size  and  .strength  as  to  be  able  to  care  for  the 
units  to  be  added  later.  The  installation  at  present 
uses  wooden  supports  for  the  conveyor,  but  these  are 
only  temporary. 

The  ash-handling  equipment,  which  is  also  of  the  Jef- 
frey type,  is  located  in  the  basement;  beneath  the 
stokers  is  a  horizontal  drag  chain  conveyor  48  ft.  be- 
tween centers,  as  shown  in  Fig.  3,  into  which  the  ashes 
are  discharged.  It  runs  at  a  speed  of  60  ft.  per  min. 
and  has  a  capacity  of  8  tons  per  hour.  The  a.shes  are 
carried  along  by  the  bottom  strand  in  a  cast-iron  trough, 
the  returning  strand  of  chain  being  carried  on  angle- 
iron  guides  at  the  top.  This  conveyor  discharges  the 
ashes  into  a  vertical  elevator.  Fig.  4,  which  passes  up 
through  the  main  boiler  room  to  the  ceiling  and  there 
empties  the  ashes  into  a  spiral  conveyor  by  which  they 
are  delivered  to  the  steel  storage  bin  outside.  This  bin, 
which  can  be  seen  in  the  foreground  in  the  headpiece, 
is  elevated  so  that  a  wagon  can  be  driven  under  it  and  is 
provided  at  the  bottom  with  a  large  clamshell  valve 
through  which  the  ashes  may  be  discharged.  The  entire 
ash-handling  unit  is  driven  by  one  motor,  so  that  all 
sections  start  at  the  same  time. 

The  steam  pipes  and  the  return  lines  are  installed  in 
4000  ft.  of  concrete  tunnels,  made  in  two  different  sizes, 
as  shown  by  the  sections  in  Figs.  5  and  6.  The  main 
tunnels  are  rectangular  and  are  5  ft.  wide  and  6  ft.  3  in. 
high,  inside  measurements.  The  floor  and  sides  are  not 
reinforced,  but  the  roof  is  strengthened  with  triangle- 
mesh  reinforcing  wire.  The  walls  and  roof  arc  6  in. 
thick,  except  at  wagon-road  crossings,  where  they  are 
sorrewhat  heavier  and  more  strongly  reinforced.  In 
two  places  the  tunnels  pass  under  the  Colorado  &  South- 
ern R.  R.,  and  at  these  points  they  were  built  very 
heavy  to  withstand  the  load  due  to  traffic. 

The  smaller  tunnels,  or  branches,  are  also  rectangular, 
measuring  3  ft.  wide  and  4  ft.  high  inside,  and  the  walls 
are  4  in.  thick,  the  top  alone  being  reinforced.  At  in- 
tervals in  the  small  tunnels  standard  24-in.  cast-iron 
mi.nholes  are  located,  with  ladders  leading  down  into 
the  interior.  Tile  drains  are  built  under  the  floors 
of  all  the  tunnels  throughout  their  entire  lengths. 
The  pitch  of  the  return  pipes  in  the  tunnel  is 
such  that  all  condensation  can  be  returned  to  the 
boilers  by  gravity. 

An  interesting  feature  of  the  tunnel  construction  is 
the  provision  made  for  taking  pipe  and  fittings  into  the 
tunnels.  At  the  point  where  a  sharp  turn  or  corner 
occurs,  each  branch  is  continued  on  and  upward  at  a 
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gentle  slope  to  the  .surface  of  the  Ki'f''H'<i.  Tho.-'c  con- 
crete runways  leiulinR  to  the  outside  enable  piping  and 
ot!'or  material  to  lie  taken  into  or  fiut  of  the  tunnel  on 
:>.  :-mall  truck.  The  openings  at  the  ground  surface  are 
clo.oed  by  large  steel  doors. 

All  part.^-  of  the  tunnels  are  lighted  by  electric  lamps 
placed  12  ft.  apart.  They  are  arranged  .so  that  the 
entire  tunnel  may  be  lighted  at  one  time,  or,  if  desired, 
any  section  may  be  lighted  alone.  Thus,  the  work- 
men may  light  up  the  section  ahead,  as  they  go  through 
the  tunnel,  and  switch  off  the  lights  in  that  section  when 
they  pass  to  the  next.  One  or  more  lamps  may  be  re- 
moved and  extension  cords  attached  for  the  use  of 
lamps  in  close-up  work  in  any  part  of  the  tunnels. 

In  the  large  tunnels  the  pipes  are  laid  on  rollers  held 
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i.s  difTercnt.  When  the  (oncreto  walls  were  built,  angle 
irons  were  set  in  across  the  tunnel  a')out  W  in.  below 
the  roof.  I'rom  these  crosspicces  the  smaller  sizes  of 
pipe  are  suspended  by  common  ball-and-sruket  hangers, 
allowing  thi  pipes  to  swing  freely  in  any  direction 
except  at  the  anchorage  points. 

New  York  Workmen's  CompenHation 

A  night  engineer  employed  in  a  New  York  piano 
factory  was  fatally  burned  because  of  a  back  draft  in  the 
ignition  of  highly  combustible  refu.se  which  he  was 
burning  in  his  employer's  furnace;  and  his  executors 
sued  to  recover  damages  on  the  ground  that  the  furnace 
had  been  negligently  permitted  to  remain  in  a  condition 


FIG.  5.     CROSS-SECTION  OP  MAIN  TUNNEL. 


CROSS-SECTION  OF  BRANCH  TUNNEL. 


by  cast-iron  chairs  carried  by  brackets.  The  brackets 
are  bolted  to  vertical  I-beams  held  in  the  concrete  wall 
of  the  tunnel  and  are  adjustable  up  or  down  on  the 
I-beams.  These  beams  were  set  in  position  in  th^  forms 
for  the  concrete  and  when  the  concrete  was  poured 
and  the  forms  removed  they  remained  half  embedded  in 
the  wall,  spaced  12  ft.  apart.  All  the  pipes  are  free 
to  go  and  come  on  the  rollers  except  where  they  are 
anchored.  Between  the  points  of  anchorage  expansion 
joints  are  used. 

On  the  opposite  side  of  the  main  tunnels  vertical 
v/ccden  posts,  made  of  2  x  4-in.  stock  with  two  edges 
beveled  i  in.,  are  set  into  the  wall  flush  with  the  surface 
and  on  these  uprights  the  electric  wires  are  carried. 
The  wooden  posts  were  given  two  coats  of  boiled  linseed 
oil  before  they  were  set  in  the  concrete  forms,  so  as 
to  prevent  them  from  absorbing  moisture. 

In  the  small  tunnels  the  method  of  carrying  the  pipes 


rendering   it   dangerous   as   a   means   of  disposing   of 
refuse. 

It  is  held,  however,  by  the  Appellate  Division  of  the 
New  York  Supreme  Court  that  the  employmeat  was  one 
of  those  hazardous  occupations  covered  by  the  New 
York  Workmen's  Compensation  Act,  and  that  an  or- 
dinary personal-injury  suit  would  not  lie  in  the  absence 
of  a  showing  that  the  employer  had  failed  to  secure 
payment  of  compensation  under  the  Act,  thereby  per- 
mitting bringing  of  suit,  as  distinguished  from  an  ap- 
plication for  an  award  under  the  Compensation  Act. 
(Nulle  vs.  Hardman,  Peck  &  Co.,  173  New  York  Supple- 
ment, 236.) 


Because  of  the  nature  and  extent  of  the  equipment 
needed,  the  successful  exploitation  of  oil-shale  deposits 
involves  large  capital,  as  well  as  technical  chemical 
ability. 
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Fuel  Conservation  in  Massachusetts 

By  THOMAS  HAWLEY 
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REAT  good  has  been  accomplished  and  much  coal 
saved  for  New  England  by  the  fuel-conservation 
plan  carried  out  in  Massachusetts.  A  sufficient 
number  of  practical  first-class  engineers  were  selected, 
and  each  man  was  assigned  not  over  ten  steam  plants 
in  his  vicinity.  To  these  plants  he  was  expected  to  act 
in  the  capacity  of  visiting  and  advising  engineer.  His 
employer  was  asked  to  donate  the  time  away  from  his 
own  plant  necessary  for  the  engineer  to  do  this  work. 
This  plan  was  followed  in  every  city  and  town  where 
there  were  more  than  eight  steam  plants,  and  with  few 
exceptions  every  city  and  town  was  so  organized.  If 
a  town  had  fewer  than  eight  steam  plants,  those  plants 
were  inspected  by  field  engineers  sent  out  from  head- 
quarters in  different  parts  of  the  state. 

Worcester  was  the  first  city  organized  and  had,  in 
addition,  the  effective  cooperation  of  a  committee  of 
manufacturers  toward  the  same  end.  The  work  ac- 
complished was  noteworthy,  and  there  is  positive  record 
of  large  savings  in  coal  as  a  result.  Fall  River  and 
Lowell  were  also  well  organized,  and  very  satisfactory 
results  were  obtained.  Cambridge  and  Somerville,  were 
inspected  100  per  cent,  under  the  chairmanship  of  A. 
H.  Eldredge,  M.  E.,  with  most  gratifying  results,  and 
in   the  smaller  places   the  work  was   equalfv   effective. 

The  visiting  engineers  in  each  locality  were  organized 
into  a  committee  for  that  town  and  suggested  changes 
of  practice  or  equipment  were  made  after  this  full 
committee  had  debated  and  agreed  upon  what  should 
be  done.  All  recommendations  of  visiting  engineers 
had  therefore  to  be  approved  by  the  full  committee. 
These  men  not  only  inspected  steam  plants,  but  made 
recommendations  in  an  advisory  capacity,  and  their 
attitude  was  always  to  be  that  of  cooperating  with  the 
management  toward  more  economical  generation  and 
use  of  power.  Each  of  the  plants  assigned  to  a  visiting 
engineer  was  to  be  visited  by  him  at  different  times 
during  the  winter  to  report  upon  what  changes  had  been 
made  and  the  economies  effected  and  what  plans  were 
on  foot  for  further  saving. 

Classification  of  Plants  That  Were  Inspected 

At  the  time  of  the  armistice  some  of  the  engineers  had 
made  several  visits  to  every  plant  under  their  charge. 
In  Boston  forty  engineers  were  drafted  for  this  work, 
divided  into  three  committees,  each  committee  meeting 
once  a  week,  and  it  is  probable  that  the  work  of  conser- 
vation will  continue  in  many  plants  even  though  the 
organization  has  been  discontinued.  The  plants  in- 
spected were  divided  into  three  classes.  In  class  A 
were  plants  which  were  apparently  well  equipped,  in 
the  fact  that  they  were  in  good  physical  condition, 
having  feed-water  heaters,  all  exhaust  steam  used,  heat- 
ing returns  saved,  traps  in  good  condition,  pipes  well 
covered  and  settings  in  good  condition.  Class  B  in- 
cluded plants  in  which  some  changes  were  suggested, 
but  not  very  extensive.  Class  C  comprised  plants  in 
poor  condition,  without  proper  equipment. 

Of  250  power  plants   (not  including  large  electric  or 


refrigerating  plants  of  the  city  institutions  of  Boston/ 
that  had  been  fully  inspected  in  Boston  up  to  the  time 
of  the  armistice,  120,  or  55  per  cent.,  were  in  Class  A, 
and  50,  or  23  per  cent.,  in  Class  B;  45,  or  22  per  cent., 
were  in  Class  C  or  had  not  been  classified.  Only  two 
of  the  Class  C  plants  used  over  five  tons  of  coal  a  day, 
so  that  the  whole  tonnage  of  the  poor  plants  was  very 
small.  This  showing  indicates  that  78  per  cent,  of 
the  plants  of  Boston  were  in  such  physical  condition 
that  skilled  engineers  could  find  very  little  to  suggest 
in  the  way  of  new  equipment.  This  figure  will  also 
fairly  represent  the  condition  of  the  plants  in  the 
neighboring  cities  and  towns.  And  yet  nearly  all  these 
plants  had  reported  savings  in  coal  ranging  from  5  to 
45  per  cent,  in  comparison  with  similar  months  in 
previous  years,  and  if  the  work  had  been  kept  up,  a  still 
greater  saving  would  have  been  shown.  This  saving 
came  by  the  constant  watchfulness  on  the  part  of  the 
operating  force  and  stoppage  of  the  little  leaks  that 
so  steadily  make  up  large  losses. 

Response  of  Owners  to  Suggested  Changes 

Of  all  these  plants,  only  two  used  the  CO,  machine, 
and  neither  the  engineers  nor  the  owners  took  kindly 
to  the  suggestion  that  such  a  machine  might  be  profit- 
ably employed.  No  report  was  received  that  any  owner 
installed  one  at  the  suggestion  of  the  visiting  en- 
gineers, although  every  suggestion  was,  with  rare  ex- 
ceptions, well  received  and  fully  considered. 

Few  plants  were  reported  as  using  the  draft  gage 
connected  over  the  fire,  but  the  installation  of  this 
device  was  recommended  in  many  cases  as  an  aid  to 
better  conditions,  particularly  where  heavy  or  excep- 
tionally thin  fires  were  observed,  and  many  plants  have 
installed  them,  deriving  much  satisfaction  from  their 
use.  The  proper  draft  over  the  fire  was  sometimes 
determined  by  the  CO^  machine,  but  commonly  set  at 
about  0.3  in.  In  many  of  these  places  the  fireman  no 
longer  watches  the  steam  gage,  but  watches  the  draft 
gage  instead,  and  if  it  starts  to  go  down  he  immediately 
knows  his  fires  are  getting  thin  and  places  a  small 
amount  of  coal  on  the  fire  in  such  a  way  as  will  bring 
the  draft  gage  back  to  proper  position  again.  Un- 
consciously, these  men  have  thus  become  accustomed 
to  firing  light  and  often  with  marked  improvement  in 
economy.  If  the  inspection  work  had  continued,  many 
of  these  instruments  would  now  be  in  use  with  a 
considerable  change  in  the  practice  of  firing. 

Another  interesting  fact  observed  was  that  a  great 
majority  of  moderate-sized  plants  in  this  vicinity  are 
operated  at  a  rate  of  combustion  of  6  or  7  lb.  per  square 
foot  of  grate  per  hour.  There  is  a  very  strong  opinion 
among  firemen  and  engineers  that  this  is  about  right, 
while  it  was  the  recommendation  of  the  majority  of  the 
visiting  engineers  that  this  rate  should  be  increased. 
This  could  be  done  in  some  cases  by  cutting  out  a  boiler, 
and  in  others  by  cutting  down  the  area  of  grate  surface. 
This  proved  not  so  easy  a  task  because  the  firemen, 
firing  the  same  as  before,  would  lose  steam  pressure, 
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mid  hiid  really  to  be  educated  to  firing  under  the  new 
loiiditioiis.  Hut  when  they  later  hecanie  aicu.slomed  to 
the  I'hanjfe.  they  had  no  difliculty  in  keeping  up  steam 
with  less  fuel  exi)enditure.  In  one  ca.se  reported,  the 
area  of  prate  was  gradually  cut  down  from  3(5  .sq.ft. 
to  18  .sq.ft.  with  a  marked  increase  in  economy.  There 
i,"--  opportunity  here  for  consitlerable  missionary  work 
amonn  engineers  and  firemen,  and  visitinp  engineers 
were  considering  how  best  to  handle  that  problem  at 
the  time  the  work  ceased  with   the  end  of  hostilities. 

Condition  of  Bou.kr  Skttinc.s  and  Baffles 

Another  important  saving  was  effected  by  covering 
boiler  .settings  with  plastic,  even  .settings  that  showed 
no  positive  indication  of  air  leaks.  In  all  these  cases 
the  visiting  engineers  reported  that  increa.sed  economy 
had  been  obtained.  Little  or  no  attention  appears  to 
have  been  paid  to  obtaining  positive  knowledge  con- 
cerning the  condition  of  the  flame  battles  in  water-tube 
boilers.  The  great  majority  of  engineers  have  never 
made  any  tests  in  this  particular,  nor  made  any  special 
effort  to  keep  the  baffles  tight.  It  was  the  opinion  of 
the  visiting  engineers  that  much  could  be  saved  if  the 
baffles  were  repaired  at  regular  intervals,  and  this  was 
one  of  the  matters  slated  for  later  discussion.  Where 
piping  was  found  uncovered,  the  saving  to  be  obtained 
by  covering  appeared  to  be  quite  clear,  although  there 
was  considerable  objection  to  the  suggestion  that  feed- 
water  pipes  should  be  covered  between  heater  and  boiler, 
even  on  the  part  of  the  engineers  operating  the  plants. 

Verj'  few  plants  were  found  that  kept  any  intelligent 
records  of  the  work  they  were  doing.  Some  plants — 
not  over  15  per  cent. — had  feed-water  thermometers, 
but  few  had  any  means  of  weighing  coal  or  measuring 
water,  and  suggestions  that  apparatus  for  these  pur- 
poses be  purchased  were  not  well  received  by  the  owners. 
The  attitude  adopted  by  most  owners  was  one  of  co- 
operation during  the  war,  as  a  war  measure,  wherever 
a  saving  could  be  clearlj'  shown,  as  in  the  case  of  a 
more  eflScient  feed-water  heater,  covering  steam  pipes, 
using  exhaust  steam,  s^^ving  waste  returns,  etc.  But 
any  refinements  or  helps  that  might  make  the  work  of 
the  operating  force  easier  and  more  sure  of  better  opera- 
tion were  not  so  readily  considered,  although  owners 
were  anxious  enough  that  the  men  should  be  economical 
with  such  apparatus  as  they  then  had. 

There  seems  to  be  no  doubt  that  much  coal  has  been 
saved  in  Massachusetts,  but  it  has  been  done  by  the 
earnest  cooperation  of  the  operating  force  in  the  power 
plant  and  the  factory  force,  and  not  by  changes  that 


iiKst  the  owners  money.  The  opportunities  for  even 
greater  .saving  exist,  and  it  will  be  r«'grettable  if  this 
does  not  continue.  The  owners  of  steam  plants  should 
not  expect  their  operating  force  to  accomplish  this  with- 
out .some  assistance  or  at  least  recognition  of  its  ac- 
complishment. 

Mere  is  one  case  that  was  reported:  After  wrangling 
and  protesting  against  the  indifference  of  the  superin- 
tendent, an  engineer  made  .some  changes  that  he  believed 
would  improve  economy.  The  coal  bill  for  November 
had  fallen  from  111  tons  in  1917  to  65  tons  in  1918. 
This  could  be  accounted  for  by  the  comparative 
mildne.ss  of  last  November,  but  the  engineer  insisted 
that  the  heating  was  completely  by  exhau.st  steam  and 
not  all  of  that  was  u.sed,  so  the  .saving  did  not  come 
there.  This  saving,  at  the  price  of  coal  in  Boston,  net.', 
the  owner  over  $400  per  month,  and  yet  the  engineer 
was  not  even  thanked.  He  now  has  a  plan  to  make  a 
further  saving  of  about  $100  per  month  by  some  other 
small  changes,  but  he  has  met  the  same  violent  opposi- 
tion as  before  and  is  treated  with  scant  courtesy.  What 
is  that  engineer  to  do?  His  profe.ssional  pride  compels 
him  to  insist  on  those  changes,  but  his  employers'  atti- 
tude encourages  him  to  let  the  matter  drop,  and  as  the 
war  stimulus  is  no  longer  upon  him,  that  is  what  he 
will  doubtless  do. 

Conclusions  Drawn  from  Plant  Inspections 

Inspections  have  shown  that  many  plants  apparently 
well  outfitted  could  be  rearranged  with  great  improve- 
ment in  economy.  They  have  shown  no  attempt  what- 
ever to  furnish  plants  with  recording  instruments  or 
to  keep  proper  operating  records.  They  have  shown 
that  large  economies  can  be  effected  whenever  the 
operating  force  concentrates  its  energies  to  that  end. 
They  have  shown  that  no  effort  has  been  made  by  the 
owners  to  secure  the  best  from  their  employees,  but 
rather  a  disposition  to  hamper  an  engineer  whenever 
he  makes  a  suggestion  that  may  involve  expenditure. 

More  than  ever  it  has  become  apparent  that  great 
savings  can  be  effected  through  the  constant  efforts  of 
the  operating  men,  but  it  cannot  be  done  until  good 
performance  in  the  power  plant  is  rewarded,  for  then 
ihe  operating  men  have  an  incentive  to  save.  Since 
inspections  ceased  there  have  been  many  evidences 
that  the  work  of  conservation  will  go  on,  for  a  time  at 
least.  The  operating  forces  in  Massachusetts  are  more 
intelligent  than  ever  before  and  have  shown  what  they 
can  do.  If  those  for  whom  the  savings  are  made  will 
now  cooperate,  the  operating  forces  will  respond. 
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Some  Examples  o/^Electric  Welding 


By  rJ.  O.  Smith 


r 


ELECTRICITY  as 
a  means  of  weld- 
ing in  repairing 
cracks  or  breaks  in 
metals,  salvaging  de- 
fective castings  and  for 
cutting  purposes,  all 
included  under  the  gen- 
eral head  of  electric 
welding,  is  being  used 
to  a  greater  extent  than 
ever  before.  Although 
comparatively  simple 
in  theory,  the  develop- 
ment of  the  use  of  electricity  in  this  form  has  been 
slower  than  in  any  other  service  in  which  it  has  been 
applied.  This  slow  growth  is  probably  due  to  two 
causes — the  scarcity  of  skilled  operators  and  apparatus 
suitable   for  performing  the   actual   operation. 

During  the  last  two  years,  however,  arc  welding  has 
made  great  strides,  and  undoubtedly  a  great  stepping 
stone,  by  means  of  which  it  has  attained  greater  prom- 
inence and  the  confidence  of  engineers  in  general,  was 
through  the  successful  welding  of  the  damaged  parts 
of  the  interned  German  ships  at  New  York  at  the 
outbreak  of  war  in  the  spring  of  1917.  The  work  done 
on  the  engines  of  the  damaged  German  ships  demon- 
strated to  the  engineering  world  in  general  that  electric 
welding  could  be  depended  upon  to  make  lasting  repairs, 
no  matter  how  large  the  part  to  be  welded  or  the  char- 
acter .of  the  metal.  In  these  ship  repairs,  made  by  the 
Wilson  Plastic-arc  system,  the  intense  heat  of  the  arc 
was  used  to  bring  the  metal  to  a  melting  or  fusing  point. 
This  arc  is  convertible,  which  permits  of  its  application 
to  any  desired  point. 

The  arc  itself  is  produced  between  the  material  to 
be  worked,  which  is  connected  to  the  positive  side  of  the 
circuit,  and  a  rod,  usually  of  the  same  material,  which 
is  connected  to  the  negative  side.  This  electrode  of 
welding  metal  is  so  proportioned  that  the  amount  of 
the  elements  burnt  out  by  the  arc  is  compensated  for. 
Thus  the  chemical  resultant  in  the  weld  is  predetermined. 

The  system  under  discussion  employs  a  standard  flat 
compound  35-volt  generator  to  feed  a  special  constant- 
current  controller.  The  carbon  pile  and  a  solenoid  that 
operate  the  arc,  are  in  series  with  it,  so  that  the  cur- 
rent through  the  arc  is  controlled  by  the  automatic 
variation  of  the  resistance  of  the  carbon  pile  in  response 
to  the  pull  of  the  solenoid.  The  pull  of  the  solenoid  is 
balanced  in  turn  by  a  spring  connecting  from  a  lever- 
age, and  the  current  adjustment  is  made  by  changing 
the  leverage.  The  pilot  motor,  which  may  be  controlled 
by  a  switch  from  the  welding-tool  handle,  regulates  th~ 
leverage  so  that  the  operator  can  change  the  current  at 


the  arc,  if  necessary, 
without  leaving  his 
work  or  extinguishing 
the  arc.  Fig.  11  shows 
a  two-arc  300-ampere 
welder.  A  few  applica- 
tions of  the  work  ac- 
complished by  electric 
welding  in  boiler  and 
other  industrial  work 
are  shown  in  the  illus- 
trations. That  welding 
can  be  done  in  confined 
■.■..•.•.■.•.•.•.■.•.v.v.v.v...        .^..•.    ...     spaces  is  shown  in  Fig. 

1,  where  boiler  tubes  are  being  welded  to  the  tube  sheet 
of  a  locomotive  type  boiler.  In  Fig.  2  are  shown  repairs 
by  arc  welding  to  a  boiler,  some  of  the  rivets  of  which 
have  failed,  resulting  in  a  leaky  seam. 

Another  example  of  welding,  where  the  service  is 
severe,  is  illustrated  in  Figs.  3  and  4,  which  show  before 
and  after  welding  views  of  the  repair  of  a  locomotive 
frame.  The  frame  was  broken  at  B,  and  in  cutting 
out  the  defective  part  a  large  space  was  left  between 
the  two  ends  of  the  frame.  The  filler  B  is  a  new  piece 
of  metal  set  in  and  tacked  with  the  welder  and  is  ready 
for  the  completion  of  the  job,  which  is  shown  in  Fig.  4. 
The  work  required  41  lb.  of  electrodes,  125  to  150 
amperes  at  from  35  to  40  volts.  The  welding  time  for 
one  welder  was  30  hours,  using  in  that  time  approxi- 
mately 165  kilowatts  of  electric  energy. 

Figs.  5  and  8  are  examples  of  riveted  seams  on  a  large 
oil  tank  that  have  opened  and  arj  being  welded  tight, 
three  welders  working  on  the  job  at  the  same  time. 
Fig.  8.  A  close-up  view  of  the  welding  shown  in  Fig.  5, 
illustrates  the  method  employed  in  depositing  metal 
along  the  leaky  seam. 

That  electrical  welding  is  suitable  for  commercial 
work  is  shown  in  Fig.  6,  where  there  are  illustrated  a 
number  of  welded  joints  of  ,\r-in.  plate  used  for  venti- 
lator pipes. 

The  adaptability  of  this  method  of  welding  for  light 
work  is  again  .shown  in  Fig.  7,  which  is  a  sheet-steel 
fuel-oil  tank  welded  complete  without  the  use  of  rivets. 
This  work  was  done  by  the  Squantum  works  of  the 
Bethlehem  Shipbuilding  Corporation,  as  was  also  the 
welding  on  a  pressed-steel  condenser  shown  in  the 
headpiece  illustration.  This  condenser  is  said  to  be 
the  first  of  its  kind  ever  welded,  and  this  method  of 
joining  a  metal  condenser  has  been  adopted  as  a  stand- 
ard method  of  construction  by  the  Bethlehem  Ship- 
building Corporation. 

Frequently  pulleys,  fljnvheels  and  gears  are  fractured, 
and  in  most  instances  the  damaged  member  is  replaced 
by  a  new  one,  whereas  they  can  be  repaired  by  welding 
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FIGS.   1   TO  5.     EXAMPLES  OF  REPAIR  WORK  PERFORMED  BY   ELECTRIC  WELDING 
Fig.    1 — Welding   boiler   tubes    to   boiler   sheet.      Fig.    2 — Welding  leaky  riveted  boiler  seam.   Figs.   3  and  4 — Loco- 
motive frame  before  and  after  welding.     Fig.   5 — Depositing  metal  along  leaky  seam. 
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PIGS.  6  TO  10.     MORE  EXAMPLES  OF  ELECTRIC  ARC  WT3LDING 

Fig.  6 — Welded  ventilator  piping.     Fig.  7 — Welded  oil  tank.     Fig.   S— Three  welders  worlcing  on  one  job.     Fig.  9- 
Wclding  locomotive  driving  wlieel.     Fig.   10 — Filling  in  a  crank    arm. 
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as  is  shown  in  Fip.  0.  which  is  an  example  of  heavy 
repair  work  on  ii  main  (Irivinjf  whoel  of  a  locomotive. 
It  is  evident  that  such  a  weld  will  he  subjected  to  much 
more  severe  operating  conditions  than  would  he  the  case 
of  pulleys,  etc. 

Fijj.  10  establishes  the  fact  that  a  Ki'eat  deal  of  time 
can  be  saved  by  usin>r  two  welders  at  once  on  the  same 
job.  The  illu.stration  shows  the  tilling  in  of  a  cast-steel 
engine  crank  arm  preparatory  to  reborinjr. 

That  welding,  if  properly  done,  can  be  applied  to 
boiler  work  was  demonstrated  in  the  case  of  a  boiler 


FIG.  11.     T^Vl 


L;hECTRIC  WELDER 


header  that  was  welded  recently  by  this  system.  A 
pres.'^ure  test  was  then  applied  to  the  boiler  to  determine 
its  holding  qualities.  After  the  ordinary  test  pressure, 
a  special  pressure  of  3500  lb.  per  sq.in.  was  applied,  and 
not  a  single  defect,  not  even  a  pinhole,  developed.  The 
only  outward  evidence  of  the  unusual  pressure  being 
applied  was  the  bulging  of  the  header.  No  machine 
could  be  procured  around  Chicago  that  could  provide  a 
higher  pressure  on  the  boiler,  and  the  tests  were  con- 
sidered conclusive  evidence  of  the  holding  qualities  of 
the  weld. 

Tocknell  Compressed-Air  Vibrator 

Most  piston  movements  are  controlled  by  a  mechan- 
ism outside  of  the  cylinder,  but  in  the  Tocknell  com- 
pressed-air vibrator.  Fig.  1,  patented  by  Charles  W. 
Tocknell,  Kenihvorth,  N.  J.,  the  control  of  the  piston 
movement  is  by  means  of  valves  that  work  in  three  so- 
called  cross-walls,  the  movement  of  the  cylindrical  valves 
being  controlled  by  the  piston  striking  them  and  thus 
moving  them  from  one  end  of  their  travel  to  the  other. 
Each  valve  has  a  longitudinal  bore  extending  through 
the  greater  portion  of  its  length  and  two  transverse 
ports  that  communicate  with  the  longitudinal  bore. 
Each  valve  is  also  provided  with  a  head  at  both  ends, 
and  one  head  of  each  valve  at  opposite  ends  has  a  trans- 
verse groove  connecting  with  the  longitudinal  bore  of 
the  valve. 

A  piston  rod  carries  two  pistons.  The  rod  also  passes 
through  the  center  of  the  spacing  collars.  The  piston 
has  a  longitudinal  bore  from  one  portion  to  the  other, 
which  connects  with  a  transverse  bore  and  which  aligns 
with  a  similar  transverse  bore. 

In  operation,  with  the  parts  in  the  position  shown  in 
Fig.  2,  pressure  is  admitted  through  the  pipe  A  into 


the  chamber  /?,  and  passes  through  the  port  C  to  the 
bore  /'  of  the  valve  h\  and  through  the  groove  F  to  the 
space  between  the  stationary  wall,  and  the  pi.ston  //. 
The  pressure  will  force  the  piston  //  tf>ward  the  right, 
and  the  piston  ./  with  it.  The  air  trapped  between  the 
piston  //  and   its  cylinder  head  will  pass  through  the 


FIG.   1.      CASINO.  PISTON  AND  VALVES  OP  VIBRATOK 

port  K,  and  the  bore  in  the  piston  rod  to  the  space  be- 
tween the  piston  J  and  its  cylinder  head. 

When  the  pistons  have  traveled  a  distance  sufficient 
to  bring  them  to  the  position  shown  in  Fig.  3,  the  pis- 
ton J  comes  in  contact  with  the  heads  of  the  valves  and 
forces  them  to  the  position  shown.  This  brings  the 
port  C  within  the  wall  I)  and  closes  this  port.  This 
movement  of  the  valve  also  brings  the  port  L,  which 
has  been  closed  within  the  wall  M,  into  the  chamber  B, 
Fig.  2,  when  the  pressure  will  pass  through  the  port  L, 
Fig.  3.  the  bore  iV  and  the  groove  0  to  the  space  be- 
tween the  pi.ston  and  the  cross-wall  P.  This  will  force 
the  piston  ./  toward  its  cylinder  head.  At  the  same 
time  the  pressure  that  has  been  accumulating  between 
the  piston  H  and  the  cross-wall  D,  Fig.  3,  is  free  to  es- 
cape through  the  bore  R  of  the  top  valve  and  the  port  C, 
which,  in  the  new  position  of  the  valve,  is  situated  in 


FIGS.    2    AXD    3.      SECTIOXAL,  VIEWS    THROUGH    AIR 
VlBR.\TOR 

the  chamber  S,  Fig.  2.  thus  permitting  its  discharge  to 
the  exhaust  pipe.  The  cycle  of  events  then  follows  as 
long  as  pressure  is  admitted  to  the  cylinder. 

There  is  no  necessity  for  screwing  any  kind  of  pack- 
ing up  tight.  If  the  rod  is  in  good  condition  the  pack- 
ing can  be  made  tight  enough  by  merely  screwing  up 
the  gland  nuts  with  the  fingers  while  the  packing  is 
cold.  The  application  of  steam  to  the  cylinder  and  around 
the  rod  will  cause  the  packing  to  become  steam-tight. 
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Talks 

on 

DIESEL 

Engines 

by 

T^.M.  Morrison 


X — The  class  learns  hoiv  to  determine  ichen  a 
valve  needs  re  grinding,  hoiv  to  perform  that 
operation  and  how  to  time  the  action  of  the  inlet 
and  exhaust  valves. 


t  J  El 


ET'S  see — I  promised  Sandy  I'd  take  up  valve 
grinding  tonight,  didn't  I?"  Egan  announced. 
'"Yes — and  Sandy's  not  the  only  one  that  wants 
to  hear  about  it,"  said  Woods.  "Seems  to  me  I've  seen 
more  about  that  than  about  any  other  subject  connected 
with  Diesel  engines." 

"Well,"  remarked  the  chief,  "in  my  opinion  it's  worth 
discussing.  A  lot  of  good  engines  have  been  damned 
because  the  engineers  didn't  know  how  to  grind  the 
valves." 

He  spread  out  a  sheet  showing  a  sketch  like  that  in 
Fig.  1,  before  he  continued  his  story. 

"I've  noticed  that  many  engineers  will  remove  the 
dash-pot  and  spring  and  grind  by  giving  the  valve  a  con- 
tinuous rotating  motion.  The  proper  way  is  to  remove 
the  spring  and  insert  a  light  spring  A,  as  I  show  here. 
Leave  the  dashpot  B  in  place  to  act  as  a  guide  in  keeping 
the  valve  stem  central.  The  idea  of  the  light  spring  is 
to  lift  the  valve  off  its  seat  when  the  pressure  is  re- 
moved. Put  a  light  coat  of  extra-fine  emery  paste  on 
the  seat,  press  the  valve  down  until  the  two  surfaces  to 
be  ground  are  in  contact,  and  rotate  a  half-turn  back 
and  forth,  letting  the  valve  rise  off  the  seat  at  frequent 
intervals.  Apply  more  paste  and  rotate  over  the  other 
half  of  the  cage  seat.  This  will  grind  the  whole.  The 
idea  of  allowing  the  valve  to  lift  occasionally  i.'^  to  pre- 
vent the  seat  from  being  ground  convex.  If  this  is  not 
done,  the  edges  only  will  be  ground.  As  to  th"^  width 
of  the  ground  part  of  the  seat,  a  sixteenth  of  an  inch  is 
ample.  I  always  like  to  see  this  much  ground  so  that  it 
will     reflect     light,     like    a 

mirror." 

"I  don't  see  how  you  are  Next  Meek  Egan  will  take  up  the  construction 
going  to  grind  that  good,  when  and  action  of  fuel  valves  of  various  forms  and 
every  time  an  engine  is  shut      1,^  ^ill  point  out  how  lo  care  for  such  valves 


to   get   it   back   into    service   quickly,"    Woods   argued. 
"It's  always  desirable  to  get  an  engine  back  into  run- 
ning order  as  soon  as  possible  and  on  this  account  I'm 

afraid  some  of  our 
valve  grinding  has 
been  more  on  a  'lick 
and  a  promise'  or- 
der. This  is  because 
we  have  no  extra 
cages.  I  have  asked 
for  two  extra  cages 
and  valves,  and, 
when  they  arrive 
we  will  arrange  to 
keep  the  spare  ones 
ground  and  ready. 
This  will  allow  us  to 
use  plenty  of  effort 
on  our  grinding. 
Over  at  the  Clarks- 
burg plant  they 
grind  the  set  just  as 
soon  as  it  has  been 
removed  from  the 
engine;  then  the 
cage  and  valve  are 
coated  with  lubri- 
cating grease  to 
keep  the  bright 
surfaces  from  rust- 
ing." 

"J.  R.,"  Kelly 
spoke  up,  "you  tell 
us    how    to    grind 
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down  there  is  alwavs  a  rush 


valves;  but  what  gets  me  is — how  am  I  to  tell  when  a 
valve  needs   grinding   without   taking    it   out  to   see?" 
"Well,  Kelly,  there  are  certain  indications  that  should 
govern  you  in  this  matter.   Be- 
— ginning  on  the  inlet  or  admis- 
sion valve,  a  leak  can  usually 
be   detected   by   placing   your 
ear  to   the   admission   nipple. 
If  there  is  a  worn  or  scored 
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iiilct-VHlve  scat  ynu'll  h'jir  a  \vhi»tlinR  son  id  tliiit 
will  gT<''\\  louder  hs  th*  leak  jrrows  InrRer.  If  .vnu 
neRlcct  it,  the  leak  wili  jri-'t  *«'  '»"''  '^hat  you  will  lose 
your  compression.  If  the  cam  is  not  timed  correctly 
and  the  valve  fails  to  seat  at  the  proper  time,  the  air 
will  blow  hack  throujrh  the  ."idmission  openiny:  with  con- 
siderable force. 

"Now  you  see  that  is  simple.  But  when  you  come  to 
the  exhaust  valve,  a  leak  is  harder  to  locate.  If  vou  feel 
suspicious,  stop  the  engine  and  bar  it  over  until  it  is 
in  the  position  where  both  the  inlet  and  e.xhaust  valves 
should  be  clo.sed.  Then  crack  your  air  valve,  and,  if  the 
vulve  leaks,  the  air  will  blow  out  through  the  exhaust 
pipe.    In  order  to  make  certain,  the  exhaust  pipe  .should 


Kives  no  data  on  'Is  enK'UPH  beyond  the  ori-rinal  settr. 
at  the  time  of  erection.     In  such  cases  all  an  engineer 
can  do  is  to  check  the  values  and  make  a  note  of  them 
so   that    in    the   future   the    valves   can    l»c   kept   to   the 
original  .settinjfs. 

"It's  of  little  use  to  take  values  K'ven  in  fochnical 
articles.  The.se  usually  are  the  values  that  are  correct 
from  a  theoretical  standpoint  and  take  no  account  of 
the  fact  that  the  valves  do  not  open  and  do.se  in.stan- 
taneously.  Recently,  I  ran  across  a  volume  on  Diesel 
engines  that  contained  a  lot  of  valuable  information, 
1  ut  when  the  author  began  to  talk  of  valve  timing,  he 
lost  his  bearings.  Vov  example,  here  are  the  settings 
he  lecommends:     Fuel  valve  opens  0.5  to  1.8  deg.  be- 
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FIG.   2.      TIMING   OF   VAI.VE.'^    AS   .SI'GGE.^'TED 

be  tapped  for  a  ?-in.  cock  close  to  the  exhaust  opening. 
Do  you  get  that?" 

Kelly  nodded,  and  Egan  resumed  the  discussion  with 
renewed  earnestness. 

"In  my  opinion  the  thing  that  requires  the  closest  at- 
tention is  the  proper  clearance  between  the  valve  rocker 
arm  and  the  cam.  Of  course,  this  will  vary  a  little  in 
different  engines.  In  the  absence  of  definite  instruc- 
tions from  the  builder,  a  safe  value  is  from  0.02  to  0.04 
in.  This  will  take  care  of  any  expansion  of  the  valve 
stem  due  to  heat  and  at  the  same  time  is  small  enough 
that  no  hammer  blow  is  delivered  by  the  cam  as  it 
strikes  the  rocker  roller." 

"How  about  timing  the  valves?"  Kelly  asked. 

"In  the  setting  of  the  points  of  opening  and  closure  of 
the  valves  you  will  find  considerable  differences  in  the 
values  suggested  by  different  builders      One  company 


FIG.    3.      TIMTX';    OF   VALVES    AS    ArTTTAIJ.T   T'SED 

fore  top  dead-center  and  closes  40  to  45  deg.  after  top 
dead-center;  exhaust  valve  opens  40  deg.  before  bottom 
dead-center  and  closes  20  deg.  after  top  dead-center; 
admission  valve  opens  20  deg.  after  top  dead-center  and 
closes  35  deg.  after  bottom  dead-center. 

"'Compare  these  values  with  the  settings  we  use  on 
the  three  makes  of  engines  we  have  here:  Fuel  valve 
opens  7  deg.  before  top  dead-center  and  closes  28  deg. 
after  top  dead-center;  exhaust  valve  opens  50  deg.  be- 
fore bottom  dead-center  and  closes  20  deg.  after  top 
dead-center;  admission  valve  opens  20  deg.  before  top 
dead-center  and  closes  35  deg.  after  bottom  dead-center. 
The  diagrams  shown  in  Figs.  2  and  3  are  basea  on 
the  foregoing  theoretical  and  practical  values,  respec- 
tively.   You  can  see  the  difference  very  plainly. 

"The  valve  settings  used  on  the  Busch-Sulzer  engine 
are  jjiven  in  the  table.     All  the  values  are  in  inches, 
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and  are  measured  on  the  flywheel,  on  the  circumier- 
ence  of  a  circle  108  in.  in  diameter.  If  you  convert  them 
into  degrees,  you'll  find  they  agree  pretty  well  with 
those  I've  just  given  for  our  engines." 

"But,  chief,"  Woods  ventured,  "why  do  you  say  that 
theory  and  practice  don't  agree?  I  am  not  well  I'p  on 
that  stuff,  but  I  always  thought  theory  and  practice  had 
to  agree." 

"Maybe  I  did  speak  hastily,"  Egan  confessed.  "What 
I  should  have  said  is  that  the  theoretical  and  the  prac- 
ical  values  are  different  because  they  are  based  on  dif- 
ferent conditions.  Take  the  theoretical  values,  for  in- 
stance. You  see  the  fuel  valve  opens  1.8  deg.  ahead  of 
top  dead-center  while  in  practice  we  have  it  open  7  deg. 
ahead.  This  late  opening  is  based,  I  presume,  on  the 
use  of  a  light  oil  that  will  atomize  and  burn  instantane- 
ously on  entering  the  cylinder.  In  this  case  it  is  not 
necessary  to  open  the  fuel  valve  early.  In  our  case  we 
use  a  fairly  heavy  oil  that  doesn't  atomize  easily,  and  so 
it's  necessary  to  open  the  fuel  valve  early. 

"The  theoretical  point  of  fuel-valve  closure  is  too 
late  and  all  the  fuel  would  not  be  burned  in  the  cylinder. 
This  is  based  on  the  assumption  that  the  fuel  charge  is 
being  injected  into  the  cylinder  during  the  entire  time 
the  fuel  valve  is  open.     Actually,  the  fuel  charge  has 

\'AI,VE  SETTINGS  USED  ON   BUSCH-SUI.ZEU   DIESEL   ICN'OINE  OF 
500HP.,AT200U.1'..M. 

Xumhpr 

I  2 

Fuel  valve  opens  before  top  center 7J-9  8i-8i 

Fuel  valve  closes  after  top  center 28j-I6  30-17i 

Clearance  between  roller  and  cam    0 .  004  0  004 

.Starting  valve  opens  after  top  center 4 

Starting  vaK'e  closes  after  top  center 60,J 

C'learance  between  roller  and  cam 0.012 

Admission  valve  opens  before  top  center —            22  24 J 

Admission  valve  closes  after  bottom  center.          37^  41 

Clearance  between  roller  and  cam 0.012  0.012 

ICxhaust  vaive  opens  before  bottom  center..          611  6!i 

Exhaust  valve  closes  after  top  center 21 2  201 

Clearance  between  roller  and  cam 0.  02  0.  02 

Delivery  of  fuel  pun^p  (governor  in  central 

position) rs  t's 


[.f  Cylinder 

3 

4 

8-8} 

81-8 

30  17', 

31 

i-18; 

0  004 

0  004 

4 

61 

0  012 

22J 

23; 

40'. 

41 

0  012 

0  012 

61 

60 ; 

20; 

22; 

0  02 

0  02 

been  atomized  long  before  the  valve  closes,  and  nil  that 
enters  through  the  fuel  valve  during  the  latter  part  of 
its  opening  is  highly  compressed  air.  This  air  would  tend 
to  increase  the  pressure  in  the  cylinder,  and  the  indi- 
cator card  would  show  an  increased  indicated  horse- 
power. But  it  takes  power  to  compress  this  excess  air 
used,  and  as  a  result  the  net  brake  horsepower  is  de- 
creased with  lengthening  the  period  of  fuel-valve  open- 
ing beyond  what  is  actually  required. 

"Turning  to  the  admission-valve  operation,  the  theo- 
retical table  recommends  that  the  valve  open  20  deg. 
after  top  dead-center,  while  we  usually  have  it  open  20 
deg.  before  top  dead-center.  If  the  valve  delays  opening 
until  the  piston  .starts  to  return  on  its  suction  .stroke, 
surely  part  of  the  burnt  gases  in  the  e.xhaust  piping 
will  be  drawn  back  into  the  cylinder.  Then  the  pure-air 
capacity  of  the  cylinder  will  be  reduced  20  per  cent. 
This  will  also  show  up  in  the  indicator  card  by  causing 
the  suction  line  to  drop  farther  below  the  atmospheric 
line  than  it  does  when  using  our  setting.  Of  cnur.se, 
this  decreases  the  horsepower." 

"Chief,"  Woods  broke  in,  "is  it  a  good  thing  to  have 
the  exhaust  valve  open  .so  early?  From  what  I  can 
learn  of  steam  engines,  early  release  is  bad." 

"It  would  be  very  desirable  to  have  the  expansion 
line  continue  until  the  pi-essure  in  the  cylinder  equal  ^1 
the  atmospheric  pressure,  but  this  would  cause  too  large 
a  cylinder  for  the  horsepower  developed,  thus  making 


rir.st  cost  excessive.  I  will  admit  that  it  would  be  prac- 
tical to  have  the  release  occur  later  than  is  customary. 
This  cannot  be  obtained  as  long  as  the  builders  make 
the  exhaust  valve  so  small.  As  it  is,  it  is  necessary  to 
open  early  in  order  to  free  the  cylinder  of  excessive 
back   pressure." 

Egan  consulted  his  watch,  and  then  pu.shed  back  his 
chair.  "Well,  boys,  it's  bedtime.  When  we  get  to  fuel 
valves,  we  can  discuss  any  other  ideas  about  valve  set- 
ting that  may  occUr  to  you." 

Refrigerating  Installations  in  1918 

The  record  for  the  year  1918,  as  compared  with  1917, 
-shows  a  considerable  decrease  in  the  number  of  in- 
stallations, and  the  total  regrigerating  capacity,  ac- 
cording to  Ice  and  Refrigeration.  Reference  to  the 
table  herewith  shows  that  979  installations,  with  a 
refrigerating  capacity  of  24,621  tons,  were  made  during 
1918,  as  compared  to  1656  installations  with  a  capacity 
of  39,738  tons  for  the  year  previous.  The  greatest 
decline  is  under  the  head  of  ice  making.  This,  however, 
is  largely  accounted  for  by  the  Government  embargo 
placed  upon  all  building  operations  with  the  exception 
of  those  considered  absolutely  requisite;  the  high  cost 
of  all  materials  has  also  delayed  con.struction. 

The  large  installations  made  during  the  year  were 
mainly  in  connection  with  the  various  camps,  canton- 
ments and  naval  establishments.  The  Du  Pont  Powder 
Co.,  of  Wilmington,  Del,  added  to  its  buildings  what 
is  reputed  to  be  the  largest  refrigerating  plant  ever 
installed  in  a  munition  works,  the  total  capacity  being 
3250  tons.  The  necessity  of  refrigeration  in  chemical 
manufactures,  many  of  which  were  devoted  almost  en- 
tirely to  war  work,  is  evidenced  by  the  number  of  instal- 
lations made  in  such  plants. 

The  certainty  of  adoption  by  the  country  of  the  pro- 
hibition amendment  to  the  constitution  is  doubtless  the 
explanation  of  the  decline  under  the  head  of  breweries. 

Under  the  classification  of  mi-scellaneous  are  a  num- 
ber of  installations  in  gas  plants,  engineering  works, 
church  buildings,  .state  institutions,  commissaries  and 
others.  That  the  value  of  refrigeration  on  ship  board 
is  recognized  will  be  noted  by  the  total  of  31  vessels 
equipped  with  refrigerating  machines.  The  United 
Fruit  Co.  of  New  Jersey  installed  plants  on  quite  a 
number  of  its  boats. 


LIST  OF   NEW  INSTALLATIONS 

^ 1918 

Installa- 
tions 

Ai>artment  houses 

Bakeries 20 


Hn 


10 


[lical  works. 


27 

Clubs 14 

C  'old-storage  warehouses f,68 

Confoctionfrs .  32 

r'reanieries,  dairies  and  condenseries  1 15 

Department  stores 8 

Fi.sh  dealers : 10 

(Iro'MMs  and  general  stores 22 

Hospitals 43 

Hotels      .      .  27 

Icecream    ..  61 

Icemakinic    89 

Meat  markets 97 

Muuili' ii.<          '..  4 

omce  hiullm.js 19 

Pa.kiiiL'  house ".  34 

!'r..durc  iiic-ichants 23 

I*rn\i>iin>  and  meat  storage 52 

HailKiad  depots 5 

Kc^ilcn-es      11 

liot.uirants 32 

Schoiil.s  and  colleges  7 

.Shijjpiiig 31 

.Miscellaneous      .-  118 

Total ''79 


Kefrig. 

193 
415 

1,630 
122 

3,067 
446 

1,488 
33 
67 
119 
265 
397 

1,544 

3,383 
625 

6,450 


,\ND    1918 
1917 

Installa 

tions 

3 

22 

15 


118 
264 
234 


Tons 

Refrig. 

14 

317 

1,057 

811 

25 

3,379 

367 

3,006 

36 

118 

184 

288 

645 

2,382 

16,404 

956 


95 

10 

94 

1,563 

73 

5,411 

305 

48 

428 

221 

33 

436 

211 

2 

56 

20 

13 

26 

88 

34 

125 

26 

15 

71 

185 

•^M 
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The  iiifhtvnce  of  inttrpohs  on  the  voltage  of  yen- 
erators,  the  speed  of  motors  and  how  the  effects 
of  the  interpolcs  niaij  be  adjusted  to  obtain  the 
best  results  are  considered. 


FROM  the  article.  "Effect  of 
Interpoles  on  Commutation  of. 
Direct-Current  Machines,"  in  the 
Mar.  4  issue,  it  may  be  inferred  that 
improvement  of  commutation  is  the 
primary  reason  for  the  use  of  com- 
mutating  poles,  and  this  is  quite 
true,  but  it  is  by  no  means  the  only 
way  in  which  the  operation  of  the 
machine  is  affected  by  their  use.  In- 
terpoles have  an  influence  on  the 
voltage  characteristics  of  generators 
and  the  speed  characteristics  of  mo- 
tors as  well  as  on  the  efficiency, 
weight  and  cost  of 
the  machine.  In  a 
generator  without 
inter  poles  the 
brushes  have  to  be 
advanced  in  the 
direction  of  rota- 
tion to  secure  the 
best  commutation 
at  full  load,  but  in 
the  interpole  gen- 
erator they  should 
be  kept  in  the 
neutral  position 
regardless  of  the 
load.  This  neutral 
position  should  be 
determined  before 
the  generator  leaves 
construction  of  the 
it  is  difficult  to 
position 


FIG 


FIG.  2 


FIGS.    1   TO   3. 


the  manufacturer,  and  the 
machine  should  be  such  that 
set  the  brushes  in  any  other 
If,  from  any  cause,  the  brushes  should  get  off 
the  neutral  position,  the  effect  upon  the  operation  of 
the  machine  is  much  more  marked  if  the  machine  has 
interpoles  than  if  it  has  not.  Just  what  this  effect  is 
can  be  shown  as  follows: 

Fig.  1  represents  a  machine  with  brushes  in  the 
neutral  position  as  is  indicated  by  the  short-circuited 
coil  being  so  located  that  each  of  its  sides  is  exactly 
under  the  middle  of  an  interpole.  If  the  machine  is 
a  generator  and  the  armature  rotates  in  a  clockwise 
direction,  the  polarity  of  the  interpoles  will  be  as  marked 
in  the  figure.  Now  all  the  conductors  on  the  armature 
between  the  points  a  and  b  are  cutting  the  flux  from 
the  main  pole  N.  If  they  cut  any  of  the  flux  from  the 
interpole  N,  they  also  cut  an  equal  amount  of  flux  from 


the  interpole  S  and  these  two  effects  neutralize  each 
other,  making  the  total  Mux  cut,  and  hence  the  generated 
voltage,  independent  of  the  strength  of  interpole 
winding. 

If  the  brushes  of  the  generator  are  given  a  backward 
lead,  placing  the  short-circuited  coil  in  some  such  posi- 
tion as  shown  in  Fig.  2,  the  conductors  between  a  and  b 
will  cut  not  only  all  the  flux  from 
main  pole  N,  but  also  that  from  inter- 
pole A^  without  including  any  of  the 
opposing  flux  from  interpole  S.  Hence 
it  will  be  seen  that  the  total  flux  cut 
is  greater  than  in  Fig.  1  and  the  volt- 
age generated  will  consequently  be 
greater.  The  greater  the  load  on  the 
machine,  the  greater  will  be  the  in- 
terpole current  and  the  resulting 
interpole  flux  and  hence  the  greater 
the  total  flux  and  the  generated  volt- 
age. Thus  it  may  be  stated  that 
shifting  the  brushes  of  an  interpole 
generator  back- 
ward tends  to  give 
the  machine  a  ris- 
ing voltage  char- 
acteristic. If  the 
generator  is  to 
operate  in  paral- 
lel with  other  ma- 
chines, such  a 
characteristic  is 
an  objectionable 
quality.  If,  now, 
instead  of  being 
shifted  backward, 
the  brushes  are 
advanced  in  the 
direction  of  rota- 
tion so  that  the 
short-circuited  coil  is  thrown  into  some  such  posi- 
tion as  shown  in  Fig.  3,  it  will  be  seen  that  the 
conductors  between  a  and  b  cut  all  the  flux  from  main 
pole  N  and  also  that  from  interpole  S,  and  since  the 
effect  of  the  latter  is  to  neutralize  a  part  of  the  former, 
the  resultant  flux  cut  becomes  less  the  greater  the  load 
and  the  effect  of  the  interpole  in  this  case  will  be  a 
tendency  to  give  the  generator  a  drooping  voltage 
characteristic.  Thus  it  may  be  stated  that  the  effect 
of  the  interpole  of  a  generator,  unless  the  brushes  are 
exactly  in  the  neutral  position,  is  like  that  of  a  series- 
field  winding;  a  cumulatively  connected  series  if  the 
brushes  are  moved  backward  and  a  differentially  con- 
nected series  if  they  are  shifted  forward. 

If  the  machine  represented  in  Figs.  1,  2  and  3  is  a 
motor  instead  of  a  generator,  its  speed  will  be  affected 
by  brush  position  in  a  manner  similar  to  that  in  which 
the  voltage  of  a  generator  is  affected.     In  order  that 


FIG.  3 


SHOWING   CORRECT    POLARITY   OF    INTERPOLES  AND  MAIN 
POLES    FOR   A   DIRECT-CURRENT   GENERATOR 
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the  relative  polarity  of  interpoles  and  main  poles,  as 
indicated  in  Figs.  1,  2  and  3,  may  be  correct  for  the 
case  of  a  motor,  the  direction  of  armature  rotation 
must  be  taken  as  counterclockwise  instead  of  clockwise 
as  given  in  Figs.  4,  5  and  6  respectively.  Then  Fig.  5 
represents  a  motor  with  brushes  given  a  forward  lead  and 
Fig.  6  a  motor  whose  brushes  have  a  backward  lead. 
With  a  forward  lead,  as  in  Fig.  5,  the  flux  cut  by  the 
conductors  between  a  and  b  is  greater  than  it  is  when 
the  brushes  are  on  neutral,  Fig.  4,  hence  the  speed  of 
armature  rotation  is  less.  The  greater  the  load  on 
the  motor  the  greater  will  be  the  interpole  current  and 
consequently  the  greater  the  interpole  flux,  making  the 
speed  decrease  with  an  increase  of  load.  Thus  the  for- 
ward lead  of  the  brushes  tends  to  give  the  motor  a 
drooping  speed  characteristic.  By  a  similar  line  of 
reasoning  it  will  be  seen  that  shifting  the  brushes  back- 
ward, as  in  Fig.  6,  will  reduce  the  flux  cut  by  the 
armature  conductors  and  will  tend  to  give  the  motor 
a  rising  speed  characteristic. 

If  the   interpole   field   of  a  motor   is   too   strong   or 


rise  to  the  condition  known  as  instability,  where  the 
overload  and  overspeed,  each  augmenting  the  other, 
increase  almost  instantly  to  a  point  which  means  self- 
destruction  of  the  motor  unless  its  fuses,  circuit- 
breakers  or  other  similar  protective  devices  operate 
in  time  to  cut  it  off  from  the  source  of  power. 

The  obvious  remedy  for  such  a  condition  is  to  reduce 
the  strength  of  interpole  field.  This  may  be  accomp- 
lished in  any  one  of  three  ways:  (1)  By  removing  one 
or  more  turns  from  the  interpole  winding;  (2)  by  con- 
necting a  suitable  resistance  in  parallel  with  the  inter- 
pole winding  to  shunt  out  a  part  of  the  current;  or 
(3)  by  increasing  the  interpole  air  gap.  The  first  meth- 
od is  open  to  the  objection  that  it  requires  the  removing 
of  the  insulation  from  the  coils  and  the  reinsulating  and 
impregnating  after  unwinding  the  desired  number  of 
turns.  The  second  method  is  also  undesirable  although 
it  is  the  easiest  to  carry  out.  Unless  the  shunt  is  so 
constructed  that  its  resistance  and  inductance  are  pro- 
portional to  the  resistance  and  inductance  of  the  inter- 
pole   winding,    the    result    will    be    that    on    rapidly 


FIG.  A-  FIG.  5  FIG.  6 

FIGS.   4  TO   6.     SHOWING  CORRECT  POLARITY  OF  INTBRPOI-ES  AND  MAIN  POLES  FOR  A  MOTOR 


too  weak,  this  condition  will  also  aft'ect  the  speed  of  a 
machine  for  the  reason  that  the  armature  coils  which 
are  short-circuited  by  the  brush  react  upon  the  main 
field.  To  explain  this  more  fully  consider  first  that  the 
interpole  field  is  of  exactly  the  correct  strength.  Then 
the  time  of  commutation — that  is,  the  time  required  for  a 
commutator  segment  to  travel  the  circumferential  width 
of  a  brush— will  be  made  up  of  two  equal  periods ; 
namely,  that  in  which  the  current  is  reduced  from  its 
normal  value  to  zero,  and  that  in  which,  after  reversal, 
it  is  built  up  again  to  its  normal  value. 

If  the  interpole  field  is  too  strong,  the  reducing  of 
the  current  to  zero  will  take  place  in  less  than  one-half 
the  entire  time  of  commutation,  leaving  a  proportionally 
greater  time  for  the  building  up  of  the  current  after 
reversal.  The  result  will  be  a  preponderance  of  current 
in  the  reversed  direction  over  that  in  the  original  direc- 
tion, and  this  current  may  be  several  times  as  great  as 
the  normal  full-load  current  carried  by  the  same  coils 
when  not  short-circuited  by  the  brushes.  As  a  result, 
all  the  short-circuited  armature  coils  constitute  an 
aggregate  of  ampere-turns  which  may  reach  a  con- 
siderable value  and  which,  by  reason  of  their  location 
and  polarity,  directly  oppose  the  main  field  windings 
and  so  reduce  the  main  flux.  The  result  is  an  increase 
in  speed  as  the  load  on  the  motor  increases.     This  gives 


fluctuating  loads  the  changes  in  interpole  current  will 
not  occur  simultaneously  with  the  changes  in  load 
current  and  the  entire  benefit  of  the  interpoles  is 
thereby  lost.  The  third  method  is  usually  not  difficult 
of  accomplishment  since  it  is  customary  in  building 
motors  to  bolt  the  interpole  to  the  frame  and  to  place 
between  the  pole  and  the  frame  several  thin  sheets 
of  iron  or  steel.  By  removing  one  or  more  of  these 
sheets,  the  interpole  air  gap  may  be  increased  as  re- 
quired. The  weakening  of  the  interpole  field  must  not 
be  carried  too  far,  however,  or  poor  commutation  will 
result  therefrom. 

When  interpoles  first  came  into  use,  they  were  often 
added  to  noninterpole  machines  without  any  change  in 
design  other  than  possibly  a  different  shape  of  main- 
field  coils  in  order  to  accommodate  the  interpole  wind- 
ings, and  these  machines  were  usually  of  a  slightly 
lower  efficiency  than  the  same  machines  without  inter- 
poles. Improvement  in  commutation  or  a  wider  range 
of  speed  were  the  chief  objects  sought  in  their  intro- 
duction, and  since  the  interpole  field  losses  were  added 
to  the  losses  already  existing  in  the  machine  and  the 
output  was  not  increased,  the  efficiency  was  lowered  to 
a  small  extent.  In  the  modern  machines,  however, 
where  each  part  has  been  designed  "from  the  ground 
up"  with  the  idea  of  taking  every  possible  advantage 
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of  the  ii.se  of  coinnuitatiiiK'  |)oles,  sucli  a.^^  ifdmiiiK  the 
li'iiKth  of  air  trap.  Uio  amount  of  field  copper  and  the 
niaKnetie  den.sity  in  the  armature  leeth,  a  machine  of 
larKer  output,  .smaller  lo.sses  and  coiisi-iiuent  increased 
elHciency  has  been  developed. 

It  follows,  then,  that  in  addition  to  a  marked  improve- 


IjitiiiK  poles  has  made  poHKibIc  a  machine  which  will 
operate  at  a  higher  etliciency  and  can  be  built  with  a 
smaller  (|uantity  of  material  than  an  old-type  noninter 
jjole  machine  which  will  do  the  same  work.  And  in  thes*- 
limes  when  economy  of  all  materials  is  a  vital  necessity, 
the  part  which  the  modern   interpole  motor  is  playinK 


ment    in   commutation   over   a   much   greater    rantje  of      by  replacitiR  its  more  bulky  predeces.sor  is  by  no  means 
both  load  and  s])eed  than   formerly,  the  use  of  commu-      insignificant. 

Harriii<>:loii  ForrcMl-ltlasl   rra\<'liiiii  Grate 


ATTEMPTS  by  manufacturers  of  travelintr  and 
chain-jrrate  types  of  stokers  to  apply  forced  blast 
i^  thereto  are  in  recoKnitioii  of  the  widespread  de- 
mand on  the  part  of  power-plant  designers  for  an  auto- 
matic stoker  that  can  be  forced  to  a  point  of  capacity  far 
in  excess  of  the  limits  of  natural  draft.  Certain  con- 
ditions, however,  must  be  complied  with  before  such  an 
application  can  be  considered  as  commercially  succe.ssful. 
These  may  be  briefly  summarized  as  follows: 

1.  The  stoker  must  allow  the  fuel  to.  remain  quiet 
during  the  combustion  period,  in  order  to  avoid  the 
formation  of  clinkers  that  would  cause  disturbance  of 
the  fuel  bed  when  the  ash  content  is  in  a  plastic 
condition. 

2.  To  avoid  the  accumulation  of  refuse  in  the  furnace 
and  consequent  fouling  of  the  grate  surface,  it  must 
be  discharged  as  formed,  .so  that  the  ash  remaining  on 
any  unit  section  of  the  grate  surface  is  that  which 
results  from  the  burning  of  a  single  unit  of  fuel. 

3.  There  mu.st  be  no  air  spaces  that  are  not  period- 
ically cleaned  by  virtue  of  the  automatic  operation  of 
the  adjacent  parts  and  disengagements  of  any  clinker 
that  may  have  entered  the  air  .spaces  during  its  previous 
passage  through  the  furnace. 

4.  Inasmuch   as   the   fuel   bed   does   not   I'equire   the 


same  volume  or  pressure  of  air  throughout  its  extent, 
it  is  desirable  that  the  stoker  be  divided  into  com- 
partments in  such  a  manner  that  the  air  pre.ssure  and 
volume  in  each  compartment  are  suited  to  the  require- 
ments of  the  fuel  passing  over  the  compartment. 

'i.  The  stoker  must  be  readily  convertible  to  th< 
natural-draft  type  during  the   low-load  periods. 

6.  Parts  subjected  to  the  heat  and  fusing  action  of 
direct  fuel  contact  must  be  readily  replaceable  and 
subjected  to  no  mechanical  stress  other  than  its  own 
support  and  the  support  of  its  portion  of  the  fuel  bed. 

Bearing  in  mind  the  foregoing  principles,  Joseph 
Harrington,  of  the  James  A.  Brady  Foundry  Co.,  of 
Chicago,  has  developed  such  a  stoker,  which  is  shown 
in  the  accompanying  illustrations. 

The  stoker  consi.sts  of  cast-iron  side  frames,  carrying 
the  driving  gear,  hopper  front  shaft  and  feed  gate  in 
the  usual  manner.  The  side  girders  are  formed  of 
structural-.steel  members,  built  like  a  truss,  permitting 
btokers  20  ft.  in  length  to  be  built.  Transverse  mem- 
bers of  structural  steel  support  a  series  of  tracks,  on 
which  run  semi-steel  chains,  which  carry  and  support 
the  grate  surface  and  take  up  the  .stress  and  tension 
of  the  chain.  These  are  provided  with  V-rollers  to 
insure  alignment  both  horizontally  and  vertically,  and 


FIG.  1.     STOKER  PARTI.Y  A.S.SEMBLKD.      INSERT,  VIEW  OF   GRATE  BARS 
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to  reduce  the  power  required  for  driving  the  stoker. 
An  inclosed  double  worm  drive  is  provided  at  the  rear 
of  the  stoker.     Attached  to  the  chains  is  a  series  of 


chamber  controls  the  volume  of  air  to  each  compart- 
ment. The  dampers  are  operated  manually  by  means 
of  the  lever  and  handwheel  shown  in  the  photograph. 
Each  damper  can  be  set  in  accordance,  with  require- 
ments while  the  total  air  supply  is  controlled  through 
the   fan   serving  the   stoker.     As  previously   stated,   a 


FIG.  2.     SHOWING  METHOD  OP  SEALING  COMPARTMENTS 

transverse  racks  or  beams  on  which  the  clips  or  bars 
forming  the  grate  surface  are  attached. 

These  grate  bars  are  sufficiently  loose  to  slide  over 
the  ends  of  the  racks  readily.  The  straight  under- 
surface  of  these  racks  makes  possible  a  practically 
air-tight  diaphragm  or  seal  between  the  adjacent  com- 
partments. These  compartments  occupy  the  space  be- 
tween the  chains  communicating  on  one  or  both  sides 
to  the  air  duct  in  the  boiler  side  walls,  or  below  the 
floor  of  the  boiler  room. 

A  simple  form  of  adjustable  damper  serves  to  control 
the  air  pressure  in  the  respective  compartments.  Each 
communicating  passage  through  the  side  wall  terminates 
in  a  removable  dcor  whic'i,  when  taken  off,  allows  free 
access  to  the  chamber.  The  closing  of  the  damper  and 
the  removal  of  this  door  serves  to  put  the  stoker  on  a 
natural-draft  basis.  A  reversal  of  this  process  converts 
it  to  a  forced-blast  stoker. 

One  of  the  novel  features  which  will  appeal  to  engi- 
neers is  the  nonsifting  grate  surface  which  can  be 
furnished  with  this  stoker  when  desired.  The  grate 
bars  so  fit  together  that  the  air  in  passing  through 
them  makes  two  right-angle  turns,  and  the  lower 
shoulder  at  the  joint  prevents  the  falling  of  fuel  through 
the  grate.  Projections  hold  the  adjacent  surfaces  apart 
so  that  an  air  space  of  approximately  15  per  cent,  is 
insured. 

Fig.  1  is  a  view  of  one  of  these  stokers  partly 
assembled.  It  was  designed  to  burn  coke  breeze,  but 
the  only  variation  from  the  standard  type  is  that  the 
grate  bars  are  a  little  closer  together  to  provide  le.ss 
air  space.  It  has  four  compartments,  the  one  under 
the  central  part  of  the  grate  having  double  the  width 
of  any  one  of  the  others.  The  method  of  sealing  the 
compartments  and  the  general  construction  are  evident 
in  Fig.  2.  Underneath  the  lower  run  of  the  grate  an 
extension  is  built  out  over  the  ashpit  to  protect  the  bars 
from  radiated  heat,  and  a  seal  under  the  rear  cross 
baffle  is  carried  up  as  close  as  possible  to  the  moving 
surface.  These  provisions  obviate  the  need  for  a  water- 
back  or  an  overhang  to  the  bridge-wall. 

The  chambers  communicating  between  the  compart- 
ments and  the  common  air  duct  from  the  fan  are 
.shown  in  Fig.  3.  The  duct  passes  immediately  below 
and   a  common  plate   damper   in   the  bottom   of   each 


PIG.  3.  AIR  CHAMBERS  BETWEEN  COMPARTMENTS  AND 
AIR  DUCT 

transfer  to  natural  draft  is  effected  easily  by  closing 
the  damper  in  each  communicating  chamber  and  taking 
off   the    end    doors. 

Coal  Production  in  France 

The  average  output  per  man  per  year  underground  in 
the  Lens  coal  field  of  France  was  about  250  tons,  while 
with  us  it  is  more  nearly  a  thousand.  The  average 
earnings  of  a  French  miner  were  about  $0.90  per  day. 
The  Courrieres  mines  cover  an  area  of  about  13,000 
acres,  which  is  more  or  less  completely  underlaid  by 
40  seams  of  coal  of  various  thicknesses.  These  vary 
from  semianthracite  to  bituminous  coal.  The  mining 
of  these  various  seams  was  conducted  to  a  depth  of 
about  1200  ft.  The  shafts  are  all  connected  under- 
ground, most  of  them  being  hoisting  shafts.  Their 
total  output  was  about  2J  million  tons  annually. 

France  had  a  normal  coal  production  of  about  forty 
million  tons  and  a  consumption  of  about  sixty  million 
tons  a  year.  Seventy  per  cent.,  or  28  million  tons,  was 
produced  in  the  northern  part  of  France  forming  a  part 
of  the  area  captured  by  the  Germans.  The  mines  in 
part  of  this  area  have  been  destroyed.  Twenty  million 
tons  more  coal  was  consumed  than  France  produced,  and 
the  balance  was  adju.sted  by  coal  from  England  and 
Germany. 

If  Alsace  and  Lorraine  go  back  to  France,  she  will 
acquire  a  large  active  coal  territory  which  is  probably 
undisturbed  and  a  large  new  and  undeveloped  territory 
in  Lorraine  which  has  been  proved  to  contain  workable 
coal;  but  some  of  it  is  at  a  depth  of  4000  ft.,  and  it 
is  yet  to  be  determined  whether  it  is  possible  to  mine 
coal  at  such  a  depth.  In  spite  of  this  France  will  face 
a  shortage  amounting  to  thirty  or  forty  million  tons 
of  coal  for  the  next  ten  years.  Outside  of  man  power, 
coal  will  be  her  greatest  need  for  the  next  few  years, 
and  on  her  ability  to  obtain  that  coal  will  depend  her 
immediate  future  progress  and  recovery.  Perhaps  the 
United   States   can   come  to  her   aid. 
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Jn  tliix  itistathufut  tlit  uiilhiir  considers  tlif 
selectiitti  of  type  of  prime  mover,  si/stenis  of 
power  distrihtitii)!  aud  methods  of  heatitiy  and 
V{'7itilatiti(i. 


IN  JSHLKCTlNCi  a  prime  mover,  a  decision  must  be 
made  between  the  engine  and  the  turbine.  Turbines, 
owing  to  their  high  speed  and  uniform  efficiency  un- 
der considerable  variations  in  load,  are  particularly 
adapted  to  the  driving  of  electric  generators  to  which 
Ihey  may  be  directly  connected.  They  require  small 
foundations  and  take  up  little  .space  as  compared  with 
rec  procating  engines,  especially  those  of  slow  and  mod- 
erate speeds.  Another  advantage  is  their  ability  to  u.se 
highly  superheated  steam,  as  no  lubricating  oil  is  re- 
quired  in  the  steam  chambers. 

The  steam  consumption  of  the  turbine  is,  in  general, 
about  the  same  as  that  of  the  best  reciprocating  engine. 
Tests  seem  to  show  that  for  sizes  below  500  hp.  the  tur- 
bine has  proved  rather  more  economical  when  compared 
with  the  single-valve  high-speed  engine,  but  that  results 
are  reversed  with  the  four-valve  compound  engine  of 
medium  speed.  For  larger  sizes,  i-anging  from  1000  to 
2000  hp.,  there  seems  to  be  but  little  difference  in  the 
economy  of  the  two  types  of  machines.  Under  i^ertain 
conditions  engines  and  turbines  can  be  used  to  advan- 
tage in  combination,  as  described  later.  In  any  case, 
the  selection  of  a  prime  mover  will  depend  largely  on 
the  proportion  of  exhaust  steam  that  can  be  utilized 
when  the  entire  season  is  taken  into  account.  If  this 
proportion  is  large,  there  is  no  object  in  putting  in  an 
expensive  machine  for  the  sake  of  steam  economy,  and 
simple  high-.speed  engines  will  answer  all  purposes.  As 
the  amount  of  e.xhaust  that  may  be  utilized  becomes 
le.ss,  means  should  be  taken  to  reduce  the  .steam  con- 
sumption for  power.  The  first  step  in  this  direction  is 
the  substitution  of  the  moderate-speed  four-valve  engine 
for  the  high-speed  single-valve  type.  If  still  greater 
saving  in  steam  is  desired,  a  reduction  of  15  to  20  per 
cent,  may  be  secured  by  the  use  of  a  compound  engine 
when  running  noncondensing. 

Determixing  When  To  Use  Condenser 

The  matter  of  condensing  is  one  which  should  receive 
careful  study.  With  a  manufacturing  plant,  where  the 
exhaust  is  used  for  heating  purposes,  there  is  no  oppor- 
tunity for  using  a  condenser  to  advantage  except  tem- 
porarily during  the  nonheating  season.  In  some  cases, 
however,  when  the  heating  season  is  short  and  the  plant 
is  near  a  stream  or  pond  where  plenty  of  cooling  water 
may  be  had  for  the  pumping,  this  arrangement  may 
prove  a  good  investment.  Under  suitable  conditions  a 
reduction  in  steam  consumption  of  from  25  to  30  per 
cent,  may  be  realized  by  using  a  compound  condensing 
engine  in  place  of  the  simple  noncondensing  type. 

Although   turbines   are   frequently   operated   noncon- 


(li'iising  in  isolated  plants,  the  best  economy  is  obtained 
l»y  the  use  of  a  condenser.  Under  these  conditions  a 
bleeder  turbine  may  be  employed.  This  type  is  espe- 
cially advantageous  where  large  Yolumes  of  steam  at 
reduced  pressure  are  needed  for  heating  or  manufac- 
turing purposes.  It  is  similar  in  construction  to  the 
high-pressure  turbine,  but  is  so  designed  that  steam 
may  be  drawn  from  an  intermediate  stage  after  having 
performed  work  in  passing  through  the  high-pre.ssure 
stages.  It  may  be  set  to  deliver  steam  into  the  heating 
.system  at  any  desired  pre.ssure  within  its  range  and 
operates  automatically  according  to  the  volume  of  steam 
reciuired. 

Low-Pressure  Turbine  Using  Exhaust  Steam 

An  arrangement  that  may  sometimes  be  used  to  ad- 
vantage in  large  plants  is  a  combination  of  a  recipro- 
cating engine  and  a  low-pressure  turbine,  so  arranged 
that  the  exhaust  from  the  engine  runs  the  turbine.  In 
general,  the  steam  economy  of  a  simple  engine  and  an 
exhaust-steam  turbine  together  is  always  an  improve- 
ment over  that  obtained  by  compounding  and  adding 
a  condenser.  The  plant  capacity  is  increased  from  50 
to  100  per  cent,  by  exhausting  through  an  exhaust  tur- 
bine to  a  condenser  from  a  noncondensing  engine,  while 
the  increase  by  adding  the  turbine  to  a  condensing  out- 
fit is  from  one  and  one-half  to  three  times  that  which 
could  be  secured  from  the  condenser  alone.  Arrange- 
ments of  this  kind,  of  course,  cannot  provide  exhaust 
steam  for  heating  and  should  only  be  considered  as  a 
substitute  for  the  ordinary  condensing  plant  under  the 
conditions  already  noted. 

New  types  of  engines  that  have  shown  high  .steam 
economy  are  the  uniflow,  poppet-valve,  and  locomobile 
units.  The  first  of  these  effects  its  principal  .saving 
by  a  reduction  of  the  initial  cylinder  condensation.  It 
operates  most  economically  at  a  high  initial  pressure 
and  co.sts  approximately  30  per  cent,  more  than  a  Cor- 
liss engine  of  the  same  capacity.  The  poppet  valve  is 
employed  primarily  to  allov.  the  use  of  superheated 
steam  at  high  pressures.  This  engine  al.so  gives  the  best 
results  when  operated  under  a  high  initial  pressure  and 
costs  about  the  same  as  the  Corliss  engine.  The  loco- 
mobile is  a  self-contained  power  plant,  comprising  boiler, 
superheater,  reheater,  compound  condensing  engine,  con- 
denser, soot  blower,  and  feed-water  heater.  Its  main 
advantage  is  its  compactness,  although  the  guaranteed 
fuel  economy  is  exceptionallj'  low. 

Use  of  Producer-Gas  and  Oil  Engines 

Producer-gas  and  oil  engines  have  not  been  used  ex- 
tensively for  this  class  of  work  in  the  United  States. 
While  power  may  be  produced  at  low  cost  with  a  pro- 
ducer-gas plant,  it  requires  .skilled  attention,  and  lack 
of  this  has  given  it  a  reputation,  to  some  extent,  for 
unreliability  which  has  limited  its  use  in  connection 
with  large  and  important  manufacturing  plants  where 
a  shutdown  for  even  a   short  time  would  be  a  costly 
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matter.  Oil  engines  may  be  operated  at  a  comparatively 
low  cost,  especially  when  located  conveniently  to  the  oil 
regions.  They  are  compact  and  occupy  less  floor  space 
than  the  steam  engine  of  equal  power.  On  the  other 
hand,  the  cost  of  an  oil-engine  plant,  is  somewhat 
more  than  that  of  a  steam  plant,  especially  when 
there  is  considered  the  tendency  to  install  more  re- 
serve power  on  account  of  the  lack  of  overload  capacity 
and  also  to  provide  against  more  frequent  adjustments 
and  repairs.  Neither  the  gas  engine  nor  the  oil  engine 
provides  exhaust  steam  for  heating  purposes,  so  that  a 
boiler  plant  must  be  furnished  anyway,  and  this  is  an 
important  factor  in  the  selection  of  the  power  equip- 
ment. 

Methods  of  Power  Transmission  in 
Manufacturing  Plants 

Of  equal  importance  with  power  generation  is  its 
transmission  to  the  various  machines,  for  nothing  is  to 
be  gained  by  installing  expensive  equipment  for  the 
economical  generation  of  power  and  then  wasting  it 
in  useless  work  in  the  form  of  friction.  The  different 
forms  of  power  distribution  in  common  use  in  manu- 
facturing plants  are  included  under  the  heads  of  me- 
chanical and  electrical  transmission,  each  having  its 
advantages  under  certain  conditions.  Mechanical  trans- 
mission, which  is  the  older  method,  has  been  greatly 
improved  since  the  advent  of  electricity  for  this  pur- 
pose, so  that  in  certain  cases  power  may  be  transmitted 
with  equal  or  even  higher  efficiency  than  by  the  newer 
method.  In  making  a  selection,  however,  the  actual 
conditions  should  be  carefully  studied  and  the  system 
used  which  seems  to  fulfill  the  greatest  number  of  re- 
ruirements.  Often  a  combination  of  electrical  and  me- 
chanical distribution  will  prove  more  effective  than 
either  alone. 

The  improvements  in  mechanical  transmission  of 
power  comprise  lighter  shafting  running  at  higher 
speed ;  the  substitution  of  wooden  pulleys  for  iron, 
which  not  only  reduces  the  weight  but  increases  belt 
efliiciency;  the  use  of  solid  flanged  couplings,  with  split 
pulleys  and  clutches  so  that  shifting  and  replacements 
may  be  made  without  disturbing  the  alignment  of  the 
shafting;  improved  hangers  with  accurately  finished 
bearings  and  automatic  lubrication;  and,  of  especial 
importance,  the  use  of  the  rope  drive  for  long-distance 
transmission  in  place  of  line-shafting.  With  these  im- 
provements it  is  claimed  that  power  may  be  transmitted 
from  source  to  machine  with  a  total  efficiency  of  approx- 
imately 80  per  cent.,  divided  about  as  follows:  Rope 
drive,  96  per  cent.;  lineshaft,  85  per  cent.;  machine  belt, 
98  per  cent. 

Methods  of  Electric  Distribution 

Electric  distribution  is  divided  into  group  drive  and 
individual  drive.  In  the  former  case,  electric  energy 
is  carried  from  the  generator  to  a  number  of  motors, 
which  in  turn  drive  lineshafts  of  varying  lengths  ac- 
cording to  local  conditions.  From  these  power  is  de- 
livered to  the  machines  through  belting,  either  by  the 
use  of  countershafts  or  directly  from  the  line  as  most 
convenient.  In  the  case  of  individual  drive  each  ma- 
chine has   its   own   motor  connected   by  either  belt  or 


gearing  and  is,  therefore,  entirely  independent.  Among 
the  principal  advantages  claimed  for  this  method  are 
the  following:  Elimination  of  lineshafting  and  counter- 
shafting,  which  must  run  continuously  whether  the  ma- 
chines are  in  use  or  not — an  important  item  in  shops 
where  a  certain  proportion  of  the  machinery  is  in  oper- 
ation only  a  part  of  the  time;  increased  production,  due 
to  better  speed  control  of  individual  machines;  uniform 
speed  under  continuous  operation,  there  being  no  fluctua- 
tion in  speed  of  the  lineshafting  due  to  varying  the  num- 
ber of  machines  in  use  at  one  time;  a  better  arrange- 
ment of  machinery  for  rapid  production,  and  elimination 
of  useless  handling  of  stock,  as  machines  may  be  placed 
without  reference  to  lines  of  shafting ;  clear  ceiling 
space,  permitting  the  free  use  of  cranes  and  hoists 
and  improving  both  artificial  and  natural  lighting;  inde- 
pendence of  each  machine,  there  being  no  interference 
from  accident  to  lineshafting  or  other  machinery; 
greater  cleanliness  and  better  opportunity  for  the 
application  of  safety  devices,  and  reduction  of  fire  risk 
through  the  elimination  of  oily  lineshaft  bearings. 

The  principal  disadvantage  of  the  individual  electric 
drive  is  the  decrease  in  efficiency  as  the  size  of  the 
motor  is  reduced;  hence,  this  system  makes  its  best 
showing  in  manufacturing  establishments  where  fairly 
large  amounts  of  power  are  to  be  transmitted.  While 
motors  of  75  to  100  hp.  have  average  eflSciencies  rang- 
ing from  92  to  93  per  cent.,  those  of  5  hp.  and  less, 
such  as  are  used  largely  for  individual  drive  in  a  ma- 
jority of  cases,  will  have  efficiencies  running  below  80 
per  cent.  Some  engineers  consider  10  hp.  as  the  eco- 
nomical limit  for  individual  drive,  and  machines  re- 
quiring less  than  this  are  grouped  together  and  oper- 
ated bj'  motors  of  sufficient  size  to  give  a  good  efficiency, 
the  power  being  transmitted  to  the  various  units  by  belt- 
ing to  lineshafts  driven  by  the  motors.  This,  however, 
applies  to  general  cases,  and  there  are  many  special 
instances  in  which  it  is  advisable  to  use  the  individual 
drive  for  much  smaller  capacities. 

Selection  of  Electric  Motors 

The  selection  of  motors  for  industrial  purposes  is  a 
matter  of  much  importance  and  except  for  briefest 
mention  is  beyond  the  scope  of  the  present  article.  All 
direct-current  and  alternating-current  motors  may  be 
divided  into  three  general  groups — constant-speed  mo- 
tors, adjustable-speed  motors  and  variable-speed  motors. 
The  first  group  is  divided  into  direct-current  shunt- 
wound  motors,  alternating-current  squirrel-cage  motors, 
alternating-current  synchronous  motors  and  alternating- 
current  slip-ring  motors. 

The  direct-current  shunt-wound  and  alternating-cur- 
rent squirrel-cage  motors  are  adapted  to  equipment  re- 
quiring a  low  starting  torque  and  practically  constant 
speed,  such  as  lineshafting,  belted  machines,  constant- 
speed  ventilating  fans  and  centrifugal  pumps.  When 
employed  in  textile  mills  or  woodworking  plants  where 
the  air  is  filled  with  an  inflammable  dust,  the  squirrel- 
cage  induction  motor  should  be  used,  if  alternating  cur- 
rent is  available,  because,  owing  to  its  construction, 
there  is  no  chance  for  sparking.  If  it  is  necessary  to 
use  the  direct-current  machine,  it  must  be  well  inclosed. 

The  synchronous  motor  is  commonly  used  in  medium 
and  large  sizes  and  is  well  adapted  to  drives  with  light 
starting  characteristics.    The  slip-ring  induction  motor 
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IS  adaptci]  to  ciiiiipiiii'iit  ir(|iiiriiiK  •>  ii>'ii\.\  .slurtiiiK 
(orqut*  »'>d  coiistmit  speed,  such  an  grinders  and  boat- 
ers in  paper  mills,  ice  machines,  wood  i)laners,  brick 
machinery,  etc.  When  alternating  current  is  not  avail- 
able for  this  class  of  work  the  direct  current  comj)oun(l- 
wound  machine  should  be  u.sed. 

The  second  class,  or  adjustable-speed  motor,  includes 
the  shunt-wound,  compound-wound  and  multivoltajre 
machines  for  direct  current,  and  the  nuiltispeed  induc- 
tion motor  for  alternating  current.  The  first  of  the.se 
is  the  mo.-j;  tlexible  and  K'ves  the  most  satisfactory  speed 
control  and  the  K''t'i»te>t  steadiness  of  adjustment.  It 
is  especially  adapted  for  the  individual  drive  of  ma- 
chine tools  and  similar  work  where  adjusted  speeds 
are  desired  regardless  of  the  load.  When  conditions  are 
such  that  a  heavy  startintr  torque  must  be  overcome, 
the  compound-wound  machine  is  called  for.  The  multi- 
voltatre  motor  is  not  so  extensively  used  as  those  pre- 
viously described,  the  expense  of  more  than  two  supply 
voltages  making  it  prohibitive  for  general  use.  The 
multispeed  alternating-current  motor  is  of  the  squirrel- 
cage  induction  type  and  the  change  in  .speed  is  obtained 
by  varying  the  number  of  poles.  This  machine  is  usu- 
ally limited  to  four  speeds  and  is  employed  largely  for 
driving  centrifugal  pumps;  ventilating  fans,  ice  ma- 
chines and  similar  apparatus. 

Types  of  Variable-Speed  Motors 

The  third  class,  variable-speed  machines,  includes 
the  series-wound  motor  and  the  compound-wound  with 
light  shunt  field  for  direct  current,  and  the  slip-ring 
motor  and  squirrel-cage  induction  motor  for  alternating 
current.  The  speed  of  any  of  these  machines  varies 
with  the  load,  being  high  at  light  loads  and  decreasing 
as  the  load  increases.  The  direct-current  series  motor 
has  a  high  starting  torque  that  gradually  decreases  as 
the  motor  comes  up  to  speed.  This  machine  is  used 
for  operating  cranes,  hoists,  elevators,  and  other 
equipment  calling  for  this  special  requirement.  The 
compound-wound  motor  with  light  shunt  field  has 
similar  characteristics,  making  it  especially  adapted 
to  the  operation  of  elevators  where  the  starting  load 
is  heavy  and  the  acceleration  high  and  gradual.  It  is 
also  used  for  driving  punches  and  shears,  sugar  centrif- 
ugals and  laundry  extractors.  The  slip-ring  alternat- 
ing-current motor  has  characteristics  similar  to  those 
of  the  series-wound  machine  for  direct  current  and  has 
a  similar  field  of  operation,  which  includes  the  driving 
of  hoisting  machinery  of  various  kinds,  dredges,  .steel 
mills,  etc.  The  squirrel-cage  motor  is  similar  to  the 
slip-ring  type  except  for  the  fact  that  the  resistance 
is  fixed  and  cannot  be  varied ;  hence,  the  speed  neces- 
sarily decreases  as  the  load  increases.  This  motor  is 
particularly  adapted  to  conditions  where  peaks  of  short 
or  long  duration  occur  periodically  in  a  cycle  of  opera- 
tion and  where  flywheels  are  employed  to  carrj-  the  load 
over  these  points.  Shears,  punches,  hoists  and  reversing 
roU  trains  in  steel  mills  are  included  in  the  field  of  this 
type  of  motor.  Much  depends  on  the  proper  selection 
of  a  motor  for  the  particular  work  to  be  done,  and 
when  electric  drive  is  to  be  used  in  a  manufacturing 
plant  great  care  should  be  given  to  this  part  of  the 
equipment. 

The  heating  and  the  ventilating  of  the  building  are 
so  closely  connected  that  they  will  be  considered  under 


Iho  same  heading.  For  industrial  plants  of  large  size 
there  ure  three  standard  syHtems  of  heating — direct 
steam,  direct  hot  water  and  hot  blast.  A.s  compared 
with  hot-blast  h»'aling,  both  direct  steam  and  hot  water 
have  many  of  the  same  characteristics  and  may  be  con- 
sidered together.  As  in  case  of  many  other  kinds  of 
eciuipment  for  a  large  plant,  one  particular  system  is 
not  always  Ix^st  adapted  to  all  buildings  or  all  rooms, 
and  a  combination  will  often  be  found  the  most  desir- 
able when  the  entire  plant  is  under  consideration. 

Objections  to  Direct  Heating 

The  more  common  objections  to  direct  heating  for 
large  shops  and  factory  buildings  are  the  large  amount 
of  radiating  surface  reciuired,  difficulty  of  temperature 
control  and  lack  of  ventilation.  The  first  of  these  ap- 
plies especially  to  large  machine  and  erecting  shops  of 
considerable  height,  either  with  or  without  galleries, 
and  provided  with  monitor  roofs.  In  buildings  of  this 
kind  the  heated  air  naturally  rises  to  the  roof  spac?, 
which  produces  a  comparatively  high  temperature  at 
this  point  and  thus  increases  the  rate  of  transmission 
through  the  roof.  To  overcome  this  it  is  nece.ssary  to 
provide  heavy  banks  of  heating  surface  near  the  floor 
along  the  outer  walls,  which  in  turn  are  liable  to  make 
it  uncomfortably  warm  for  tho.se  working  near  them. 
This  condition  may  be  relieved  to  some  extent  by  placing 
a  part  of  the  coils  overhead,  but  even  with  this  arrange- 
ment the  distribution  of  heat  is  uneven  and  roof  trans- 
mission excessively  large. 

In  buildings  of  several  stories,  of  medium  height,  the 
distribution  is  better  and  the  excess  of  warm  air  rising 
from  the  lower  .stories  is  often  sufficient  to  take  care  of 
the  roof  transmi-ssion  without  providing  extra  surface 
for  this  particular  purpose.  In  connection  with  a  large 
plant  there  are  often  buildings  and  rooms  where  direct 
heating  will  answer  all  purposes  and  will  be  even  better 
in  some  cases  than  the  more  expensive  fan  .system.  This 
applies  especially  to  .storerooms,  packing  rooms,  car- 
penter and  pattern  shops,  paint  shops,  etc.,  where  the 
cubic  space  is  large  for  the  number  of  occupants.  In 
rooms  where  there  are  disagreeable  odors  from  chem- 
icals or  paints,  the  heating  .system  should  be  supple- 
mented by  an  electrically  driven  exhaust  fan. 

Hot-Blast  System  of  Heating 

For  the  main  workrooms  of  shops  and  factories,  es- 
pecially those  of  considerable  height  and  where  the 
number  of  occupants  is  large  in  proportion  to  the  cubic 
contents,  the  best  results  are  secured  by  the  hot-blast 
system.  This  gives  an  even  distribution  of  heat,  as 
the  warm  air  may  be  directed  to  the  points  where  it  is 
most  needed.  In  the  case  of  one-story  shops  and  foun- 
dries of  the  monitor-roof  type  the  air  may  be  discharged 
downward  and  at  an  angle  toward  the  outer  walls,  thus 
maintaining  a  zone  of  warm  air  near  the  floor  regard- 
less of  the  temperature  conditions  in  the  upper  part  of 
the  building.  By  drawing  all,  or  even  a  part,  of  the 
air  supply  from  outdoors,  ventilation  and  heating  may 
be  combined  without  additional  equipment. 

As  the  latest  theory  of  ventilation  is  based  largely 
on  the  control  of  temperature  and  humidity,  combined 
with  air  movement,  it  is  a  simple  matter  to  combine 
all  of  these  in  a  hot-blast  system  by  introducing  an  air 
washer  for  the  removal  of  dust  and  odors  due  to  va- 
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rious  manufacturing  processes.  With  such  equipment 
satisfactory  results  may  be  obtained  in  the  average  case 
by  recirculating  the  air  within  the  building,  especially 
in  the  coldest  weather,  when  the  steam  demands  for 
both  heating  and  ventilation  are  at  a  maximum.  An 
arrangement  that  has  given  good  satisfacton  under 
actual  working  conditions  has  been  to  design  the  ap- 
paratus for  recirculation  within  the  building  in  zero 
weather  and  to  admit  fresh  air  in  increasing  amounts 
as  the  outside  temperature  rises.  While  special  mention 
has  been  made  of  one-story  buildings  of  the  monitor- 
roof  type,  the  hot-blast  system  is  equally  well  adapted 
to  buildings  several  stories  in  height  by  a  proper  design 
of  the  warm-air  distribution  system.  In  the  case  of 
foundry  buildings,  both  supply  and  exhaust  fans  should 
be  used  for  removing  the  vapor  present  when  castings 
are  being  made. 

As  the  heating  system  in  a  manufacturing  plant  is 
likely  to  be  extended  horizontally,  the  most  satisfactory 
results  are  secured  by  a  return-line  vacuum  system  when 
direct  steam  is  employed.  This  not  only  insures  a  pos- 
itive return  of  the  condensation  without  water-hammer, 
but  also  accelerates  the  circulation  and  makes  it  pos- 
sible to  operate  the  heating  system  without  throwing  ad- 
ditional back  pressure  on  the  engines.  If  hot  water  is 
used,  it  must  always  be  under  forced  circulation  in 
plants  of  this  kind.  This  system  of  heating  has  proved 
very  satisfactory  in  many  cases  on  account  of  the  ease 
with  which  the  temperature  of  the  buildings  is  con- 
trolled. All  three  of  the  systems  mentioned  use  either 
live  or  exhaust  steam,  as  most  convenient,  so  there  is 
no  difference  between  them  on  this  score.  A  selection  is 
usually  based  on  the  general  layout  of  the  plant,  the  re- 
sults desired  and  the  funds  available. 


Eliminating  Cylinder  Oil  from 
Exhaust  Steam 

By  W.  H.  Wakeman 

In  a  certain  manufacturing  plant  where  a  large  por- 
tion of  the  shop  is  heated  by  the  exhaust  of  the  engine, 
the  resulting  hot  water  was  allowed  to  flow  into  the 
sewer  without  the  use  of  traps  to  prevent  the  escape 
of  steam.  As  a  measure  of  economy  it  was  decided  to 
return  this  hot  v/ater  to  the  boilers,  but  this  involved 
the  use  of  a  separator  to  free  the  condensate  from  oil. 
An  8-in.  separator  was  accordingly  installed,  the  maxi- 
mum load  on  the  engine  being  some  300  hp.  The  ar- 
rangement was  as  shown  in  the  accompanying  sketch. 
There  was  no  trap  on  the  II -in.  drip  pipe.  The  en- 
gineer kept  the  valve  partly  closed,  but  it  was  always 
opened  far  enough  to  allow  all  the  oil  and  water  that 
were  taken  out  by  the  separator  to  pass  to  the  sewer. 
After  the  separator  was  installed,  all  hot-water  returns 
from  the  heating  system  were  pumped  back  into  the 
boilers. 

Subsequent  boiler  inspections  showed  that  an  objec- 
tionable quantity  of  cylinder  oil  was  passing  through 
the  separator  and  entering  the  boilers.  Suggestions 
were  made  to  the  engineer  in  charge  to  the  effect  that 
the  separator  was  not  properly  located,  that  it  was  not 
the  right  kind  for  efficient  service,  that  it  ought  to  be 
taken  apart  and  cleaned  frequently,  etc.,  but  the  boiler 
inspector  insisted  that  the  trouble  was  due  to  the  fact 


that  the  separator  was  too  small  for  the  service  required 
of  it. 

He  maintained  that  not  more  than  90  lb.  of  steam 
per  hour  per  square  inch  of  pipe  area  should  be  forced 
through  a  separator.  With  a  maximum  load  of  300  hp. 
and  assuming  30  lb.  of  steam  per  horsepower-hour, 
an  8-in.  separator  with  a  cross-section  of  50  sq.in. 
would  pass  300  X  30    ^-   50  =  180  lb.  per  hour. 

In  order  to  test  this  rule,  the  8-in.  separator  was 
removed  and  a  12-in.  of  the  same  kind  located  in  the 
same  position.     The  7-ft.  length  of  8-in.  pipe  between 
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SHOWING     XEW     COXXECTIOX     BETWEBX    HEATER    AND 
.'SEPARATOR 

the  heater  and  the  separator  was  taken  out  and  a  12-in. 
substituted,  as  shown  by  the  dotted  lines.  No  further 
changes  were  made,  either  in  the  equipment  or  in  its 
operation,  but  the  exhaust  steam  is  now  purified,  so 
that  no  oil  goes  into  the  boilers ;  hence  the  experiment 
is  pronounced  a  success  and  the  correctness  of  the  in- 
spector's formula  demonstrated. 


Although  moderate  additions  were  made  to  stocks  of 
petroleum  in  November,  1918,  in  the  central  and  north 
Texas,  north  Louisiana  and  Rocky  Mountain  fields,  the 
total  surface  reserve  of  crude  oil  in  the  United  States, 
exclusive  of  California,  was  reduced  during  that  month 
by  about  3,500,000  bbl.  On  Nov.  30,  1918,  stocks  of 
petroleum  in  the  fields  to  which  this  summary  relates 
Had  been  depleted  to  the  extent  of  about  25,000,000  bbl., 
compared  with  the  quantity  in  storage  at  the  end  of 
November,  1917. 


The  City  of  San  Francisco  has  built  and  will  operate 
a  steam  railroad  65  miles  in  length  in  connection  with  its 
famous  Hetch  Hetchy  water-supply  project.  This  is 
believed  to  be  the  first  steam  railway  of  any  considerable 
extent  to  be  built  and  operated  by  a  municipality.  The 
cost  of  the  San  Francisco  railroad  complete  was  ap- 
proximately $2,000,000,  and  it  is  estimated  that  the  city 
saved  between  $2,000,000  and  $3,000,000  over  what  it 
would  have  cost  to  haul  the  material  by  truck. 
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WIk^ii   Doctors  DisasTce — II 


Ky  JOHN  S.  CARPENTER 


The  engineer  of  the  turbine  plant  locks  horns 
U'tth  the  builder's  engineers  over  the  question  of 
the  proper  method  of  finding  the  stream  flow  and 
proves  that  the  efficiency  is  beloiv  the  guarantee. 

f^>LOSSV  cjimt-  up  to  me  after  I  told  him  how  he 
\  fell  down  on  the  guaranteed  efficiency  and  asked 
me  where  I  took  my  degrees,  if  1  had  any.  I 
tells  that  candy-covored  cocktail  that  I  got  mine  at  the 
University  of  Hard  Knocks,  an'  as  fer  degrees,  I  had 
about  a  hundred  an'  ten  of  the  Fahrenheit  variety  an 
not  mentionin'  ten  or  twenty  of  the  Masonic  brand.  I 
guess  my  magnetic  personality  got  him  that  time,  the 
same  bein'  from  takin'  so  much  iron  tonics  an'  then 
hangin'  around  them  generators.  He  writes  down  a 
formula  about  the  length  of  your  torearm  an'  coyly 
murmurs,  'I  suppose  that  you  used  this  formula?'  I 
looks  at  it  an'  snickers:  'What  the  Samhill's  that?'  He 
hands  me  a  kinda  queer  look  an'  simpers  that  that's 
the  latest  formula  by  some  Rooshian  gent.  I  tells  him, 
'I  s'pose  I'm  a  bit  behind  the  times,  but  my  honest 
opinion  of  that  is  that  it  looks  like  the  wedded  name 
of  a  Rooshian  vampire-lady  after  she  married  all  the 


"AN-    THEN   WE    ALL   WENT    OVER    THE    TOP    WITH 
FIXED    BAYONETS' 

consonants  in  the  Chinese  alphabet.  All  Rooshia  ever 
gave  us  is  them  Bolshevik  fellers  an'  a  lotta  worry.' 

"Along  about  that  time  another  engineer  comes  in 
with  a  letter  to  me,  the  same  readin'  to  the  effect  that 
our  president  had  engaged  him  as  reinforcements  fer 
me,  outa  the  office  of  a  rival  turbine  company.  I  kinda 
liked  that  feller  Johnson  from  the  start,  he  bein'  dressed 
like  a  human  bein'  an'  smokin'  a  man's  size  cigar.  After 
the  introductions  I  says  that  we  had  better  come  into 
my  office  where  we  can  finish  the  bout  in  private. 

"When  that  feller  Johnson  checks  over  the  figures 
of  them  two  chorus  men,  it  comes  out  that  they  kinda 
careless-like  deducted  the  head  due  to  the  velocity  of 
the  turbine  discharge  water  from  the  effective  head, 
makin'  about  three  feet  less  head  on  the  wheels  an' 
jumpin'  the  efficiency  way  up! 

"Flossy  protested  against  addin'  in  the  discharge  head 


an'  said  that  they  always  did  that  an'  that  they  con- 
siders it  proper  to  do  ho.  Johnson  kinda  .sly-like  naya 
sr.mcthin'  about  some  confidence  men  still  sellin'  gold 
l)ricks  when  they  could  get  it  across,  an'  then  we  all  went 
over  the  top  with  fixed  bayonets.  When  the  smoke  of 
battle  cleared  an'  we  had  signed  up  an  armistice,  we  got 
c!own  to  brass  tacks.     Wc  agreed  to: 

"1.  Make  comparative  weir,  float  an'  current-meter 
tests. 

"2.  To  check  the  pressure  and  vacuum  gages  against 
a  mercury  colyum. 

"3.  To  take  the  wattmeter  readin's  as  correct,  seein' 
that  the  meters  is  new  an'  not  likely  to  be  much  out. 

"4.  To  take  the  generator  efficiency  curve  as  given 
by  the  builders. 

"5.  To  settle  all  scraps  by  Marquis  of  Queensberry 
rules. 

"The  next  question  to  decide  was  whose  formula  was 
to  be  used  for  the  weir  tests.  If  you  count  'em  careful. 
Bill,  you'll  find  that  they  is  as  many  of  'em  as  they  is 
fake  widows  comin'  to  light  when  a  rich  bachelor  cashes 
in  his  chips.  Flossy  trots  out  a  formula  invented  by  a 
Dutchman  named  Biel,  as  long  as  a  wienerwurst  an' 
havin'  a  temperature  correction,  but  I  tells  him  that 
it's  outa  the  question  to  ring  in  any  propaganda  on  this 
job  oil  account  of  the  new  law  what  says  we  can't  give 
no  aid  or  comfort  to  the  enemy.  Johnson  overrules 
me,  sayin'  that  we  can  use  it  for  comparison  anyhow. 
Then  Omar  rips  out  another,  the  same  bein'  a  second 
cousin  or  somethin'  to  the  binomial  theorem  in  the 
thirty-third  degree,  but  we  passes  it  up  on  account  of 
the  shortage  of  paper. 

"I  hollers  pretty  loud  fer  the  good  ol'  Francis 
formula,  an'  we  fin'lly  agrees  on  that  with  a  protest 
from  that  feller  Johnson  askin'  me  if  it  never  occurred 
to  me  that  water  at  40,  50  an'  60  deg.  acts  like  so  many 
different  liquids.     I  says,  'Sure  thing.' 

"Without  any  more  doin's  we  got  right  to  work  an' 
built  a  light  wooden  bridge  over  the  tailrace  channel, 
an'  marked  the  floor  off  in  5-ft.  spaces  at  the  edge.  Then 
we  put  up  light  scantlin's  at  these  spaces  and  marked 
them  for  every  2  ft.  in  depth  of  the  channel.  Then  we 
took  the  current  meter  an'  measured  the  velocity  at 
every  one  of  these  points  on  the  scantlin's  an'  goin'  all 
the  way  acrost.  Flossy  made  a  cross-section  of  the 
channel  an'  connected  points  of  equal  velocity.  Then  we 
took  each  rectangle  an'  multiplied  its  area  by  the  veloc- 
ity, an'  so  on  fer  the  whole  cross-section.  Addin'  all  these 
figgers  together,  \\s  got  the  total  water  quantity;  by 
dividin'  the  quantity  by  the  total  area,  we  got  the  alleged 
true  average  velocity  of  the  water.  But  say.  Bill,  it  ain't 
often  that  a  guy  like  me  ever  gets  what  the  sky  pilots 
calls  'stings  of  conscience.'  I  could  'a  saved  the  company 
the  mere  trifle  of  $200  by  stickin'  to  my  float  tests,  an' 
forgettin'  that  they  ever  was  such  a  contraption  like  a 
current  meter.  With  the  current  meter  we  got  just 
about  2  per  cent,  less  water  than  I  did  by  my  careful 
float  tests." 

"I  heard  tella  people  smokin'  Camels,  but  why  ain't 
the  current  meter  the  best  an'  most  accurate  way?" 
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"Bill,  they  is  a  lotta  people  which  thinks  they  ain't 
nothin'  that  can  touch  a  current  meter,  but  let  me  tell 
you  that  a  current  meter  is  affected  by  local  swirls  an' 
eddies  like  a  float  is,  an'  while  you're  measurin'  at  some 
dinky  little  place  an'  takin'  the  hickey  out  to  another, 
the  conditions  of  flow  may  be  altered  in  a  wink  by  a 
gust  of  wind  comin'  along  an'  speedin'  up  the  flow 
velocity.  The  ratin'  curve  of  them  critters  must  change 
with  the  kirdr.  temperature  it's  workin'  under,  'cause 
it's  well  known  that  metal  works  stiffer  an'  lubricants 
changes  under  different  temperature  conditions." 

"But  on  any  particlar  job,  the  temperature  is  about 
constant  durin'  a  test,  ain't  it?"  says  Bill. 

"The  devil  it  is!  S'pose  you  go  testin'  early  in  the 
mornin',  fer  instance.  The  turbine  is  carryin'  full  load 
then,  an'  you  work  along  until  the  dinner  hour  comes 
an'  bats  you  in  the  slats.  Does  the  temperature  change 
durin'  them  times  if  you  thinks  of  makin'  a  real  current- 
meter  test  fer  say  half,  three-quarters  an'  full  loads? 
Besides  that,  them  things  has  been  known  to  kick  over 
the  traces  an'  change  their  ratin'  without  notice.  That's 
why  with  all  them  uncertainties,  you  can't  go  too  much 
on  a  current-meter  test.  That's  why  it's  nice  on  paper 
to  say  we  divided  the  channel  off  into  spaces  an'  meas- 
ured the  velocity  in  each  place,  integratin'  the  whole 
an'  gettin'  the  honest-to-goodness  true  average  velocity. 
Wind,  temperature  and  the  pussunal  habits  of  them 
meters  all  has  to  be  considered.  No,  Bill,  me  fer  a  float 
test,  but  a  real  float !  If  the  load  changes  between  times, 
the  timin'  on  that  trip  will  show  it.  Temperature  will 
not  affect  the  thing,  unless  it  gits  froze  in.  Wind  will 
shove  it  along  or  hold  it  back,  but  the  timin'  will  show 
'  its  tricks.  When  a  feller  says  he  made  one  o'  them  high- 
brow tests  where  they  tried  to  split  hairs,  you  ask  him 
tactful-like  if  he  is  sure  that  none  of  the  conditions 
changed  durin'  the  test  over  the  whole  area  of  the 
channel,  not  even  the  head  on  the  turbines.  You'll  see 
him  look  at  you  kinda  queer  an'  ask  if  you  b'lieve  in 
ethics  for  engineers.  As  a  partin'  shot  on  this  sub 
ject,  let  me  tell  you  what  Professor  Schoder,  of  Cornell 
says,  talkin'  of  subsurface  floats :  'Careful  work 
will  give  the  discharge  within  5  per  cent,  of  the  truth.' 
Now,  for  current  meters,  he  says,  'Careful  observations 
make  it  possible  to  obtain  results  within  5  per  cent.,'  if 
the  banks  are  fairly  parallel,  etc.,  referrin'  to  rough 
streams;  but  with  canals  an'  'all  conditions  favorable, 
results  within  2  per  cent,  of  truth  may  be  had  by  ex- 
perienced observers.'  Now,  he  assumes  that  nothin' 
changes  during  the  time  of  test.  The  great  point  that 
you  don't  get  is  that  a  change  in  conditions  shows  up 
almost  right  away  with  a  float  test,  but  with  a  meter 
test  where  they  measures  every  little  strip  of  area,  you 
may  go  on  for  maybe  a  half-hour  on  a  big  job  before 
a  change  will  show  up,  an'  it's  dollars  to  doughnuts  that 
the  change  don't  show  up  unless  you  repeat  the  test." 

"Where  did  you  get  that  dope  that  you  blame  on  Pro- 
fessor Schoder?  I  wanna  read  it,"  declared  Bill. 

"Outa  Marks'  Mechanical  Engineers'  Handbook. 

"Gittin'  back  to  the  story,  after  bein'  all  het  up  by 
your  questions,  the  weir  tests  gave  us  li  per  cent,  less 
water  than  the  current-meter  test  did.  But  after  what 
I  saw  with  those  two  weirs,  I  ain't  got  much  confidence 
in  weir  tests  unless  they  runs  'em  off  in  still  air  an' 
the  tests  are  made  about  the  same  time  every  day,  so 


that  the  temperature  is  about  the  same  on  all  of  the 
tests.  Fer,  on  the  weir  above  the  plant,  when  the  wind 
was  blowin',  the  sheet  of  water  goin'  over  the  weir  was 
thinner  than  it  ought  to  be  accordin'  to  the  formula  an' 
the  velocity  was  greater.  We  knew  darn  well  that  there 
was  more  water  goin'  over  than  what  the  formula  would 
show  'cause  we  had  a  weir  below  the  plant  in  a  sheltered 
place,  where  the  wind  couldn't  reach  it,  an'  by  the  same 
formula,  altho  the  weirs  were  of  slightly  different  pro- 
portions, the  discharge  checked  pretty  close  under 
similar  conditions.  Therefore,  Bill,  whenever  you  tries 
to  spring  a  new  weir  formula  on  me,  you  gotta  have  a 


■FLOSSY  SAID  IT  WAS  BY  THAT  DUTCHMAN'S   FORMULA' 

term  in  it  that's  allowin'  fer  wind  or  you  better  tell  it  to 
somebody  else." 

"Did  the  engineers  on  that  job  seem  satisfied  with 
the  weir  tests,  comparin'  'em  against  the  meter  and 
float  tests?" 

"Well,  Johnson  said  that  the  weir  tests  always  gave 
them  a  little  higher  efficiency  on  the  same  runners  than 
when  they  was  run  by  a  meter  or  float  test.  The  thing 
what  them  fellers  was  all  the  time  wishin'  fer  was  a 
pitot  tube,  which,  so  far  as  they  knew,  only  had  to  be 
calibrated  onct  an'  then  it  was  set  for  good." 

"How  much  do  you  think  the  temperature  affected 
the  readin's,  an'  is  it  worth  while  fussin'  about?" 

"Bill,  them  fellers  had  quite  satisfied  themselves  that 
it  didn't  make  over  1  per  cent,  in  the  ranges  of  tem- 
perature that  we  had  to  figger  with.  They  didn't  tell 
me  just  how  they  got  to  that  idee,  but  Flossy  said  it 
was  by  that  Dutchman's  formula.  They's  another  thing 
I  forgot  to  say  when  I  was  rantin'  about  the  current 
meter  an'  that  is,  an'  the  same  applies  to  the  pitot  tube 
as  well,  that  in  the  calibration  of  them  critters  they 
is  towed  instead  of  havin'  the  current  butt  against  them 
like  they  does  in  actual  use.  This  effect  on  the  instru- 
ment is  not  the  same  an'  is  called  DuBaut's  parrvdox. 
They  is  another  source  of  error  there  that  is  not  gen- 
erally knovvTi,  an'  it's  hard  to  say  whether  it's  1  per 
cent,  or  less. 

"All  the  other  points  in  our  tests  was  settled  in  a 
peaceable  manner  an'  without  much  discussion.  The 
tests  came  out  78i  per  cent,  at  full  load  which  was 
rather  discouragin'  to  the  candy  kids.  But  they  died 
hard,  an'  with  their  boots  on,  the  funeral  bein'  strictly 
private  an'  the  announcements  sayin'  'Please  omit 
flowers.' " 
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IN  THE  preceding  lesson  we  found  that  in  a  system 
such  as  that  illustrated  in  Fig.  1  the  total  energy 
is  obtained  from  the  generator  G.  Also  that  when 
the  system  is  balanced  there  is  no  current  in  iV  and 
that  /,  =  I,  and  I .\  =^  Ib,  from  which  /  —  /,  -f-  /.4  =  /^ 
;  /«.  Under  thest'  conditions  the  directions  of  the  cur- 
rents are  those  indicated  by  the  arrows.  We  will 
suppose  that  the  loads  L,  and  L  both  consist  of  100 
lamps  taking  1  ampere  each,  and  that  the  current  re- 
quired to  run  the  machines  G,  and  G.  idle  is  5  amperes. 
We  would  then  have  /.i    =   100  X   1  ^   100  amperes, 
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illustrated  in  Kig.  2.  The  value  of  /  would  be  8r. 
iimperea.  as  just  found.  The  value  of  /  i  would  be 
100  X  1  -  100  amperes,  and  that  of  In  would  be 
(50   X    1  CO  amperes,   making    J\  I  \  In 

100   —   fiO  40   amperes.      The   directions   of    these 

various  currents  are  those  indicated  by  the  arrows. 

Since  /  is  only  85  amperes  and  /,i  is  100  amperes, 
it  follows  that  the  difference,  /  ^^  15  amperes,  must 
(low  through  G^  in  the  direction  of  the  arrowheads. 
On  the  other  hand,  In  is  only  60  amperes,  whereas 
/  in  A/,  is  85  amperes,  which  means  that  I,  must  be 
equal  to  85  —  60  25  amperes  and  must  be  in  the 
direction  of  the  arrowheads.  The  net  result  so  far 
as  (7,  and  G^  are  concerned  is  that  /,  has  changed 
from  5  amperes  in  one  direction  to  15  amperes  in  the 
other;  that  is,  G  is  acting  as  a  generator  delivering 
15  amperes  to  the  system,  while  /  has  increased  from  5 
amperes  to  25  amperes  in  the  same  direction,  showing 
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/.  =  5  amperes,  and  /  =  /-(-  /.i   =.  5  -j-  100  =  105 
amperes,  as  shown  in  the  figure. 

The  value  of  /  could  also  be  deduced  directly  from 
the  load  upon  G.  Thus,  if  the  lamps  were  110-volt 
ones,  making  the  voltage  across  ah  220  volts,  we  would 
have  as  the  load  upon  G  twice  100  lamps  of  1  ampere 
each  at  110  volts  plus  the  power  required  to  run  G, 
and  G,;  namely,  5  amperes  at  220  volts.  That  is,  the 
load  upon  G  would  be  (2  X  100  X  1  X  HO)  -^ 
(5  X  220)  =  23,100  watts,  and  the  current  required 
23,100 
220 
found. 

Assume  now  that  40  of  the  lamps  of  load  L.  are 
turned  off.  The  total  load  upon  G  will  then  be  160 
lamps  plus  the  machines  G,  and  G„  which  will  make 
it   (160  X   1   X   110)    4-    (5   X  220)   =  18,700  watts, 

and  the  current  required  of  G  would  be       '  „      =  85 
amperes.     The  conditions  as  they  would  then  exist  are 


of   it  would   be 


105   amperes,   as   previously 


that  G.  is  still  running  as  a  motor  but  under  a  much 
heavier  load. 

The  sum  of  the  currents  through  G,  and  G. — namely, 
/.  +  /, — is  15  -|-  25  =  40  amperes,  which  is  the 
value  of  the  current  /y  in  the  neutral  wire.  It  might 
appear  at  fir.=it  thought  that  this  current  should  divide 
equally,  20  amperes  going  through  each  machine.  The 
following  explanation  will  make  clear  what  happens : 

When  the  load  was  balanced  and  the  machines  G,  and 
G  were  running  as  motors,  they  were  taking  5  ampero.s 
and  generating  a  counter-electromotive  force  somewhat 
less  than  the  applied  voltage,  the  latter  being  equal 
to  110  volts  across  each  machine.  Now,  before  ma- 
chine G  ca/.  become  a  generator,  its  voltage  must  be 
increased  to  a  value  where  it  will  be  greater  than  its 
applied  voltage  or  the  applied  voltage  decreased  i  value 
until  it  is  less  than  the  generated  voltage.  In  this 
case  the  latter  is  brought  about  by  machine  G,  taking 
an  excess  current  over  that  of  G„  when  the  load  L,  is 
greater  than  L.. 
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First,  assume  that  the  load  is  unbalanced  only  10 
amperes;  that  is,  Ia  is  10  amperes  greater  than  Is. 
Then  10  amperes  will  flow  along  Ix  and  through  G_. 
This  10  amperes  through  G^  will  cause  the  voltage  to 
increase  between  N  and  B  and  decrease  across  A  and 
N,  ^s  explained  in  the  preceding  lessons.  The  decrease 
in  voltage  between  A  and  N  is  just  sufficient,  in  this 
case,  to  make  the  applied  volts  equal  the  generated  volts 
of  G„  consequently  no  current  is  flowing  through  the 
armature  of  G,.  This  brings  about  a  condition  where 
the  set  is  taking  just  the  same  power  from  G  as  when 
both  were  running  as  motors.  In  the  first  case  we  had 
the  two  machines  G,  and  G,  taking  5  amperes  at  220 
volts,  or  220  y  5  =  1100  watts;  in  the  second  case 
the  power  is  all  taken  by  Gj  at  approximately  110  volts 
and  10  amperes,  or  110  X  10  =^  1100  watts  as  before. 

Now,  any  further  unbalancing  of  the  load  will  cause 
the  voltage  between  A  and  N  to  decrease  below  the 
generated  voltage  of  G„  and  this  machine  will  become 
a  generator  and  deliver  current  to  the  load  L,.  Since 
what  the  voltage  decreases  across  A  and  A^  it  must 
increase  across  N  and  B,  it  follows  that  after  a  condi- 
tion is  obtained  where  all  the  load  has  been  transferred 
to  G„  any  further  unbalancing  must  divide  equally 
between  G,  and  G.,.  Assume  that  the  load  L,  is  in- 
creased 30  amperes ;  this  additional  load  divides  15 
amperes  through  G,  which  causes  the  voltage  to  increase 
across  this  side  of  the  circuit  and  decrease  across  G„ 
so  that  G,  becomes  a  generator  delivering  15  amperes 
to  L,.  In  other  words,  15  amperes  flows  from  G  through 
the  additional  load  on  L,  and  along  the  neutral  back 
through  Gj,  which  unbalances  the  voltage  until  G, 
becomes  a  generator  and  delivers  15  amperes  to  L.. 
This  gives  /,  =  15  and  /.  =  10  -|-  15  =  25  amperes. 

On  one  side  of  the  balancer  set  the  power  in  watts 
=  EI  =  220  X  85  =  18,700;  on  the  other  side  the 
watts  =  E,  or  E,  times  /.i  +  /b  =  110  X  (100  +  60) 
=  17,600,  which  leaves  a  difference  of  1100  watts  not 
accounted  for  and  at  first  thought  may  appear  to  be 
a  discrepancy.  But  it  has  already  been  shown  that 
G,  was  taking  10  amperes  at  110  volts,  or  1100  watts, 
before  G,  began  to  deliver  any  current.  This  repre- 
sented the  power  necessary  to  drive  the  machines  and 
must  be  added  to  the  power  supplied  to  the  lamps,  which 
gives  the  total  watts  delivered  by  G  as  17,600  +  1100 
^^  18,700,  which  checks  up  with  the  value  obtained  in 
the  foregoing. 

If  the  system  is  only  slightly  unbalanced,  the  current 
through  the  machine  connected  to  the  more  heavily 
loaded  side  will  not  be  reversed;  it  will  merely  be  re- 
duced. For  example,  if  only  four  lamps  were  to  be 
turned  out  in  L^  instead  of  forty,  the  conditions  would 
be  as  follows:  The  current  7.4  would  be  100  amperes 
as  before,  but  Ib  would  be  96  amperes,  making  In 
=  100  —  96  =  4  amperes.  This  current  would  flow 
through  G„  which  would  throw  the  voltage  out  of  bal- 
ance to  the  extent  that  machine  G,  would  take  only  3 
amperes  from  G,  which  would  also  flow  through  G . 
This  added  to  the  4  amperes  from  N  gives  7  amperes 
in  the  armature  of  G,.  In  this  case  both  machines 
would  be  running  as  motors,  but  G,  would  be  taking  2 
amperes  less  than  the  current  required  to  run  it  idle, 
so  that  it  would  be  imposing  upon  G,  that  much  load. 
The  current  I  in  the  main  M^  and  M.^  would  be  computed 


exactly  as  before.     Thus,  the  total  load  on  G  would 

be  196  lamps  of  1  ampere  each  at   110  volts  plus  tht 

machines  G,  and   G,,  which  would   give    (196   XIX 

110)  4-  (5  X  220)  or  (3  +  7)  X  HO  =  22,660  watts  or 

22,660 

^220      ^^  ^^^  amperes.     Since  /.i  is  only  100  amperes, 

it  follows  that  3  amperes  must  flow  through  G,  from  n 
to  n,  as  was  shown  to  be  the  case.  Similarly,  /  in 
Mj  is  103  amperes,  whereas  In  is  only  96  amperes, 
thus  requiring  that  7  amperes  flow  through  G,  from  n 
to  b,  which  was  also  shown  to  be  the  case. 

As  a  matter  of  fact  the  currents  on  unbalanced  loads 
will  not  be  absolutely  of  the  theoretical  values  if  the 
fields  are  connected  as  in  Figs.  1,  2  and  3,  because  the 
voltage  of  one  side  of  the  system  is  below  normal  and 
that  of  the  other  above  normal,  causing  each  lamp 
across  the  one  side  to  take  slightly  less  current  than 
it  should,  and  each  lamp  across  the  other  side  slightly 
more  than  it  should,  so  that  the  totals  of  the  currents 
would  not  be  exactly  those  figured.  If,  however,  the 
excitation  of  the  machines  is  accomplished  as  in  Figs. 
4  and  5,  the  voltages  across  the  two  sides  remain  prac- 
tically   constant    under    all    conditions    and    the    actual 


FIG.  5.     COMPOUND  BALANCER  SKT  CONNECTED  TO   A 
THREE-WIRE  LOAD 

values  of  current  will  be  very  nearly  the  same  as  the 
theoretical.  There  will  always  be  a  small  difference 
due  to  the  fact  that  as  the  machines  G,  and  G,  become 
loaded  the  losses  within  them  increase  and  these  must 
be  made  up  by  current  supplied  from  G.  However, 
the  difference  is  so  slight  that  it  may  be  ignored  in 
practical  computations. 

The  next  subject  in  order  for  investigation  is  the 
relation  between  the  amount  of  unbalancing  of  the  sys- 
tem and  the  speed  of  the  balancer  set.  We  shall  consider 
the  relation  only  in  the  systems  which  maintain  constant 
voltage  across  the  two  sides;  namely,  those  illustrated 
in  Figs.  4  and  5,  since  those  that  do  not  maintain 
constant  voltages  are  not  in  practical  use. 

Taking  the  case  of  Fig.  4,  let  us  suppose  that  the 
load  L,  is  greater  than  L,.  Then  G,  will  operate  as  a 
generator  driven  by  G,  running  as  a  motor.  We  know 
that  when  a  shunt  motor  is  loaded  it  slows  down  some- 
what in  order  to  reduce  its  counter-em. f.  to  the  value 

E,  -  E 

Ra 

I,  is  the  armature  current  of  G„  E^  is  the  terminal 
voltage,  E  the  counter-em.f.  and  Ra  the  armature  re- 
sistance, showing  that  E  must  decrease  if  /  is  to  increase. 
Since  E  can  be  decreased  only  by  a  reduction  in  field 
current  or  a  decrease  in  speed,  it  follows  that  the  speed 
must   come   down   since   the   field   current   is   constant 


required  by  the  load.     That  is,  I. 


where 
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80  lonjr  as  the  lino  voltnpro  Is  conslnnt.  However,  in 
the  cn.se  under  oon.sidoration  the  condition.^  are  con 
sidernbiy  modified.  Wht'ii  (1.  l)ej:in.H  to  slow  down  (1, 
muM  slow  down  with  it,  which  causes  its  voltaRe  to 
decrea.se.  Now  the  voltage  across  ah  is  kept  constant 
by  the  K^'ierator  (»  so  that  if  the  voltaKe  of  (i,  decreases 
by  a  certain  anjount,  that  of  (!  must  increase  by  th"- 
same  amount.  The  decrease  in  voltage  across  (I,  would 
reduce  the  current  throu^'h  F  .  thus  decreasinj?  the  ex- 
citation of  (7  .  romhiniiiK  these  effects,  we  find  that 
at  the  instant  the  load  is  unhalanced  the  motor  G,  has 
a  load  put  upon  it  that  tends  to  .slow  it  down,  but  it 
is  prevented  from  doin^  »o  by  the  fact  that  as  soon 
as  it  attempts  to,  the  voltage  across  its  armature  is 
increased  and  the  current  throujrh  its  field  is  decreased. 
The  effect  of  either  of  the.se  results  is  to  cause  an 
increase  of  speed,  and  their  combined  effect  is  such 
a?  to  prevent  any  material  drop  iri  the  speed. 

When  compound  machines  are  used  as  in  Fig.  5, 
the  conditions  are  very  similar  to  those  that  obtain 
with  shunt  machines  arranged  as  in  Fig.  4.  A  further 
discussion  of  the  effect  of  the  series  field  will  be  given 
in  the  next  lesson. 

The  last  problem  was  to  find  the  size  of  wire  required 
for  the  mains  from  a  generator  to  a  balancer  set  ] 
mile  away,  if  the  line  drop  was  not  to  exceed  10  per 
cent,  when  the  load  supplied  was  one  of  100  amperes 
at  110  volts.  If  the  total  current  is  100  amperes,  each 
side  of  the  system  would  have  100  X  -■  =  50  amperes 
upon  it,  and  that  would  be  the  current  in  the  outside 
wires.  If  the  maximum  permissible  line  drop  is  10 
per  cent,  of  the  voltage  at  the  generator,  we  have  E  — 
O.IO^"  =  220  volts,  where  K  is  the  voltage  at  the  gen- 
erator and  220  volts  is  the  voltage  across  the  outside 
lines   at   the   balancer.      From   this   0.90E    =   220,   or 

220 
£■    =    ^r-x     =    244    volts,    and     10    per    cent,    of    E 

is  therefore  0.1  X  244  =  24.4  volts.  The  line 
drop  is  the  line  current  multiplied  by  the  line  resistance, 
or  IR.  Since  the  current  is  50  amperes,  we  have,  50 
24.4 


X  R  ^  24.4,  or  R  = 


50 


=  0.488  ohm.     The  line 


is    A   mile  long,  which   makes   the   total   length   of  the 
two  wires  2X^  =  1  mile,  which  is  equal  to  5280  ft. 

0.488 


Consequently,  the  resistance  of  one  foot  would  be 


5280 


=  0.0000924  ohm,  and  per  1000  ft.  we  would  have  1000 
X  0.0000924  =  0.0924  ohm.  From  the  wire  table  we 
find  that  a  No.  0  wire  would  be  required. 

In  Fig.  5  the  load  consists  of  100-watt  110-volt  lamps. 
There  are  800  in  L,  and  600  in  L,.  The  machines  G, 
and  G  take  20  amperes  when  running  idle.  What 
values  have  the  currents  /,  /.i.  7\,  Ib,  /„  and  I„  if 
the  generator  G  maintains  a  constant  voltage  of  220 
volts  across  ab? 


Insulating-Oil  Testing  Cup 

The  only  known  satisfactory  method  of  determining 
the  insulating  value  of  oil  is  to  measure  its  dielectric 
strength  by  means  of  a  spark  gap  immersed  in  the  oil. 
Various  devices  requiring  a  comparatively  large  sample 
of  oil  and  a  rather  high  voltage  for  their  successful 
operation    have    been    used    for   this    purpose.      Conse- 


quently, there  has  existed  a  distinct  demand  for  a 
•levice  that  would  give  reliable  indications  with  a  mini- 
mum sample  of  oil  and  with  a  relatively  low  testing 
voltage.  A  device  for  this  purpose  has  been  rieveloped 
l)y  the  Westiiighoiise  Klectric  and  iMaiiufacturing  (^o.. 
and  is  shown  in  the  figures.  Fig.  1  shows  the  oil  tester 
complete  and  Fig.  2  the  various  parts. 

This  new  design  uses  a  molded  construction,  so  that 
the  cup  A  is  one  piece.  The  molded  part  contains  two 
brass  electrode  bushings  li  and  is  threaded  to  receive  the 
packing  gland.  Back  of  each  packing  gland  is  a  small 
amount  of  cotton  packing,  such  as  waste,  which  pre- 
vents oil  leakage  around  the  electrodes.  The  electrodes 
E  are  made  from  a  cylinder  one  inch  in  diameter, 
threaded  at  one  end  to  receive  the  locknut  N.  Rinding 
posts  /'  are  placed  on  the  outside  end  of  the  electrode 
to  attach  the  leads  from  the  testing  transformer.     A 


FIGS.    1   AND   2.      OIL-TESTER  ASSEMBLY   AND   PARTS 

s^eel  feeler  gage  E  for  setting  the  gap  at  exactly  0.1  in. 
is  attached  to  one  of  the  binding  posts.  The  device  has 
a  cup-shaped  interior  to  contain  the  oil  substance  to  be 
tested,  and  the  construction  allows  thorough  cleaning 
without  di.sturbing  the  gap  setting. 

The  testing  cup  is  light,  compact  and  convenient.  It 
weighs  only  6.5  lb.,  with  dimensions  of  8.5  x  4  x  4.75  in., 
and  requires  only  a  4-oz.  sample  of  oil.  The  maximum 
voltage  required  for  reliable  testing  is  25,000  volts. 
Higher  voltages  may  be  used  if  available,  but  it  is 
seldom  that  higher  than  30,000  volts  will  be  required 
to  discharge  across  the  standard  gap  (0.1  in.)  through 
any  insulating  oil. 


Distillation  of  the  oil  shales  found  on  White  River, 
Utah,  yields  an  average  of  54  gal.  of  oil  per  ton. 
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Salvaging  the  Disabled 

PROCEEDING  upon  the  theory  that  an  employer  who 
gives  a  disabled  man  a  job  that  is  temporary  and 
that  requires  no  skill  is  not  doing  the  man  a  favor 
but  an  injury,  the  Federal  Board  for  Vocational  Educa- 
tion at  Washington  has  entered  upon  a  program  of 
constructive  training  which  it  is  hoped  will  reach  a 
large  majority  of  the  disabled  soldiers  and  enable  them 
^  to  do  just  as  effective  work  as  their  more  fortunate 
comrades.  Without  such  training  to  render  them  inde- 
pendent, there  would  be  the  ever-present  danger,  after 
the  war  has  passed  into  history,  of  their  becoming 
human   derelicts. 

It  is  estimated  that  sixty  thousand  disabled  men  will 
require  aid  in  obtaining  employment.  Of  these  ap- 
proximately thirteen  thousand  have  already  been  dis- 
charged from  hospitals  and  returned  to  a  civilian  status, 
and  one  of  the  immediate  problems  of  the  Board  is  to 
reach  them.  In  the  case  of  those  yet  to  be  discharged 
the  problem  will  be  somewhat  simpler,  as  there  is  now 
the  necessary  organization  and  cooperation  with  the 
army  to  reach  them. 

Under  the  plan  each  man  receives  while  in  training 
sixty-five  dollars  per  month  if  single  and,  if  having 
dependents,  such  additional  allotment  as  is  absolutely 
necessary.  Thus  the  proposition  is  rendered  attractive 
enough  to  interest  the  disabled  man ;  his  acceptance 
being,  of  course,  entirely  voluntary.  Moreover,  in 
directing  the  training,  efforts  are  being  made  to  con- 
serve, as  far  as  possible,  the  man's  pre-war  knowledge 
and  experience. 

While  industrial  and  commercial  lines  will  un- 
doubtedly absorb  a  large  number  of  these  men,  the 
power-plant  field  offers  opportunities  which  are  not 
being  overlooked  by  those  having  the  work  in  hand ; 
and  the  hearty  cooperation  of  plant  owners,  managers 
and  operatives  is  being  sought. 

A  partially  disabled  man  can  be  trained  to  render 
efficient  service  as  a  switchboard  operator,  a  pump  run- 
ner or  attendant  of  other  auxiliaries.  In  the  boiler 
room  with  its  stokers  and  modern  appliances,  special 
training  and  intelligence  has  replaced  the  requirements 
of  brawn  as  of  former  days,  and  here  is  another  oppor- 
tunity for  the  partially  disabled  man.  ALso,  he  can 
be  trained  for  work  as  clerk  to  the  chief  engineer  in 
keeping  records,  plotting  performance  and  figuring 
costs.  Another  occupation  that  is  receiving  special 
attention  at  the  hands  of  the  Board  is  that  of  electric 
welding,  which  is  coming  more  and  more  into  use  in 
connection  with  power-plant  work.  In  the  engineering 
field  in  general,  drafting  and  estimating  offer  attrac- 
tive opportunities,  and  there  are  many  other  lines  that 
could  be  mentioned. 

In  entering  upon  this  work  the  Government  is 
squarely  meeting  both  an  obligation  and  a  social  prob- 
lem. It  deserves  not  only  support  but  active  coopera- 
tion. 


Why  Repeal  the  Daylight-Saving  Law? 

DAYLIGHT  saving  proved  so  successful  last  year 
that  it  was  felt  in  general  that  the  practice  had 
come  to  stay  and  that  this  year  would  see  the  law 
revised  so  as  to  make  it  effective  throughout  the  year 
instead  of  from  March  to  October.  Some  of  the 
.strongest  opponents  of  the  law  came  out  openly  in  favor 
of  it  after  one  season's  trial.  Employers  of  labor 
everywhere  were  thoroughly  convinced  of  the  advan- 
tages to  their  employees,  resulting  from  starting  work 
one  hour  earlier  in  the  morning  and  going  home  an 
hour  earlier  in  the  evening.  Hundreds  of  thousands  of 
people  expressed  them.selves  well  pleased  with  the  re- 
.sults,  for  not  only  did  they  have  more  time  to  get  out 
in  the  open  air  in  daylight,  but  their  gas  and  electric 
bills  were  reduced.  There  resulted  a  saving  of  more 
than  one  and  a  half  million  tons  of  coal,  an  economy 
in  this  field  far  beyond  expectations.  The  central- 
station  interests  also  expressed  the  opinion  that  the 
law  was  beneficial. 

In  spite  of  all  the  benefit  resulting  from  daylight 
saving,  there  has  recently  been  such  serious  protest^ 
raised  against  the  law  from  certain  sections  of  the 
country  that  it  has  been  seriously  in  danger  of  being 
repealed.  Strange  to  say,  these  protests  are  coming 
from  a  class  that  will  be  least  affected  by  the  law, 
as  they  can  generally  adjust  and  arrange  their  work- 
ing hours,  irrespective  of  the  clock,  to  best  suit  their 
conditions ;  but  since  they  cannot  see  any  advantage 
to  themselves,  even  if  they  suffer  no  loss,  they  are 
opposed  to  a  law  that  is  beneficial  to  millions.  It  is 
gratifying  to  learn  that  Congress  has  let  the  rider, 
to  repeal  this  law,  attached  to  the  agricultural  bill, 
die,  and  those  who  fought  to  prevent  the  repeal  of  this 
law  are  to  be  congratulated  on  their  good  work  for  the 
public's  interest. 

If  daylight  saving  during  war  time  was  econom- 
ically correct  and  was  beneficial  to  millions  of  people 
throughout  the  country,  there  is  every  reason  for  be- 
lieving it  is  also  economically  correct  during  peace 
times.  After  a  trial  of  a  number  of  years  several  of 
the  nations  of  Europe  are  again  putting  their  daylight- 
saving  laws  into  effect  this  year;  in  no  case  so  far  as 
we  know  are  they  being  repealed. 

During  the  winter  seasons  the  central  stations  are 
ail  subjected  to  a  very  heavy  peak  load  toward  the 
end  of  the  day,  when  the  lighting  load  overlaps  the 
industrial-power  load.  If  the  daylight-saving  law  is 
made  effective  the  year  round,  the  industrial  load  will 
be  .shifted  far  enough  back  practically  to  eliminate 
this  peak,  which  will  result  not  only  in  a  saving  in 
capacity  to  the  central  stations,  but  also  in  a  saving  of 
power  to  the  industries.  Then  why  not  have  daylight 
saving  throughout  the  year?  It  is  to  be  hoped  that 
when  the  time  comes  to  set  the  clock  back  next  October, 
Congress  will  have  made  the  law  effective  the  year 
round. 


:n2 


I'o  W  K  K 


Vol.  A'.K  No.  10 


K\t«-ii(liii<:  ihr    V.S.M.K.  Itoiltr 


T 


Society  of  Mechanirnl  Kmrineers  having  been  coni- 
fjleted,  il  is  po.ssible  that  the  committee  may  turn  its 
attention  to  the  formulation  of  codes  for  other  pressure 
vessels,  for  which  there  is  a  demand,  especially  upon 
the  part  of  those  who  are  using  the  Code  as  the  basis 
of  state  or  municipal  inspection. 

To  what  cla.*«s  of  pressure  vessels  should  the  attention 
of  the  committee  be  directed  first?  Service  would 
dictate  that  immediate  attention  be  paid  to  those  classes 
of  apparatus  in  the  misuse  of  which  the  greatest  danger 
lies.  The  wish  to  perfect  a  portion  of  the  Code  which 
is  admittedly  not  up  to  the  high  standard  of  the 
remainder  may  lead  the  committee  to  devote  its  atten- 
tion next  to  the  Heating  Section.  A  logical  extension 
of  its  work  upon  stejun  boilers  would  be  the  formulation 
of  a  code  for  pressure  heaters  and  economizers,  in 
which  field  interesting  problems  await  .solution.  And 
then  there  is  the  unfired-vessel  field,  some  heated,  as 
digesters,  some  the  contents  of  which  are  capable  of 
doing  damage  when  released,  as  ammonia  containers, 
gas  tanks,  etc.  Some  vessels  are  subjected  or  liable 
to  be  subjected  to  very  high  pressures,  but  have  so 
little  weight  of  contents  and  are  capable  of  storing  up 
so  little  energy  that  they  offer  little  menace.  On  the 
other  hand,  systems  containing  large  quantities  of  water 
under  moderate  pressure  may,  by  a  combination  of 
conditions,  accumulate  a  store  of  energy  capable  of 
disastrous   effects   if   unintentionally   released. 

The  committee  has  an  interesting  and  useful  work 
before  it,  whichever  phase  of  the  subject  it  turns  its 
attention  to  next. 

Activity  and  Accomplishment 

TOO  many  men  in  executive  positions  have  a  dis- 
torted notion  as  to  how  time  should  be  employed. 
They  are  of  the  opinion  that  subordinates  should  show 
continuous  activity  and  be  busy  every  minute  of  the 
working  day.  To  them  spare  time  on  the  part  of  a 
worker  means  laziness  and  leisure  spells  loss. 

There  are  occupations  in  which  temporary  inactivity 
undoubtedly  decreases  output  and  so  lessens  profits,  but 
they  are  usually  positions  in  manufacturing  establish- 
ments in  which  large  production  is  maintained  by 
.specialized  workers.  The  idea  is  wholly  inapplicable 
to  the  power  plant. 

In  a  generating  station  or  in  a  boiler  room  the  main 
object  is  to  keep  the  equipment  operating  at  the  re- 
quired capacity.  At  the  same  time  it  is  desirable  that 
the  plant  be  run  with  reasonable  economy.  To  accom- 
plish such  results  the  working  force  is  not  obliged 
to  be  continuously  on  the  jump,  like  so  many  waterbugs 
on  a  pond. 

The  best  engineer  is  not  necessarily  the  man  who 
shows  the  greatest  activity.  There  are  occasions  when 
the  ability  to  move  quickly  and  act  surely  and  wisely 
are  the  most  valuable  qualifications  an  engineer  can 
possess;  but  it  is  ridiculous  to  expect  that  he  shall 
spend  all  the  hours  of  his  shift  in  sprinting  around 
among  his  machines.  There  is  such  a  thing  as  con- 
servation of  human  energy. 


The  trouble  is  that  a  lot  of  folks  fail  to  discern  the 
s  itiil  (lifTerenco  bctwcL-n  mere  motion  and  actual  accom- 
plishment. They  are  plea.sed  to  see  employees  feverishly 
Itu.sy,  but  they  never  get  to  the  point  of  analyzing  what 
all  that  show  of  animation  actually  produces.  By  that 
very  failure  they  miss  great  mental  enlightenment. 

If  they  catch  the  engineer  enjoying  a  few  minutes 
of  leisure,  they  are  apt  to  suspect  that  he  is  .soldier- 
ing; or  they  may  conclude  that  his  position  haw  so 
little  real  work  connected  with  it  that  he  ought  to  be 
given  a  few  more  odd  jobs  around  the  establishment. 
They  are  wholly  blind  to  the  truth  that  if  the  plant 
is  running  smoothly,  leisure  time  is  to  be  accounted 
for  by  the  fact  that  every  piece  of  apparatus  is  ship- 
shape and  in  good  repair. 

If  the  plant  employees  are  ceaselessly  on  the  run, 
day  and  night,  with  oil  can  and  wrench,  adjusting, 
repairing,  lubricating,  fussing  and  perspiring  in  the 
effort  to  keep  the  wheels  turning  over,  it  is  a  safe  bet 
that  there  is  something  wrong  with  the  plant  or  with 
the  attendants — and  maybe  with  both. 

The  way  to  determine  whether  an  engineer  is  an 
energetic  whirligig  or  an  economical  worker  is  by  the 
record  sheet  of  plant  performance  and  not  by  his 
rapidity  of  locomotion.  A  dog  chasing  his  tail  may 
form  a  veritable  picture  of  liveliness  and  industry,  but 
he  produces  nothing  but  yelps  and  a  cloud  of  dust. 

The  review  of  the  fuel  conservation  in  Massachusetts 
by  Mr.  Hawley  indicates  that  over  three-fourths  of  the 
.small  plants  in  Boston  were  in  good  physical  condi- 
tion. If  these  are  to  be  taken  as  fairly  representative, 
they  combat  a  very  deep-seated  conviction  in  certain 
quarters  concerning  the  .small  plant.  But  the  visits  of 
the  inspectors  did  show  that  most  of  these  plants  were 
sadly  deficient  in  instruments  that  would  enable  the 
engineers  to  keep  an  intelligent  record  of  the  perform- 
ance. This  fact  was  confirmed  by  the  New  York  Fuel 
Conservation,  which  found  over  sixty  per  cent,  of  the 
plants  lacking  such  equipment.  Yet  during  the  war, 
by  constant  diligence  the  engineers  were  able  to  show 
remarkable  savings  in  coal.  This  indicates  what  might 
he  expected  of  many  small  plants  where  intelligent 
operation  is  combined  with  the  proper  instruments 
and  equipment. 

New.spaper   Headline— NO   BEER,    NO   WORK. 

According  to  a  news  item  thirty  thousand  members 
of  the  Essex,  New  Jersey,  Buildings  Trades  Council  will 
strike  July  first  if  war-time  prohibition  is  placed  in 
effect.  Some  people  won't  work  without  beer,  and 
others  won't  work  with  it. 


It  is  said  that  sixty  days  before  the  armistice  was 
signed.  Marshal  Foch  cabled  to  the  Fuel  Administra- 
tion at  Washington  as  follows:  "If  you  don't  keep  up 
your  petroleum  situation,  we  shall  lose  the  war."  It 
looks  as  if  the  Fuel  Administration  had  been  on  the  job. 


Americanization  is  the  ingredient  that  will  produce 
a  strong,  homogeneous  alloy  of  the  materials  in  our 
national  melting  pot. 

Needless  worry  is  as  bad  as  a  handful  of  grit  in  a 
can  of  lubricating  oil. 
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Lubricator  on  Air  Compressor 

In  moving  a  large  air  compressor,  tiie  lubricator  was 
accidentally  broken  and  damaged  beyond  repair.  When 
the  piston  was  taken  out,  the  cylinder  and  piston  were 
found  to  be  badly  scored  owing  to  lack  of  oil,  so  it 
was  probably  a  good  thing  that  the  lubricator  broke, 
as  either  it  had  not  been  working  properly  or  some- 
one had  neglected  to  keep  it  filled.  An  old  hydrostatic 
lubricator  was  found  about  the  place,  and  I  set  about 
to  fix  it  over  to  use  on  the  air  cylinder. 

Fig.  1  shows  such  a  lubricator  as  it  is  connected  up 
"for  use  with  steam,  and  Fig.  2  shows  how  it  was  rigged 
on  the  air  cylinder.  The  condensing  chamber  was 
taken  off  and  the  lubricator  turned  upside  down  and 
a  connection  from  the  discharge  side  of  the  compres- 
sor hooked  in  where  the  condensing  chamber  had  been. 
The  feed  connection  was  turned  down  and  connected 
into  the  top  of  the  cylinder  at  mid.stroke. 

The  action  is  as  follows:  The  air  pressure  enters 
from  the  discharge  manifold,  through  the  pipe  .4  and 
tube  B  to  the  top   (originally  the  bottom)  of  the  lubri- 
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cator  and  forces  the  oil  out  through  the  tube  C,  needle 
valve  D,  and  on  through  the  sight-feed  glass  and 
discharge  tube  into  the  compressor  cylinder.  The  oper- 
ation is  positive  from  the  fact  that  there  is  always  an 
unbalanced  pressure  between  the  two  connections  be- 
cause the  compression  pressure  has  only  risen  to  about 
half  the  discharge  pressure  when  the  piston  passes  the 
discharge  connection  of  the  lubricator  at  midstroke,  and 
from  this  point  to  the  end  of  the  stroke  there  is  suction 
on  this  connection  and  there  is  always  discharge  pres- 
sure on  the  other  connection.  P.  A.  Gett. 
New  York  City. 


Plant-Inspection  Mirror 

Frequently,  the  operating  engineer  is  called  upon  to 
inspect  parts  of  equipment  that  are  inaccessible  be- 
cause of  their  location  or  because  of  the  interference  of 
other  objects.  Therefore  a  reflecting  instrument  can 
be  used  to  advantage  for  revealing  these  inaccessible 
views,  much  on  the  same  order  as  the  dentist's  mirror. 

I  have  made  such  a  device,  as  shown  by  the  sketch, 
the  mirror  being  6  in.  in  diameter,  and  the  extension 
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rod  being  of  ^\-  and  ^-in.  brass  rod.  The  mirror  end 
is  adjustable  in  any  direction  by  means  of  a  locknut 
that  fastens  it  in  its  holder  or  by  means  of  the  swinging 
holder  controlled  by  a  thumb-nut.  This  instrument 
can  be  used  in  examining  boilers,  inaccessible  pump 
seats,  condenser  shells,  etc.  M.  A.  Saller. 

Philadelphia,  Penn. 

Observations  of  a  Fuel  Administration 
)ector 


Inspt 


In  Power  for  Jan.  21,  W.  F.  Remliw  gives  his  obser- 
vations of  the  plant  of  which  I  am  in  charge.  If  he 
had  allowed  the  matter  to  rest  with  his  observations, 
they  could  have  been  passed  with  but  slight  notice.  But 
as  he  chose  to  draw  conclusions  and  pass  judgment  on 
I  he  plant,  particularly  on  the  operation  of  the  boilers, 
after  mere  casual  inspection,  I  feel  that  attention  should 
be  called  to  the  unfairness  of  his  criticisms. 

First,  it  should  be  mentioned  that  his  inspection  was 
made  on  a  Sunday,  when  the  steam  demand  is  very  light. 
As  the  firemen  are  required  to  work  very  hard  during 
weekdays  and  must  keep  their  fires  in  good  condition  to 
carry  the  load.  I  do  not  think  it  out  of  place  to  be  more 
lenient  on  Sundays  with  a  light  load  and  when  there  U 
no  urgent  need  for  them  to  keep  breaking  up  the  fire.; 
continually,  as  they  must  do  during  the  other  six  davs 
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of  the  wi't'k.  I  iiuinot  untlerstnnd  how  anyone  with  fair 
jud^'meiit,  after  a  casual  Sunday  oh.servation  with  a 
light  load,  ran  make  the  .statement  that  the  plant  i.s  lo.s- 
injf  money  in.stead  of  saving  it,  burning  that  fuel  under 
those  conditions.  Any  fair-minded  engineer  will  feel 
that  a  statement  like  this,  based  on  such  superficial 
knowledge  of  conditions,  is  probably  made  with  some 
other  object  in  view  than  that  of  fair,  impartial 
criticism. 

For  the  benefit  of  this  in.spector  I  wish  to  state  that 
the  plant  which  he  criticizes  is  saving  money  instead 
of  losing  it,  and  is  operating  on  the  same  tonnage  of 
mixed  coal  per  annum  that  was  recjuired  of  the  much 
higher-priced  pea  coal  three  years  ago,  before  changing 
over  to  forced  draft  and  No.  3  buckwheat. 

In  regard  to  his  other  criticisms — feed-pump  location, 
open  heater,  and  steam  waste  at  the  absorption  machine 
— those  conditions  are  well  known  to  me,  and  applica- 
tion has  been  made  to  the  authorities  for  funds  to 
change  them.  In  city  work  it  has  been  rather  difficult 
under  war  conditions  to  get  funds  for  changes  and 
lepairs,  as  tlie  inspector  doubtless  knows.  When  funds 
become  available  to  obtain  the  material  required  for  the 
work,  no  time  will  be  lost  in  making  these  various  de- 
sirable changes. 

1  ought  to  state  that  this  inspector  made  his  visit 
with  a  fireman  unfamiliar  with  all  the  details  of  the 
plant  and  did  not  make  known  to  me — the  responsible 
party — the»object  of  his  visit.  M.  F.  MuRPHY. 

Brooklyn,  N.  Y. 

Unsymmetrical  Connections 

In  order  to  prevent  field  rheostats  from  becoming 
ground  to  earth,  they  are  secured  to  the  switchboard 
iron  frame  by  means  of  insulated  bolts  and  the  operat- 
ing end  of  the  dial  spindle  is  insulated  from  the  contact 


FIG.    1.       CONNECTION'S    WHEN    TROUBLE    OCCURRED 

end  by  means  of  an  insulating  coupling.  That  these 
precautions  are  not  always  observed  is  indicated  by  the 
following: 

An  attempt  to  parallel  two  exciters  resulted  in  the 
circuit-breakers  opening  and  brushes  sparking,  and  the 
automatic  voltage  regulator  was  put  out  of  order.  An 
inspector  found  the  regulator  to  be  intact  excepting 
that  the  relay  contacts  appeared  to  have  been  handling 
heavy  currents.  Fig.  1  indicates  the  cause  of  the 
trouble;  here  the  dotted  line  shows  the  two  field  rheo- 
stats to  be  connected  together  as  a  result  of  their 
windings  beoominfr  ground  to  their  frame  and  of  mount- 


ing the  two  rheostats  directly  on  the  iron  framework 
of  the  switchboard.  Instead  of  connecting  the  rheo- 
.stnts  to  the  .same  busbar,  as  indicated  in  Fig.  2,  they 
were  connected  to  busbars  of  opposite  polarity,  as  in 
Fig.  1,  so  that  the  closing  of  the  main  switch  of  the 
incoming  machine  completed  a  short-circuit  through  the 
two  rheostats  in  series,  further  complicating  the  trouble. 
In  order  to  right  matters,  the  grounds  were  cleared 
in  the  rheostats,  their  frames  insulated  from  the  switch- 
board frame  and  the  connections  changed  to  those  of 
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Fig.  2,  in  which  the  two  machines  are  shown  to  be 
connected  alike  in  all  respects.  This  indicates  that 
two  machines  should  not  only  have  the  same  polarity 
when  they  are  paralleled  but  should  also  be  connected 
symmetrically  so  as  to  eliminate  any  complications  that 
might  ari.se  from  this  source  in  case  of  trouble. 
Brooklyn,  N.  Y.  E.  C.  Parham. 


Tallest  Chimneys  in  the  World 

I  was  much  interested  in  reading  a  description  of  the 
525-ft.  brick  chimney  erected  at  Washoe  Reduction 
Works,  and  especially  in  the  table  giving  comparative 
data  of  the  largest  stacks  in  the  world,  on  page  808,  of 
the  Dec.  3,  1918,  issue.  The  height  of  the  Saganoseki 
chimney  of  Japan  therein  quoted  is  sometimes  misre- 
ported,  and  I  herewith  desire  to  correct  the  figures  as 
published.  The  stack  was  constructed  under  my  manage- 
m.ent  while  engaged  at  the  Saganoseki  smeltery,  and 
consequently  I  am  acquainted  with  its  dimensions.  It 
is  550  ft.  high  above  the  footing  and  567  ft.  above  the 
foundation  level,  570  ft.,  hitherto  often  reported,  being 
only  a  rough  measure  including  the  foundation.  The 
other  data  which  appeared  in  the  table  about  the  stack 
are  all  right. 

Another  tall  chimney,  which  evidently  has  not  been 
mentioned  in  your  country  and  which  was  omitted  in 
the  article  "Some  Tall  Chimneys"  in  your  issue  of  Jan. 
8,  1918,  on  page  56,  was  designed  by  the  writer  and 
was  constructed  at  the  smelting  plant  of  the  Hitachi 
mine,  Japan,  in  1915  to  minimize  the  smoke  troubles. 
It  is  constructed  on  a  hill  and  is  700  ft.  high  above  the 
charging  floor.  It  measures  511  ft.  in  height  above 
the  foundation,  524  ft.  above  the  foundation  level,  and 
at  the  time  it  was  built  it  was  the  highest  stack  in  the 
world.  The  other  data  of  the  stack  are  as  follows :  Ma- 
terial, reinforced  concrete;  volume  of  concrete,  320 
cu.yd.  for  foundation,  310  cu.yd.  fcr  stack;  weight  of 
steel,  174  tons  for  foundation,  209  tons  for  stack;  diam- 
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eter  of  foundation,  85  ft.;  inner  diameter  of  chimney, 
25  ft.  6  in.  at  top,  35  ft.  6  in.  at  bottom;  thickness  of 
wall,  8  in.  at  top,  24  in.  at  bottom;  elevation  of  top 
above  sea  level,  1565  feet.  H.  Miyanaga. 

Ibaraki-Ken,   Japan. 

Vacuum  Heating  in  Mild  Weather 

In  vacuum  heating  systems  the  pressure  should  be 
decreased  and  the  vacuum  increased  in  mild  weather 
and  at  night  to  "stretch  out"  the  steam  in  the  system, 
giving  a  lower  pressure  and  temperature,  thus  radiating 
less   heat. 

With  the  Paul  system  very  good  results  can  be 
obtained  by  shutting  off  the  ejectors  in  mild  weather 
and  at  night.  W.  T.  Meinzer. 

Brooklyn,  N.  Y. 

Testing  Outfit  for  Cartridge  and 
Plug  Fuses 

I  was  much  interested  in  the  article,  "Testing  Cart- 
ridge Fuses,"  on  page  282  of  the  Aug.  20,  1918,  issue 
of   Power. 

The  testing  board  that  is  shown  in  the  figure  is  one 
that  I  built  and  used  for  a  number  of  years  with  good 
results.  It  is  made  from  a  piece  of  8  x  12-in.  slate 
I  in.  thick.  Contact  strips  C  of  i  x  A  x  8-in.  brass  are 
placed  so  that  the  ferrules  of  the  smallest  cartridge 
fuse  can  rest  on  Ihem  at  the  bottom  ends,  and  far 
enough  apart  at  the  top  to  make  contact  with  the 
ferrules  of  the  largest-sized  fuse.  Contacts  P  for  test- 
ing plug  fuses  are  made  of  a  small  brass  angle  and  a  flat 


Preventing  Telltale  Float  from  Freezing 

A  simple  kink  that  I  use  to  keep  our  headwator  float 
gage  from  freezing  and  becoming  inactive  in  a  hydro- 
electric plant  is  illustrated  herewith.  Hourly  records 
are  kept  of  the  height  of  the  headwater  in  the  flume, 
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strip  placed  about  0.5  in.  apart,  as  indicated  at  A.  Or  a 
lamp  socket  may  be  used  after  flattening  out  the  thread 
in  the  receptacle.  A  lamp  L  is  connected  permanently 
in  circuit. 

The  board  may  also  be  used  for  making  other 
tests  by  placing  a  binding  post  at  the  bottom  end  of 
each  of  the  strips  C  and  test  leads  brought  out  from 
them,  as  indicated.  W.  F.  CONDON. 

Detroit,  Mich. 


XOX-FREEZIXG  TELLTALE  FLOAT 

and  to  do  so  a  closed  metal  float  is  placed  in  a  vertical 
piece  of  6-in.  pipe  which  is  hung  in  the  flume.  A  line 
from  the  float  runs  over  the  guide  pulleys  and  connects 
to  a  marker  that  slides  up  and  down  on  a  graduated 
board  attached  to  the  side  wall  of  the  generator  room, 
thus  at  all  times  indicating  the  height  of  the  water. 

To  keep  the  float  from  freezing  fast  in  the  winter  we 
put  about  two  gallons  of  kerosene  oil  in  the  pipe  and 
then  recalibrate  the  gage,  which  works  to  perfection. 

Deposit,  N.  Y.  W.  D.  Wakeman. 

Correcting  An  Erroneous  Impression 

We  desire  to  bring  to  your  attention  an  advertise- 
ment by  the  Baker-Dunbar-Allen  Co.  in  the  Feb.  4 
issue,  the  text  of  which  is  highly  misleading.  The  fol- 
lowing matter  inclosed  in  quotation  marks  are  excerpts 
from  the  Baker-Dunbar-Allen  Co.'s  advertisement,  each 
quotation  being  directly  followed  by  our  discussion: 

"That  was  only  one  of  the  faults  of  the  whole  plant, 
and  was  one  reason  why  the  B.  D.  A.  organization  was 
called  in  to  remedy  this  condition." 

The  Baker-Dunbar-Allen  Co.  was  in  no  sense  of  the 
word  "called  in,"  but  on  the  contrary  requested  the 
city  for  permission  to  bid  on  one  of  the  minor  contracts 
incident  to  general  improvements  to  the  Brilliant  boiler 
plant,  the  plans  and  specifications  for  which  work  having 
previously  been  completed  by  the  engineering  force  of 
the  Bureau  of  Water,  and  at  no  time  was  the  Baker- 
Dunbar-Allen  organization  called  in,  consulted  or  em- 
ployed by  the  City  of  Pittsburgh  in  an  advisory  engi- 
neering capacity. 

"Down  in  the  Brilliant  Pumping  Station,  City  of 
Pittsburgh,  they  had  two  500-hp.  Babcock  &  Wilcox 
boilers  in  battery  installed  in  such  a  way  that  the  ashes 
had  to  be  raked  out  of  the  ashpit  by  hand — obviously- 
poor  economy." 
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The  Baker-Dunbar-Allen  Co.  were,  being  low  bidders, 
awarded  a  contract  by  the  City  of  PittsburKh  to  move 
and  reset  on  new  foundation.s  three  50()-hp.  Aullnum- 
Taylor  boilers.  The  amount  of  their  contract  was  under 
8  per  cent,  of  the  expenditures  made  to  date  on  the 
Keneral  improvement  scheme  incident  to  the  remodel- 
ing of  a  power  plant  in  service  twenty-five  years  and 
built  prior  to  the  era  of  modern  economic  power-plant 
apparatus. 

"About  the  most  ticklish  job  arisinp  out  of  this  prob 
lem  was  to  move  the  boilers  a\)out  100  ft.  horizontally 
and  to  lift  them  7  ft.  vertically  onto  a  new  foundation 
which  provided  ash  trates  of  our  own  desijin  under  the 
ashpits  of  the  boilers,  permitting  the  direct  discharge 
of  ashes." 

The  boilers  were  actually  moved  50  ft.  horizontally 
and  3  ft.  vertically. 

The  claim  of  having  designed  and  installed  special 
ash  gates  under  these  boilers  is  without  the  slightest 
foundation  in  fact, -no  such  equipment  ever  having  been 
considered  or  installed. 

We  feel  that  you  will  appreciate  an  opportunity  to 
correct  the  erroneous  impression  conveyed  to  your 
readers  by  the  advertisement  mentioned,  and  to  this 
end  respectfully  request  publication  of  this  letter  in 
your  columns.  F.  W.  Lyon, 

Pittsburgh,  Penn.  Division  Superintendent, 

Bureau  of  Water. 

Use  of  Turbine  Blowers 

The  article  on  "Fans  and  Blowers  in  the  Power 
Plant,"  by  Rufus  T.  Strohm,  in  the  issue  of  Feb.  4, 
contains  no  reference  to  the  undergrate  turbine  blower 
that  is  so  extensively  used  today  for  forced  draft. 
There  is  a  brief  reference  to  a  propeller-type  fan,  but 
it  is  stated  that  its  use  is  similar  to  that  of  the  disk 
fan,  and  Mr.  Strohm  makes  absolutely  no  reference  to 
the  use  of  the  propeller  fan  for  delivering  air  against 
moderately  high  pressures,  particularly  for  forced-draft 
work. 

The  publication  of  such  an  article  creates  certain 
impressions  in  the  minds  of  readers,  and  the  impression 
which  many  of  them  may  be  inclined  to  get  is  that 
the  turbine-driven  blower  for  undergrate  draft  is  a 
rarely  used  machine,  whereas  it  is  quite  the  contrary ; 
so  much  so  that  I  believe  there  are  far  more  small 
and  moderate-sized  isolated  power  plants  today  using 
these  blowers  than  are  using  blowers  of  any  other  tj-pe. 

New  York  City.  V.  H.  Carples. 

Vacuum-Gage  Test  Column 

The  illustration  shows  a  vacuum  gage  test  board,  an 
instrument  seldom  found  in  a  power  plant.  This  device 
can  be  made  from  material  found  about  the  plant.  A 
description  of  the  test  board  follows. 

A  mercury-column  glass  tube  A,  f\  in.  outside  diam- 
eter, having  a  f'g-'"-  hole,  and  34  in.  long,  is  secured 
to  the  board  B,  as  sho%vn.  To  the  shelf  of  the  board  is 
attached  a  short  piece  of  2-in.  pipe  C,  plugged  at  both 
ends,  the  top  end  being  tapped  for  a  2-in.  pipe  and  the 
bottom  end  for  a  J-in.  pipe.  In  this  piece  of  pipe  is  a 
bent  tube  T.  It  is  bent  for  two  reasons — to  prevent 
anything  from  dropping  into  the  pipe  and  so  that  in 


case  of  accident   if  mercury   is  drawn  over   from   the 
nvrcury  gage,  it  will  collect  in  the  reservoir. 

Attached  to  the  gage  board  i«  a  bracket  //,  having 
oblong  bolt  holes  so  that  it  can  be  adjusted  up  or  down 
to  get  the  mercury  level,  the  mercury  being  cotitained 
in  a  common  drinking  glass  1)  covered  with  a  cork  or 
wooden  covers.  A  pipe  or  rubber  hose  K  in  connected 
to  the  top  of  the  mercury  column  and  to  the  bottom  of 
the  cylinder  C.  If  a  pipe  is  used,  it  is  connected  to 
the  glass  tube  by  a  rubber  nipple  K.     Of  course  there 
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To  Condenser  or 
''ocuurri  Pump 
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m.ust  be  a  vacuum  pump  or  condenser  in  the  pl.int;  if 
not,  a  vacuum  gage  is  not  needed.  A  test  pump  is  elimi- 
nated, and  so  there  is  nothing  to  get  out  of  order. 

To  operate,  attach  the  vacuum  gage  to  be  tested  as 
shown  and  open  the  cock  F.  Then  very  slowly  open  the 
cock  11  just  enough  to  start  the  mercury  up  into  column 
A.  When  the  mercury  is  at  its  height  limit,  shut  the 
cock  V ,  and  if  everything  is  tight  the  mercury  will  be 
at  a  standstill.  Then  connect  the  gage  with  the  mer- 
cury column.  For  testing  at  various  points,  lower  the 
mercury  to  any  graduation  and  make  a  pinhole  in  the 
connecting  hose  near  the  cock  V ,  and  when  the  mercury 
drops  to  the  point  desired  put  a  finger  over  the  pinhole. 
In  this  way  one  can  test  a  gage  with  a  mercury  column 
all  the  way  down  from  zero  to  the  limit  of  the  gage. 
If  there  is  a  slight  leak  in  the  connection  and  the 
mercury  will  not  stay  up  with  the  cock  shut,  open  it 
just  enough  to  balance  the  mercury. 

Cos  Cob,  Conn.  LouiS  G.  O'DONNELL. 


Because  of  the  nature  and  extent  of  the  equipment 
needed,  the  successful  exploitation  of  oil-shale  deposits 
involves  large  capital  and  technical  chemical  ability. 
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States  and  Cities  That  Have  Adopted  the  A.  S.  M.  E. 
Boiler  Code — What  states  and  cities  of  the  United  States 
have  adopted  the  A.  S.  M.  E.  Boiler  Code?  D.  M.  B. 

The  A.  S.  M.  E.  Boiler  Code  has  been  adopted  by  the 
States  of  California,  Michigan,  Minnesota,  New  Jersey, 
New  York,  Ohio  and  Pennsylvania,  and  is  enforced  inde- 
pendently of  state  laws  by  local  boiler  regulations  of  Alle- 
gheny County,  Erie  and  Philadelphia,  Penn.;  Kansas  City, 
St.  Joseph  and  St.  Louis,  Mo.;  and  Detroit,  Mich.  In  the 
City  of  Chicago,  111.,  and  in  the  States  of  Indiana  and 
Wisconsin,  boilers  constructed  in  conformity  with  the  A. 
S.  M.  E.  Boiler  Code  r.re  acceptable  in  lieu  of  the  require- 
ments of  local  laws  and  ordinances. 

Ground  Detector  Voltmeter — We  have  a  lighting  system 
stepping  up  from  440  volts  through  a  transformer  to  2300 
volts  for  transmission  and  then  stepping  down  to  110- 
220  volts  for  lighting  service.  If  a  ground  occurs  on 
either  the  2300-  or  the  110-volt  line,  will  it  indicate  on 
the    ground-detecting   voltmeter    on    the    440    supply? 

E.  K. 

It  is  evident  from  the  figure  that  a  ground  on  either 
the  2300-volt  or  the  110-volt  system  will  not  be  indicated 
on  the  ground-detecting  voltmeter   on   the  440-volt  supply. 
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since  each  system  is  insulated  from  the  other.  However, 
the  2300-volt  system  should  be  kept  insulated  from  ground, 
since  a  ground  on  the  high  voltage  subjects  the  insulation 
between  the  primary  and  secondary  windings  to  the  full 
voltage  of  the  transformer. 

Testing  Feed  Water  for  Oil  Received  in  Open  Heater — 
How  can  a  test  be  made  to  determine  tjje  amount  of  oil 
added  to  the  feed  water  by  an  open  exhaust-steam  feed- 
water  heater?  F.  P.  H. 

Make  up  about  one  pint  of  a  concentrated  solution  of 
caustic  soda  and  dilute  with  an  equal  quantity  of  water, 
using  melted  snow  or  ice  water  or  the  purest  water  con- 
veniently obtainable.  Provide  two  clean  glass  beakers 
and  fill  one  about  half  full  with  a  sample  of  the  water 
received  by  the  heater;  mark  the  height  on  the  side  of 
the  beaker  and  turn  tlie  water  over  into  the  other  beaker. 
Refill  the  first  beaker  to  the  same  point  with  a  sample 
of  the  water  discharged  from  the  heater,  and  beginning 
with  about  4  oz.  of  the  caustic  soda  solution  In  a  measuring 
beaker  such  as  used  by  chemists  and  photographers,  add 
safficient  of  the  soda  solution  to  the  sample  of  discharge 
water  to  cause  it  to  become  decidedly  turbid,  then  add  pre- 
cisely the  same  amount  of  the  soda  solution  to  the  sample 
of  the  water  received  by  the  heater.  If  the  latter  becomes 
turbid,  repeat  the  experiment  with  perfectly  clean  beakers, 
each  time  using  smaller  equal  quantities  of  the  soda  solu- 
tion. This  done,  each  beaker  will  contain  the  same  quan- 
tity of  soda  solution  and  of  the  respective  samples  of 
water,  and  it  may  be  noted  how  much  engine-cylinder  oil 
needs  to  be  added  to  the  beaker  containing  the  sample  of 
water  received  by  the  heater  to  bring  it  to  the  same  ap- 
pearance of  turbidity  as  the  contents  of  the  beaker  con- 
taining the  same  amount  of  water  discharged  by  the  heater 
and  the  same  dose  of  soda  water.  This  \vill  not  only  indi- 
cate the  presence  of  oil  but,  by  repeating  the  experiment 
on  a  large  enough  scale,  will  demonstrate  the  ratio  of  the 
quantity  of  oil  to  quantity  of  sample  water  tested. 


Repairs  to  Leaky  Piston  Valves — How  can  leaky  piston 
valves  be  made  tight?  R-   D. 

If  leakage  is  from  wear  or  cutting  of  the  valve  seats  they 
will  need  reboring  and  in  nearly  every  case  the  packing 
rings  will  need  to  be  replaced,  for  although  the  old  rings 
may  show  no  signs  of  cutting,  they  will  be  worn  to  shapes 
that  will  not  conform  to  the  rebored  seats. 

Tangye- Frame  and  Girder-Frame  Engines — What  is  the 
meaning  of  "Tangye-frame"  and  of  "girder-frame"  engine? 

P.   E.   R. 

The  designation  "Tangye"  bed,  or  frame,  is  employed 
in  American  engine  practice  with  reference  to  an  engine 
frame  such  as  illustrated  by  Fig.  1,  consisting  of  a  single 


PIG.    1.      TAXGYE-FRAME    ENGINE 

casting  A  B  C  oi  ogee  form  for  an  overhung  crank  and 
lesting  full  length  on  the  foundation,  with  the  main  bearing 
at  one  end  of  the  frame  and  the  cylinder  usually  overhung 
and  stud-bolted  to  the  other  end  of  the  frame. 

The  girder  frame  takes  its  name  from  the  fact  that  the 
part  of  the  engine  frame  A  B,  Fig.  2,  between  the  main 
bearing  and  the  cylinder,  does  not  rest  directly  on  the  foun- 
dation, but  acts  as  a  girder,  which  usually  is  supported  by 


FIG    -      ';iiu>kk-fi;a.ai1';   i;x';ixk 

a  stand  C,  or  legs,  placed  about  the  middle  of  its  length. 
The  cross-section  of  the  girder  frame  between  the  guides 
and  the  main  bearing  generally  is  made  in  the  shape  of  a 
letter  T  or  channel  beam  to  impart  greater  stiffness  for 
the  weight  of  metal  used.  The  guides  are  most  commonly 
part  of  the  frame  itself,  either  bored  to  a  circular  shape 
or  planed  V-shape. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the 
communications  and  for  inquiries  to  receive  atten- 
tion.— Editor. 1 
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Liil>ri(*ali<>ii  of  Air  (Compressors* 

Hy   II.  V.  CONRAD 

SATISF.XCTORY  lubrication  of  air-compressor  cylintiors  talili.shioK  the  highest  allowable  flash  point  for  a  lubricant 
is  attaitUMJ  by  securing  the  reduction  of  friction  to  a  safe  to  use  in  the  air  cylinders, 
niiniinum  and  the  elimination  of  carbonization  of  the  I''or  aveniKe  normal  conditions  the  oil  should  be  a  medium- 
oil  as  far  as  possible.  For  the  proper  reduction  of  friction  bodied  pure  mineral  oil  of  the  highest  (|uality,  not  com- 
the  oil  chosen  should  have  sullicient  body  to  sustain  the  pounded  with  fixed  oils  such  as  animal  or  veKetable,  and 
weight  of  the  niovinjr  parts  and  to  form  a  seal  between  the  should  be  carefully  filtered  in  the  (inal  process  of  manu- 
piston  rinjrs  and  the  cylinder  walls,  and  still  not  absorb  facture.  Quite  a  ranjfe  of  oil  composition  is  permissible 
excessive  power  in  the  overcoming  of  the  viscosity  of  the  for  lubricants  approved  for  this  work,  which  are  manufac- 
oil  itself.  tured  under  the  forcKoinjf  conditions.  Primarily,  a  dis- 
Carbonization  of  the  oil  allows  the  accumulation  of  de-  tinction  must  be  made  between  those  oils  having  a  parafRn 
posits  of  carbon  which  are  sticky  in  the  early  stages  of  base  as  distinguished  from  those  having  an  asphaltic  base, 
their  forniation.  but  hard  and  flinty  later.  Such  deposits  From  a  strictly  operating  standpoint — so  it  is  claimed 
accumulate  on  the  cylinder  valve's,  in  the  cylinder  passages,  by  some  lubricant  manufacturers — there  is  no  distinction 
in  the  pipes  and  eventually  in  the  air  receiver.  Sticking  between  these  two  classes  of  lubricants  as  to  their  desir- 
or  partial  closing  of  the  valves  and  their  consequent  failure  ability  as  compressor-cylinder  oils,  provided  both  have  been 
to  act  properly  is  probably  the  chief  objection  to  this  action  properly  filtered  in  the  process  of  manufacture  to  remove 
from  the  standpoint  of  the  efficient  operation  of  the  com-  the  carbon-forming  elements.  If  any  c^.rbon  should  be 
pressor.  The  formation  of  excessive  carbon  deposits  is  formed,  however,  such  carbon  deposited  by  the  asphaltic- 
apt  to  be  duo  to  one  or  more  of  the  following  causes:  base  oils  is  of  a  light  fluffy  nature  and  easily  cleaned  out, 
(I)  The  ill-advised  use  of  some  oil,  such  as  a  steam  cyl-  whereas  that  deposited  by  the  paraffin-base  oil  is  very  ad- 
inder  oil,  which  easily  decomposes  in  the  heat  of  the  air  hesive  and  is  characterized  by  a  hard,  flinty  nature, 
cylinder;  (2)  the  use  of  oils  of  too  great  a  viscosity;  (3)  Merely  as  a  guide  to  aid  the  operator  in  specifying  the 
the  use  of  too  great  quantities  of  oil;  (4)  the  failure  to  qualities  to  be  possessed  by  an  air-cylinder  lubricant  recom- 
provide  a  pi-oper  screen  over  the  air  intake  of  the  com-  mended  for  average  duty,  Table  II  is  presented.  It  is 
pressor,  thus  allowing  free  entrance  of  dangerous  dust  .^^^^E  II  I'HYSIC.M.  TESTS  OF  PARAFFIN-BASE  OILS 
(especiallv  coal  dust).  ,,.  .                        ,                          ,,    . 

*    _f,          ....           X      ii  ■             i_       .      i.-              ■  J      r            iL        J.-   1  Minimum                     AvpraRe                     Maximum 

The  objections  to  this  carbonization   aside   from  the   Stick-  Gravity,  Baum6            28to32de«.             25to30dcg             25to27deg. 

ing    of  .air    valves    and    choking    of    the    air    passages    is    the  Flash  point,  open  cup  375  to  400  dcg.  F.      400  to  425  deg.  F.      425to500deg    F 

menace  of  fire.     Particles  torn  loose  from  carbon  deposits  vi"c„P„"^y',saybolt)  at*" '^ ''^" '*'''  ^'    ''^O  to  475  deg.  F.    475  to  575  deg.  F 

may  become  incandescent  from  causes  which  could  not  be  lOOdeg.F I20toi80»cc.         230to3i5ser.  toi500sec 

ant"icipated  by  the  compressor  manufacturer.  If  such  in-  SCnJoaling  point"^''""''''''  .Reddish  Dark  red  to  green 
candescent  carbon  particles  should  happen  to  come  in  con-  (pourtest)..  20  to  25  deg.  F.  30deg.F.  30  to  45  deg  F 
tact  with  oil  vapor  given  off  by  the  lubricating  oil,  a  fire  3  ^^^  ^^at  those  oils  within  the  range  expressed  by 
might  possibly  be  started  whose  menace  would  be  small  or  the^iinimum  figures  be  used  for  low-pressures  and  tern- 
large  depending  upon  how  much  carbon  had  been  allowed  ^^ures,  while  those  expressed  by  maximum  figures  should 
to  accumulate  m  the  compressor  and  piping  to  the  receiver.  ^^  ^^^^  ^^^  ^.^^  pressures  and  temperatures. 
T\BLF  I    CYLINDER  TEMPERATLKEs  AT  END  OF  PISTON  STROKE  It  is  recommended  that  any  paraffin-base  lubricant  intended 

Final                 Final  Temperature,                   Final                   Final  Temperature,  ^Or    USe    in    all    Standard    air    compressors    should    meet    the 

Pressure                    Deg  F.                     Pressure                     Deg.  F.  physical  tests  imposed  by  the  average  range  of  figures  given 

Lb.  Gage         ^ita^t             ItlT^           Lb' cLge          "s^lgr             llTe  in  the  middle  Column  of  Table  II.     The  wording  "standard 

IQ                 145                                      100                 485                 243  air  compressors"  is  to  be  interpreted  as  including  the  fol- 

20                 207                                      no                 507                 250  lowing  types  of  machines:     (a)   Low-pressure  up  to  100  lb. 

4Q                 302                                      130                 550                 265  Compressors,  which   may  be  either  small-sized   single-stage 

50                 339                 188                 140                 570                 272  units,  or  larger-^ized  compound  machines;   (b)  high-pressure 

70                 405                 214                 200                 672                 309  compressors  which  are  constructed  with  the  proper  number 

80                 432                 224                 250                 749                 331  Qf  stages  SO  that  HO  excessive  temperatures  are  ever  reached. 

The  asphaltic-base  group  of  oils  is  considered  separately 

The  selection   of  an  air-cylinder  lubricant  is,  of  course,  for  the   reason   that  the   lower   limit  of   gravity   stated    in 

governed  to  a  considerable  extent  by  a  knowledge  of  cyl-  Table    II,    namely,   25    deg.    Baume,    eliminates    this   entire 

inder    temperature    it    must    withstand.      Knowing   the    air  group   from    consideration— which    is   not   the    intention    of 

pressures,  the  corresponding  temperatures  are  ascertained  this  article.     As  a  guide  for  the  selection  of  suitable  oil, 

fairly  accurately,   as  shown  in   Table   I.     This  table  gives  Table  III  is  given.     For  general  all-around  use,  it  is  con- 

the  final  temperature  in  the  cylinder  at  the  end  of  the  com-  table  III.    PHYSICAL  TESTS  OF  ASPHALTIC-BASE  OILS 

preSSion     stroke,     for    single-stage,     also     for     two-stage      (or  Minimum                      Average                      Maximum 

compound)  compression,  when  the  free  air  entering  the  cyl-      Gravity,  Baum« 20  to  22  deg  F         19  8to2i  deg.  F.       i9.5to  20  5deg.  F 

inder  is  at  60  deg.  F.     Variations  from  these  temperatures  Flashpoint, open eup  305 to  325 deg.  f.     3i 5 to  335 deg.  F.      330  to  375  deg.  F 

.,,  •        .  f      ,  ..  •„       4.  „+„v.  ,-o^l  «f«^    „;-        Firepnint 360  to  380  deg.  F.        370  to  400  deg.  F.       385  to  440  deg.  F. 

Will  occur  in   actual   practice  owing  to  water-jacketed  air  viscosity  (Saybolt)  at                  6                           6* 

cylinders  and  radiation,  tending  to  lower  the  temperature  loddeg.  F 1 75 to  225 sec  275  to  325 sec.  475  to  750 sec. 

•;.,,.,  Tj    4.    „<-     „„„     CA    lu     „„„„„„„„    ^^A        Color   Pale  yellow  Pale  yellow  Pale  yellow 

at  the  higher  pressures.     But  at,  say,  50  lb.  pressure  and  Congealing    point 

lower,  the  heat  is  likely  to  be  somewhat  greater  than  given         (pour  test) 0  deg.  F.  o  deg.  F.  0  deg.  F. 

by  the  table,  particularly  if  the  compressor  is  run  at  high  ^^^^^  ^j^^^  ^.j^^  recommendations  given  in  Tables  II  and  III 

speed  and  also  if  it  is  not  water-jacketed.  ^^^,^^  ^j^g  situation   as  well   as  possible,   special  cases,  of 

The  natural  inference  of  the  reader  after  noting  the  tern-  course,  requiring  investigation  and  special  consideration  be- 

peratures  in  Table  I  is  that  he  must  select  an  air-cylinder  ^^^^  making  recommendations. 

oil  whose  flash  point  is  higher  than  the  maximum  temper-  ^j^^  quantity  of  lubricating  oil  to  feed  to  the  air  cyl- 
ature  likely  to  be  encountered  within  the  air  cylinder.  As  -^^^^^^  ^^  compressors  cannot  be  stated  in  exact  terms  due 
a  matter  of  fact,  this  is  not  the  case  and  it  need  only  be  ^^  ^.j^^  varying  viscosity  of  different  oils,  the  heat  of  com- 
carefuUy  noted  that  the  study  of  the  air-cylinder  tempera-  pj-ession  and  the  size  of  cylinder.  It  may  be  stated  in  gen- 
tures  is  useful  mainly  in  testing  lubricating  oils  to  deter-  ^^^j^  however,  that  after  the  cylinders  have  acquired  smooth 
mine  their  resistance  against  breaking  down  into  carbon,  ^^^  polished  surfaces,  the  quantity  should  be  reduced  to 
etc.  But  such  temneratures  cannot  be  taken  as  limits  es-  ^^^  lowest  limit  to  avoid  the  possibility  of  the  accumula- 
tion  of  carbon  and  sooty  deposits  ^vithin  the  system.     The 

•Abstract  of  a  paper  prepared  by  the  Compressed  Air  Society.  basis  of  quantity  given  in  Table  IV  is  recommended,  sub- 
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ject  to  modifications  already  mentioned,  for  these  cylinders 
or  equivalent  sizes  operating  under  normal  conditions. 

The  results  in  the  last  column  of  Table  IV  are  based  on 
the  assumption  that  under  average  conditions  of  temper- 
ature axid  usual  range  of  oil  viscosities,  a  pint  of  oil  will 
contain  an  average  of  about  16,000  drops.  The.se  figures 
are  offered  merely  as  an  approximate  guide. 

TABl.K  IV.     QTANTITY  OF  AlK-CYLINDER  I.UBIIK'AXT  HKC^niii;!) 
PER  10-HOtIR  DAY 


Size 

Dis- 

Piston 

Sq.Ft.  of 

of 

placement  Speed, 

Cylinder 

Drops 
of  Oil 

Drops 

Sq.Ft. 

Pints 

Cylin- 

per 

Ft. 

Wall 

of  Oil 

Oiled 

of    Oil 

der. 

Minute 

per 

Swept  by 

per 

per 

per 

per 

In. 

Cu.Ft 

Min 

Piston 

Min. 

10  Hr. 

Drop 

10  Hr. 

8x  8 

120 

344 

718 

J 

600 

718 

0.0375 

12x12 

320 

408 

1230 

2 

1200 

613 

0.0750 

18x18 

880 

496 

2  540 

4 

2400 

585 

0.1500 

24x24 

1/30 

550 

3450 

6 

3600 

575 

0.2250 

30x30 

2940 

600 

4700 

8 

4800 

590 

0.3000 

36x36 

4550 

644 

6070 

10 

6000 

607 

0.3750 

42x42 

6700 

696 

7600 

12 

7200 

633 

0   4500 

A  leading  authority  on  compressor  engineering  con- 
tributes the  following:  "The  best  way  to  determine  the 
proper    amount    of   lubrication    is    to    take    out    the    valves 
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DRVIfK  FOR  CLEANING  CARBON  FROM  DISCHARGE  l.INE 
AND  RECEIVER 

from  time  to  time  and  examine  the  cylinder.  All  parts 
should  feel  that  there  is  oil  thereon.  If  they  feel  dry,  the 
lubricators  should  be  adjusted  to  feed  a  little  more  oil, 
whereas  if  oil  lies  in  the  cylinder  and  its  parts  show  ex- 
cessive oil  thereon,  the  quantity  fed  by  the  lubricators 
should  be  reduced.  By  thus  examining  the  machine  a  few 
times,  the  proper  amount  of  oil  can  be  determined  to  suit 
the  characteristics  of  the  particular  lubricant  used  and  the 
conditions  under  which  the  machine  operates." 

The  best  of  lubricating  oils  will  deposit  enough  carbon 
in  the  compressor  system  to  necessitate  periodical  cleans- 
ing. For  the  removal  of  carbon,  the  machine  operator 
should  confine  his  efforts  to  the  use  of  soapsuds.  A  good 
cleansing  solution  is  made  of  one  part  of  soft  soap  to  fif- 
teen parts  of  water.  The  suds  should  take  the  place  of  oil 
for  a  few  hours,  and  be  fed  into  the  air  cylinders  about 
once  a  week,  either  by  means  of  a  hand  pump  or  through 
the  regular  lubricator  about  ten  times  as  rapidly  as  oil. 
The  cleanliness  of  the  air  valves  when  inspected,  as  they 
should  be  periodically,  will  indicate  whether  greater  or 
lesser  applications  of  the  soapsuds  should  be  made.  After 
using  soapsuds,  open  the  drain  cock  of  the  air  receiver, 
and  of  the  intercooler  in  the  case  of  compound  machines, 
to  draw  off  any  accumulated  liquid.  Oil  should  be  used 
again  for  a  half-hour  before  shutting  down  the  machine 
in  order  to  prevent  rusting  the  cylinder  and  its  fittings. 
Never  use  kerosene,  gasoline  or  lighter  oils  in  an  air  cyl- 
inder for  any  purpose,  because  of  their  volatile  nature. 


It  often  happens  that  oil,  carbon  and  other  foreign  mat- 
ter are  deposited  in  the  air-discharge  lines  and  air  receiver. 
A  practical  method  of  cleaning  these  is  shown  in  the  il- 
lustration, whei'e  a  compound  chamber  made  of  6-in.  pipe 
is  shown  set  on  top  of  the  discharge  pipe.  If  a  mixture 
of  1  lb.  of  Red  Seal  lye  and  18  lb.  of  water  is  passed  into 
the  discharge  line  at  the  rate  of  60  or  70  di'ops  per  minute 
while  the  compressor  is  running,  it  will  eat  out  the  accumu- 
lation on  the  surface  of  the  pipe  and  in  the  receiver,  and 
if  the  blowoff  valve  on  the  receiver  is  open,  all  this  foreign 
matter  will  be  discharged  therefrom.  To  use  the  compound, 
close  the  cocks  ^4  and  B,  open  the  valve  C,  and  pour  the  lye 
mixture  into  the  funnel  D.  When  the  chamber  E  is  filled, 
close  the  valve  C,  open  the  cocks  B  and  A,  and  regulate  the 
feed  by  the  valve  F.  The  cleaning  solution  can  be  used 
every  month  or  two  or,  depending  on  how  much  accumula- 
tion there  may  be  in  the  receiver. 

Appro.ximately  four  times  as  much  oil  will  be  needed  in 
the  steam  cylinders  as  in  those  for  air,  subject,  of  course, 
to  variable  local  conditions.  Depending  on  its  viscosity,  a 
pint  of  steam-cylinder  oil  will  furnish  from  5000  to  8000 
drops.  Taking  an  average  of  about  6500  drops,  and  four 
times  as  much  oil  as  air  cylinders  of  same  size,  and  work- 
ing at  same  piston  speeds,  as  given  in  Table  III,  the  recom- 
mended amounts  to  feed  the  steam  cylinders  or  their  equiva- 
lents are  given  in  Table  V.     These  figures  are  approximate 


TABLE  V.    on. 

Size  of  Cylinder, 


12x12 


RKQTIRKD    KOH    STKAM-CYl.INDKR    l.l  BRICATION 


Drops  of  Oil 
per  Min 


1 8x  1 8 
24x24 
30x30 
?6x36 
42x42 


Ills  of  Oil 
■r  10  Hr 

0  4 

0  75 

1.5 

2.25 

3  0 

3  75 

4  5 


only,  and  will  vary  with  the  steam  conditions,  the  kind  of 
oil  used  and  its  method  of  introduction  into  the  steam,  also 
with   boiler   compound   catried   by   the   steam   into   cylinder. 

Detroit  Engineers  Approve  Proposed 
Registration  Bill 

The  subject  of  the  registration  of  engineers  has  been 
under  consideration  by  the  Michigan  Engineering  Society 
for  sevei'al  years,  and  a  bill  designed  to  accomplish  that 
end  was  presented  at  its  last  annual  convention  and  was 
afterward  submitted  to  an  informal  conference  attended 
by  about  twenty-five  representatives  of  the  various  archi- 
tectural and  engineering  societies  of  the  state,  and  after 
extended  deliberation  and  discussion  was  redravvTi  and 
approved.  The  bill  has  been  introduced  in  the  state  legis- 
lature, and  probably  final  action  will  be  taken  soon.  At 
its  meeting  on  Feb.  21,  the  Detroit  Engineering  Society 
indorsed  the  revised  draft  of  the  bill.      The  proposed  act: 

1.  Provides  for  the  voluntary  registi-ation  of  any  engi- 
neer now  engaged  in  the  practice  of  the  profession,  in 
whatever  branches  thereof  he  may  prove  himself  qualified. 

2.  Provides  for  the  compulsory  examination,  classifica- 
tion and  registration  of  all  persons  hereafter  desiring 
to  begin  practicing  as  architects  or  engineers,  and  estab- 
lishes a  minimum  standard  of  qualifications  for  such  persons. 

3.  Supersedes  the  existing  architects'  registration  law 
and  subjects  the  architectural  and  engineering  professions 
to  the  same  general  regulations,  with  appropriate  tests 
for  each. 

4.  Provides  a  board  of  registered  architects  and  engineers 
for  the  administration  of  the  law. 

5.  Does  not  restrict  any  person  now  engaged  in  prac- 
tice as  an  architect  or  engineer  from  continuing  so  to 
practice,  except  in  public  work. 

6.  Does  not  require  any  such  person  to  be  examined  or 
registered  unless  he  uses  the  title  registered  ai'chitect  or 
registered  engineer. 

7.  Does  not  require  registered  architects  to  register 
until   1921. 

8.  Does  not  prohibit  the  performance  of  architectural  or 
engineering  work  by  anyone  not  calling  himself  architect 
or  engineer. 
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Wlieii  Coal  Oil  Johnny  Goes  to  Sea* 


THE  fast  clipper  ship  was  built  of  wood  iind  propelled 
)y  sails.  We  had  the  tiiuher  to  huili!  that  tyjie  of 
ship  and  the  injrenuity  to  apply  wind  power  and  beat 
tlie  world  in  speed.  Those  were  the  days  of  the  Yankee 
clipper  ships,  and  from  Revolutionary  times  until  lK(;i  we 
carried  from  (iO  to  itO  per  cent,  of  our  own  world  trade. 
John  Bull  took  lirst  place  in  the  new  kind  of  ship- 
pinjr.  Tlie  proportion  of  American  trade  carried  in  Ameri- 
can ships  steadily  ran  down  to  less  than  10  per  cent,  at 
the  outbreak  of  the  world  war.  Today  we  are  about  to  see 
another  revolutionary  advance  in  merchant  ships,  and  the 
United  States  will  ajrain  have  some  advantage — if  we  back 
natural  resources  with  national  inRcnuity. 

Petroleum  is  the  cominp  factor  in  shipping.  It  will  be 
used  under  boilers  to  raise  steam.  Better  yet,  it  will  pro- 
pel internal-combustion  engines  of  the  Diesel  type — the 
motor  ship.  We  have  an  advantage  in  our  larRc  output 
of  petroleum — G5  per  cent,  of  the  world's  output.  And  we 
are  handiest  to  Mexico's  supplies,  now  nearly  8  per  cent. 
of  the  world  production,  with  remarkable  possibilities  for 
increase  and  two  types  of  crude  oil  that  are  peculiarly 
suited  to  marine  use. 

Petroleum  is  about  to  effect  a  transformation  in  world 
shipping  much  more  remarkable  than  that  which  was 
wrought  by  steam.  The  possibilities  are  fascinating.  Both 
the  oil-burning  and  the  motor  ship  remove  handicaps  under 
which  the  merchant  navies  of  the  world  have  been  steadily 
degenerating.  They  reduce  operating  costs,  increase  range 
and  flexibility,  overcome  certain  international  political 
handicaps  in  shipping,  and  improve  the  living  standards 
and  morale  of  those  who  go  down  to  the  sea  in  ships. 

When  Coal  Oil  Johnny  steps  aboard  a  merchant  ship 
and  takes  charge  of  the  engine  room  the  transformation 
is  great.  The  comparatively  few  shipping  managers  who 
have  operated  with  petroleum  will  tell  you  that  it  is  like 
switching  from  the  one-hoss  shay  to  a  high-powered  rac- 
ing car. 

Take  the  advantages  found  in  the  oil-burning  ship  with 
steam  engines  over  the  coal  burner.  There  is  a  reduction 
in  the  number  of  men  needed  in  the  boiler  room,  first  of 
all.  Next  comes  reduction  in  bunker  space,  with  an  in- 
crease in  cargo  space.  A  ton  of  oil  takes  5  cu.ft.  less 
space  than  a  ton  of  coal  and  gives  80  per  cent,  steaming 
efficiency  against  65  per  cent,  for  coal.  This  works  out 
to  about  40  per  cent,  saving  in  bunker  space,  which  is  made 
available  for  cargo  in  a  freighter.  Moreover,  there  is  a 
saving  in  quarters  for  the  crew,  because  an  oil-burning 
ship  carries  fewer  men. 

Oil-burning  vessels  will  make  from  10  to  20  per  cent, 
more  mileage  than  coal  burners.  There  is  better  control 
of  steaming,  because  fires  can  be  started  and  stopped  in- 
stantly, steam  raised  quickly  and  time  in  port  saved  through 
the  greater  ease  of  taking  on  oil  as  contrasted  with  coal. 
There  are  other  advantages:  Oil  is  often  cheaper  than 
coal  in  actual  dollars — prices  vary  widely,  of  course.  Oil 
does  not  deteriorate  in  storage  like  coal.  Oil  eliminates 
the  fire  risk  from  spontaneous  combustion  in  coal,  and  is 
not  subject  to  the  danger  of  shifting  in  rough  weather  at 
sea.  Oil  eliminates  ashes  and  ash  conveyors,  smoke  and 
soot  and  the  necessity  for  frequently  painting  a  ship.  Oil 
reduces  the  expense  of  grate  repairs,  corrosion  of  boiler 
plates,  fuel-handling  devices  afloat  and  ashore. 

The  oil  burner  has  a  radius  of  from  two  to  three  times 
that  of  the  coal  burner.  Fast  passenger  liners  burning 
oil  for  steam  could  almost  make  the  round  trip  from  New 
York  to  Europe  and  back,  taking  most  of  their  oil  on  this 
side;  and  with  freight  steamers  running  at  slower  speeds 
and  burning  less  oil  to  the  mile,  it  would  be  possible  for 
them  to  go  half  round  the  world. 

Coal  Oil  Johnny  can  give  almost  any  coal-burning  steamer 
seven-league  sea  boots  by  a  few  simple  changes  in  equip- 
ment— the  installation  of  oil  burners  under  the  boilers  and 
the  conversion  of  coal  bunkers  or  double  bottoms  into  oil 


•Abstract  of  a  bulletin  by  Edward  N.  Hurley,  Chairman  TTnited 
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tanks.  Hut  oven  that  is  only  half  his  potential  efficiency. 
Look  a  little  farther  ahead  and  design  your  ship  to  run 
with  internal-combustion  engines  of  the  Diesel  type,  and 
he  can  double  the  ediciency. 

The  motor  ship  will  operate  on  about  half  as  much  oil 
as  the  oil-burning  steamer.  Its  engine-room  force  is  re- 
duced still  more — from  one  to  three  men  are  sufTicient;  and 
there  arc  no  stokers,  for  the  motor  ship's  mechanical  staff 
is  made  up  of  skilled  men.  With  the  world's  merchant 
fleets  cfiuipped  entirely  as  motor  ships,  from  80  to  90  per 
cent,  of  the  bunkering  stations  around  the  globe  could  be 
abolished;  ships  would  re(|uire  fuel  only  about  twice  in 
going  around  the  world — or  at  an  average  of  every  six 
weeks.  There  need  be  no  isolated  fuel  stations;  oil  would 
be  taken  on  only  where  ships  called  for  cargo  or  passengers. 

Anyone  who  has  made  a  voyage  through  the  Tropics 
will  find  it  interesting  to  contrast  this  sort  of  ship  with 
his  recollections  of  coaling  incidents.  If  his  voyage  was 
through  the  Suez  Canal  to  Australia  or  India,  for  instance, 
he  remembers  the  terrific  heat  and  how  only  Chinese  coolies 
can  stand  the  temperature  of  the  fire  hold;  and  how  the 
ship  was  coaled  at  Port  Said  by  hundreds  of  women  carry- 
ing baskets  of  fuel.  Neither  the  motor  ship  nor  the  oil- 
burning  steamer  requires  coaling.  The  engine  room  of  a 
motor  ship  need  be  little  warmer  than  the  deck  in  the 
Tropics;  and,  besides,  there  is  probably  only  one  man  at- 
tending the  engines,  and  he  is  not  performing  hard  manual 
labor  nor  is  he  in  dirty  surroundings. 

The  boiler  room  of  an  oil-burning  steamer  can  be  25 
deg.  cooler  than  if  coal  were  burned  under  the  same  boilers. 
For  most  of  the  heat  in  a  fire  hold  comes  from  opening 
the  furnace  doors  to  throw  in  coal.  There  are  no  furnace 
doors  when  oil  is  burned.  With  coal,  heat  escapes  every 
time  the  furnace  door  is  opened  and  is  lost  for  steam- 
making  purposes.  With  oil,  there  is  no  furnace  door  to 
open  and  more  of  the  heat  is  used  for  steam  making. 

With  the  motor  ship  we  can  have  an  entirely  new  era 
in  ocean  transportation.  It  calls  for  skill  and  effects 
economies  that  will  yield  good  wages;  and  its  flexibility 
and  speed  should  facilitate  rearrangement  of  the  world's 
shipping  routes,  so  the  seaman  may  get  home  more  fre- 
quently and  have  a  home  worth  getting  to.  The  motor 
ship  is  here.  But  it  still  needs  development  and  applica- 
tion. Thus  far  it  has  been  built  chiefly  in  small-tonnage 
freighters  running  at  moderate  speed.  These  have  been 
highly  successful  economically;  but  there  are  still  certain 
shortcomings  in  machinery  and  organization  to  be  dealt 
with. 

The  Diesel  engine  must  be  freed  of  some  defects  that 
have  appeared  under  the  stress  of  ocean  voyages,  and  must 
also  be  built  in  larger  units  to  furnish  greater  horsepower 
for  bigger  ships  running  at  higher  speed.  The  problems 
are  now  entirely  questions  of  engineering,  and  American 
ingenuity  should  prove  adequate  to  develop  the  fast  motor 
liner  for  passenger  traffic. 

If  the  world  should  turn  during  the  next  10  years  from 
coal  to  fuel  oil,  and  from  steam  to  the  motor  ship,  the  ques- 
tion of  petroleum  supplies  will  become  important.  At 
present  the  largest  marine  consumption  of  petroleum  in 
the  world  is  probably  that  of  the  United  States  Navy, 
estimated  at  5,000,000  bbl.  yearly  under  war  conditions. 
This  quantity  would  not  go  far  in  operating  an  American 
merchant  marine  of  25,000,000  tons.  Data  upon  which  to 
figure  consumption  for  such  a  fleet,  with  types  of  passenger 
and  cargo  ships  running  at  various  speeds  and  in  various 
classes  of  service,  are  not  yet  very  ample.  But  engineers 
have  adopted  a  rough-and-ready  ratio,  estimating  1  ton  of 
oil  yearly  to  a  ton  of  dead-weight  shipping,  where  the  fuel  is 
burned  for  steam,  and  half  a  ton  yearly  for  motor  ships. 

On  this  basis  the  American  merchant  marine  alone  would 
require  150,000,000  bbl.  yearly  for  steam,  or  75,000,000  bbl. 
for  motor  ships.  The  world's  ocean  tonnage  was  50,000,000 
tons  before  the  war,  and  under  the  improvement  and  cheap- 
ening in  transportation,  made  possible  through  petroleum, 
might  increase  to   75,000,000  tons  within  the  next  five  or 
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;en  years,  this  estimate  including  our  own  merchant  ma- 
rine. Thus,  for  75,000,000  tons  of  motor  ships  there  would 
je  required  yearly  somewhere  between  200,000,000  and 
250,000,000  bbl.  of  crude  oil.  This  is  approximately  half 
of  the  world's  total  present  production,  and  more  than  80 
per  cent,  of  our  own   production. 

Where  is  the  oil  to  come  from? 

Fortunately,  nature  has  stored  supplies  in  the  earth  for 
precisely  this  situation.  Mexican  petroleum  is  peculiarly 
suited  for  marine  use.  In  the  district  round  Tampico, 
which  has  been  the  scene  of  petroleum  development  for  the 
past  18  years,  there  are  two  types  of  crude  oil  taken  from 
opposite  side  of  the  Panuco  River,  which  runs  through 
Tampico  and  divides  the  district.  The  northern  type  of 
oil  is  a  heavy  crude  oil  that  cannot  be  refined,  but  is  suit- 
able for  burning  to  make  steam.  The  southern  type  of  oil 
is  lighter.  When  refined  this  yields  about  12  per  cent,  of 
crude  gasoline  and  is  suited  for  Diesel  engines.  No  such  oil 
field  has  yet  been  located  in  any  other  part  of  the  world. 
The  Tampico  district  now  has  about  fifty  wells  in  produc- 
tion with  an  estimated  capacity  of  1,500,000  bbl.  daily — 
more  than  twice  as  much  oil  as  would  be  needed  to  operate 
the  world's  merchant  fleets  and  navies. 

It  is  true  that  Mexico  at  present  produces  only  from 
50,000,000  to  60,000,000  bbl.  yearly;  but  this  represents 
simply  the  quantity  that  can  be  handled  in  available  pipe 
lines  and  tank  steamers.  The  Tampico  district  is  less  than 
150  miles  long  and  50  miles  wide;  but  it  lies  over  enormous 
reservoirs  of  oil  and  is  considered  but  part  of  a  general 
oil  region  1600  miles  long  and  from  75  to  100  miles  wide. 
Prospectors  have  also  found  promising  oil  indications  in 
Guatemala,  Venezuela,  Colombia,  Ecuador  and  other  parts 
of  Latin  America. 

Political  unrest  in  Mexico  is  still  a  serious  handicap  to 
oil  production,  the  construction  of  new  pipe  lines  and  port 


facilities,  and  the  investment  of  additional  capital  by  out- 
side operating  companies.  But  by  the  time  the  world's 
improved  merchant  fleets  are  ready  for  the  transformation 
of  petroleum,  it  is  to  be  hoped  that  Mexico  will  have  worked 
out  political  stability.  The  petroleum  lies  beneath  her  soil. 
Its  efficient  use  means  not  only  wealth  to  her  but  benefit  to 
all  nations. 

Again  Water-Power  Legislation  Fails 

The  proposed  water-power  legislation  which  has  been 
before  Congress  for  the  seven  years  of  the  present  Admin- 
istration failed  of  passage  when  Congress  expired  sine  die 
Mar.  4.  After  lengthy  debate  in  committee  and  on  the 
floor  of  both  houses,  conferees  on  the  part  of  the  House 
and  the  Senate  agreed  to  favorably  i-eport  the  bill,  which 
would  undoubtedly  have  passed  both  houses  if  it  could 
have  been  reached  on  the  calendar  before  the  expiration 
of  the  Congress.  The  proposed  legislation  did  pass  the 
House  of  Representatives  a  few  days  before  the  end  of 
Congress  by  vote  of  264  to  65. 

The  proposed  legislation  failed  to  pass  in  the  Senate, 
however,  because  it  became  entangled  in  the  meshes  of  the 
filibuster  which  was  conducted  by  Senators  who  are  op- 
posed to  the  President's  policy  as  to  foreign  affairs. 
Although  there  were  informal  assurances  to  Senators  who 
had  charge  of  the  proposed  legislation  that  there  were 
at  least  80  votes  in  favor  of  the  measure  in  case  it  could 
be  brought  before  the  Senate,  the  bill  did  not  obtain  a 
hearing  because  of  the  filibuster,  which  prevented  this 
and  many  other  important  proposed  laws  of  vital  conse- 
quence to  the  development  of  industrial  America. 

It  will  now  be  necessary  for  the  advocates  of  water-power 
legislation  to  begin  to  open  a  campaign  of  education  for 
the  benefit  of  the  new  members  of  the  House  of  Representa- 
tives and  Senate. 


Obituary 


Malcolm  Gifford,  president  of  the  Gif- 
foid-Wood  Co..  of  Hudson.  X.  Y.,  died  on 
Mar.     5     after     an     operation     at     a     sani- 

,  tarium   in   West    61st    St.,    New   York   City. 

;  He    is    survived    by    his    widow     and     two 

I  children. 


Personals 


T.  E.  Butterfleld,  Associate  Profes.sor  of 
mechanical  engineering  at  Lehigh  Univer- 
sity, is  back  after  service  on  the  teaching 
staff  of  the  Post  Artiller>'  School  at  Fort 
Monroe,  Va.,  where  he  held  the  rank  of 
major. 

Martin  T.  Hooper,  formerly  supervising 
mechanical  engineer  to  the  officer  in  charge 
of  construction,  Langley  Field.  Hampton, 
Va.,  has  resigned  to  become  assistant  to 
the  superintendent  of  machinery  of  the  Vir- 
ginia Shipbuilding  Corp.,  Alexandria,  Va. 


Engineering  Affairs 


The    -American     Eleotro-Chemical    Society, 

Pittsburgh  section,  will  hold  a  meeting  on 
Mar.  14.  at  which  many  important  papers 
will  be  discussed. 

The  New  KnRland  Waterworks'  .AsHocia- 
tion  will  hold  a  meeting  on  Mar.  12  at  the 
Hotel  Brunswick.  Copley  Square,  Boston, 
Mass. 

Bridgeport  Association  Xo.  4.  of  Con- 
necticut, held  its  annual  banquet  at  the 
Stratfield  Hotel.  Thursday.  Feb.  27.  The 
attendance  included  the  ladies.  There  was 
an  entertainment,  and  dancing  concluded 
the  festivities. 


Business  Items 


Schaeffer  and  Budenbers  have  opened 
an  office  at  Tulsa.  Ckla..  with  T.  C.  Bales 
in  charge  as  local  manager. 


.John  G.  Robel.  Inc.,  has  moved  its  offices 
from  608  So.  Dearborn  St.  to  the  Garland 
Building,  58  E.  Washington  St.,  Chicago. 

Tlie  Dearborn  {'I»emical  Co.  has  opened 
an  office  at  206  Commerce  Trust  Building. 
Kansas  City,  Mo.,  with  G.  M.  Massen  and 
W.  H.  Fairlamb,  who  are  the  company's 
representatives  in  that  territory,  in  charge. 

The  Morse  Cliaiii  Co.  announces  the  re- 
moval of  its  Kansas  City  offices  from  the 
R.  A.  Long  Building  to  more  commodious 
quarters  at  211-212  Finance  Building,  with 
W.  V.  Warner  as  district  manager  in 
charge. 

The  Chicago  Pneumatic  Tool  Co.  an- 
nounces the  removal  of  its  Cleveland  dis- 
trict office  from  Room  813  to  Rooms  406- 
408  Engineers'  Building.  Ross  Watson,  dis- 
trict manager,  will  gladly  welcome  visitors 
to  the  new  offices. 

The  Standard  Oil  Co.  at  its  Whiting  re- 
finery will  equip  its  21,000-hp.  boiler  with  a 
full-load  capacity  of  40,000-hp.  The  company 
is  also  installing  a  new  refrigerating  plant 
with  a  dally  capacity  of  400  tons.  Other 
improvements  include  a  new  coal  bunker 
200  ft.  wide,  1000  ft.  long  and  25  ft.  deep, 
with  a  capacity  of  more  than   125,000  tons. 

The  Factory  Products  Corp.,  New  York 
City,  has  become  associated  with  the  En- 
gineers' Corp.,  a  subsidiary  of  the  J.  G. 
White  Engineering  Corp..  for  the  special 
purpose  of  exporting  American  machinery 
and  Ijuilding  products.  The  trade  connec- 
tions of  the  consolidated  corporation  are  ex- 
tensive, and  its  policy  is  to  infiltrate  exist- 
ing markets  thoroughly  with  American 
goods  before  expanding  to  new  quarters  of 
the  world. 


Trade  Catalogs 


The  Baker-Dunbar-AIIcn  Co.  of  Pitts- 
burgh, Penn..  has  issued  Bulletin  A  deseri])- 
tive  of  its  ash  gate  foi-  underfeed-stoker 
practice.  Copy  may  be  had  from  the  com- 
l)ariy   Free  upon   request. 

Foster  Waste  Heat  Type  Marine  Super- 
heaters— Power  Specialtv  Co.,  New  York 
City.  Bulletin  M-2,  Pages  32,  6  x  9  in.  A 
booklet  of  general  instructions  containing 
useful  information  on  this  type  of  super- 
heater. 

"A  Chain  of  Evidence"  is  the  title  of 
Bulletin  No.  16,  which  is  the  fourth  of  a 
series    issued    by    the    :\Inr:--f    Chain    (^o.    of 


Ithaca,  N.  Y.  This  is  subtitled  "Small 
Power  Drives,"  but  embraces  medium  power 
drives   between    5-hp.    and    200-hp. 

The    Combustion    Engineering    Corp.,   New 

Yorli  City,  has  just  issued  its  Type  "H" 
Stoker  Bulletin  H-1.  It  covers  automatic 
stokers  for  all  kinds  of  industrial  and 
heat-treatment  furnaces.  A  copy  of  this 
bulletin   may  be   had  free  upon   request. 

Coppus  Centrifugal  Turbo  Boiler  Feed 
Pump.  Coppus  Engineering  and  Equip- 
ment Co.,  Worcester,  Mass.  This  catalog 
contains  useful  information  under  the  sub- 
title. "A  New  Development  in  Boiler  Feed 
Pumps,"  and  may  be  obtained  from  the 
company  free  upon  request. 

"Dixon's  Graphite  Products"  is  the  title 
of  a  new  pocket  catalog  issued  by  the 
Joseph  Dixon  Crucible  Co.  of  Jersey  City. 
While  not  so  complete  as  the  large  gen- 
eral catalog,  it  furnishes  a  good  idea  of 
the  variety  of  products  made  by  this  old 
concern.  Pages  have  been  devoted  to  li.sts 
of  articles  especially  for  mills,  railroads, 
automobiles,  etc.  The  descriptions  are 
brief,  but  the  company  will  gladly  send 
pamphlets  dealing  in  detail  with  any  of 
the  individual  members  of  the  line.  This 
new  catalog  should  be  in  the  file  of  every- 
one who  has  occasion  to  use  lubricants. 
Ask  for  Booklet   No.   94-KP. 

The  IngersoII-Rand  Co.,  Easton,  Penn., 
has  issued  the  following:  Form  9120,  4 
pages,  6  x  9  in.  ;  catalog  on  Leyner  Oil 
Furnace  No.  3.  Form  9010,  4  pages, 
6  X  9  in.  ;  catalog  on  tlie  "Sergeant" 
ticket-cancelling  box.  This  ticket  box  is 
being  used  successfully  in  all  places  where 
great  quantities  of  ticlcets  must  be  dis- 
posed of  without  possibility  of  their  ever 
being  placed  in  circulation  again.  Form 
9123.  24  pages,  6x9  in.  ;  catalog  on  "Im- 
perial" Tie  Tamping  Outfits.  Profusely  illus- 
trated, showing  application  of  the  tie  tamp- 
ing outfit  on  many  of  the  important  rail- 
roads in  the  Pnited  States.  Form  9026. 
12  pages;  catalog  on  Ingersoll-Rand  High- 
Speed  vPiston  Valve  Steam  Engine.  Class 
"F."  This  engine  is  of  the  horizontal  cen- 
ter-crank type,  and  the  steam  valve  is  of 
the  most  approved  design,  permitting  the 
use  of  the  highest  steam  pressures  and 
superheated  steam.  Catalog  contains  cross- 
sectional  illustrations  showing  the  machine 
in  detail.  Form  9028:  18-page  catalog  on 
Ingersoll-Rand  Equipment  for  Sugar  Fac- 
tory and  Refinery  Service.  This  catalog  is 
offered  in  both  English  and  Spanish  edi- 
tions. Copies  of  these  catalogs  can  be 
had  free  on  request  to  any  of  the  Ingersoll- 
Rand  Co.  offices. 
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rKorONKIt    WOKK 

Conn.,  Nrw  lliitrii-  J  l>  Kini(Tiniiii.  <- 
f'hurch  HI.,  will  liiHtall  ii  Hlt'iiin  lioiilliiK 
l>liiiil.  viu'UUiii  I'lciitiliiK  H.VHtiMii.  ri'frlKrialliiK 
|)|iint.  i-li' .  Ill  llii-  r.  Mtiirx.  HI  \  III  rt 
i>|>i>i'lini'nl  holi'l  whli-h  he  plaiix  In  luillil  mi 
OrailKi-  ilixl  HIsIkM'  SI.  Total  I'Htlnialril 
•  •OHl.  I'.'lMI.OIMl  .1  W'i'lllHlflll.  •'•  ('hui-cli  SI.. 
.\nh 

Conn..  Nrw  llavpn— PukIIxI  &  Mlllil.  20 
WriKliI  SI  ,  will  liiHlfll  a  rtti-ani  lu-iitliiK 
plant .  vaiuuiii  rUatiliiK  (•v.strin.  t'lrctrlr  I'li-- 
vatoiH.  .•tf.  In  thf  I  Hloiy,  ina  .\  llll  ft. 
aiiariinciit  hotel  whioli  liny  plan  to  liiilUl  on 
t'hapi'l  .*<t  ami  Bmilrvard.  Total  f!<ltMuitod 
ocsl.  $I7r..iMni.  Mai'i'lu'ttl  it  l>avlno.  75fi 
Main    St.    Hailforil.    .\ivli. 

Conn..  Wulfphupy-  The  I'onKrtnatioii  of 
thr  t'lmiili  of  ilu'  hnnnu'Ulatt'  ("onci'ptlon 
will  liiNtall  a  Hti'am  hcatiiiK  .-^y-sti'm  in  the 
i-hunh  which  it  plans  to  luillil  on  Isast  .Main 
St  Total  estimaliMl  rotd.  JllHi.oon.  l.ukf 
K'ltz^<iInnH)^s.  !t7  ICasI  Main  St..  Pa.slor. 
J.  A.  .lac-k.-<on.  1133  Broadway.  Now  York 
rily.   N.   v..   Arch. 

N.  v..  Bath — The  County  Dairymen's 
l.i«>aK"i*  will  install  .steam  rciuipment  and 
ammonia  system  in  the  dairy  plant  which 
it  plans  to  luiild  here.  Total  estimated  cost. 
$l,''iO.OOi>.      .M     \V.    Davison.    Dir. 

N.  Y..  HIark  Klv«T— The  .Northern  New 
York  Utilities.  Inc..  58  Public  .Si|..  Water- 
town,  plans  to  I'onslruct  a  concrete  power 
house  on  the  Black  Uiver  to  accommodate 
3  vertical  lOOli  kw.  Kcneratintr  units;  also 
build  a  power  canal.     J.  B.  Taylor,  Pres. 

X.  Y..  Itrookl.vn — The  Board  of  Kducation, 
.iOn  Park  .^ve..  .\ew  York  City,  will  install 
a  steam  heating  system  in  the  5  story,  lis 
X  192  ft.  school  which  it  plans  to  build  on 
Dumont  .\ve.  between  Wyona  Ave.  ana 
Vermont  St.  Total  estimated  cost.  $543,174. 
C.  B.  .1.  .Snyder.  Municipal  Bldg..  New  York 
City.   .\rch.   and    Kngr. 

N.  Y..  Hrooklyn — The  KinKS  Highway 
Corporation.  1S17  Kings  Hislnvay.  will  in- 
stall a  steam  heating  system  in  the  2  story. 
104  X  120  ft.  theater  which  it  plans  to  build 
on  Kings  Highway  and  Kast  12th  St.  Total 
estimated   cost.    $175,000. 

N.  Y..  rarthnge — The  Carthage  Sulphite 
Pulp  &  Paper  Co..  Front  St..  plans  to  repair 
and  build  additions  to  its  boiler  house  and 
install  eviuipment  in  same.  Address  C.  E. 
Katon. 

N.  Y..  New  York — Baker.  Carver  &  Mor- 
rell.  3fi  Water  St..  will  install  a  steam  heat- 
ing system  in  the  9  story.  28  x  83  ft.  office 
and  loft  building  which  they  pl.m  to  build  at 
37  Water  St.  Severence  &  Van  .Allen.  4 
West    37th    St..    .\rch. 

N.  Y'..  New  York — The  Buick  Auto  Repair 
Shop.  244  West  49th  St  .  will  install  a  steam 
heating  system  in  the  1  story.  100  x  200  ft. 
garage  which  it  plans  to  build  on  54th  St. 
near  8th  Ave.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$400,000.      T.  J.   Bird.    101    Park   Ave..    Arch. 

N.  v..  New  York — H.  Clainan.  241  West 
43rd  St..  will  install  a  steam  heating  system 
in  the  10  storv.  100  x  100  ft.  hotel  which  he 
plans  to  build  on  43rd  St.  near  8th  Ave. 
Gronenberg  &  l.,euchtag.  241  West  43rd  St.. 
Arch. 

N.  Y..  Syraense — The  Onondaga  County 
Orphans  Home  plans  to  install  heating  and 
drainage  systems  in  the  10  cottages  which 
it  plans  to  build.     B.  ,1.  Hotaling.  Supt. 

N.  Y..  Syracuse — The  Onondaga  Milk  Pro- 
ducers Co-operative  .Association  plans  to 
build  a  milk  condensary  and  would  like  to 
receive  prices  on  boilers,  condensers,  han- 
dling devices,  etc..  wiiich  will  be  installed 
in  same.  Kstinialed  cost.  $150,000.  Address 
C.   L.    Amos.    1204    James   St. 

N.  Y..  >Yatertown — The  Northern  New- 
York  Utilities.  Inc..  58  Public  Sq..  plans 
addition  to  generating  plant  at  Kffley  Falls. 
Project  includes  the  construction  of  a  30 
X  38  ft.  power  house  to  accommodate  1 
vertical  generator  with  governor,  revamping 
dam.  etc.     J.  B.  Taylor.  Pres. 

N.  Y'.,  Watertown — The  Northern  New- 
York  rtilities.  Inc..  58  Public  Sq..  plans 
to  develop  power  on  the  Oswegatchie  River 
at  Browns  Falls.  Project  includes  the  con- 
struction of  a  power  house,  dam.  3  vertical 
generating  units,  flume  and  tail  race.  -Ad- 
dress J.  B.   Taylor. 

Penn.,  Chester — The  Poster  Hotel  Cor- 
poration is  having  plans  prepared  by  K. 
Allen  Wilson,  Arch..  1208  Chester  St..  Phil- 
adelphia, for  the  construction  of  a  4  story. 
118  X  228  ft.  hotel  at  9th  and  Welsh  St. 
A  steam  heating  system  will  be  installed  in 
same.     Total  estimated  cost.  $250,000. 


I'rnn..  HrnillnR  W  I  l.uilen  Co.  2111 
North   Nth    St  ,    will    InNtiill   a    heatliiK   plant 

■  'OMmIhIIiik  of  a  low  preM»uri-  bnller.  electric 
eii-vatoiH  and  plpeH  wllh  radialorx  In  the  4 
.Mtorv.  100  X  15(1  ft.  mill  ImildlnK  which  II 
lilaiiH  to  liiilld  Total  cHtlniMteil  cohI,  ITTi. 
"00       A.l.lreHH   A     .\     Hodey.  <Iun.    Mgr 

.Mil..  CiimhtTlnnil— The  Herwln-Whln- foal 
Mining  Co.,  plaiiH  to  count  riicl  a  poHei 
Plaiil,  which  will  fiirnlHh  current  to  the 
company's  8  iiilneM  In  Windbi  r.  in-ar  here 
KHllmati-il  coNt.    $KOO.oiiM 

Md..  ItiiKlmori^  K  II.  .loMUc-lyn,  70  1  North 
Durham  St..  will  liiMtall  a  Hli'am  hi-alliiK 
plant.  bol|i-r  and  engine  for  power  In 
llin  4  Htory.  25  x  125  ft  addition  whi<h  It 
plans  to  bulhl  to  Its  i-andv  fuclorv  Total 
estimated  coHl,  115.000  Callls  *  Callls. 
2055    Kennedy    .\ve..    Arch. 

.Md.,  Cuinherlniid — The  Kelh -Sprliigtlild 
Tire  Co.,  Cook  St..  .\kron.  Ohio,  plans  to 
construci  several  additions  to  Its  plant  lo 
Include  a  power  plant  and  electrlc-lighl 
system.  Total  estimated  cost.  $2,000,000 
lo  $2,500,000.  M  B  Blanchard.  c/o  com- 
pany.   Hngr. 

Vii..  Norfolk — R.  T.  Llpscombe,  34  \'ir- 
ginia  National  B.ink  Bldg..  and  others, 
plans  to  build  an  ice.  cold-storage  anil  de- 
hydration plant.  F^stimate  cost,  $225.0110. 
B.    Mitchell.    Seaboard    Bank    Bl.lg..    Arch 

Va..  .Alexundrin-  The  Bureau  of  Supplies 
&  Accounts.  Navy  Deparlnunt.  Wasliington. 
D.  <"..  will  soon  award  Ihi-  contrai-i  (or  in- 
stalling 2  exhausters  and  2  constant  <lut.v 
motors  at  the  Navy  Yard  here.  Schedule 
No.   781 7 J. 

N.  v..  Clinrlotte — The  city  will  install 
steam  heating  and  ventilating  systems  In 
the  3  story  high  school  which  it  plans  to 
build.  Total  estimated  cost.  $135,000.  E. 
Sayward.  (^hamber  of  Commerce  Bldg..  .\t- 
lanta,  Oa..   Arch. 

Flu..  Winter  (iarden — The  citv  plans  elec- 
tion to  vote  en  from  $30,000  to  $35. ooii  bonds 
to  build  complete  water  supply  system,  to 
consist  of  oil  pumping  engines.  luicU  pumi)- 
ing  station,  etc      W.  Oinn,   Sanford.  Engr. 

Ala..  Itirmingliam — The  Birmingham  Ry 
Light  &  Power  Co..  2001  1st  Ave.,  plans  to 
install  a  new  water  gas  set.  Estimated 
cost.    $75,000.      H.   K.    Cox.    Ch.    Engr 

La..  Kaplan — The  city  plans  to  recon- 
struct the  water-works  and  light  plant. 
Estimated  cost.  $40,000.  X.  A.  Kramer. 
Magnolia,    Miss..   Engr 

Ohio.  Cleveland — The  Ullman-Philpott 
Co.,  4805  Lexington  St..  is  in  the  market 
for  various  motors,  rr.nging  froiri  3  to  3ii 
hp.  in  phases  from  2  to  3.  alternating 
current. 

111..  Chicago — Ascher  Bros..  220  South 
State  St..  will  install  a  steam  heating  sys- 
tem in  the  1  story.  155  x  200  ft.  moving  pic- 
ture theater  which  they  plan  to  build  on 
92nd  St.  and  Commercial  Ave.  Total  esti- 
mated cost.  $250,000.  H.  L.  Newhouse. 
4630   Prairie  Ave..   Arch. 

111.,  (iillespie — The  Board  of  Education 
will  install  a  steam  heating  system  in  the 
2  storv.  140  X  154  ft.  high  school  which 
it  plans  to  build.  Total  estimated  cost. 
$125,000.  .1.  AV.  Kennedy.  Cahokia  Bldg., 
East  St.  Louis.  Engr. 

III..  Waterton-n  —  The  State  Legislature 
plans  to  install  an  artificial  ice  machine 
having  a  daily  capacity  of  10  tons,  at  the 
Watertown  Hospital   for   Insane. 

Kan..  l,yon.s — The  City  Council  plans  to 
extend  the  waterworks  system  ;  will  also 
install  pumps  for  2   new  wells. 

N.  D..  Uiekinsun — The  Budget  Committee. 
Capitol.  Bismarck,  plans  to  build  a,  heating 
plant  at  the  State  Normal  School  here.  Es- 
timated cost,    $35,000. 

Mo..  Macon — W.  H.  Martin.  City  Clk.. 
will  receive  bids  until  March  20  for  improv- 
ing power  plant.  Estimated  cost.  $45.oii(i 
F.  L.  Wilcox.  Syndicate  Trust  Bldg..  St. 
Louis.    Engl.      .Voted    Feb.    4. 

Mo..  .St.  James — The  Missouri  State  Sol- 
dier.s'  Home  plans  to  install  new  power 
house  equipment  at  the  home  here.  Esti- 
mated cost.  $7. BOO.  AV.  V.  Farris.  Pres.  Bd. 
Mgrs. 

Mo..  St.  Joseph — The  city  plans  an  elec- 
tion soon  to  vote  on  hond  issue  for  improv- 
ing the  lighting  plant.  Hale  Judson.  City 
Engr. 

Colo..  Denver — The  Jackson  Comjiressor 
Co..  235  South  Cherokee  St.,  will  .soon  re- 
ceive bids  for  the  construction  of  a  1-story 
electric  furnace  ulant.  Estimated  cost. 
$225,000. 


Colo.,  NlrrlliMC — The  city  voted  III  favOT 
of  a  $ir..iMi(i  blind  iHHiii  for  bullilliiK  a 
trMiiHinlHHloti    line      from      Slerlltig      to      T^ 

(lllllKeli 

«>rp..  AKtorIn  -The  PacKlc  Power  K  T<l(rtlt 
Co  .  SpiililliiK  lllilK..  Portland.  phinH  to  build 
a  4.''>0ll  hp  electric  KeinialliiK  plant  al  th* 
foot   of  AHlor  St       .1     H    Kllmore.    DIhI     MkT. 

•  ill.,  KUlnorr  -(i.  I  Laiiiy,  I'liigr  .  .MaiHh- 
KtroiiK  Bldg,  Los  AiiKi'les.  hii»<  applied  to 
the  Sl.ile  Water  CoiiimiImhIom  for  periiilHHlon 
lo  appropriate  120  Heconil  fei-l  of  wateia  of 
Lake  IClHlnore  lo  Irrigate  20.000  acrea  of 
land.  PlaiiH  Include  llie  coiiHlructlon  of 
power  and  piimpliiK  planls.  etc  Total  CHtU 
mated   i-oHl,    $1.0(111.11(1(1. 

Cal..  Ilanforil-The  California  Packing 
Co.,  101  California  St  .  San  Franclm-o,  plana 
lo  conHtriii'l  a  power  house  In  connection 
with  the  I  slorv.  110  X  250  ft  fruit  pack- 
ing plant  which  it  will  build.  P  Bush.  101 
Callfoi'iiia    .St..    .San    Francisco,    Engr. 

Cal..  I.iMiK  Heaeh^TlK-  city  haa  author- 
i/eil  W  T  LlHenli\.  Mavor.  lo  Investigate 
(he  f.asibllily  of  building  an  electric  light 
plant  and  purchasing  distributing  syHtcni 
owned  b.v  the  Southern  California  Edison 
Co..  IjOS  Angeles.     D.  S.  Miller.  City  Engr. 

Cal..  .Mare  Inland  (Vallejo  P.  O.) — The 
Bure.-iu  of  Supplies  &  Ac<:ountH.  Navy  l)e- 
p.'irtment.  AVashington.  I).  C.  will  soon 
award  the  contract  for  installing  motor 
generator  set  at  the  Navy  Yard  here; 
Schedule    No.    781 5J. 

<al..  Mare  Island  (Vallejo  P.  O) — The 
llureau  of  Yards  &  Docks.  .Navy  Depart- 
ment. Washington.  D.  ('.,  plans  to  install 
motor  and  blading  for  turbo-alternators 
in    .Navy   Yard.    here.   Estimated  cost.    $7500. 

Cal..  Aiereed — The  Mei-ced  Cnioii  High 
School  Dist.  plans  to  build  a  power  house, 
ailiiiinistration  and  a.>fSenibly  building,  etc. 
in  connection  with  the  group  of  high  school 
buildings  which  it  plans  to  construct.  Esti- 
mated cost.  $130,000.  Allison  &  Allison, 
1  Iii5   Hibernian    Bldg..    Los  Angeles,   Arch. 

«lue.,  St*.  Agathe — A.  Oagnon,  Secv.  De- 
partment of  Public  Work  and  Labor,  Que- 
bec, will  receive  bids  until  March  14  for  the 
construction  of  power  house,  heating  and 
plumbing,  electric  wiring,  etc..  at  the  Lau- 
rent ian  Sanatorium  here. 

Out.,  Itotvmanville — The  Polusterine  Prod- 
ucts Co..  170  Ontario  St..  will  move  its  plant 
from  Toronto  to  Bowmanville.  and  is  in  the 
market  for  a  25  hp.  steam  boiler.  2J  hp. 
electric  motor.  150  gallon  steam  kettle,  etc. 
H.  V.  Hohs,  170  Ontario  St.,  Toronto,  Mgr. 

Ont..  Orillia — The  Department  of  Public 
AVorks.  Toronto,  will  receive  bids  until 
March  31  for  the  construction  of  a  5  story 
power  house  and  hospital  on  Main  St.  Es- 
timated cost,  $40,000  and  $25,000  respec- 
tively. 

<)nt..  Ottawa — The  Board  of  Control  has 
been  .-luthorized  to  have  plans  prepared  and 
submit  report  on  the  advisability  of  estab- 
lishing central  heating  plant  on  Albert  St. 
for  city  hall,  police  station  No.  8.  fire  hall 
and  registry  office.  EJstimated  cost.  $80,000 
A.    F.    McCallum.    City    Hall.    Engr. 

CONTRACTS    .\ WARDED 

N.  Y..  Itiea — The  State  Hospital  Commis- 
sion, ("apitol.  Albany,  has  awarded  the  fol- 
lowing contracts  for  work  at  the  Utica 
Stale  Hospital:  constructing  additional  cen- 
tral heating  plant,  to  R.  G.  Lloyd.  113  South 
St..  cost.  $29,832  :  installing  new  boileis,  to 
.McNaul  Boilers  Co..  98S  Front  St..  Toledo. 
Ohio.  $58,130:  heating  work,  piping,  etc.. 
to  W.  B.  .Armstrong  Co.,  Fulton  St..  Albany. 
$39,640.       Noted    Feb.     2.5. 

N.  Y..  Wards  Island — The  Bureau  of 
A'ards  &  Docks,  Navy  Department.  AVash- 
ington, D.  C..  has  awarded  the  contract  for 
installing  refrigerating  plant  equipment  at 
the  Naval  Hosjiital  Reservation  here,  to 
Frick  Co..  Inc..  AA'est  Main  St..  AA'^aynesboro. 
Penn.  Estimated  cost,  $21,074  (93  days). 
Noted    Feb.    18. 

IVnn..  Philadelpliia — The  L.  AV.  Hirsch 
Co..  923  Market  St..  has  awarded  the  con- 
tract for  the  construction  of  a  5  story.  40  x 
200  ft.  department  store  at  925-27  Market 
St.  to  Melody  &  Keating.  1322  Race  St.  A 
steam  heating  sy.stem  will  be  installed  in 
same. 

N.  I)..  Jamestown — The  Bridgeman-Rus- 
sell  f^o.  has  awarded  the  contract  for  the 
construction  of  a  2  story.  30  x  60  ft.  addi- 
tion to  its  steam  generator  and  condensing 
plant,  to  the  Northern  Construction  Co., 
f;rand    Forks. 

Ore.,  .\storia — The  Astoria  Flouting  Mills 
Co.  has  awarded  the  contract  for  installing 
an  800  hp.  electric  motor.  48  stand  rolls  and 
IC  shifters  in  its  new  mill  to  the  Nordyke 
Marmon  Machine  Co..  250  North  Meridan 
St..    Indianapolis.   Ind. 
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The  Alphabet  of  Steam  Engineering 


By  JOS.  W.  HAYS 


Stands  for  AMBITION 

to  reach  the  top  quick, 

Where  the  pickers  are 

few   and    the   prizes 

hang  thick. 

stands  for  BOILER.  You 

put  water  in  it 

And  if  you  don't  watch 

there'll   be  scale  in  a 

minute. 

stands  for  COMBUS- 

TIOiN.    To  start  it  you 

scratch 

On  the  seat  of  your  pants  with  a  Lucifer  match. 

stands  for  DOLLARS  and  also  for  DOUGH. 

You  earn  quite  a  lot  when  your  business  you  know. 

stands  for  EFFICIENT,  a  term  that  I  wot 

Is  used  very  glibly  by  some  who  are  not. 

stands  for  FURNACE  and  FIREMAN,  too; 

When  they  both  tend  to  business  the  coal  man  looks 

blue. 

stands  for  GASES  that  go  up  the  flue. 

Look  out  or  you'll  waste  a  heat  unit  or  two. 

stands  for  the  HOLES  that  let  air  through  the  fire. 

You  must  watch  for  such  air  holes;  with  waste 

they  conspire. 

stands  for  INTENTION  to  stop  up  the  leaks; 

You  can  do  it  today.    Why  defer  it  for  weeks? 

stands  for  the  JOY  that  the  manager  fills. 

When  the  month's  balance  sheet  shows  some  small 

fuel  bills. 

stands  for  the  KNOWLEDGE  that  some  engineers 

Acquire  quite  quickly  while  others  take  years. 

stands  for  the  LIGHTS  that  in  dark  corners  gleam 

When  the  chief  engineer  knows  the  cost  of  the  steam. 

stands  for  the  MOMENT  to  stop  fuel  waste; 

The  moment  is  Now  and  the  password  is  Haste. 
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Stands  for  the  NOTION 
at  one  time  supreme 
That  the  plant  was  all 
right   when    it    made 
enough  steam, 
stands  for  OXYGEN; 
wide  is  its  use. 
"Oxy"  means  "acid " 
and  "gen"  means  "pro- 
duce." 

stands  for  POWER.  It 
comes  from  a  press, 
And  sometimes  from  a 
Corliss  or  turbine,  I  guess. 

0  stands  for  tlMlhing  that  they  call  QUESTIONNAIRE. 

You  fill  out  the  blanks  and  you  put  up  a  prayer. 
R  stands  for  REPAIRS  which  you  ought  in  all  reason 

Get  out  of  the  way  in  the  slack  summer  season. 
S  stands  for  the  STEAM  you  waste  coal  to  produce 

And  you  waste  the  same  steam  when  you  put  it 

to  use. 
T  stands  for  TURBINE.    Our  friend  Jamie  Watt 

Would  gasp  could  he  see  us  shoot  steam  through  a 

pot. 
U  stands  for  UPTAKE.    For  a  sample  of  gas 

For  your  Orsat,  avoid  it  and  use  the  last  pass. 

V  stands  for  the  thing  that  we  often  call  VIM. 
Without  it  you  sink.    When  you  have  it  you  swim. 

W  stands  for  WATER.   In  one  more  short  year 
We'll  ali  have  to  drink  it  and  play  it  is  beer. 

X  stands  for  XPERT  and  XPERIENCE  too. 

When  you've  gathered  the  second  the  first  becomes 
you. 

Y  stands  for  the  jaw-breaker  YOUGHIOGHENY, 
A  coal  and  a  town  out  in  West  Pennsylvany. 

Z  stands  for  ZEST  for  the  work  we  are  in 

And  with  Zest  comes  Success.  NOW  LET'S  GO 
IN  AND  WIN! 
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Bureau  of  Mines'  New  Laboratories 


An  unusfiaUy  well-illustrated  article  descHbing 
the  nexo  laboratoi-ies  of  the  Bureau  of  Mines,  and 
telling  of  the  plans  of  the  Fuel  Section  of  the 
Bureau. 


IT  MAKES  one  feel  good  to  get  new  tools  with  which 
to  work.  So  there  will  be  rejoicing  in  the  fuel- 
mining  and  fuel-using  industries  to  know  that  Uncle 
Sam  has  just  completed  for  them  a  workshop,  the  finest 
of  its  kind  to  be  found  anywhere.  And  this  workshop, 
with  its  corps  of  engineers  and  chemists,  reaches  out 
to  the  most  remote  power  plant,  oil  well  and  refinery, 
to  the  farthest  mine  and  to  the  most  isolated  coal  and 
oil  consumer. 

Almost  everyone  knows  Carnegie  "Tech"  and  its 
imposing  location  atop  the  hills  that  look  down  into 
the  valleys  from  which  rises  the  smoke  of  the  great 
mills  that  have  made  Pittsburgh  an  industrial  colossus. 
The  new  laboratories  of  the  Bureau  adjoin  "Tech," 
fronting  on  Forbes  Street  some  several  hundred  feet  up 
from  the  Carnegie  Museum,  forming  a  part  of  that 
famous  civic  center  in  which  are  located  the  University 
of  Pittsburgh,  Mellon  Institute  of  Industrial  Research, 
the  Athletic  Club,  Masonic  Temple  and  other  beautiful 
structures.  While  the  material  and  architecture  of 
the  laboratories  were  made  to  harmonize  with  "Tech," 
the  buildings,  as  well  as  their  layout,  remind  one  of  the 
Wentworth  Institute,  Boston. 

The  buildings  are  laid  U-shape,  the  administration 
building  connecting  two  wings,  the  right  mechanical, 
the  left  chemical.  The  outside,  over-all  dimensions  are : 
Total  front  on  Forbes  Street,  332  ft. ;  total  depth  each 
wing,  211  ft.;  width  each  wing,  46  ft.  The  mechanical 
laboratory  is  46  x  211  ft.  The  fuel  laboratory  is  51 
X  65  ft.  with  26-in.  ceiling.  Back  of  and  with  their 
roofs  on  a  level  with  ground  floor  of  the  laboratories,  are 


the  power  plant  and  the  fuel-testing  laboratory,  where 
Henry  Kreisinger  and  his  associates  will  conduct  their 
experiments,  in  which  Power  readers  are  so  vitally 
interested.  This  fuel-testing  laboratory  is  of  concrete 
construction,  like  the  power  plant,  and  is  large  enough 
to  accommodate  much  apparatus.  The  walls  are  about 
70  per  cent,  glass,  giving  excellent  light  conditions. 
Later,  as  the  work  of  the  laboratories  increases,  the 
fuel  wing  will  extend  out  over  railroad  tracks  already 
laid,  and  eventually  the  buildings  will  bridge  the  great 
ravine  that  now  separates  the  laboratories  from  the 
Carnegie  Institute  of  Technology. 

The  first  floor  of  the  chemical  wing  is  occupied  by 
the  petroleum  laboratory  and  the  coal-sampling  plant. 
In  the  latter  samples  of  coal  are  prepared  for  analyses, 
and  from  300  to  400  such  analyses  are  made  per  month. 
The  coal  sample,  as  it  comes  from  the  mine  or  the  car, 
is  crushed  to  10-mesh  in  a  roller  mill,  then  air-dried, 
after  which  it  is  ground  to  60-mesh  in  a  ball  mill ; 
most  of  this  60-mesh  sample  will  pass  through  a  100- 
mesh  screen.  The  coal  is  now  ready  to  be  sent  upstairs 
for  analysis,  the  containers  being  4-oz.  bottles,  each 
carrying  40  grams  of  the  coal.  All  analyses  are  recorded 
on  cards  which  are  kept  on  file  by  the  Service  Depart- 
ment of  the  Laboratories.  For  making  coal  analyses  a 
calorimeter  of  the  Parr  type,  modified  and  designed  by 
the  Bureau,  is  used.  The  coal  sample  coming  in  for 
analysis  bears  a  number  which  is  in  one  column  of  an 
indicating  board,  the  other  columns  each  representing 
one  of  the  subjects  for  determination ;  that  is,  moisture, 
sulphur,  ash,  volatile,  fixed  carbon  and  heating  value.  A 
fresh  sample  to  be  analyzed  has  its  number,  and  in  each 
of  the  columns  mentioned  a  brass  brad  is  stuck;  this  is 
removed  when  the  determination  which  it  represents  is 
made.  A  glance  at  the  board  therefore  indicates  the 
progress  of  the  analysis. 

Of  course  the  Bureau  uses  a  great  variety  of  instru- 
ments, gages,  etc.,  some  of  which  are  special  and  de- 
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signed  and  made  by  the  Bureau.  To  do  this  work  there 
is  a  corps  of  instrument  makers,  and  a  well-fitted  ma- 
chine shop  for  them  is  maintained.  The  shop  is  shown 
on  page  386.  Instruments,  gages,  meters,  thermometers, 
etc.,  used  by  the  Bureau  are  calibrated  in  a  room  fitted 
for  the  purpose  and  located  on  the  second  floor. 

Now  all  gas-analysis  work  is  under  one  head  and  is 
done  in  one  room  exceptionally  well  fitted  for  the  work. 
Mine-gas  samples  are  collected  in  thin  glass  bottles, 
evacuated  of  air  and  sealed.  To  collect  a  sample  one 
locates  the  bottle  where  one  wishes,  breaks  off  the  small 
glass  tip,  allowing  the  gas  to  rush  into  the  air-evacuated 
bottle.  When  the  sample  is  collected,  the  opening  is 
sealed  with  wax.  Samples  of  flue  and  other  gases  are 
drawn  over  mercury.  Men  from  this  laboratory  are 
trained  to  make  as  high  as  forty  flue-gas  analyses  an 
hour. 

The  Mining  Division,  with  its  special  laboratories,  its 
rescue  work  apparatus,  etc.,  is  especially  interesting,  but 
space  permits  description  only  of  that  which  concerns 
the  power-plant  man. 

During  the  war,  owing  to  urgent  war  work,  many 
of  the  rooms  were  used  for  purposes  other  than 
originally  intended.  This  has  caused  some  laboratories 
to  temporarily  occupy  other  rooms. 

The  laboratory  where  investigations  in  conbustion 
of  fuels  and  in  steam-boiler  performance  are  to  be  made 
has  not  been  fully  fitted  up  as  yet  owing  to  the  press 
of  urgent  war  work  upon  Mr.  Kreisinger,  the  engineer 
conducting  such  researches.  But  Poiver  readers,  and 
all  industrial  consumers  of  fusi,  in  fact,  will  be  pleased 
to  know  that  a  praiseworthy  program  upon  which  work 
will  soon  begin,  has  been  laid  out  for  this  laboratory. 

This  department  has  thoroughly  treated  of  hand- 
firing  and  low  rate  combustion,  particularly  in  hori- 
zontal-tubular boilers.  One  of  the  first  items  on  the 
new  program  will  be  investigations  into  combustion 
on  underfeed  multiple-retort  stokers.  Power-plant  men 
will  look  with  interest  for  the  results  of  this  work, 
despite  the  fact  that  considerable  study  has  already 
been  given  the  subject  by  public-service  corporations, 
stoker  manufacturers  and  individual  engineers. 

The  Bureau  will  soon  begin  studies  in  connection 
with  the  present  use  of  powdered  coal  for  power  plants 
and  metallurgical  purposes.  Of  course  powdered  coal 
for  boiler  furnaces  is  not  new,  but  it  is  true  that  nearly 


all  those  conducting  tests  and  publishing  results  have 
been  enthusiasts.  The  Bureau  will  have  the  advantage 
of  beginning  its  work  without  prejudices  or  precon- 
ceived opinions. 

Further  studies  are  to  be  made  of  heat  transmissior 
in  boilers.  The  metallurgical  industry,  particularly,  is 
interested  in  the  combustion  of  various  cokes,  and  this 
will  be  investigated.  Design  of  furnaces  for  houso- 
heating  boilers  is  another  item  on  the  program.  The 
foregoing  work  will  be  done  for  the  most  part  in  the 
fuel-testing  laboratory. 

Of  importance  is  the  subject  of  the  partial  distilla- 
tion of  bituminous  coal,  taking  out  the  volatile  for  the 
valuable  hydrocarbon  products,  using  the  residue  for 
fuel.  This  process  leaves  the  coal  or  residue  with  about 
75  per  cent,  of  its  original  heating  value.  The  new 
laboratories  likely  will  be  the  scene  of  investigations  in 
this  highly  portentous  field.  The  Bureau  a^so  will  at 
its  earliest  convenience  attempt  determinations  of  the 
specific  heat  of  the  various  gases  in  flue  gas.  There 
follow  the  plans   of  the   Fuel   Section   of   the   Bureau: 

Outline  of  Work  in  Fuel  Section 

Steam  Boilers  and  Furnaces 
Field  Work: 

1.  Cooperation  with  Emergency  Fleet  Corporation; 
baffling  of  marine  boilers;  design  of  marine  boiler 
furnaces  and  study  of  combustion  in  same.  Study 
of  insulating  materials  used  in  furnace  walls. 

2.  Study  of  lignites  as  fuel  for  steaming  purposes. 

3.  Storage  of  coal. 
Lahorato ry   Wo rk : 

1.  Study  of  the  draft  required  for  burning  at  various 
rates,  different  kinds  of  coal  and  different  mixtures 
of  sizes. 

2.  Study  of  the  effect  of  melting  point  and  the  compo- 
sition of  ashes  on  the  clinker  trouble  in  boiler  fur- 
naces. 

3.  Study  of  the  use 'of  lignites  for  house  heating. 

4.  Study  of  the  combustibility  of  carbon  in  different 
forms — coke,  soot,  anthracite,  etc. 

5.  Study  of  heat  transmission  in  ster.m  boilers. 

6.  Effect  of  scales  on  the  heat  transmission  in  steam 
boilers. 

Powdered  Coal 
Field  Work: 

1.  General  survey  of  the  use  of  powdered  coal  for 
steam  and  industrial  purposes. 

2.  Cooperation  with  some  firm  to  help  develop  the  use 
of  powdered  coal  for  steam  and  other  purposes. 

3.  Investigation  of  the  durability  of  furnace  lining  in 
powdered-coal  furnaces. 

4.  Storage  of  powdered  coal. 


FKOM   LEiT  TO   RIGHT:      VAN  H.    MANNING,   O.    P.   HOOD,    DORSET   A.    LYON,    HENRY   KREISINGER 
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AUDITORIUM.   GAS   ANALYSIS.  FUEL-TESTING  FURNACE.   DRYING  OVENS,  VTEW  IN  COAL-TESTING  LABORATORY 
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Ijiiboriitorii  W'oric: 

1  Slutly  of  tho  composition  nnd  the  funibility  of  aiih 
UH  iiffi'ctinjr  thi>  romovnl  of  ash  from  industrial  anil 
boiler  furiijiics. 
2.  Sluily  of  Muitul)l(>  refractory  mati-rial  for  liiiinjf 
fiirniuvM,  to  rosiat  the  slnirKinR  action  of  ash  from 
ilitfcrcnt  coals. 

I'lKl,   IN    iMKTALLllRinCAL   FURNACES 
h'it'ld  Work: 

1.  Study  of  tho  (lesifrn  nnd  economic  operation  of 
metnllurKical  furnaces. 

2.  Study  of  probable  application  of  mechanical  stok- 
ers to  metallurgical  furnaces. 

Laboratory  Work: 

1.     Study   of  the   combustibility   of   different   cokes    in 
contact   with   oxypen   and   CO..      (This   work   to   be 
done  in  cooperation  with  the  Metallurgical  Section.) 
Byproduct  Plant 
Field  Work: 

1.  General  survey  of  the  byproduct-plant  industry  and 
of  the  possible  lines  of  development  in  near  future. 

2.  Cooperation  with  some  industrial  plant  in  solving!: 
certain  phases  of  the  byproduct  industry  on  com- 
mercial scale. 

Laboratory    Work: 

1.  Examination  of  tars  and  oils,  and  developinp  new 
methods  for  determining  the  actual  compounds,  the 
action  of  these  under  heat  treatment,  and  the  con- 
ditions favorable  and  unfavorable  for  their  pro- 
duction. Study  of  possible  new  products  and  new 
uses. 

2.  Study  of  relative  value  of  coke  for  blast  furnaces 
and  other  uses.  This  is  the  same  problem  as  men- 
tioned in  "Fuel  in  Metallurgical  Furnaces,  Labora- 
tory Work   (1)." 

3.  Study  of  expanding  property  of  coal  during  coking. 

4.  Study  of  coals  of  the  country  with  relation  to  cok- 
ing properties. 

Use  of  Fuel  in  Ceramic  Industry 

1.     Fuel  economy  and  to  produce  better  product. 

On  the  second  floor  of  the  administration  building 
are  the  offices  of  the  mechanical  engineers.  It  is  here 
that  data  from  tests  and  researches  are  worked  up 
into  form  for  publication  in  the  bulletins  of  the  Bureau. 

The  top  floor  of  the  administration  building  is  given 
over  to  the  technical-service  department  of  the  Bureau. 
Here  photographs,  drawings,  prints,  filing  of  important 
data,  etc.,  are  done  for  the  various  laboratories.  It 
is  as  well  fitted  a  place  as  the  writer  has  seen  in  his 
many  travels. 

Among  the  many  views  of  the  laboratories  and  ap- 
paratus given  in  this  article,  is  one  of  the  engine  room, 
showing  the  Nordberg  engines.  The  boiler  room,  con- 
taining two  500-hp.  Babcock  &  Wilcox  boilers  with 
Playford  stokers,  is  temporary.  Later,  as  the  labora- 
tories grow,  it  will  be  permanently  located  back  of  and 
parallel  with  the  engine  room. 

Acknowledgment  is  due  to  Dorsey  A.  Lyon,  super- 
visor of  stations,  Henry  Kreisinger,  engineer,  and  R.  A. 
Wood,  in  charge  of  the  service  department,  for  their 
cooperation  in  the  preparation  of  this  article. 


Blackburn-Smith  Inclosed  Tank  Switch 

The  human  element  is  not  always  dependable  as  is 
well  known,  and  this  is  especially  true  in  regard  to  con- 
trolling pumps  used  for  filling  roof  tanks,  etc.,  which 
are  frequently  forgotten,  with  the  consequence  that  the 
tank  overflows  before  the  attendant  remembers  to  shut 
down  the  pump. 

Various  kinds  of  automatic  switches  have  been  de- 
vised for  controlling  the  starting  and  stopping  of  motor- 
driven  tank  pumps,  among  them  being  the  Blackburn- 


Smith  incloHcd  tank  Hwitch,  made  by  the  Hlackburn- 
Smilh  Corp..  lOf,  West  40th  St..  New  York  City. 

Thi.s  .switch  i.s  of  the  Hingle-pole  double-break  type, 
i.s  in.staiitaiieous  in  action  and  i.s  suitable  for  use  with 
tanks,  etc..  wherever  regulation  of  liquid  level  between 
high  and  low  limits  is  reiiuired.  This  regulation  is  ob- 
tained by  a  Moat  operating  the  switch,  which  in  turn 
actuates  a  solenoid  controlling  mechanical  or  other 
electrical  devices. 

The  joint  of  the  ca.se  is  flanged  to  permit  the  u.se  of  a 
gasket  when  desired  for  waterproofing,  and  the  internal 
electrical  and  mechanical  parts  are  .separated  by  an  in- 
side dividing  partition  which  forms  two  separate  com- 
partments. 

The  fixed  contacts  are  short  cylinders  of  carbon,  the 
moving  contact  is  a  folded  copper  strip  and  a  flat  spring 
keeps  the  contact  piece  always  in  correct  position. 

The  operation  is  as  follows:  As  the  float  riding  up 
and  down  on  a  guide  rod  hits  a  limiting  stop  on  the  rod, 


INCLOSED   TANK    SWITCH 

the  rod  is  carried  up  or  down,  and  through  collars  upon 
its  upper  end  imparts  a  corresponding  movement  to  the 
switch  lever.  The  movement  of  the  lever  oscillates  a 
shaft  and  "grasshopper"  levers,  which  in  turn  move  a 
roller  across  a  cam  on  the  end  of  the  electrical-contact 
lever.  The  roller  is  held  closely  to  the  cam  by  a  coil 
spring  fastened  to  the  dividing  partition  in  the  case. 
The  tension  from  this  spring  throws  the  contact  lever 
with  a  quick  positive  motion  the  instant  the  roller 
passes  over  the  center  of  the  cam.  This  switch  is  fur- 
nished alone  or  with  auxiliaries  for  mounting  either  on 
the  cover  of  or  to  the  wall  of  a  tank. 


Advantage  should  be  taken  so  far  as  possible  of  low- 
load  periods  to  reduce  the  peak-load  difficulties  of  the 
plant.  For  instance,  boilers  should  be  blown  at  noon 
hour  or  other  times  of  light  load,  and  this  is  the  time 
to  fill  water  tanks,  charge  storage  batteries,  blow  tubes, 
run   ash  and  coal  conveyors^   etc. 
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Refrigeration-Plant  Log  Sheets 

The  Committee  on  Uniform  Log  Sheets  of  the  National  Association  of  Practical  Refrigerating  Engineers  has 
drawn  up  the  forms  rhown.    Above :     Daily  Report  Sheet.     Below :     Monthly   Report   Sheet 
Pla/yf Date 19 
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WITH  a  view  to  stimulating  interest  in  effecting 
economies  through  proper  valve  settings  of  en- 
gines and  other  reciprocating  apparatus,  the 
Trill  Indicator  Co.  some  months  ago  offered  through 
Power  to  award  an  indicator  to  the  one  reporting  the 
most  meritorious  use  of  such  instrument  on  a  steam 
engine  and  another  to  the  best  report  of  its  use  on  other 
than  a  steam  engine.  Second  prizes  consisting  of  planim- 
eters  were  offered  in  each  case. 

At  the  time,  in  announcing  the  contest,  it  will  be  re- 
called that  Power  secured  the  consent  of  three  prom- 
inent engineers  to  act  as  judges.  These  were  Charles 
T.  Main,  then  president  of  the  American  Society  of 
Mechanical  Engineers;  David  Moffat  Myers,  advisory 
engineer  to  the  United  States  Fuel  Administration ;  and 
George  H.  Barrus,  then  chairman  of  the  Power  Te.st 
Committee  of  the  American  Society  of  Mechanical  En- 
gineers. 

The  contest  closed  on  Nov.  30,  1918.  After  going 
through  the  numerous  papers  submitted,  the  judges 
have  arrived  at  an  almo.st  unanimous  decision,  which 
is  as  announced  above.  The  four  successful  papers  are 
reproduced  herewith. 

THE  four  diagrams  were 
taken  from  a  9  x  14-in. 
Salem  Buckeye  engine  at  the 
Harrison  Bros.,  Gray's  Ferry 
Chemical  Works,  Philadelphia, 
Nov.  7  and  9,  1893,  a*^  which 
time  the  writer  was  employed 
at  this  plant  as  assistant  en- 
gineer. The  engine  men- 
tioned, k  n  o  w  n  as  No.  38 
electric  light  engine,  was  one 
of  fifty-four  engines  of  vari- 
ous types  and  sizes  ranging 
from  20  x  42-in.  Green  to 
small  Westinghouse  Juniors, 
which  accounts  for  the  fact 
that  it  ran  in  the  condition  shown  in  the  first  two 
diagrams  without  its  extravagance  being  noticed,  it 
being  only  a  small  portion  of  the  total  load. 

Among  the  first  duties  assigned  the  writer  was  the 

indicating  of  the  various  ejigines,  which  resulted  in  the 

production  of  the  most  valuable  curios  in  his  collection. 

This  is  the  only  case  that  has  come  to  the  notice  of 


the  writer  in  which  regulation  was  effected  by  varying 
the  point  of  admission  instead  of  cutoff,  and  while  the 
j'ctual  sHvin"!  by  correcting  the  defective  valve  action 


CHARLES  W.  LENG 


15KFOKE  CHANGING   POINT  OF  ADMISSIO.N 


was  only  a  small  percentage  of  the  total  plant  load,  the 
relative  loss  is  a  ridiculously  large  amount. 


.VFTEK  CHANGING  POINT   OF  AD.MiyyiON 

Investigation  brought  out  the  information  that  the 
engine  had,  prior  to  its  application  to  the  lighting  load, 
been  run  in  the  opposite  direction  and  when  reversed. 
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the  main  eccentric  only  was  adjusted  for  the  new  di- 
rection without  reversing  the  governor  action. 

In  a  plant  in  which  this  was  the  only  engine  used, 
this  condition  would  probably  have  been  discovered 
without  the  indicator,  but  the  fact  that  the  engine  ran 
smoothly  and  with  acceptable  regulation  on  a  lighting 
load  for  a  considerable  period,  would  indicate  that  this 
condition  might  have  prevailed  indefinitely  had  it  not 
been  for  the  application  of  the  indicator. 

Philadelphia,  Penn.  Charles  W.  Leng. 


T 


HERE  are  submitted 
herewith  indicator  dia- 
grams taken  from  a  12  x 
IS-in.  engine  driving  a  Mesta 
plate  and  scrap  shear.  The 
engine  is  of  piston-valve  type. 
The  diagram  marked  "as 
found"  shows  the  very  poor 
setting  of  the  valves.  With 
this  setting  it  was  difficult 
to  start  the  engine  at  all,  and 
at  times  the  flywheel  would 
have  to  be  turned  by  hand 
and  the  steam  then  turned 
on  before  the  engine  would 
start.  Besides  the  valve 
being  far  out  of  position,  there  was,  and  is  still,  con- 
siderable lost  motion  in  the  valve  rod. 

The  card  marked  "final"  shows  a  marked  improve- 
ment over  the  original  setting.  The  results  as  calcu- 
lated from  the  cards  are  as  follows: 


W.    T.    STOPHEL 


"AS  FOUND" 
Horsepowt  r 
Steam  per  hp.-hr 
Steam  per  hp.hr. 
Total  per  hour 

"FINAL" 

Horsepower 
Steam  per  hp.-nr 
Stearr.  per  hp.-hr 
Total  per  hnur 


93  2  lb.  (dry) 
121.2  1b.  (wet) 
836.0  1b.  (wet) 


16   3 

45  7  lb.  (drv) 

59   4  lb.  (wet) 

958  0  lb.    (wet) 


From   these   results   the   great   advantages   of   using 


>iBS.  RELEASE 

cO  0.9  STROH-E 

57.  TLB. 


to   start  the  .shear  without   any   trouble   and   are   al.so 
getting  much  more  power  to  do  the  work  required. 

M.E.R  B3.76  LB. 
ABS.  REL.  W  0.9 

STROKE  =  33. 7  LB. 


M.E.R  /g.BSLB. 
ABS.  REL.  a)  0.9 
STROKE  =27.S  LB. 


DIAf^RAMS  SHOWING  "FINAL"   SETTING 

The   diagrams  were  taken   with   a   Trill   continuous- 
type  indicator.  W.  T.  SXOPHEL. 
Coatesville,  Penn. 


THE  attached  diagrams 
were  taken  from  a  16 
and  25  x  25  and  16  x  24-in. 
cross  -  compound  two  -  stage 
steam-driven  air  compressor. 
Diagram  No.  1  was  taken 
from  the  25-in.  intake  cylin- 
der and  shows  an  m.e.p,  of  22 
lb.  as  traced  by  indicator. 
The  dotted  lines  show  the 
plotted  adiabatic  curve,  the 
crank  end  showing  an  m.e.p. 
of  19.75  lb.,  and  the  head  end 
19  pounds.  Diagram  No.  2 
was  taken  from,  the  same  cyl- 
inder after  renewing  the  pop- 
pet discharge  valves,  on  both  head  and  crank  ends.  The 
crank-end   m.e.p.   was    18   lb.   and   the   head-end    19   lb. 


(■HAS.    J.    HOI.LORAN 


^TMOS.-LINE^^ 


CRANK    END 


IT 

PART  OF  CARD'' 
OTHER  PARTS 
ON  ATMOS.L/NE 

DIAGRAM.S  SHOWING  VALVE  SETTINt;  "AS  FOUND" 


ADMB/IT/C  CU/?yE 


DIAGRAM    NO.    1.      FROM    INTAKE    CYLINDER   BEFORE 
RENEWING   POPPETS 


an   indicator  can  easily  be  seen,  as   in  this  case  the     Diagram  No.  3  was  taken  from  the  high-pressure  or 
water  rate  is  lowered  51  per  cent,  and  they  are  now  able     second-stage  cylinder.     The  head  end  shows  an  m.e.p 


:j9i: 
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of  80  lb.  ns  traced  by  tbo  iiuliojilor.  After  plot'iiiK  the 
lulinbatii-  eiirve.  the  numv  ei\d  .sh<m'.s  an  ni.e.p.  of  (Jd  lb. 
The  erank  end  an  traced  bv  indicator  shows  an  m.e.p. 
of   (57   lb.      No.   4   wa.s   taken    from   the   .same   cvlinder 


UlAtiU.V.M   .\l).    :;.      I'KdM      INIAKK  c  \  1 .1  .\  I  )i:k   AI'Tl;;U 

rem:win(;  poppkts 

CURVE 


y^TMOSPMERlC 


Vy!iCUUM 
DIAGRAM    ;:0.    3.       FROM    HIC.H-rRE.=;SrRE    CTI-IXDER 
BEFORE  RENEWIXr,  POPPET.S 


DLVGRA-M    XU.    4.      p-ROM    HIGH-PRESSURE    CYLINDER 
AFTER   RENEWING   POPPETS 

after  renewing  the  poppet  valves  with  the  result  that 
the  crank-end  m.e.p.  was  57  lb.  and  the  head-end  58 
pounds.  Charles  J.  Holloran. 

Avoca,  Penn. 


1  recently  had  an  experience 
very  much  out  of  the  or- 
dinary, in  the  case  of  an  air 
pump  working  on  a  surface 
condenser  and  in  my  charge  as 
erector  for  the  builders  of  a 
municipal  pumping  engine, 
built  by  the  Hooven,  Owens, 
Rentschler  Co.  The  air  pump 
was  a  "Blake"  with  water  cyl- 
inder 12  X  12  in.,  which  had 
a  bad  "kick"  on  one  end — 
would  do  nothing  whatever  on 
one  end.  Two  experts  came 
from  the  makers  to  examine  it. 
The     first     wanted     different 


spriiiKH  put  in.  which  was  done,  but  without  roHultH; 
the  second  wanted  new  valves  |)ut  in,  but  they  did 
no  Kood.  I  then  put  on  the  indicator  and  K"t  diaRram 
No.  1.  This  diajfram  would  he  considerable  of 
a  pu/.zle  to  many  operators,  but  is  readily  understood 
when  explained.  The  right-hand  end  is  a  fine  "air- 
compressor"  diagram  ("which,  in  fact,  an  air  pump  really 
is).  The  valve  opening  is  good  and  the  intake  as  well, 
while  the  compression  is  ideal  and  the  delivery  fine. 

The  left-hand  end  is  the  "sticker"— it  has  nothing  to 
.show  but  a  compression  line.  The  intake  runs  back  on 
the  compression  and  does  not  rise  high  enough  to  dis- 


DIAGKA>'S  TAKEX   liEFORE  AND  AFTER  CUTTING 
HOLES    TX    DISCHARGE   VALVES 


charge,  neither  does  the  intake  come  to  correspond  to 
the  suction  due  to  that  produced  by  the  other  end. 

The  answer  to  it  all  is  excessive  clearance  on  that 
end.  The  pump  was  handling  only  some  1800  lb.  of 
water  per  hour,  which  was  not  enough  to  take  up  the 
clearance  on  both  ends,  so  the  smaller  clearance  took 
the  supply  and  did  the  work  and  allowed  the  other  end 
to  "kick." 

Acting  on  this  analysis,  some  holes  were  cut  in  the 
discharge  valves  on  that  end,  allowing  enough  water 
to  leak  back  to  fill  the  clearance;  then  diagram  No.  2 
was  taken.  W.  V.  White. 

Hamilton,  Ohio. 

Paint  To  Reduce  Power-House  Accidents 

Camouflage  was  developed  to  reduce  visibility  in  the 
war.  The  reverse  of  the  same  principle  has  been  adopted 
in  the  plant  of  the  Union  Gas  and  Electric  Co.,  Cin- 
cinnati, Ohio,  to  reduce  accidents.  In  one  conduit  gal- 
lery in  the  plant  where  the  ceiling  is  low,  a  number  of 
angle  irons  project  down  to  levels  at  which  a  man's  head 
is  likely  to  collide  with  them  if  he  is  careless.  To  make 
these  irons  easier  to  see  so  that  such  accidents  will  be 
less  likely  to  occur,  the  company  has  painted  the  pro- 
jecting struts  with  alternate  bands  of  black  and  white 
about  three  inches  wide. 


Don't  think,  because  the  war  is  over,  that  the  bills 
don't  have  to  be  paid! 
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Reconnectino[  Induction  Motors — 
General  Summary 

By  a.   M.   DUDLEY 
Designing  Engineer,   Westinshouse   Elediic-   and    Manufacturing  Company 


THE  main  principles 
which  operate  to  fix 
the  limits  of  the  dif- 
ferent combinations,  such 
as  series,  parallel,  series 
star,  parallel  star,  series 
delta,  parallel  delta,  etc., 
possible  with  a  single  wind- 
ing, may  be  enumerated 
somewhat  in  the  following 
manner: 

1.  The  mechanical  output  of  a  motor  is  limited  by 
the  cross-section  of  copper  available  to  carry  current 
and  by  the  cross-section  of  iron  available  to  carry  mag- 
netic flux. 

2.  An  induction  motor  is  also  at  all  times  an  alternat- 
ing-current generator  as  well,  and  the  voltage  generated 
by  its  own  rotating  field  cutting  the  conductors  of  its 
own  rtator  coils  must  at  all  times  very  closely  approx- 
imate the  applied  line  voltage. 

3.  It  is  necessary  that  the  pitch  or  throw  of  the  coils 
bear  some  reasonable  physical  relation  to  the  number 
of  poles  that  the  machine  has.  For  example,  in  a  4- 
pole  motor  the  coils  should  throw  somewhere  near  I  of 
the  circumference  of  the  stator  bore,  in  a  6-pole  motor 


During  the  last  two  years  a  series  of  thirteen 
articles  have  appeared  in  "Power"  on  the 
subject  of  reconnecting  induction  motors.  It 
is  the  purpose  of  this  article  to  sum  up  the 
principles  brought  out  in  the  series  and  to 
give  an  outline  of  the  practical  points  that 
must  be  considered  in  deciding  whether  or  not 
a  given  motor  may  he  reconnected  for  differ- 
ent conditions  without  new  coils  or  core  iron. 


KTO.   1.     TWO-PARALLEL 
DELTA  CONNECTION 


FIG.    2.      FIVE-PARALLEL 
STAR   CONNECTION 


somewhere  near  «  the  circumference,  and  so  on.  The 
practical  limits  to  the  throw  are  from  I  to  li  times 
this  full-pitch  value.  That  is  to  say,  in  a  72-slot  6-pole 
motor  the  full  or  exact  pitch  for  the  coil  throw  would 

72 
be   -^  ^  12  slots,  or  the  coil  would  be  in  slots  1  and 

13.  Using  the  limits  '  to  IJ  as  given,  the  throw  of  the 
coil  should  be  not  less  than  6  slots  nor  more  than  18 
slots  for  possible  operation ;  that  is,  the  coils  should 
not  spread  less  than  slots  1  and  7  nor  more  than  slots 
1  and  19. 

4.  All  changes  in  operating  conditions  whether  of 
horsepower,  voltage,  phases,  frequency  or  poles,  may  be 
reduced  to  terms  of  change  in  voltage  and  so  considered. 

5.  An  induction  motor  is  similar  to  a  transformer  in 


that  the  number  of  turns 
in  series  in  the  winding 
must  be  varied  in  the  same 
direction  and  by  the  same 
percentage  as  any  change 
in  the  voltage  applied.  In 
addition  to  these  principles 
the  following  practical  con- 
siderations must  be  remem- 
bered :  a.  The  new  voltage 
which  is  applied  to  a  recon- 
nected motor  must  not  exceed  the  limiting  value  of  the 
insulation  which  is  on  the  coils.  For  example,  2200 
volts  should  not  be  applied  to  a  550-volt  winding  even 
though  it  has  been  reconnected  with  four  times  as  many 
turns  in  series. 

b.  In  reconnecting  for  higher  speeds  the  peripheral 
speed  of  the  rotor  must  be  kept  down  to  a  safe  value 
so  that  the  centrifugal  force  does  not  damage  the  rotor 
core  or  winding  mechanically. 

c.  In  a  wound-rotor  motor  the  rotor  winding  must  be 
connected  for  the  same  number  of  poles  as  the  stator 
winding. 

d.  In  a  squirrel-cage  motor  if  radical  changes  are 
made  in  the  number  of  poles,  a  change  may  also  be  re- 
quired in  the  short-circuiting  rings  of  the  squirrel-cage 
rotor  winding  in  order  to  keep  the  proper  starting 
torque. 

e.  In  a  polar-group  winding  the  individual  coils  at  the 
beginning  and  end  of  the  phase  groups  have  usually 
heavier  insulation  than  the  inside  coils  of  the  groups. 
Where  this  is  the  case,  when  reconnecting  for  change 
in  phase  or  poles  the  coils  with  the  heavier  insulation 
should  be  shifted  to  their  proper  new  places  in  the  wind- 
ing. 

These  principles  have  been  thoroughly  covered  in  the 
articles  as  they  appeared,  but  in  recapitulation  some  ad- 
ditional comments  may  be  made  bearing  on  the  practical 
application. 

1.  Cross-Section  of  Copper  and  Iron — From  the  exist- 
ing connection  of  the  winding  in  the  machine  which  is 
to  be  reconnected,  it  is  a  simple  matter  to  check  the 
current  flowing  in  the  turns  of  the  coils  which  are  in 
series.  This  is  done  by  checking  the  connection  of  the 
winding;  that  is,  whether  it  is  series  or  parallel,  star 
or  delta,  etc.  From  this  fact  and  the  rated  current  of 
the  machine  can  be  derived  directly  the  current  in  the 
coils  themselves.  For  example,  a  three-phase  machine 
has  a  normal  rating  of  50  amperes  per  terminal  and  is 
connected  2-parallel  delta,  Fig.  1.     The  current  in  the 


individual  coils  themselves  is 


50 


2  X  1.73 


14.5  amperes. 


as  shown.  Then  the  load  which  is  put  on  the  motor 
after  reconnection  should  not  be  greater  than  that  which 
would  cause  14.5  amperes  to  flow  in  the'  coils  themselves. 
Under  the  new  connection  the  polar  groups  might  be 
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r)-pHralU'l  .«<tnr,  ii."  in  Ki^.  -,  in  which  vrn^c  the  now  iiir- 
ront  pt'f  lead  wmiUi  be  5  \  11. 5  ampere.s  72.5  am- 
pore.H.  but  the  current  in  the  individual  coil.s  would  still 
bo  1-1.5  amperes  as  indicutcd. 

If  the  new  connection  is  for  a  nrroter  number  of  pole.s 
juid  hence  a  slower  speed,  it  would  be  well  not  to  put 
quite  so  nuiih  current  throuKh  as  originally  on  account 
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FIG.  3.     CORE  SECTIONS  SHOWING  EFFECT  ON  MAGNETIC 
FIELD   BY    CHANGING   NUMBER   OF   POLES 

of  the  reduction  in  ventilation.  Regarding  the  cross- 
section  of  iron,  this  remains  constant  so  far  as  the 
teeth  are  concerned,  but  in  the  core  back  of  the  slots 
this  changes  with  the  number  of  poles.  This  is  illus- 
trated bj-  Fig.  3,  which  shows  a  cross-section  of  a  motor 
indicating  the  magnetic  conditions  in  the  iron  when  the 
motor  is  connected  for  4,  6,  8,  10  or  12  poles. 

Considering  the  4-pole  sector,  the  coils  in  the  stator 
slots  S  set  up  a  magnetic  field  represented  by  the  15  con- 
centric circles  causing  a  north  pole  where  they  leave 
the  stator  and  a  south  pole  where  they  reenter  the 
stator,  as  indicated  by  the  arrowheads.  The  proximity 
of  these  15  circles  at  the  air  gap  indicates  the  density 
of  the  magnetic  field  at  this  location.  It  will  be  noted 
that  all  15  of  these  circles  must  pass  through  the  core 
back  of  the  slots  or  through  a  cross-section  represented 
by  the  dimension  W. 

If,  now,  consideration  is  given  to  the  sector  marked 
6-pole,  it  will  be  noticed  that  the  magnetic  density  in  the 
air  gap  as  indicated  by  the  proximity  of  the  concentric 
circles  is  the  same  as  in  the  case  of  4  poles,  but  the 
iron  back  of  the  slots  now  has  to  carry  only  10  circles 
and  hence  has  only  \%  the  magnetic  density  as  in 
the  case  of  4  poles.  There  is  still  the  same  total  flux 
in  the  machine,  since  4  X  15  =  60  =;  6  X  10,  and  this 
explains  why  the  air-gap  density  stays  the  s.ime.  but 
this  total  flux  is  now  separated  into  six  magnetic  cir- 
cuits instead  of  four  and  hence  the  iron  in  the  core  back 
of  the  slots  is  not  worked  nearly  so  hard. 

Similarly,  in  the  case  of  8  poles  there  are  only  7* 
circles,  since  8  X  7i  =  60,  and  in  the  case  of  10  poles 
6  circles  and  12  poles  5  circles,  since  10  X  6  =  60  and 


12  X  fj  --  GO.  In  other  words,  there  is  the  same  total 
flux  in  the  machine  for  all  these  connections  and  the 
."^ame  maKnetir  density  in  the  air  gap.  but  the  core  iron 
Imck  of  the  slots  works  at  a  higher  density  the  smaller 
the  number  of  poles  and  at  a  lower  density  the  larger 
the  number  of  poles  for  which  the  winding  is  connected. 
The  obvious  precaution  to  be  drawn  from  this  consider- 
ation is  that  when  reconnecting  a  winding  for  a  smaller 
number  of  poles  some  check  should  be  made  to  insure 
that  the  magnetic  density  in  the  core  does  not  exceed  a 
.safe  value.  Reference  will  be  made  to  this  in  a  future 
article  on  estimating  a  new  winding  for  an  old  core. 

2.  Generator  Action  of  the  Winding — This  ha.s  been 
referred  to  .several  times  and  will  not  be  elaborated 
here  beyond  calling  attention  to  the  fact  that  the  ro- 
tating magnetic  field  will  always  assume  such  a  value 
that  as  it  cuts  the  stator  coils  it  will  generate  in  them  a 
voltage  practically  equivalent  to  the  applied  line  volt- 
age. Since  both  the  number  of  turns  in  .series  in  the 
coils  and  the  magnetic  density  in  the  iron  may  be  varied, 
there  are  evidently  several  combinations  that  would 
generate  the  line  voltage,  .some  having  more  turns  and 
less  field  and  some  having  less  turns  and  more  field. 
The  practical  diff'erence  between  the.se  combinations 
would  be  that  the  fewer  the  turns  and  the  stronger  the 
field  the  greater  would  be  the  maximum  torque,  this 
being  limited  by  the  saturation  of  the  iron  in  the  core. 
A  little  thought  brings  out  the  fact  that  this  is  equiva- 
lent to  raising  and  lowering  the  voltage  on  a  fixed  wind- 
ing. The  higher  the  voltage  the  greater  will  be  the 
magnetic  field  and  the  greater  the  torque.  This  con- 
sideration of  the  generated  voltage  or  counter-electro- 
motive force  or  back  electromotive  force  is  one  of  the 
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FIG.   4.     CURVE  SHOWING  EFFECTS  OF  CHORDING  A  COIL 
UPON   THE  VOLTAGE   GENERATED 

simplest  checks  on  the  number  of  turns  required  in  a 
winding. 

3.  The  effect  of  changing  the  throw  has  b°en  thor- 
oughly covered,  and  only  the  effect  on  the  applied  volt- 
age will  be  shown  here  as  a  curve.  Fig.  4.  In  this  figure 
full  pitch  is  called  100  per  cent.  For  example,  in  a  72- 
slot  6-pole  motor  the  winding  would  be  100  per  cent, 
pitch  if  the  coils  lay  in  slots  1  and  13,  it  would  be  665 
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per  cent,  pitch  if  the  coils  lay  in  slots  1  and  9  cr  50  per 
cent,  if  they  lay  in  slots  1  {.nd  7.  The  curve  indicates 
how  the  voltage  applied  to  a  coil  or  a  winding  should 
be  reduced  as  the  coil  is  chorded  up  if  the  same  mag- 
netic conditions  are  to  be  kept,  or  the  reciprocal  of  the 
curve  values  indicates  how  the  density  of  the  magnetic 
field  will  increase  if  the  voltage  is  held  constant  while 
the  throw  of  the  coils  is  decreased. 

4.  The  statement  is  here  made  that  any  change  in 
the  operating  characteristics  of  a  motor  may  be  reduced 
to  terms  of  a  voltage  change  and  that  if  the  correspond- 
ing voltage  be  applied  the  operation  under  the  new  con- 
ditions will  approximate  the  normal  operating  condi- 
tions under  the  original  conditions.  Since  there  are 
five  main  operating  characteristics — namely,  volts, 
phase,  poles,  cycles  and  horsepower — a  brief  resume  is 
in  order  stating  how  each   one  of  these  may   be  con- 


three-phase    when    grouped    4-pole    series    star,    as    in 
Fig.  6. 

In  the  case  of  a  change  in  the  number  of  poles,  if  the 
voltage  be  changed  in  the  same  direction  and  by  the 
same  amount  as  the  change  in  speed,  the  torque  will  re- 
main essentially  constant  and  the  horsepower  will  vary 
with  the  speed,  being  greater  at  higher  speed  and  less 
at  lower  speed  in  exact  proportion.  However,  if  for 
reasons  explained  in  connection  with  Fig.  3,  there  is  not 
enough  iron  back  of  the  slots  to  permit  of  keeping  the 
same  total  flux  and  dividing  it  into  fewer  circuits  with 
greater  flux  per  circuit,  the  voltage  may  be  kept  con- 
stant and  the  horsepower  will  remain  practically  con- 
stant. The  latter  condition  would  mean  that  there  is 
less  total  magnetic  flux  and  less  torque  at  higher  speeds 
and  greater  total  flux  and  greater  torque  at  lower 
speeds,  as  must  necessarily  be  expected  since  the  horse- 
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TWO-PHASE,   FOUR-POLE   INDUCTION   MOTOR    WINDING    CONNEJCTED    SERIES    AND    THREE-PHASE. 
FOUR-POLE    INDUCTION    MOTOR    WINDING    CONNECTED    SERIES  STAR 


sidered  as  a  voltage  change.  In  other  words  if,  for  ex- 
ample, the  horsepower  or  phase  of  a  motor  is  to  be  arbi- 
trarily changed,  what  will  be  the  new  operating  voltage 
to  secure  this  result?  Taking  these  characteristics  in 
order,  a  voltage  change  is  self-evident  since  everything 
is  to  be  reduced  to  voltage.  In  the  case  of  a  phase 
change,  two  to  three  or  vice  versa,  the  voltage  on  a 
three-phase  connection  should  be  4  of  that  on  th  cor- 
responding two-phase  connection.  For  example,  if  a 
two-phase  motor  is  connected  for  three-phase  and  every- 
thing else  left  the  same,  the  three-phase  connection 
should  be  operated  at  f  the  rated  voltage  of  the  two- 
phase,  or  a  two-phase  440-volt  motor  when  reconnected 
for  three-phase  becomes  a  550-volt  motor,  etc.  In  Fig. 
5  is  shown  a  48-coil  induction-motor  winding  grouped 
for  two-phase  4-poles,  if  this  winding  will  operate  on 
440  volts  two-phase   it  will  also   operate  on   550  volts 


oadily  reduced  to  a 
remembering  that  a 
other  change  would 
since  the  basic  idea 


power  is  constant  and  horsepower  ;=  torque  X  r.p.m. 
~  5252. 

A  varying  frequency  can  be 
corresponding  voltage  change  by 
change  in  frequency  without  any 
result  in  a  change  in  speed  and 
of  this  method  is  that  the  motor  is  also  an  alternating- 
current  generator,  generating  the  applied  voltage,  it  is 
evident  that  with  an  increased  speed  the  generated 
voltage  will  be  increased  and  with  decreased  speed  the 
generated  voltage  will  be  decreased.  Hence,  it  follows 
directly  that  when  the  frequency  or  cycles  of  the  supply 
circuit  are  changed  the  voltage  should  be  changed  by  the 
same  amount  and  in  the  same  direction.  For  example, 
if  a  60-cycle  motor  is  run  on  50  cycles  it  should  have 
appliea  only  ii  the  voltage  if  the  same  magnetic  condi- 
tion IS  to  be  kept,  and  consequently  the  horsepower  will 
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lie  only  ii  of  the  GO-cycle  value.  Viewed  merhnnicnliy, 
the  toniiic  reniain.s  the  .same  on  fiO  cycles,  l)ut  the 
.sjwed  !.•<  only  }  as  great,  hence  there  is  only  ,:  the  horse- 
power which  checks  the  electrical  result. 

There  remains  only  a  chanjrc  in  horsepower  to  he  con- 
verted into  a  voltajre  chaiijri'.  Hnd  this  is  api)arent  from 
the  fact  that  in  any  motor  the  horsepower  is  propor- 
tional to  the  product  of  the  voitajje  and  amperes.  Since 
the  cross-.section  of  the  copper  conductor  remains  the 
same  and  hence  the  ampere.^  remain  the  same,  the  only 
Ihinjr  that  can  vary  is  the  voltage,  and  it  follows  directly 
that  to  Ret  more  horsepower  out  of  a  motor  requires  the 
application  of  a  higher  voltage  and  less  horsepower  will 
permit  the  use  of  a  lower  voltage. 

From  these  considerations  it  appears  that  the  effect 
of  a  change  in  any  of  the  characteristics  of  the  motor 
can  be  balanced  by  the  proper  change  in  the  voltage. 


This  statement  at  once  arou.^es  the  comment  that  while 
il  miglil  be  found  that  2TA  volts  or  .'J-lfj  voUh  or  .some- 
thing of  the  kind  was  prop'T  to  give  normal  operation 
<tn  a  motor  under  changed  londitions  of  phase  or  poleH 
or  what  not,  still  such  information  would  be  of  little 
u.se  since  there  are  no  commercial  circuits  having  such 
voltage  values.  The  answer  to  this  is  that  the  num- 
ber of  turns  in  the  winding  or  the  connection  of  the 
groups  may  be  changed  .so  as  to  increa.se  the  total  num- 
ber of  turns  in  series  by  the  amount  that  the  voltage 
should  be  decreased;  and  vice  versa,  it  may  be  pos.sible 
to  decrease  the  total  number  of  turns  per  pha.se  in 
serie.s  by  the  amount  that  the  voltage  should  be  in- 
creased. 

(The  next  aiticle  will  treat  a  number  of  practical 
IjroblemH  slioiving  how  the  foregoing  may  he  accom- 
I'lished.) 


Ventilation  of  Ammonia  Condensers 


By  T.  S.  SIEBEN 

Cooling  Plant  Inspector,  City  of  Chicago 


Types  of  housiiig  for  atmospheric  condensers 
that  direct  the  air  through  the  stands  of  pipe 
to  carry  away  the  vapor  and  permit  repairs  to 
pan  and  roof  without  disturbing  the  equipment. 


IN  THE  last  few  years  great  developments  have  been 
made  in  ammonia-condenser  construction,  but  often 
little  thought  is  given  to  the  housing  with  a  view 
toward  attaining  the  maximum  results  in  operation. 
The  following  remarks  deal  principally  with  the  surface 
condenser  with  a  preliminary  brief  review  of  other 
types. 

Submerged  condensers  are  now  practically  obsolete. 
That  this  condenser  was  constructed  on  the  counter- 
current  principle — that  is,  the  coldest  water  meeting 
the  coldest  vapor — and  was  considered  the  safest  in 
operation  were  features  given  in  its  favor.  On  the 
other  hand,  it  was  unwieldy  and  required  a  great 
amount  of  water.  These  condensers  were  generally 
located  indoors  close  to  the  compressors,  and  the  open 
top  was  usually  placed  in  line  with  windows  to  provide 
for  ventilation. 

Shell  condensers  of  the  early  type  had  cast-iron  shells 
and  heads  with  helical  water  coils.  More  modern  types 
are  made  of  steel  with  welded  joints  and  straight  wator 
tubes,  the  water  heads  being  baffled  to  provide  a  multi- 
pass arrangement  effecting  good  heat  transfer.  The 
construction  of  the  shell  type  condenser  favors  minimum 
friction  in  the  passage  of  the  vapor,  thereby  keeping 
the  pressure  close  to  theoretical,  corresponding  to  the 
temperature  of  the  cooling  water.  Usually,  these  con- 
densers are  placed  indoors  and  no  special  ventilation  is 
required. 

Double-pipe  condensers  are  constructed  on  the  coun- 
terflow  principle  and  are  usually  placed  indoors,  close 
to  the  compressor,  making  a  compact  unit.  The  cooling 
water  passes  through  the  inner  pipes  and  from  there 
is  carried  off  without  am'  vapors  being  released.  In 
small  plants  little  heat  is  radiated  into  the  room,  but 
for   large   outfits   ventilation    should   be   provided,    the 


condenser  being  safeguarded  against  freezing  in  the 
cold  weather. 

Atmo.spheric  conden.sers  are  usually  installed  in  large 
plants  and  operate  to  a  great  extent  on  the  principle 
of  the  cooling  effect  produced  by  the  evaporation  of 
part  of  the  cooling  water  when  passing  over  the  coils. 
The  usual  forms  of  atmospheric  condenser  do  not  favor 
the  counterflow  principle;  however,  some  types  embody 
this  feature  or  a  compromi.se  in  the  form  of  a  fore- 
cooler.  One  form  of  atmospheric  condenser  developed 
in  the  last  few  years  is  the  flooded  type,  in  which 
part  of  the  liquefied  vapor  is  reinjected  into  the  con- 
denser and  mixed  with  the  incoming  dry  vapor  from 
the  compressor.  The  wet  vapor  thus  formed  tends  to 
produce  a  heat  transfer  twice  or  three  times  that  ob- 
tained under  the  usual  conditions. 

As  a  great  amount  of  vapor  is  released  when  the 
cooling  water  is  passed  over  the  condenser,  some  means 


FIG.     1.        COXVENTIOXAK 
HOUSING  FOR  ATMOS- 
PHERIC COXDEXSER 


FIG.    2.      INTRODUCTIOX 

OF   CUPOLA   OVER 

COXDEXSER 


of  ventilation  .should  be  provided.  It  is  customary  to 
place  these  condensers  outdoors  or  on  the  roof  of  a 
building,  preferably  shielding  them  from  the  sun. 

Fig.  1  shows  a  conventional  form  of  condenser  house. 
The  walls  are  built  of  louvre  worK  and  the  entire 
.structure  is  covered  by  a  tight  roof.  This  construction 
is  based  on  the  theorv  that  the  air  has  access  to  the 
condenser  from  all  sides,  but  as  the  section  on  the  wand- 
ward  side  checks  the  draft,   this  supposition  does  not 
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hold  good.  The  defect  in  this  form  of  construction 
can  be  noticed  on  cold  days  when  the  sluggish  vapors 
are  visible  near  the  ceiling.  These  vapors  tend  to  cor- 
rode the  condenser  and  rot  the  woodwork.  A  cooling 
tower  is  sometimes  placed  above,  and  while  it  cools  the 
water,  it  does  not  help  to  relieve  the  vapor  situation. 
If  a  cooling  tower  is  necessary,  it  should  be  placed  on 
a  separate  structure.     Some  relief  from  the  vapor  can 
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be  obtained  by  cutting  holes  in  the  roof  or  better 
still,  by  placing  a  cupola  over  the  condenser  to  allow 
the  vapors  to  escape. 

Fig.  2  provides  for  walls  closed  in  on  all  sides,  except- 
ing that  the  bottom  three  or  four  feet  are  open  all 
around  and  a  large  cupola  construction  placed  on  the 
roof.  This  will  permit  air  to  enter  at  the  bottom 
and  rise  with  the  natural  flow  of  the  warmer  vapor. 
The  condenser  rests  in  a  pan  on  the  floor  of  the  con- 
denser house,  and  the  entire  structure  is  raised  a  few 
feet  so  that  repairs  may  be  made  to  the  roof. 

A  variation  of  construction  is  shown  in  Fig.  3.  Here 
the  condenser  is  erected  on  a  framework  of  steel 
beams  instead  of  the  usual  method  of  placing  it  in  the 
pan.  This  allows  repairs  on  the  pan  to  be  made  without 
the  necessity  of  disturbing  the  condenser.  Open  spaces 
about  the  condenser  can  be  filled  in  by  planks  so  that 
all  entering  air  must  come  in  contact  with  the  stands 
of  pipe.  This  design,  without  the  water  pan,  can  be 
used  also  for  double-pipe  condensers,  provided  steps 
are  taken  to  prevent  freezing. 

An  idea  successfully  carried  out  as  indicated  in  Fig. 
4  compels  the  admission  of  air  from  under  the  diagonal 
bulkheads  shovm,  which  protect  the  liquid  and  pump-out 
valves  and  the  headers  from  flying  spray.  Overhead 
gas-inlet  valves  can  be  conveniently  reached  from  a 
runway  within  the  structure.  No  roof  is  placed  over 
the  condenser  and  the  walls  need  be  only  high  enough 
to  keep  the  sun  off  the  pipes.  This  construction  is 
perhaps  the  least  costly  of  all  to  build. 

It  has  been  demonstrated  that  with  a  suitable  form 
of  condenser  housing  a  great  saving  can  be  effected 
in  water  and  power  bills  and  that  the  head  pressure 
may  be  lowered  to  a  safer  working  condition.  Under 
moderate  working  conditions,  due  to  the  lower  pres- 
sure, and  particularly  if  a  liberal-sized  condenser 
is  employed,  the  cooling  water  can  be  re-used  without 
passing  through  a  cooling  tower.  In  freezing  weather 
the  condenser  can  often  be  operated  dry  without  unduly 
raising  the  vapor  pressure. 


Hydraulic  Operating  Valve 

Hydraulic  operating  valves  are  used  for  various 
purposes  where  hydraulic  pressure  is  the  medium  for 
moving  a  piston  in  a  cylinder.  A  new  operating  valve, 
recently  placed  on  the  market  by  the  Vance-Vetter  Co., 
Pittsburgh,  Penn.,  contains,  as  its  principal  feature,  a 
flat  disk  made  from  either  leather  or  fiber,  which  can  be 
easily  renewed  without  disconnecting  the  valve  or 
piping.  This  feature  is  shown  at  A  and  B  in  the 
illustration. 

In  operation,  the  water  pressure  enters  the  valve 
through  the  pressure-inlet  connection,  but  cannot  pass 
through  while  the  handle  remains  in  the  central  or 
upright  position.  Pushing  the  handle  forward  to  the 
open  position  brings  the  cam  C  against  the  valve  stem 
D  and  forces  the  valve  B  from  its  seat,  allowing  the 
pressure  to  pass  through  the  valve  opening  into  the  part 
leading  to  the  cylinder.  Pulling  the  handle  back  to  the 
central  position  allows  the  inlet  pressure  to  close  the 


SECTION  THROUGH  OPERATING  VALVE 

valve.  When  the  handle  is  moved  back  beyond  the 
central  position,  the  cam  C  opens  the  valve  A  and  allows 
the  return  wat^  to  come  back  through  the  same  pipe 
and  discharge  through  the  valve  opening,  to  the  waste- 
water outlet  E. 

As  the  valves  are  operated  by  a  cam  movement,  they 
have  a  positive  stop  for  open  and  closed  positions  and 
cannot  creep.  When  the  handle  is  released  to  the  center 
position,  it  centers  and  closes  the  valve  automatically. 

This  valve  is  designed  for  pressures  up  to  3000  lb. 
per  sq.in.  and  will  work  without  sticking  with  muddy 
or  sandy  water. 


If  the  rotative  speed  of  an  engine  is  increased,  other 
conditions  remaining  unchanged,  the  quantity  of  steam 
used  per  honsepower  per  hour  will  decrease.  This  is 
because  there  is  less  time  for  heat  transfer  between  the 
cylinder  walls  and  the  steam  and  also  for  the  loss  of 
heat  through  radiation. 


If  the  ammonia  charge  in  an  absorption  system  con- 
tains 0.6  per  cent,  or  more  of  carbon  dioxide,  a  sludge 
of  black  iron  oxide  mixed  with  free  carbon  will  be 
formed  by  the  action  of  oxygen  on  the  iron  pipes. 
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XI — Takes  up  the  construction  and  action  of  fuel 
valves  of  various  forms  and  points  out  how  to 
care  for  such  valves. 


W 


a.s   a   sort   of   ignoramus   by   a.sking   what   he   meant." 
"Kelly,  the  air-fuel  injection  systems,  as  we  will  call 
them,  oan  be  .separated  into  two  classes.     The  first  em- 
ploys a  fuel  valve  where  the  oil  is  deposited  by  the  pump, 
in  contact  with  the  highly  compressed  air,  behind  the 
J  HAT  one  thing  about  fuel  valves  bothers  you      „eedle  valve.     That  is,  the  needle  valve  is  between  the 
most?"    was    Egan's    general    inquiry    at    the 


opening  of  the  next  meeting. 

Woods  was  ready  to  seize  the  opportunity. 

"Why  is  air  used  to  blow  the  oil  into  the  cylinder?" 
he  asked.  "Why  not  shoot  it  straight  from  the  pump, 
as  in  the  hot-ball  engine?" 

"Impossible,"  Egan  replied.  "In  a  hot-ball  engine  the 
compression  is  low  and  the  temperature  won't  explode 
the  oil  prematurely,  so  that  pump  injection  is  possible. 
But  in  a  Diesel  the  compression  temperature  is  high 
and  at  heavy  loads  may  be  high  enough  to  ignite  an  oil 
charge  early  in  the  stroke,  so  that  pump  injection  would 
be  dangerous.  If  a  cam-operated  needle  valve  is  placed 
between  the  pump  and  the  nozzle,  however,  pump  in- 
jection can  be  used.  The  main  difficulty  is  that  it  takes 
a  pressure  of  about  2500  lb.  per  sq.in.  to  atomize  the  oil." 


FIG.  1.  CLO.SED  TYPE 
OF  FUEL  NOZZLE 


FIG.  2.  OPEX  TYPE  OP 


FTEL  XOZZLK 


"First  thing,  J.  R.,"  Kelly  broke  in,  "I  want  you  to 
explain  the  meaning  of  open  and  closed  nozzles.  The 
other  day  a  salesman  dropped 
in,  and  he  spoke  of  his  engine 
using  an  open  nozzle.  He  had 
my  number  on  that,  but  I 
didn't  care  to  show  myself  up 


At  the  next  meeting  the  chief  will  talk  to  the 
class  about  the  construction  of  fuel  pumps 
and  their  operation 


FIG.    3.      CLO.SED   TYPE    OF    XOZZLE    r.=:ED    ON   EARLY 
A.MERICAX   E.XGIXES 

combustion  chamber  and  the  fuel  charge.  When  the 
needle  valve  opens,  the  air  blows  the  fuel  past  the  valve 
seat  into  the  combustion  chamber.  Fig.  1  shows  the 
closed  nozzle  and  the  open  type  is  outlined  in  Fig.  2.  In 
the  latter  the  fuel  is  deposited  beyond  the  needle  valve 
and  is  in  open  communication  with  the  combustion 
chamber.  When  the  needle  valve  opens,  the  air  current 
picks  up  the  oil  and  blows  it  into  the  cylinder. 

"The  closed  type  has  been  in  longer  use  and  has  been 
adopted  by  the  majority  of  builders,  so  we'll  take  up  a 
few  examples  of  the  closed  nozzle.  First  let  us  take 
the  one  u'^ed  on  our  American  engine,  as  it  is  the  fore- 
runner of  tho.se  used  on  American  engines.  Fig.  3  is 
a  cross-section  of  the  valve  body  and  parts.  The  oil  is 
fed  in  horizontally  at  A  and  flows  along  to  a  point  just 
behind  the  valve  seat.  The  air  enters  at  B  and  is  be- 
hind the  oil  charge.  When  the  needle  valve  C  opens, 
the  air  blows  the  oil  through  a 
row  of  minute  ports  into  the 
nozzle  passage.  A  sketch  of 
the  atomizer  is  given  in  Fig.  4. 
The  fault  of  this  atomizer  ap- 
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pears  to  be  that  the  passage  of  the  oil  through  the  ports 
doesn't  provide  enough  atomization.  If  the  load  is  light 
and  the  charge  small,  there  is  no  atomization,  so  we 
needn't  be  surprised  if  the  engine  smokes  on  light  loads. 
Another  defect  is  that  the  lack  of  resistance  in  the  atom- 
izer lets  too  much  air  blow  through  on  light  loads.  I'd  be 
willing  to  bet  that  twice  as  much  air  is  used  on  light  as 
on  heavy  loads,  when  the  air  pressure  is  kept  the  same. 
The  result  is  that  the  output  of  the  engine  is  low  in 
comparison  with  the  indicated  horsepower.     If  the  load 

.■Oilfi//s  this  Sroove  ancf  is 
:'  -forced  ffirougifr  Ho/es  by 
:  Sucfion  as  we// as  by  Pressure 


Kelly  didn't  know  the  why  of  it."    The  Scotsman  asked 
the  question. 

"That  is  a  dandy  little  scheme,  and  every  engine 
ought  to  have  some  such  arrangement.  That  rod  is 
made  of  aluminum  and  rests  in  the  oil  line.  If  the 
fuel  is  a  very  light  distillate,  the  temperature  of  the 


FIG.    4.      ATOMIZER   OF  NOZZLE    SHOWN   IN    FIG.    3 


FIG.    7.      FUEL   NOZZLE    FOR  HORIZONTAL   ENGINES 


is  continuously  light,  the  air  pressure  should  be  re- 
duced by  throttling  the  air-compressor  suction  and  cut- 
ting out  the  air-bottle  line. 

"The  majority  of  closed  nozzles  are  similar  to  the 
simple  form  in  Fig.  1.  The  oil  passes  down  the  passage 
.4  to  a  position  over  the  atomizer  B.  The  air  is  forced 
through  the  port  C  into  the  valve  body  above  the  oil. 
The  atomizer  consists  of  a  series  of  perforated  disks 
with  the  holes  staggered.  The  oil,  on  entering  the  valve 
cavity,  flows  down  through  the  disks  and  fills  the  spaces 
in  the  atomizer  as  well  as  the  passages  D  behind  the 
valve  seat. 

"The  governing  is  effected,  almost  without  exception, 
by  regulation  of  the  fuel  deposited  in  the  valve,  although 
a  few  have  experimented  with  the  plan  of  varying  the 
opening  of  the  fuel  valve.  The  atomizer  serves  a  double 
purpose — to  atomize  the  oil  and  mix  it  with  the  air  and 
to  Control  the  flow  of  air  and  oil  so  that  the  entire 


FIG.    5.      FUEL    NOZZLE    OF 
BUSCH-SULZER  ENGINE 


FIG.   6.     FUEL  NOZZLE 
OF  FULTON   ENGINE 


charge  will  not  enter  the  combustion  chamber  when  the 
valve  first  opens.  This  latter  effect  is  called  'brakin,?' 
and  is  probably  the  more  important  of  the  two." 

"Chief,  what  engines  use  that  kind  of  atomizer?" 
Woods  inquired. 

"As  I  stated,  a  great  number  use  some  similar  design. 
The  cross-section.  Fig.  5,  is  of  the  Busch-Sulzer  valve." 

"Mr.  Egan,  what  is  that  rod  A  for?  I  saw  it  the 
other  day  when  we  had  one  of  the  valves  out,  and  even 


valve  body  might  cause  carbonization.  This  Uttle  rod 
shakes  around  due  to  the  vibrations  of  the  engine  and  so 
keeps  the  passage  clear.  When  a  heavy  oil  is  used,  quite 
often  a  sediment  wifl  deposit  in  the  passage,  and  this 
wiggling  stick  acts  as  a  policeman,  keeping  the  oil  traffic 
on  the  move  down  the  passage." 

"Well,  J.  R.,"  asked  Kelly,  "what's  your  kick  against 
this  kind  of  valve?" 

"You  fellows  mustn't  get  the  idea  I'm  a  chronic 
kicker,"  protested  Egan.  "I  merely  take  the  stand  that 
the  bad  features  should  be 
pointed  out.  The  good  points 
show  up  in  the  continued  op- 
eration of  an  engine.  But  I 
don't  intend  to  allow  Kelly's 
snarky  question  to  stop  me. 
All  valves  built  along  the  line 
of  this  one  need  improvement. 
When  the  oil  charge  is  large, 
as  on  heavy  loads,  it  is  forced 
dowm  through  the  atomizer  by 
the  air  and  fills  the  entire 
space  in  the  atomizing  disks 
as  well  as  the  space  behind  the 
valve  seat.  When  the  valve 
opens,  the  oil  just  behind  the 
valve  at  once  flows  into  the  cyl- 
inder without  being  broken  up, 
and  the  combustion  is  imper- 
fect. The  braking  effect  on 
the  air  and  oil  mixture  that 
passes  through  the  disks  is  in- 
creased due  to  the  greater  re- 
sistance. The  combustion  is 
drawn  out  over  a  longer  period 
than  is  desirable,  and  the  com- 
bustion line  on  the  indicator  card  is  sloping  rather  than 
fairly  horizontal. 

"Now  take  the  case  where  the  fuel  charge  is  light. 
It  does  not  flow  so  readily  through  the  disks  owing  to 
its  lighter  weight,  and  so  does  not  displace  the  air  be- 
low the  disks.  When  the  valve  opens,  the  trapped  air  is 
first  to  enter  the  cylinder.  This  cools  the  combustion 
chamber  and  delays  the  burning  of  the  fuel  that  fol- 
lows.    Furthermore,  since  the  fuel  charge  is  smaller, 


FIG.    8.      HESSELMANN 
ATOMIZER 
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't  enters  the  lyliiuler  at  a  higher  rate  and  of  course  in 
a  shorter  time.  Then  (iuriiiK  a  eon.sicierable  part  of  the 
lime  the  needle  valve  is  oi)en,  nothinjr  hut  air  blows 
Ihrough    thi'    .iiomizer.      The    brakiuR    uction    of    the 


I'lG.   9.      NO/.ZI.E  I  SKO   HY   CKNER.M.  ELECTRIC  CO.MI'ANV 

atomizer  has  but  little  effect  on  the  air,  and  a  far 
greater  amount  of  air  enters  the  combustion  chamber 
than  in  case  of  full  load.  This  is  the  reason  that  on 
low  loads  the  actual  friction  horsepower  is  more  than 


than  in  the  case  where  the  resistance  is  low.  The  main 
object  is  to  secure  low  resistance  with  hiKh  atomization, 
so  aa  to  lower  the  compressor  horsepower. 

"Fig.  7  is  the  fuel  valve  used  on  horizontal  engines, 
or  in  a  horizontal  position  on  vertical  engines.  The 
fuel  is  introduced  into  the  spiral  clo.se  to  the  needle 
valve.  The  greater  the  oil  charge,  the  farther  the  fuel 
backs  up  in  the  spiral.  The  air  passage  allows  an  ex- 
pansion of  the  air  with  a  pressure  reduction,  as  the 
valve  opens.  This  pressure  difference  forces  the  oil 
into  the  air  with  fair  atomization.  The  resistance  of 
the  atomizer  varies  with  the  oil  charge.  With  a  heavy 
chartre  the  oil  will  How  down  around  the  valve  seat  and 
the  first  particles  entering  the  cylinder  will  be  poorly 
mixed. 

"Fig.  8  outlines  the  Hesselmann  atomizer  used  on  the 
Mclnto.sh  &  Seymour  engine.  The  oil  flows  down  the 
passage  A  shown  and  is  deposited  around  the  atomizer, 
as  indicated  by  the  stippled  area  in  the  cross-.section.  As 
the  valve  opens,  the  air  sweeps  down  along  the  valve 
stem,  and  as  the  passage  B  has  an  increasing  cross-sec- 
tion, the  pressure  decreases.  The  air,  at  full  pressure, 
rests  on  the  oil  at  C  and  this  unbalancing  of  pressures 
causes  the  oil  to  start  to  flov  toward  the  valve  stem  at  D. 
Once  this  action  is  set  up,  the  entire  charge  of  oil  is 
supposed  to  be  drawn  into  the  air  stream  by  an  in- 
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riG.    10.      TYPE    OF   Fl'EL   VALVE    AND    NOZZLE    TSEO    OX    MrLWKX    ENGINE 


on  full  load.     The  nozzle  used  in  the  Fulton  engine  is 
shown  in  section  in  Fig.  6. 

"If  we  increase  the  air  pressure,  or  decrease  the  re- 
sistance of  the  atomizer,  the  rate  of  flow  will  increase. 
So  it  could  well  be  expressed  by  an  equation: 


Rate  of  injection  = 


pressure  difference 


resistance  of  atomizer 

"The  pressure  difference  is  the  difference  between  the 
injection-air  pressure  and  the  cylinder-compression 
pressure.  This  equation  indicates,  then,  that  if  the 
resistance  is  kept  con.stant,  the  only  way  to  vary  the  rate 
of  injection  is  by  varying  the  air  pressure,  as  by  the 
use  of  an  automatic  device.  In  engines  not  having 
automatic  adjustment,  the  pressure  variation  can  be 
secured  by  hand  adjustment  of  the  compressor  intake. 
This  applies  only  w'hen  the  load  does  not  swing,  and  of 
course  an  operator  can  only  care  for  those  load  varia- 
tions that  are  of  considerable  duration. 

"Another  fact  worth  remembering  is  that  the  re- 
sistance of  an  atomizer  bears  no  relation  to  the  degree 
of  atomization  secured.  It's  apparent  that  the  disk 
form  of  atomizer  has  a  great  resistance  and  for  the 
same  rate  of  injection  the  pressure  must  be  kept  higher 


jector  effect,  but  in  practice  this  is  not  achieved  to  en- 
tire satisfaction.  Part  of  the  oil  remains  at  the  bottom. 
On  the  next  charge,  if  it  it  full  load,  the  oil  level  rises 
and  overflows  into  the  air  passage  around  the  valve 
stem.     The  result  is  that  some  oil  collects  around  the 


FIG.  11.      Fl'EL  NOZZLE  OF  ALLIS-CHALMERS  ENGINE 


valve  seat  or  blows  into  the  cylinder  unatomized.  The 
big  advantage  of  this  type  of  valve  lies  in  its  low  re- 
sistance, and  this  means  a  lower  injection  air  pressure. 
Fig.  9  is  a  valve  used  by  General  Electric  Co.  that  uses 
the  same  principle  of  unbalanced  air  pressure. 
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"Coming  now  to  open  nozzles,  Fig.  10  shows  the  valve 
used  in  the  McEwen  engine.  Part  of  the  air  charge 
passes  directly  through  the  central  opening  into  the 
tube  A,  as  indicated  by  the  arrows  in  the  section  XY. 
The  expansion  taking  place  causes  the  resulting  unbal- 
anced air  pressure  at  B  to  force  the  oil  through  the 
ports  C  into  the  tube,  where  it  mixes  with  the  air. 

"Fig.  11  outlines  the  Allis-Chalmers  nozzle,  which  is 
also  of  the  open  type." 

"What's  the  advantage  of  this  kind  of  valve,  chief?" 
Kelly  asked. 

"Well,"  Egan  replied,  "it  has  a  low  resistance,  so  that 
it's  possible  to  use  an  air  pressure  at  least  15  per  cent, 
lower  than  that  used  with  a  closed  nozzle.  There  is 
no  highly  compressed  air  in  contact  with  the  fuel.  If 
the  oil  should  ignite  prematurely,  no  great  damage  can 
be  done,  as  t?ie  oil  receptacle  is  in  communication  with 
the  cylinder.  It  would  be  practically  impossible  to  make 
it  burn  since  it  is  surrounded  by  foul  gases  instead  of 
pure  air.  But  the  open  nozzle  has  disadvantages,  too. 
The  atomization  is  far  from  perfect,  and  the  oil  is  de- 
livered to  the  cylinder  in  slugs  rather  than  in  minute 
particles.  In  fact,  the  only  atomization  that  takes  place 
occurs  at  the  nozzle  tip.  There  is  a  tendency  toward 
smoking  due  to  this  poor  mixing  of  the  air  and  the  oil. 

"Getting  down  now  to  practical  operation,  the  valve 
should  be  cleaned  once  every  month.  Don't  let  yourself 
be  kidded  by  the  quiet  running  of  the  engine  into  neg- 
lecting this.  To  clean  the  valve,  soak  all  the  parts  for 
a  couple  of  hours  in  kerosene.  Then  clean  each  passage 
and  corner  thoroughly  with  a  thin  steel  bodkin.  The 
valve  should  be  ground.  This  is  a  particular  job  and 
should  be  carefully  done.  Often  the  valve  stems  pit 
owing  to  sulphur  in  the  oil.  If  this  occurs,  use  emery 
cloth  and  put  the  surface  in  good  shape.  In  packing 
the  valve  stuffing-box,  use  shredded  lead.  You  can  buy  it 
from  a  supply  house  and  it  beats  any  other  packing  I 
know.  It's  also  very  necessary  to  maintain  a  good 
spring  pressure.  If  regrinding  has  shortened  the  length 
of  the  stem,  you  can  slip  a  washer  above  the  spring 
and  tighten  it  down  with  the  adjusting  setscrew." 

"Chief,  why  is  the  nose  of  the  fuel  cam  adjustable?" 
Woods  asked. 

"You  will  find  that  different  oils  require  different  pe- 
riods of  injection,  and  the  adjustable  nose  allows  the 
point  of  injection  to  be  varied.  Another  thing — the 
wear  on  fuel  cams  is  much  more  than  on  the  exhaust- 
and  inlet-valve  cams,  and  the  adjustable  nose  allows 
this  wear  to  be  corrected. 

"Now,  boys,  it's  late  and  I'll  speak  of  only  one  more 
thing,  the  method  of  going  about  setting  valves. 

"When  a  new  engine  is  installed,  a  good  many  man- 
ufacturers supply  prints  showing  the  valve  setting.  In 
case  you  have  such  a  print,  set  the  needle  valves  first. 
To  do  this,  unscrew  the  plug  in  the  exhaust  elbow  and 
block  open  the  exhaust  valve,  or  remove  the  indicator 
plug  on  the  cylinder.  Now  turn  your  engine  in  the 
direction  of  rotation,  and  crack  the  air-line  valve. 
When  you  have  rotated  the  flywheel  to  the  point  at 
which  the  needle  valve  should  open,  if  the  valve  is  prop- 
erly set,  you  can  hear  the  air  rush  out  through  the 
nozzle.  Turn  the  engine  over  slowly  and  see  if  the  valve 
closes  properly.  If  the  point  of  opening  is  wrong,  adjust 
the  movable  cam  nose.  Then  turn  the  engine  backward 
a  considerable  distance  and  bring  it  forward  slowly." 


"What's  the  reason  of  turning  backward?"  one  of  the 
men  put  in. 

"That's  to  take  up  the  effect  of  backlash  in  the  gears. 
After  getting  the  opening  correct,  test  for  point  of 
closure.  If  this  is  wrong,  it  is  possible  to  grind  the  cam 
nose  to  correct  it.  Before  doing  so,  it's  a  good  plan  to 
check  all  the  valves.  Then  if  they  are  all  out,  it  may 
be  possible  to  either  advance  or  retard  the  position  of 
the  cams  by  changing  the  gears  by  one  tooth.  After 
you  have  checked  the  fuel  valves,  take  up  the  exhaust 
and  the  admission  valves." 

"Chief,  I  notice  you  check  all  the  valves  as  they  come 
when  turning  the  engine  over,"  spoke  up  Kelly. 

"That  is  true,  and  it's  quicker  to  do  it  that  way;  but 
for  a  beginner  it's  best  to  check  them  as  I  have  just 
described." 

Engine  Repair  Kept  Mine  Plalit  Running 

The  accompanying  illustration  shows  an  emergencj' 
repair  to  a  Corliss  engine.  The  rod  transmitting  mo- 
tion between  the' rocker  arm  and  the  wristplate  broke 
in  such  a  way  that  it  could  not  be  repaired  readily 
at  the  mine  plant.    The  master  mechanic  was  hurriedly 


KMERGENCn'  REPAIR  TO  CORLISS    ENGINE 

called.  In  the  course  of  a  comparatively  short  time  he 
had  ascertained  the  exact  distance  between  the  rocker- 
arm  and  wristplate  pin  centers,  and  the  diameters  of 
these  pins.  This  distance  center  to  center  he  laid  out 
accurately  on  an  oak  plank  of  suitable  dimensions. 

About  this  time  a  carpenter  that  he  had  sent  for 
arrived  with  a  brace,  an  expansion  bit,  a  square  and  a 
saw.  First,  holes  of  the  diameter  of  the  two  pins  were 
bored  at  the  center  points  previously  determined.  The 
portion  of  the  plank  lying  between  these  holes  and  one 
edge  was  then  cut  out,  making  a  round-bottomed  notch. 
The  plank  was  then  slipped  over  the  pins  on  the  valve 
gear  and  the  engine  started. 

A  new  rod  was  of  course  immediately  ordered.  At 
the  first  opportunity  the  carpenter  trimmed  up  the 
plank-valve  rod  substitute  to  the  outline  indicated  by 
the  dotted  lines  in  the  illustration.  This  rendered  the 
plank  much  lighter,  while  leaving  ample  strength  to 
work  the  wristplate.  Two  small  carriage  bolts  were 
also  added  at  either  end  to  prevent  splitting. 

This  wooden  rod,  while  it  looked  sufficiently  ungainly 
to  jar  upon  the  nerves  of  any  artistically  inclined  power- 
plant  man,  kept  the  engine  running  and  prevented  a 
shutdown  until  the  new  rod  arrived.  It  was  then  stored 
away  against  a  future  emergency. 
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Areas  of  Se<;in<Mits  of  Roiler  ITrads 


To  do  aivaji  with  tedious  formulas  and  lonii 
calculations  tables  arc  i/iven  hij  which  the  area 
of  a  seijiiient  of  a  boiler  head  to  be  stayed  )nay  be 
found  directlij  with  sufficimt  accuracy  for  all 
practical  piiriioses. 

THAT  part  of  the  (hit  head  of  a  boiler  between 
the  upper  row  of  tubes  and  the  .shell  is  a  segment 
of  a  circle,  and  its  area  must  be  found  in  order 
that  proper  provision  may  be  made  for  staying.  The 
tubes  are  assumed  to  offer  sutFicient  support  for  a 
distance  of  2  in.,  and  the  flange  of  the  head  is  assumed 


the  A.  S.  M.  E.   Boiler  Code 


to  support  the  head  for  a  distance  that  varie.s  according 
t(>  the  thickness  of  the  plate  and  the  pressure  to  be 
carried. 

The  latest  revision  of 
states  that  the  area  of 
a  segment  to  be  stayed 
shall  be  the  area  in- 
closed by  lines  drawn 
2  in.  from  the  tubes 
and  at  a  distance  d 
from     the     .shell,     as  "■■•••.. 

shown  in  Figs.  1  and       ,..„.    j     heui-Lak  skgmkst 
2.    The  value  of  d  to  auovk  ti;hks 


NET    AREAS    OF    SEGMENTS    OF 
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28 

29 

30 

31 

31) 

I 

24 

26 

28 
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31 

33 
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41 
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43 
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45 
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171 
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18 

567 

585 
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620 
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607 

625 

643 

660 

677 
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763 

780 

795 

813 
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789 
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976 

969 
997 

989 
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25 

Thickness 
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50 

60 

70 

50 

90 
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26 
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31 
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be  used  in  any  particular  case  may  be  the  larger  of  the 
following  values,  which  are  quoted  directly  from  Par. 
214  of  the  Boiler  Code: 

(1)     d  =  Outer    radius    of    flange,    not    exceeding 
eight  times  the  thickness  of  the  head. 

5  X  r 

-^t^  -z-  .         (2)      f7  =  — ^--- 

1     P 

in  which 

d  — -  Unstayed  dis- 
tance from  shell,  in 
inches; 

T  =  Thickness     of 
head,  in  sixteenths  of 
an  inch ; 
Maximum     allowable     working     pressure,      in 
pounds   per   square   inch. 


IRREGULAR    SEGMENT 
BELOW    TUBES 


After  the  value  of  d  has  been  found  for  a  particular 
case,  it  is  subtracted  from  the  radius  of  the  boiler,  giv- 
ing (R  —  d) ,  which  is  the  radius  of  the  curved  edge  of 
the  segment  whose  area  is  to  be  found.  The  height  of 
this  segment  is  the  distance  from  the  tubes  to  the  shell 
less  the  distance  d  supported  by  the  flange  and  the  2 
in.  supported  by  the  tubes,  or  {H  —  d  —  2).  These 
two  quantities  having  been  found,  the  area  of  the  seg- 
ment in  square  inches  may  be  calculated  by  using  the 
formula, 


Ar-ea  = 


UH  -  d~  2)' 


x' 


2{R  -  d) 

(H  ~  d  ~2) 


0.608 


To  do  away  with  calculations  of  (/,  the  two  small  tables 
are  given.  The  first  wa"^  prepared  by  V.  R.  Eurlingame 
and  covers  the  values  of  d  for  all  pressures  from  50  to 


BOILER  HEADS 

TO 

BE 

BRACED 

{R 

-  d 

,  in 

Inches 

■a  " 

32 

32i 

33 

33i 

34 

3--; 

33 

35i 

36 

35i 

37 

37J 

38 

38! 

39   39; 

40 

405 

41 

415 

42   421   43 

43i 

44 

445 

45 

5.5 

V.\LUE 

OF  d 

,  OR  DISTANCE  SUPPORTEE 

BY  FLANGE 

OF  HEAD 

3 
35 
4 

45 

W 

'orking  Pressure, 

^ounds  per  Square  Inch 

Stayed,  in  Sqimn 

Inches 

rhickneos 

5 

of  Hear 

,  In. 

190 

20C 

210   220 

230 

240 

25C 

260   270   280 

290 

300 

310 

320 

55 

Distance  Supported  by  Flange,  Inclic  s 

6 

2,  17 

2  12   2 

07   2.02 

1.98 

1.94 

1  90   1 . 

86   I  83   1  79 

1  76 

1  73 

1  70 

1  68 

65 

1^ 

2  54 

2.47  2 

41   2.36 

2.31 

2  26 

2  21   2, 

17   2  13   2  09 

2.05 

2  02 

1  99 

1  96 

7 

2  90 

2.83  2. 

76   2.69 

2,64 

2,18 

2  53   2, 

48   2  43   2.39 

2.35 

2  31 

2  27 

2  24 

75 

I  a 

3.26 

3.18  3. 

11   3.03 

2  97 

2  90 

2   85   2, 

79  2  74  2  69 

2  64 

2.60 

2  56 

2  52 

8 

3.63 

3  54  3. 

45  3.37 

3.29 

3.23 

3  16  3 

10  3  04  2  98 

2.94 

2  89 

2.84 

2  79 

Si 

H 

3  99 

3  89  3 

80  3.71 

3.63 

3.55 

3.48  3 

41   3.35  3.29 

3  23 

3.17 

3.12 

3  07 

9 

4  35 

4  24   4 

14  4.04 

3.95 

3.87 

3.79  3 

72  3.65  3  58 

3  52 

3  46 

3.41 

3  35 

95 

321 

H 

4  72 

4  59  4 

49   4  38 

4.29 

4  20 

4  11   4 

03   3  96   3  88 

3  82 

3  75 

3  69 

3  63 

10 

344 

5  08 

4.95   4 

83   4.71 

4  61 

4  52 

4  43   4 

34   4  26   4,18 

4  11 

4  04 

3.98 

3  91 

105 

371 

H 

5  44 

5  30  5 

17   5  06 

4  95 

4  84 

4  74   4. 

65   4  56  4  48 

4  40 

4  33 

4  26 

4  19 

11 

392 

395 

10 

5  80 

5  66  5 

52   5.40 

5  27 

5  16 

5  06   4 

96   4  87   4  78 

4.70 

4  62 

4  54 

4  47 

115 

417 

421 
446 

450 

454 

12 

442 

125 

468 

472 

476 

480 

13 

494 

498 

503 

507 

135 

520 

525 

529 

534 

14 

547 

552 

556 

561 

566 

571 

145 

574 

579 

583 

589 

594 

599 

15 

601 

606 

612 

618 

623 

628 

633 

155 

629 

634 

640 

645 

651 

657 

662 

16 

656 

662 

668 

674 

680 

686 

692 

698 

704 

165 

685 

691 

697 

704 

710 

716 

722 

728 

734 

17 

713 

719 

726 

733 

739 

746 

752 

758 

764 

770 

776 

782 

788 

794 

800   806 

812 

818 

824 

830 

836  841   846 

851 

856 

861 

866 

175 

742 

749 

756 

763 

769 

776 

782 

789 

796 

802 

808 

815 

822 

829 

835   841 

847 

853 

859 

865 

871   877  883 

889 

894 

899 

904 

18 

770 

778 

785 

792 

799 

806 

813 

820 

827 

833 

840 

847 

854 

861 

868   875 

882 

889 

895 

901 

907  913  919 

925 

931 

937 

942 

m 

799 

807 

815 

822 

829 

837 

844 

851 

858 

865 

872 

879 

886 

893 

900   907 

914 

921 

928 

935 

942   949   956 

962 

968 

974 

980 

19 

829 

837 

845 

852 

860 

868 

876 

883 

890 

898 

905 

912 

919 

927 

934   941 

948 

955 

962 

969 

976   983  990 

997 

1004 

1011 

1018 

195 

859 

867 

875 

883 

891 

899 

907 

915 

923 

930 

938 

946 

953 

961 

969  977 

985 

992 

999 

1006 

1013  1020  1027 

1034 

1041 

1048 

1054 

20 

888 

897 

905 

914 

922 

930 

938 

947 

955 

963 

971 

978 

986 

994 

1002  1010 

1018 

1026 

1034 

1041 

1048  1055  1062 

1069 

1076 

1083 

1090 

205 

918 

927 

936 

945 

953 

962 

970 

979 

988 

995 

1004 

1012 

1020 

1029 

1037  1045 

1053 

1061 

1069 

1077 

1084  1091  1098 

1105 

1112 

1119 

1126 

21 

949 

957 

966 

976 

985 

994 

1003 

1011  1 

020 

1029 

1037 

1046 

1054 

1063 

1072  1081 

1089 

1097 

1105 

1113 

1121  1129  1136 

1143 

1150 

1157 

1164 

215 

979 

988 

997 

1007 

1016 

1026 

1035 

1044  1 

053 

1062 

1071 

1080 

1089 

1097 

1106  1114 

1122 

1130 

1138 

1146 

1154  1162  1170 

1178 

1186 

1194 

1202 

22 

1009 

1019 

1029 

1039 

1048 

1058 

1068 

1077  1 

087 

1096 

1105 

1114 

1123 

1132 

1141  1150 

1159 

1168 

1176 

1184 

1192  1200  12C8 

1216 

1224 

1232 

1240 

225 

1040 

1050 

1061 

1071 

1080 

1090 

11  CO 

1110  1 

20 

1130 

1139 

1148 

1158 

1167 

1176  1185 

1194 

I2C3 

1212 

1220 

1229  1238  1247 

1255 

1263 

1271 

1279 

23 

1071 

1081 

1092 

1102 

1113 

1123 

1133 

1K4  1 

54 

1163 

1173 

1183 

1193 

1203 

1212  1222 

1231 

1240 

1249 

1258 

1267  1276  1285 

1294 

1303 

1312 

1320 

235 

1102 

1113 

1124 

1134 

1145 

1156 

1167 

1177  1 

87 

1198 

1208 

1218 

1228 

1238 

1248  1258 

1268 

1278 

1288 

1297 

1306  1315  1324 

1333 

1342 

1351 

1360 

24 

1132 

1144 

1156 

1167 

1178 

1188 

1200 

1211  1 

222 

1233 

1243 

1253 

1264 

1274 

1285  1295 

1305 

1315 

1325 

1335 

1345  1335  1365 

1374 

1383 

1392 

1401 

245 

1164 

1176 

1187 

1199 

1211 

1222 

1233 

1245  1 

25e 

1267 

1277 

1288 

1299 

1310 

1321  1331 

1342 

1352 

1362 

1372 

1382  1392  1402 

1412 

1422 

1432 

1442 

25 

1196 

1208 

122C 

1232 

1244 

1255 

1267 

1278  1 

290 

1302 

1313 

1324 

1335 

1346 

1357  1368 

1379 

1389 

1399 

1410 

1421  1432  1442 

1452 

1462 

1472 

1482 

255 

1226 

1239 

1252 

1265 

1276 

1289 

1301 

1313  1 

325 

1337 

1348 

1360 

1371 

1383 

1394  1405 

1416 

1427 

1439 

1450 

1461  1472  1483 

1493 

1503 

1513 

1523 

26 
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180  Ih.  ptT  .SI). ill.  Tho  Hocond  -niall  tal)lc  jf'Vf.s  value.'* 
of  d  for  pre.'<.'<urc.s  from  180  to  .'V20  11).  jht  s(iiiaro  inch. 

Tlni  main  table  jfivcs  the  area.s  of  .seRmeiits  to  be 
braced  and  i.s  based  on  values  of  (li  —  (/)  and  (H  —  d 
— 2)  ditTcrinK  by  half-inches  except  for  values  of 
(R  —  (/), below  31  in. 

Suppose  that  u  boiler  54  in.  in  diameter  has  a  head 
4  in.  thick  and  is  to  carry  a  working  pressure  of  180  lb., 
and  that  the  distance  from  the  top  of  the  tubes  to  the 
shell  is  22  in.  Let  it  be  required  to  find  the  area  of  the 
segment  to  be  braced. 


According  to  the  .small  table  at  the  left,  the  value  of  a 
for  a  head  h  in.  thick  and  a  working  pressure  of  180  lb. 
is  2.98  in.,  which,  for  all  practical  purposCH,  may  be 
taken  as  li  in. 

The  radius  of  the  boiler  ia  R  =  21  in.  and  H  =  22  in 
Therefore,  (ft  —  d)  =  27  —  3  =  24  in.  and  (//  —  d 
—  2)  —  22  —  3  —  2  —  17  in.  In  the  main  table  locate  17 
in  the  first  column  at  the  left  and  follow  along  the  hori- 
zontal line  to  the  column  headed  24.  At  this  point  the 
value  573  appears,  which  indicates  that  the  area  of 
segment  to  be  stayed  is  573  square  inches. 


The  Electrical  Study  Course — Putting  Balancer 
Sets  into  Service  on  Three- Wire  System 


Deals  a  ith  the  speed  regidatiun  of  balancer  sets 
cnniposed  of  compound  machines,  and  ivith  the 
factnis  affecting  the  size  of  machines,  to  tise. 
Also  takes  up  the  subject  of  starting  sets  pre- 
paratory to  connecting  load  to  them. 


t: 


^HE  previous  lesson  brought  us  as  far  as  a  con- 
sideration of  the  elements  that  affect  the  speed 
regulation  of  a  balancer  set  that  consists  of 
compound  machines.  The  connections  for  such  a  set 
are  shown  in  Fig.  1.  The  series  fields  i/,  and  H,  are 
connected  in  the  manner  which  will  cause  the  machines 
G,    and    G^    to    operate    as    differentially    compounded 


FIG.    1.      CONNECTIONS   FOR   COMPOUND- WOUND 
BALANCER   SET 

motors.  That  is,  when  running  as  motors  the  direction 
of  the  current  through  the  series  field  is  such  that 
the  magnetization  produced  by  it  is  in  the  opposite 
direction  to  that  produced  by  the  shunt  field. 

It  is  to  be  noted  that  when  connected  as  in  Fig.  1 
machine  G^  or  G,  will  be  a  cumulatively  compounded  one 
when  it  runs  as  a  generator.  That  is,  when  operating 
as  a  generator  the  magnetization  due  to  the  series- 
field  current  is  in  the  same  direction  as  that  due  to 
the  shunt-field  current.  This  is  because  the  direction 
of  the  current  in  the  armature,  and  consequently  in 
the  series  field,  reverses  whenever  the  machine  changes 
from  motor  to  generator  or  vice  versa,  while  the  shunt- 
field  current  is  always  in  the  same  direction.  Conse- 
quently, we  have  a  differentially  compounded  motor 
driving  a  cumulatively  compounded  generator,  the  two 
being  connected  in  series  across  the  generator  G. 


Making  the  same  supposition  in  regard  to  the  load 
as  in  the  previous  lesson — namely,  that  L,  is  larger 
than  L, — we  know  that  G,  must  be  the  motor  driving 
G,  as  the  generator.  Since  G,  is  a  differentially  com- 
pounded motor,  its  speed  will  tend  to  increase  as  the 
load  upon  it  is  increased,  since  the  effect  of  the  load 
current  through  the  series  field  is  to  reduce  the  ex- 
citation. However,  as  soon  as  it  begins  to  increase  in 
speed  it  drives  G,  faster,  which  increa.ses  the  voltage 
of  G,,  causing  it  to  furnish  a  greater  current  and 
thereby  increasing  its  voltage  still  more  owing  to  the 
cumulative  effect  of  the  current  through  the  series 
field.  As  the  voltage  across  G,  increases,  that  across 
G.  must  decrease,  since  it  is  the  difference  between 
the  constant  voltage  maintained  across  ab  by  G  and 
that  across  an. 

Decreasing  the  voltage  impressed  upon  a  motor 
causes  its  speed  to  be  reduced,  consequently  the  accel- 
erating action  of  the  current  in  the  series  field  is 
checked  by  the  drop  in  voltage.  The  difference  between 
this  method  and  the  one  using  .shunt  machines  with 
interchanged  fields,  de.scribed  in  the  last  lesson,  is  that 
in  this  method  the  accelerating  action  is  due  to  the 
increase  of  load  on  G„  and  the  retarding  action  is 
due  to  the  increase  of  voltage  across  G ,  whereas  in 
the  other  method  acceleration  is  due  to  decrease  in 
voltage  across  G„  and  the  retarding  effect  is  due  to 
the  increase  of  load  on  G,. 

The  size  of  the  machines  used  in  a  balancer  set  de- 
pends upon  the  maximum  value  that  it  is  expected  the 
unbalanced  load  current  will  reach.  If  it  is  known  that 
the  amount  of  unbalancing  will  never  be  very  great, 
small  machines  may  be  used  for  the  service  irrespec- 
tive of  what  the  total  load  on  the  system  might  be. 
On  the  other  hand,  if  the  unbalancing  is  likely  to  be 
very  large,  the  capacity  of  the  balancer  machines  must 
be  greater.  That  is,  there  is  no  direct  relation  between 
the  total  load  a  three-wire  system  is  called  upon  to 
take  care  of  and  the  size  of  the  balancer  set  that  must 
be  provided.  Thus,  a  comparatively  large  system  on 
which  only  a  slight  unbalancing  could  occur  at  any 
time  would  require  a  much  smaller  balancer  set  than  a 
smaller  system  on  which  serious  unbalancing  had  to 
be  provided  for. 

The  extreme  case  of  unbalancing  would  be  that  in 
which  all  the  lamps  on  one  side  or  the  other  might 
be  turned  out.  In  such  a  case  each  balancer  machine 
would  have  to  be  big  enough  to  take  care  of  half  the 
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full  current  of  one  side  of  the  system,  since  under 
those  conditions  the  current  in  the  neutral  would  be 
the  same  as  in  the  loaded  outside  wire,  and,  as  shown 
in  the  previous  lesson,  the  current  in  the  neutral  wire 
divides  nearly  equally  between  the  two  machines. 

Balancer  sets  may  run  continuously  for  long  periods 
of  time,  but  there  are  of  course  occasions  when  they 
must  be  shut  down,  and  means  must  therefore  be  pro- 


FIG.   2.      SWITCHING   SCHEME   FOR   BALANCER  SET  ON  THREE-WIRE  SYSTEM 


vided  for  starting  them  up  again  when  they  are  to  be 
placed  in  service.  We  shall  therefore  give  some  con- 
sideration to  the  methods  used. 

Fig.  2  represents  a  simple  arrangement.  For  the 
sake  of  clearness  the  machines  G^  and  G,  are  shown 
of  the  shunt  type  and  their  fields  F^  and  F^  are  shown 
each  connected  to  its  own  machine  instead  of  being 
interchanged.  As  shown,  the  two  machines  are  con- 
nected in  series  to  the  starting  switch  P.  The  re- 
sistance of  the  field  rheostats  R,  and  R^  is  all  cut 
out,  and  the  switch  S^^is  opened,  thus  placing  the  field 
windings  F,  and  F^  in  series  without  any  connection 
to  the  neutral.  It  is  necessary  to  do  this  for  the  reason 
that,  for  the  polarity  shown,  the  armature  of  G,  when 
at  rest  would  act  as  a  short-circuit  across  its  field  F., 
causing  the  voltage  across  F,  to  be  very  small  at  the 
moment  of  starting  and  consequently  impressing  double 
normal  voltage  across  F,  and  causing  it  to  take  twice 
normal  current  while  practically  no  current  flowed 
through  Fj.  By  opening  switch  S^y  the  same  current 
is  made  to  flow  through  both  F,  and  F^,  thus  causing 
the  excitation  of  the  machines  to  be  the  same. 

Besides  adjusting  i?,  and  /?,  to  zero  and  opening  Syi 
ap  inr.ection  is  made  of  switch  S^,  to  see  that  it  is 
open.  Switch  S  is  then  closed  and  the  motors  are 
started  in  the  usual  manner  by  means  of  the  starting- 
switch  R,  at  which  time  switch  S^  is  closed.  The  next 
step  is  to  close  the  neutral  switch  A'';  then  the  voltages 
across  G,  and  G,  are  tested  by  applying  voltmeter  V 
across  AN  and  NB.  If  the  machines  are  not  found 
to  have  the  same  voltage,  the  excitation  of  the  one 
showing  the  higher  voltage  is  reduced  by  increasing  the 
resistance  in  its  field  circuit.  Thus,  if  the  voltage  of 
G,  were  found  te  be  higher  than  that  of  G,  the  re- 
sistance of  R,  would  be  increased  in  order  to  reduce 
the  current  through  F,  and  thus  reduce  the  voltage  of 
G„  until  the  voltages  across  the  two  machines  were 
the  same.     They  would  then  be  ready  to  have  the  load 


placed    upon    them,    which    would    be    done   by   closing 
switch  S^. 

The  connections  for  compound  machines  would  be  the 
same  as  those  for  shunt  ones  excepting  that  the  series 
field  would  of  course  be  connected  as  part  of  the  ar- 
mature circuit.  The  problem  of  the  preceding  lesson 
consisted  of  finding  the  values  of  the  currents  in  the  dif- 
ferent parts  of  a  three-wire  system  such  as  that  in  Fig. 
1.  The  load  consists  of  100- 
watt  and  110-volt  lamps  of 
which  there  are  800  in  load  L, 
and  600  in  load  L..,  and  the 
generator  G  maintains  220 
volts  across  ab.  When  run- 
ning idle,  the  machines  G, 
and  G..  draw  20  amperes.  Since 
there  are  800  lamps  in  L,  each 
of  which  consumes  100  watts, 
the  load  on  this  side  of  the 
system  is  800  X  100  =  80,000 
watts.  The  voltage  across 
each  side  being  110  volts,  the 
current  required  for  this  load 

.      80,000  „„„ 

IS        '  =    727    amperes. 

Similarly,    the    load    L,    Is 
equal    to    600    X    100    — 

60,000 


L-^J 


60,000,    and    the    current    required    by    it    is 


110 


=  545  amperes.  The  total  load  on  G  is  the  sum  of 
the  lamp  loads  plus  the  balancer  load.  The  latter  i- 
20  amperes  at  220  volts,  or  20  X  220  =  4400  watts. 
The  load  on  G  is  therefore  80,000  +  60,000  +  4400 
=  144,400  watts  and  this  divided  by  its  voltage, 
namely,  220  volts,  will  give  the  current  /  in  the  mains, 
144,400 


or  /  = 


656  amperes.     From  the  preceding 


220 

calculations  we  have  /^  =  727  amperes  and  /^  = 
545  amperes,  from  which  /y  =  /^  —  /^  =  727  — 
545  =  182  amperes.  Since  I  ^  is  727  amperes  and  / 
is  only  656  amperes,  /.  must  be  equal  to  727  —  656 
=  71  amperes  in  the  direction  from  n  to  a;  and  since 
/g  is  only  545  amperes,  the  current  7^  must  be  equal 
to  7  —  7^  =  656  —  545  =  111  amperes  in  the 
direction  from  n  to  b. 

In   Fig.  3  loads  L^  and  L,  are  composed  of  lamps 


FIG.  3.     CONNECTION  FOR  SHUNT-WOUND  BALANCER  SET 


taking  120  amperes  and  180  amperes  respectively,  and 
the  load  M  consists  of  motors  taking  an  aggregate  of 
230  amperes.  The  machines  G,  and  G,  take  10  amperes. 
What  are  the  values  and  directions  of  currents  7,  7^, 
Ig,  Ij^r,  /„  and  I J  What  would  have  to  be  the  capacity 
of  the  machines  G,  and  G.  to  take  care  of  a  completely 
unbalanced  condition,  if  the  system  is  operating  at  110 
to  220  volts,  and  the  maximum  lamp  load  across  each 
side  is  200  amperes? 
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(liarl    for   Findiiig   [hv   Kaclor  of  Kvaporalion 


Ky  c.  h.  siikasley 


IN  CALrULATING  stenm-hoiler  performance  it  ia 
neces.sary  to  find  the  factor  of  evaporation.  To  do 
away  with  computations  it  is  desiraiilc  to  use  .some 
.■;ort  of  table  or  chart  from  which  the  required  factor 
may  be  read  direct  for  any  tjiven  .set  of  conditions.  A 
chart  for  finding  the  factor  of  evaporation  is  shown 
in  the  illustration,  and  in  preparing  it  an  effort  has 
been  made  to  have  it  cover  practically  the  entire  range 
(  f  conditions  that  are  liable  to  be  met  with  in  practice. 
The  chart  shown  can  be  used  for  either  saturated  or 
superheated  steam.     The   factors  shown   are   based   on 


200  lb.  Kage  is  about  215  lb.  absolute.  So,  locate  215  lb. 
on  the  bottom  .scale  of  the  diagram  and  follow  it  verti- 
cally to  the  curve  marked  150  dejf.  F.  Then  procee<l 
iiori/ontally  to  the  diaKonal  marked  '210  dcR.  F.,  which 
is  the  nearest  value  to  20S  (leg.  F.  From  this  point  on 
the  diagonal,  proceed  vertically  to  the  scale  at  the  top, 
where  the  reading  will  be  found  to  be  1.141,  which  is 
the  factor  of  evaporation. 

The  total  heat  per  pound  of  steam  of  any  given  condi- 
tion may  also  be  found  from  the  chart.  After  finding 
the  intersection  of  the  vertical  line  from  the  value  of 


Factors   of  Evaporation 
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CHART  FOR  FINDING  FACTOR  OF  EVAPORATION  OF  SATURATED  OR  SUPERHEATED   STEAM 


the  values  given  in  the  steam  tables  of  Marks  and  Davis. 

The  method  of  using  the  chart  may  best  be  illustrated 
by  a  couple  of  examples.  Suppose  that  the  factor  of 
evaporation  is  to  be  found  for  the  changing  of  water 
at  160  deg.  F.  into  saturated  steam  at  a  pressure  of 
140  lb.  gage,  which  is  155  lb.  absolute.  Locate  the  pres- 
sure of  155  lb.  on  the  bottom  scale  and  proceed  vertically 
until  the  saturation  curve  is  reached.  Next,  from  this 
point  on  the  saturation  curve  follow  a  horizontal  line 
until  the  diagonal  marked  160  deg.  F.  is  reached.  Then 
proceed  vertically  to  the  top  of  the  chart,  and  the  point 
thus  located  will  correspond  to  1.099,  which  is  the  factor 
of  evaporation  for  the  conditions  assumed. 

Next,  suppose  that  the  feed  water  has  a  temperature 
of  208  deg.  F.  and  the  steam  has  a  pressure  of  200  lb. 
gage  and  a  superheat  of   150  deg.   F.     A  pressure  of 


the  pressure  and  the  curve  representing  saturation  or 
degree  of  superheat,  follow  horizontally  to  the  scale  at 
the  left  of  the  chart,  where  the  total  heat  will  be  in- 
dicated. 

Charts  for  this  purpose  have  been  made  from  time 
to  time,  some  being  in  the  form  of  alignment  charts 
while  others  employ  a  sliding  scale.  No  special  ad- 
vantage is  claimed  for  the  chart  over  any  other  for 
the  purpose,  except  that  it  is  so  designed  as  to  cover 
a  wide  range  of  conditions  and  at  the  same  time  allow 
the  size  of  the  chart  to  be  reduced  to  the  minimum. 
Also,  all  scales  are  within  the  limits  of  the  chart  and 
so  the  use  of  a  straight-edge  is  unnecessary  in  the  read- 
ing of  the  desired  result.  Neither  is  a  specially  con- 
structed base  necessary,  as  in  a  chart  employing  one  or 
more  sliding  scales. 
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Improving  the  Qualities  of 
American  Marine  Engineers 

PERHAPS  no  one  more  profoundly  appreciates  the 
value  of  the  training  of  marine  engineers  by  the 
United  States  Shipping  Board's  schools  than  the  older 
engineers  who,  at  first,  were  demonstrably  reluctant  to 
approve  the  Board's  plan  for  training  men  for  Amer- 
ican ships.  Marine  engineers,  from  the  designers  down 
to  the  third  assistants,  are  notoriously  conservative  and 
tenaciously  enmeshed  in  tradition.  Many  of  the  older 
operating  men  have  not  bothered  with  books  or  with 
keeping  pace  with  the  advancements  in  the  art.  With 
them,  as  things  were  done  long  ago  they  should  be  done 
today.  Naturally,  men  of  this  character  are  inclined  to 
resent  the  intrusion  of  the  vounger  men,  who  were  de- 
sirably technical  if  lacking  the  long  years  of  experi- 
ence of  the  older  fellows. 

A  peculiar  thing  has  happened.  To  shut  out  the 
younger  or  newer  type  of  men  for  engineer  officers  of 
the  merchant  marine,  the  staid,  conservative  engineers, 
honestly  believing  they  were  protecting  the  service,  at- 
tempted to  "stiffen"  the  requirements  of  the  United 
States  Steamboat  Inspection  Service.  With  the  inten- 
sive and  comprehensive  training  given  applicants  by 
most  of  the  schools  of  the  Shipping  Board,  they  are  so 
well  grounded  in  fundamentals  that  they  quite  easily 
go  over  paths  on  which  the  older,  less  technical  men 
stumble.  Experience  is  showing  that  stationary  engi- 
neers, who  have  been  forced  by  license  legislation  and 
encouraged  by  their  trade  organizations  to  study,  make 
more  rapid  progress  through  the  Board's  schools  than 
do  the  older  type  of  marine  men.  But  the  latter  are 
about  to  improve,  they  are  agreeably  cooperative,  and 
the  Shipping  Board  will  doubtless  give  them  every  op- 
portunity to  meet  the  new  conditions.  The  merchant 
marine  of  Great  Britain  does  not  suffer  from  this 
trouble  as  much  as  the  American  marine  suffers,  for 
the  reason  that  there  have  long  been  well-conducted 
schools  in  England  and  Scotland  which  have  been  doing 
for  the  British  seaman  what  the  schools  of  the-  Ship- 
ping Board  are  doing  for  Americans.  The  service  will 
be  immeasurably  improved,  and  every  man  in  it 
will  rejoice  at  the  change.  The  service  is  being  done  as 
much  for  them  as  for  the  country  that  is  dear  to  them. 

The  Skilled-Labor  Outlook 

POWER  plants  have  been  among  the  most  acute  suf- 
ferers from  the  labor  fonditions  disjointed  by  the 
war.  The  traveler  who  obsei*ves  and  listens  as  he  goes 
not  infrequently  hears  bitter  denunciation  of  the  Ad- 
ministration's pre-war  policies  as  the  cause  of  the  try- 
ing troubles  through  which  those  requiring  labor  have 
passed  and  still  are  passing. 

The  informed  and  honest  mind  will  grant  that  there 
is  a  modicum  of  truth  in  the  argument,  but  it  is  only 
a  modicum  of  truth.  The  plain  fact  is  that  the  nations, 
not  alone  armies,  cannot  turn  belligerent  and  preserve 


the  established  routine  of  peace.  Increased  remunera- 
tion, within  reason,  is  the  incentive  which  promotes 
productive  rate.  War  is  precipitate  and  requires  of  a 
nation  accelerated  production,  and  it  requires  it  forth- 
with. Labor  would  have  had  to  be  stimulated  in  1914 
or  1916  just  as  it  was  stimulated  later  when  America 
awoke  to  her  duty.  The  exigencies  of  the  moment 
caused  the  unparalleled  labor  turnover,  and  by  the  same 
immutable  social  law  it  will  force  another  turnover  now 
that  the  crisis  has  ended  overnight. 

Extraordinarily  high  wages  were  for  labor  part  of 
the  spoils  of  war.  Their  continuation  far  into  the  pe- 
riod of  adjustment  or  of  peace  would  impose  a  ruin- 
ous burden.  Their  too  sudden  reduction  would  create 
a  perilous  psychological  situation  full  of  the  virus  of 
Bolshevism.  And  the  peril  of  Bolshevism  is  real,  even 
for  America. 

As  regards  the  skilled-labor  outlook  engaged  in 
power-plant  work,  a  resumption  to  normal  is  making 
pleasing  headway.  The  desirable  labor  is  returning, 
less  cocky  than  when  it  went  away.  The  lure  of  other 
places  has  lost  its  punch,  and  the  good  men,  once  back 
on  the  old  job,  are  content  to  stay.  We  find  the  plants 
of  the  country  still  in  abnormal  condition,  but  rapidly 
coming  back  to  the  stability  of  the  days  that  seem  so 
long  ago. 

The  New  Laboratories  of 
the  Bureau  of  Mines 

THE  Bureau  of  Mines  is  one  of  the  noteworthy 
achievements  in  the  progress  of  the  relationship 
between  technology  and  the  Government.  It  is,  how- 
ever, peculiar  that  the  Bureau  is  legally  but  a  Gov- 
ernment servant;  that  is,  it  is  legally  an  advisory  and 
technical  bureau  for  use  only  by  Government  depart- 
ments. Legally,  it  is  not  for  the  service  of  industry 
broadly.  But  Government  departments  require  so  much 
industrial  information  that  no  infractions  of  the  law 
are  made  by  the  Bureau  when  it  takes  up  the  varied 
work  which  it  performs  and  which  is  invaluable  to  the 
industries.  We  understand  that  this  is  not  true  of  the 
Bureau   of  Standards;   it  is  not  so  restricted. 

But  someone  needs  to  enlarge  the  vision  of  Congres- 
to  the  end  that  such  a  far-reaching  technical  branch 
of  the  Government  as  the  Bureau  of  Mines  may  spread 
out  to  fields  adjacent  to  those  in  which  now  it  makes 
two  blades  of  grass  grow  where  but  one  grew  before. 
Appropriations  for  the  Bureau  are  woefully  small.  Pro- 
grams laid  out  by  the  mechanical,  chemical  and  mining 
divisions  must  be  done  with  much  the  same  niggardly 
caution  with  which  the  clerk,  professional  or  other  of 
the  intermediate  millions  now  buys  a  pair  of  shoes. 
Frugality  is  a  virtue  which  the  Bureau  exercises.  Some 
day  the  industries  which  benefit  in  such  great  meas- 
ure from  the  work  of  the  Bureau  maj^  give  the  sub- 
stantial support  that  they  should  be  called  upon  to 
give. 
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KlsewluTi'  III  this  i.s.sui>  the  new  laborntorio.s  of  the 
Huroaii  of  Mine**  are  dt'siril)e(J  and  profu.sely  illus- 
Irafod.  From  Ihe  article  om-  will  see  that  thesf  hihora- 
•orio.><  are  a  rreat  work.shop.  They  are  suh.stanlial  evi- 
(leiue  of  Iho  widoniiiK  s^iope  of  the  Hurcau.  in  wh'oh  the 
people  of  the  country  have  an  investment  that  perhap.s 
pay.s  hijrhfr  dividend.^  than  are  realized  from  any  other 
equivalent  ajipropriation. 

The  Passing  <>f  the  Vhv  of 
(^arl>oii-Filuiiu*iit  I.jiiii|»h 

WAK  has  left  its  effects,  both  beneficial  and  other- 
wise, upon  every  industry.  In  the  field  of  illumi- 
nation one  of  the  most  marked  effects  was  a  reduction  of 
fifty  per  cent,  in  the  sale  of  carbon-filament  lamp.«  dur- 
ing 1918  from  that  in  1917.  This  type  of  lamp  ha.s 
lonjr  since  ouUived  it.s  economical  existence,  therefore 
it  must  give  way  to  the  more  efficient  tungsten-filament 
type.  When  it  is  considered  that  the  fifty-watt  tung- 
sten lamp  will  give  three  times  as  much  illumination  as 
the  fifty-watt  carbon  lamp,  and  that  the  cost  of  the 
former  is  only  about  fifty  per  cent,  greater  than  that 
of  the  latter,  and  that  for  the  last  five  or  six  years  one 
type  has  been  just  about  as  durable  as  the  other,  it  is 
difficult  to  understand  how  a  market  could  be  found  for 
twenty-four  million  carbon-filament  lamps  in  this 
country  in   1917. 

When  the  tungsten  lamp  was  introduced  in  1907,  its 
high  efficiency  soon  made  it  apparent  that  with  im- 
provements in  the  filament  to  make  it  more  substantial, 
this  tj-pe  of  lamp  was  going  to  replace  the  carbon-fila- 
ment type  in  a  few  years.  However,  the  carbon  lamp 
held  its  own  until  about  1914,  when  the  sales  dropped 
from  approximately  fifty-five  to  twenty-five  millions. 
The  supplying  of  these  uneconomical  lamps  free  to 
their  customers  by  many  of  the  central-station  com- 
panies has  doubtless  had  a  marked  effect  in  maintain- 
ing millions  of  them,  in  use.  As  late  as  1917  there 
were  some  seventy  cities  in  the  United  States  having  a 
population  of  forty  thousand  each  and  over,  aggregat- 
ing a  total  of  approximately  eight  million,  five  hundred 
thousand,  where  central-station  companies  were  sup- 
plying carbon  lamps  free  to  their  customers.  This  fig- 
ure does  not  include  those  cases  where  carbon-filament 
lamps  are  supplied  free  and  tungsten  lamps  scid  at  a 
reduced  rate.  Hov/  long  this  might  be  continued  under 
normal  conditions  is  hard  to  surmise,  but  under  the 
stress  of  the  abnormal  conditions  brought  about  by  the 
war  many  of  the  central  stations  abandoned  their  free- 
renewal  lamp  service,  and  during  1918  a  program  for 
the  elimination  of  all  unnecessary  types  of  carbon  lamps 
was  approved  by  the  United  States  Fuel  Administra- 
tion. As  a  result  the  carbon-lamp  sales  dropped  to  less 
than  twelve  millions  last  year,  with  good  prospects  that 
this  lamp  will  pass  into  disuse  in  the  near  future. 

The  cost  of  keeping  twenty-four  million  carbon-fila- 
ment lamps  in  service  per  vear  over  the  same  number 
of  tungsten  lamps  of  equal  candlepower  is  difficult  to 
determine,  but  it  has  been  estimated  that  it  means  the 
burning  of  over  one  million  additional  tons  of  coal,  not 
to  mention  the  loss  in  human  productive  capacity  due 
to  the  poor  quality  of  the  illumination  from  carbon 
lamps.  Even  at  this  late  day  we  are  to  be  congratulated 
that  such  an  important  step  has  been  taken  to  eliminate 
this  unnecessary  waste. 


I^ihor   anil    Mi-rliaiiiral    KriiiiriiH-iitH 
ill    I'ourr   .Stations 

13*'^^  I''K-STATI()N  tconomieH  have  now  but  omo  chief 
road  to  lower  production  costs — namely,  refinemeiil;<. 
The  (|uest  for  new  types  of  prime  movers  ended  with 
the  ateam  turbine.  Lower  costs  must  now  be  sought 
by  the  more  intense  and  scientific  application  of  estab- 
lished operating  principles  and  by  broadening  the  field 
of  utilization  to  build  up  the  load  factor.  Roth  these 
entail  much. 

The  production  of  modern  power-station  machinery 
demands  a  higher  class  of  shop  labor  than  in  days  gone 
by.  The  di.sjointed  labor  conditions  cau.«ed  by  the  war 
and  the  troubles  experienced  with  the  product  of  such 
labor  as  was  available  is  sorry  evidence  of  this  truth. 
But  it  is  in  the  power  house  where  lies  the  greatest 
gap  between  mechanical  progress  and  competent  oper- 
ative skill.  The  one  has  not,  broadly,  kept  pace  with 
the  other.  Increasing  the  load  factor  means  greater 
continuity  of  service,  a  greater  unit-time  output  for 
the  station  and  its  parts.  Apart  from  complications  in 
machinery,  closer  running  clearances,  high  rates  of 
heat  transfer,  higher  pressures,  temperatures  and 
velocities,  the  load  factor  alone,  as  a  time  element,  calls 
for  constant  vigilance  and,  when  coupled  with  the  fore- 
going factors,  demands  of  the  operating  and  mainte- 
nance crews  a  different  appreciation  of  their  responsi- 
bility, a  higher  accuracy  of  judgment,  a  more  thor- 
oughly technical  training  than  necessary  to  successful 
operation  some  years  ago. 

The  state  of  affairs  is  appreciated  by  those  in  re- 
sponsible charge,  as  is  evidenced  by  the  educational 
courses  of  the  National  Electric  Light  Association,  the 
very  encouraging  technical  trend  in  the  national  and 
state  conventions  of  the  National  Association  of  Sta- 
tionary Engineers,  and  in  other  lesser  bodies.  But 
there  should  also  be  more  systematic  training  of  the 
men  within  the  individual  station,  a  m.ore  rapid  dis- 
covery and  more  decisive  disposition  of  misfits,  a  more 
careful  study  of  the  adequacy  of  remuneration  of  and 
progressive  opportunities  for  the  exceptionally  apt 
worker — a  merit  system  with  meritorious  rewards. 


There  was  a  time  when  many  flouted  the  idea  that  a 
woman  could  perform  mechanical  operations,  be- 
cause, according  to  tradition,  she  could  not  even  drive  a 
nail  straight.  That  ancient  pleasantry  received  its 
deathblow  in  the  same  war  as  did  Prussianism. 


Many  articles  are  received  for  publication  that  would 
be  greatly  increased  in  value  if  they  were  accompanied 
by  either  photographs  or  sketches.  When  sending  in 
letters  and  articles  for  publication,  do  not  forget  the 
illustrations. 


After  July  1  there  will  probably  be  plenty  of  brass 
rails  on  the  market.  Engineers  who  have  had  difficulty 
in  obtaining  condenser  tubes  may  view  the  future  with 
hopefulness. 

You  cannot  make  an  engineer  out  of  a  man  by  giving 
him  an  indicator  any  more  than  you  can  make  a  poet 
out  of  one  by  giving  him  a  fountain  pen. 


It  is  fortunate  that  the  cause  of  world-wide  liberty 
did  not  turn  out  as  disappointing  a  failure  as  the  so- 
called  "Liberty"  fuel. 


March  18,  1919 


POWER 


409 


Emergency  Shaft  Repair 

Another  way  in  which  an  emergency  shaft  repair 
such  as  that  described  in  the  issue  of  Jan.  7,  page  24, 
could  be  made  is  shown  in  the  illustration  herewith. 

First  procure  new  coupling  bolts  longer  than  the 
original  ones  and  an  equal  number  of  pieces  of  J-in.  pipe 


HOW    SPREADERS   WERE   APPLIED   TO    COIJPLING 

cut  to  fit  and  to  act  as  spreaders  between  the  halves  of 
the  coupling.  If  the  load  on  the  shaft  is  heavy,  it  may 
be  advisable  to  drill  additional  holes  and  use  a  larger 
number  of  bolts  than  were  in  the  coupling  originally. 
Schenectady,  N.  Y.  Peter  J.  M.  Clute. 

Motor  Suddenly  Reversed 

In  the  Jan.  21  issue  of  Power  is  given  an  experience 
of  John  R.  Steeska  where  a  motor  suddenly  stopped, 
reversed  and  ran  in  the  opposite  direction,  which  brings 
to  mind  a  similar  experience  that  I  had  shortly  after 
entering  the  military  service. 

In  the  electrical  laboratory  at  Clemson  College,  S.  C, 
was  a  small  direct-current  generator  which  was  used 
as  an  exciter  for  an  alternator.  The  exciter  was  rated 
250  watts  at  110  volts  and  was  compound-wound.  One 
day  we  connected  this  machine  up  as  a  motor  and,  as 
luck  would  have  it,  got  the  series-  and  shunt-field 
windings  in  opposition.  The  machine  would  start  and 
run  satisfactorily  until  the  starter  arm  was  advanced 
to  the  farthest  point,  when  it  would  slow  down,  reverse 
and  continue  to  operate  in  the  opposite  direction.  This 
was  caused  by  the  inrush  of  current  at  starting  being 
sufficient  to  make  the  series  field  stronger  than  the 
shunt;  the  motor  then  started  in  a  direction  corre- 
sponding to  the  polarity  of  the  series-field  winding. 
As  the  machine  came  up  to  speed,  the  current  through 
the  armature  and  series  winding  decreased  to  a  point 
where  the  shunt  field  became  the  stronger  and  reversed 
the  polarity  of  the  motor,  causing  it  to  stop  and  reverse 
its  direction  of  rotation. 

If  Mr.  Steeska's  machine  was  compound-wound,  it 
may  be  that  it  was  differentially  connected  and  when  a 
heavy  overload  of  short  duration  was  thrown  on,  the 
series  field  became  stronger  than  the  shunt  and  caused 
the  reversal.  R.  W.  Herring. 

Camp   Mills, 

Long  Island,  N.  Y. 

[When  a  direct-current  compound-wound  generator  is 
put  into  motor  service  either  the  shunt-field  or  series- 


field  windings  must  be  reversed  to  give  the  correct 
polarity  to  the  windings  for  motor  operation.  Mr. 
Herring's  experience  is  that  of  many  others  who  at- 
tempt to  operate  a  compound-wound  generator  as  a 
motor  without  reversing  one  of  the  field  windings. — 
Editor.] 

Crane  To  Handle  Condenser 
Manhole  Plates 

It  is  difficult  for  one  man  to  remove  the  manhole 
plates  of  a  large  condenser.  The  illustration  shows  an 
easily  made  device  for  this  purpose.  Two  angle  brackets 
are  fastened  to  the  condenser  shell  by  drilling  through 


HOME-MADE    MANHOT.K    PIRATE    CR.A.NE 

and  tapping  the  holes  or  using  bolts.  A  rod  of  tht. 
proper  length  is  passed  through  a  section  of  pipe  cut 
long  enough  to  reach  from  the  top  to  the  bottom 
brcicket.  A  washer  and  nut  are  put  at  the  top  and  at 
the  bottom  of  the  rod  and  the  nuts  are  tightened, 
allowing  the  pipe  just  enough  freedom  to  swing  easily. 
A  tee  and  a  section  of  pipe,  heavy  enough  to  hold 
the  condenser  plate,  form  the  arm  of  the  crane.  A 
setscrew  in  the  back  of  the  tee  fastens  it  to  the  up- 
right pipe  at  the  desired  height.  Two  eye-bolts  on  the 
swinging  arm  and  a  connecting  piece  put  through  the 
handle  in  the  plate  make  it  possible,  after  taking  the 
weight  on  the  crane,  to  remove  and  swing  the  plate 
to  one  side.  Instead  of  the  two  eye-bolts  a  rod  with 
a  hook  at  the  end  can  be  used  if  desired. 

Norristown,  Penn.  William  H.  Watson. 
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lIiiHviiiiiirtrical    Iiidirutor  Dia<>;raniH 

Ajraiii  rofoniiiK  to  tho  .suhjeit  of  unsytnnietrical 
iiuliijitor  ilijivrrams,  us  aiiswert'd  by  Mr.  Lewi.s  in  the 
issue  of  Jan.  2S.  p«K«  MO,  takin>f  the  diagram  as  shown 
and  assiiminK  10  per  cent,  lii-aranco  of  jiiston  displace- 
ment and  ,"„  or  ,"•„  piston  travel  as  points  of  exhaust 
closure,  I  a^ree  with  the  author  that  when  the  ex- 
haust valve  closes  at  ,',,  stroke  the  compression  pressure 
at  full  stroke  will  be  double,  and  if  the  exhaust  valve 
doses  at  ,"„  stroke  the  compression  pressure  at  full 
stroke  will  be  three  times  us  great  as  the  exhaust 
pressure  at  the  time  of  exhaust  closure,  but  this  is 
absolute  pressure    (temperature  correction  omitted). 

Referring  to  Fig.  1,  as  that  of  a  high-pressure 
cylinder  and  assuming  that  the  absolute  zero  pressure 
is  15  lb.  below  atmospheric  pressure  and  that  the  back 
pressure  is  20  lb.  gage,  or  35  lb.  ab-solute,  if  the  exhau.st 
valve  closes  at  ,"„  stroke  with  35  lb.  absolute  pressure 
in  the  cylinder,  then  the  full-stroke  compression  pressure 
would  be  70  lb.  absolute  pressure,  or  35  lb.  effective  com- 
pression pressure. 

If  the  exhaust  closes  at  ,"„  stroke,  there  would  be 
one-third  the  original  volume  at  full  stroke,  or  three 
times  the  original  pressure  "absolute,"  but  only  70  lb. 
above  the  35-lb.  back-pressure  line,  which  is  only  twice 
the  effective  back  pressure  when  the  exhaust  closure 
takes  place  at  ,',,  stroke. 

This  same  condition  exists  in  the  low-pressure  cylin- 
der, as  shown  in  Fig.  2.    Assuming  the  exhaust  pressure 
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noiselessly.  After  he  had  caused  two  perfectly  good 
head-end  crosshead  pin  brasses  to  cut  out  and  then 
complained  that  the  brasse-s  were  no  good,  I  was  called 
upon  to  investigate  the  cause  and  by  indicating  the 
engine  found  that  nearly  all  the  work  was  being  devel- 
oped in  the  crank  end  of  the  cylinder. 

I    would    lik«    to   sec    the   actual    indicator   diagrams, 
one  .set  with   the  compression  shifted   to  one  end   of 


PIG.   1.      COMPFIESSION  CURVES  OF  HIGH-PRESSURE 
CYLINDER 

to  be  atmospheric  (or  any  other  pressure  that  it  might 
be),  the  full-stroke  compression  pressure  with  an 
exhaust  closure  at  >j  will  be  only  twice  as  great  "above 
the  back  or  exhaust  pressure"  as  when  the  exhaust 
closure  takes  place  at  ^-'^  stroke. 

The  nearer  the  actual  indicator  diagram  approaches 
the  theoretical  diagram,  or  as  Mr.  Lewis  puts  it,  "a 
picture  in  a  book,"  the  better  will  be  the  economy  and 
the  operation  of  the  engine.  I  recall  an  instance  where 
an  engine  attendant  loosened  the  locknuts  on  the  eccen- 
tric rod  and  screwed  the  rod  out  until  the  engine  ran 


ATMOSPHERIC  LINE  OR 


BACK  PRESSURE  LINE 
LP  CYLINDER 


ZERO  pressure:  LINE 


,<- Volume  - 


FIG.    2. 


COMPRESSION    CURVES    OF    LOW-PRESSURE 
CYLINDER 


each  cylinder  as  described  by  Mr.  Lewis,  and  one  set 
from  the  same  one  with  the  compression  equally  or 
nearly  equally  divided  between  both  ends  of  each  cyl- 
inder. I  mean  by  actual  cards  taken  with  correct  reduc- 
ing rig.  It  may  be  that  Mr.  Lewis  is  fooling  himself 
with  an  incorrect  reducing  apparatus. 
San  Francisco,  Calif.  V.  R.  Hughes. 

Overheating  Hot  Water  Wasteful 

In  his  letter  on  page  256  of  the  Feb.  18  issue  Mr. 
Meinzer  says,  "There  is  no  economy  in  drawing  a 
quantity  of  hot  water  and  then  cooling  it  by  the  addi- 
tion of  cold  water."  Neither  is  there  any  waste,  as 
there  is  no  loss  in  mixing  cold  with  hot  water  to  obtain 
the  desired  temperature.  The  hotter  the  water  from 
the  domestic  heater  the  less  of  it  will  be  used  to  produce 
the  proper  temperature  for  lavatory  purposes,  etc.,  the 
actual  B.t.u.'s  used  being  practically  the  same  per  gallon 
for  all  ordinary  temperatures  of  the  hot-water  supply. 

The  arrangement  mentioned  of  placing  steam  pipes 
in  kitchen  sinks,  etc.,  would  hardly  be  in  the  interests 
of  economy.  A  large  quantity  of  steam  could  be  wasted 
by  unskillful  handling  by  the  kitchen  help,  and  the 
steam  valves  would  inevitably  leak  after  having  been 
in  use  a  short  time.  A  steam  jet  is  not  an  economical 
water  heater,  particularly  when  the  temperature  of  the 
liquid  is  near  the  boiling  point,  as  considerable  steam 
escapes  to  the  atmosphere  by  being  carried  to  the 
surface  in  the  form  of  bubbles. 

It  is  true  that  by  carrying  a  high  temperature  in 
the  hot-water  mains  the  heat  loss  from  the  pipes  is 
increased  to  some  extent,  but  this  loss  would  not  be 
serious  if  the  pipes  were  properly  covered. 

A  temperature  of  180  deg.  at  the  heater  will  usually 
be  found  to  be  the  most  desirable — at  any  rate  where 
there  is  a  laundry  or  kitchen.  Where  water  is  required 
for  lavatory  purposes  only,  a  temperature  of  about  130 
deg.  will  usually  be  sufficient.  D.  F.  Geahame. 

Ottawa,  Ont.,  Canada. 
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Different  Boiler  Water  Levels 

It  would  have  been  better  if  Mr.  Regan,  in  his  letter 
on  page  786  in  the  issue  of  Nov.  29,  1918,  had  stated 
what  kind  of  boilers  were  in  us»  in  the  plant  to  which 
he  referred,  how  the  drums  were  placed,  how  the  water 
column  was  piped  and  where  the  baffles  were  placed 
between  the  tubes. 

An  experience  I  had  with  a  Stirling  boiler  a  short 
time  ago  may  clear  up  some  points.     The  column  was 


WATER   LIFTED    IN    NO.    1    DRUM 

connected  up  as  shown  in  the  illustration,  and  the  loca- 
tion of  the  fusible  plug  was  at  the  center  of  the  middle 
drum  and  about  six  inches  above  the  bottom  of  the 
drum.  The  first  pass  of  the  gases  is  up  the  first  bank 
of  tubes  under  the  first  drum,  then  down  the  second 
bank  and  up  to  the  stack.  The  water  circulation  is  of 
course  from  the  cooler  to  the  warmer  part  of  the  boiler, 
and  in  this  case  it  was  from  No.  3  drum,  where  the 
feed  water  also  enters.  Steam  is  drawn  for  the  No.  2 
drum. 

We  start  with  two  inches  of  water  in  the  glass  and  a 
low  fire.  A  hot  fire  would  send  the  water  up  in  the  glass 
about  four  inches,  and  after  starting  the  engine  the 
water  would  go  still  higher.  If  the  engine  was  shut 
down  the  water  would  drop  back  to  the  two-inch  level 
and  it  would  sometimes  drop  out  of  sight  at  the  noon 
hour;  but  on  starting  up  again  it  would  go  half  way  up 
the  glass,  sometimes  more. 

The  reason  is  apparent,  for  No.  1  drum  and  bank  of 
tubes  receive  the  hottest  gases  and  do  the  most  work, 
and,  with  the  rapid  circulation,  the  water  is  forced 
into  No.  1  drum,  producing  a  higher  level  than  in  either 
of  the  other  two  drums.  Some  may  say  that  taking 
steam  from  the  middle  drum  would  not  cause  the  water 
to  rise  in  No.  1  drum;  but  all  the  drums  are  connected 
at  the  top,  and  starting  the  engine  simply  takes  steam 
from  each  as  fast  as  made.  It  is  a  question  whether 
there  might  not  have  been  times  when  the  plug  was 


exposed  during  the  time  the  engine  was  in  operation. 
The  remedy  was  to  connect  the  bottom  of  the  water 
column  to  the  middle  drum  on  a  level  shown  by  the 
dotted  lines  in  No.  1  drum;  the  water  level  can  then  be 
kept  wherever  desired.  This  can  be  done  by  connecting 
into  the  middle  head  near  the  bottom. 

I  once  had  a  similar  boiler  piped  with  the  water 
column  connected  to  the  middle  drum  and  the  steam 
to  No.  1  drum,  and  no  trouble  was  e.xperienced,  although 
the  boiler  supplied  a  turbine  carrying  a  variable  rail- 
road load.  When  the''  turbine  was  shut  down,  the 
water  level  would   remain   stationary. 

I  think  if  Mr.  Regan  would  trace  out  the  path  of 
the  water  and  gas  circulation,  he  would  find  his  case 
similar  to  mine.  WiLLARD  E.  MORSE. 

Orange,  Mass. 

Abstracting  Heat  from  Blowoff  Tanks 

Drip  and  blowoflf  tanks  containing  hot  water  that 
cannot  be  utilized,  should  be  equipped  with  inside 
coils  of  pipe  through  which  water  on  its  way  to  the 
house  hot-water  tanks  and  feed  pumps  can  fiow,  thus 
absorbing  the  heat  from  these  dirty  drips  and  blowoffs, 
which  would  otherwise  go  to  the  sewer. 

Brooklyn,  N.  Y.  W.  T.  Meinzer. 

Burning  Fuel  Oil  in  a  Coal-Burning 
Furnace 

The  picture  may  interest  readers  of  Power  as  illus- 
trating the  results  that  may  occur  through  the  applica- 
tion of  oil  fuel  in  a  boiler  setting  that  was  originally 
designed  to  burn  coal;  that  is  provided  the  term  "de- 
sign" is  applicable  to  a  setting  of  this  kind. 

As  a  boiler  inspector  I  warned  the  owner  of  this  boiler 
some  time  previously  that  if  oil  was  used  it  would  be 


BAG  CAU.SBD  KY  BURNING  FUEL,  OIL,  IN  FURNACE 
DESIGNED  FOR  BURNING  COAL 

necessary  to  change  the  setting,  so  that  the  oil  flame 
would  not  be  driven  up  by  the  remains  of  what  was 
once  a  bridge-wall.  This  warning  was  disregarded  with 
the  result  shown. 

The  bag  on  the  boiler  is  down  about  4i  in.  and  is 
cracked  open  at  the  bottom  where  the  metal  is  drawn 
down  to  a  knife-edge  thinness.  The  shell  plate  is  also 
cracked  open  at  the  rivets  in  the  girth  seam. 

San  Francisco,  Calif.  R.  L.  Hemingway. 
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(larltoii  aiul  ('.oniinutator  Wear 

As  mentioned  in  the  letter  by  R.  K.  Ilellmund  in  the 
Feb.  4  issue  of  Pmnr,  there  is  need  both  anions  carbon 
manufacturers  and  desitrninK  entfinoers  of  eieitricai  ma- 
ihiiiery  for  more  dotinito  data  on  how  carbon  wear  is 
affected  by  current  density,  sparking  voltajrc  and  periph- 
eral speed.  However,  the  effect  of  each  of  these 
characteristics  on  l)rush  wear  is  influenced  to  such  a 
K'reat  extent  by  other  factors  that  exact  determination 
is  practically  an  impossil)ility. 

Consider  the  effect  of  current  density.  The  increased 
brush  wear  caused  by  increase  in  current  density  is 
due  to  the  hiRher  temperature  so  created  at  the  brush 
face  and  the  con.scciuent  more  rapid  disintegration  of 
the  carbon  at  that  point.  Any  factor  tending  to  further 
increase  the  temperature  at  the  brush  face  will  add 
to  the  rapidity  of  wear.  Some  of  the  things  having  this 
effect  are:  High  coefhcient  of  friction;  higher  con- 
tact drop  than  is  needed  for  commutation,  especially  on 
machines  of  low  voltage  and  high  current  capacity;  con- 
tact drop  too  low  for  sparking  voltage,  permitting  heavy 
currents  to  flow  in  the  short-circuited  coil;  lack  of 
carrying  capacity  or  very  high  current  density. 

As  mentioned  by  Mr.  Hellmund,  higher  current  densi- 
ties are  permissible  where  there  is  no  sparking  voltage 
than  where  there  is.  This  is  because  the  heating  ef- 
fect of  commutation  current  is  absent  and  higher  load 
currants  can  be  applied  before  the  same  temperature 
rise  is  attained. 

Permissible  Sparking  Voltage 

Mr.  Hellmund's  statement  that  sparking  voltages  of 
15  to  20  volts  are  permissible  if  the  current  density  is 
low  enough  is  open  to  question.  Average  volts  per  com- 
mutator segment  may  be  as  high  as  the  figures  named 
without  difficulty  being  encountered.  Or  the  reactance 
voltage  may  be  that  high  and  still  be  neutralized  by  in- 
terpole  flux  or  fringing  field  within  sufficiently  close 
limits  to  secure  good  commutation.  But  the  sparking 
voltage — that  is,  the  resultant  between  the  reactance 
voltage  and  the  other  electromotive  forces  generated 
within  the  coil  undergoing  commutation — should  be  less 
than  the  contact  drop  of  positive  plus  negative  brush  to 
attain  perfect  commutation.  Inasmuch  as  3  volts  is 
about  the  highest  brush-contact  drop  obtainable,  it  will 
be  seen  that  the  sparking  voltages  mentioned  would  not 
be  neutralized  within  12  to  17  volts.  Such  a  voltage 
would  set  up  excessive  currents  in  the  short-circuited 
coils  and  result  in  rapid  burning  away  of  the  brush 
faces  even  with  no-load  current  whatever  carried  by 
the  machine. 

Commutator  wear  may  be  caused  by  the  use  of  abra- 
sive brushes.  It  may  also  result  from  the  same  me- 
chanical or  electrical  causes  that  produce  brush  wear. 
Mechanical  conditions  of  this  nature  are:  Rough  com- 
mutator due  to  poorly  prepared  surface;  rough  com- 
mutator caused  by  burning;  vibration  from  any  source 
such  as  the  pound  of  a  direct-connected  engine,  poor 
belt  lacing,  improper  mounting,  loose  bearings  or  com- 
mutator out  of  true;  high  peripheral  speed,  causing 
brushes  to  chatter  or  creating  an  excessive  temperature 
at  the  brush  faces  due  to  friction ;  type  of  brush-holder 
or  angle  of  operation,  resulting  in  the  chattering  of  the 
brushes. 


Electrical  conditionH  cuuHinK  rapid  brush  wear  are: 
Sparking,  from  any  cauHe  whatever;  glowing  of 
brushes;   pitting  of  brush   faceH. 

Glowing  results  fr.mi  fxcos^ive  current  density  and 
may  i)e  local  or  may  cover  the  entire  contact  end  of  the 
brush.  (!onimon  causes  are  unecjual  collection  of  cur- 
rent by  different  brushes  of  the  same  polarity  and  very 
heavy  short-circuit  currents  in  the  coils  undergoing 
commutation,  which,  added  to  the  load  current,  bring 
the  temperature  of  the  carbon  at  the  face  of  the  brush 
up  to  the  glowing  point. 

Pitting  may  result  from  glowing  in  small  spots  on 
the  brush  face.  It  is  also  caused  at  times  by  particles 
of  copper  becoming  attached  to  the  brush  face.  This 
causes  a  heavy  current  to  localize  in  a  small  area,  dis- 
integrating the  carbon  and  forming  a  small  crater  in 
which  the  copper  embeds  itself. 

Resistance  to  Disintegration  of  Brushes 

The  source  of  brush  wear  from  all  electrical  and  some 
mechanical  causes  is  disintegration  of  the  carbon  at 
the  brush  face  due  to  the  temperature  attained  at  that 
point.  There  is  considerable  difference,  however,  in 
the  ability  of  different  forms  of  carbon  to  resist  this 
disintegration.  Graphite  is  much  more  refractory  than 
amorphous  carbon,  consequently  there  is  less  wear  on 
a  graphite  bru.sh  from  a  given  degree  of  sparking  than 
will  occur  with  a  coke  brush.  Even  better  than  the 
brush  made  up  from  pure  graphite,  held  together  by  a 
carbonized  binder,  is  the  electrographitic  brush.  This 
type  of  brush  can  be  made  much  harder  and  stronger 
than  the  molded  graphite  brush,  thus  offering  superior 
resistance  to  the  mechanical  causes  of  wear.  In  ad- 
dition, the  binding  material  in  the  electrographitic  brush 
has  been  transformed  into  graphite  and  possesses  high 
refractory  properties,  while  the  binder  in  a  molded 
graphite  brush  is  merely  converted  into  coke  during 
the  baking  process  and  consequently  is  more  susceptible 
to  disintegration  under  sparking  and  glowing. 

It  is  unfortunate  that  it  is  not  possible  to  accurately 
determine  the  influence  on  brush  wear  of  the  factors 
mentioned  by  Mr.  Hellmund.  It  is  possible,  however,  to 
obtain  a  great  deal  more  data  than  are  now  available 
on  certain  other  brush  characteristics  which  have  a  pro- 
nounced influenc:;  on  brush  wear. 

Contact  drop  should  be  studied  under  commutating 
conditions,  since  figures  obtained  on  slip-ring  tests  are 
of  doubtful  value  when  applied  to  commutating  service. 
Sparking  voltage  should  be  determined  for  each  grade 
of  brush  under  varj'ing  conditions  of  current  density 
and  peripheral  speed.  By  sparking  voltage  is  meant 
the  resultant  voltage  in  the  coil  undergoing  commuta- 
tion below  which  no  visible  sparking  occurs. 

Thermal  conductivity  should  be  studied  as  a  guide  to 
the  amount  of  radiation  or  ventilation  that  must  be 
provided  to  keep  the  temperature  at  the  brush  face 
below  an  injurious  value.  Finally,  the  refractory  prop- 
erties of  various  grades  and  the  influence  on  these 
properties  of  the  brush  composition  and  the  method  of 
manufacture  should  be  studied  more  carefully  than  has 
yet  been  done.  By  this  means  grades  may  be  developed 
which  are  capable  of  meeting  much  higher  current 
densities,  sparking  voltages  and  peripheral  speeds  than 
any  which  have  been  produced  up  to  the  present  time. 

Columbus,  Ohio.  Warren  C.  Kalb. 
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Conversion  of  Pump  into  Air  Compressor — For  best 
results,  what  changes  should  be  made  in  a  single  direct- 
acting-  steam  pump  to  convert  it  into  an  air  compressor? 

R.  W.  C. 

Ordinarily,  the  water  cylinders  of  pumps  are  provided 
with  a  liberal  percentage  of  clearance  volume,  as  it  is 
advantageous  to  their  operation  and  adds  convenience  in 
their  design  and  construction.  For  compressing  air  effi- 
ciently there  should  be  a  minimum  percentage  of  cylinder 
clearance,  and  conversion  of  a  steam  pump  into  an  efficient 
air  compressor  would  at  least  require  replacement  of  the 
water  cylinder  by  a   properly  designed  air  cylinder. 

Selection  of  Boiler  Capacity — What  number  of  boiler 
horsepower  should  be  installed  for  supplying  steam  to  a 
500  hp.  engine?  W.  D. 

A  boiler  horsepower  is  the  equivalent  evaporation  per 
hour  of  34.5  lb.  of  water  from  and  at  212  deg.  F.,  and  the 
evaporative  capacity  of  a  boiler  is  assumed  to  be  based 
on  good  firing,  fair  quality  of  fuel  and  good  draft.  The 
number  of  pounds  of  steam  required  for  development  by 
an  engine  of  an  indicated  or  an  actual  horsepower,  varies 
with  different  types  of  engmes  from  about  12  lb.  to  50 
lb.  of  steam  per  horsepower  per  hour  accoi'ding  to  the  type 
of  engine  and  the  actual  load.  For  most  situations  it  is 
advisable  to  install  at  least  25  per  cent,  larger  number  of 
boiler  horsepower  capacity  than  the  number  of  engine 
horsepower  that  is  to  be  developed,  in  order  to  provide 
against  temporary  excessive  demands  for  steam,  poor  grade 
of  fuel  and  imperfect  draft,  and  to  have  spare  capacity 
for  cleaning  fires  and  for  boiler  inspection,  cleaning  and 
repairs. 

Making  Hydrostatic-Pressure  Test  with  Injector — It  is 
desired  to  make  a  hydrostatic  test  of  a  boiler  that  is  to 
carry  a  pressure  of  110  lb.  per  sq.in.  What  should  be  the 
test  pressure,  and  could  such  a  test  be  made  with  an  in- 
jector that  is  supplied  with  steam  from  another  boiler 
carrying  a   pressure   of   110   lb.?  J.   C. 

It  is  customary  to  subject  boilers  to  a  hydrostatic-test 
pressure  50  per  cent,  greater  than  the  proposed  working 
pressure.  Most  good  forms  of  feed-water  injectors,  when 
supplied  with  dry  steam,  are  capable  of  forcing  the  water 
against  pressures  at  least  50  per  cent,  greater  than  the 
pressure  of  the  steam  supply,  and  injectors  are  manufac- 
tured that  obtain  much  higher  test  pressures.  When  an 
injector  is  used  as  a  test  pump,  the  safety  valve  of  the 
boiler  under  test  should  be  set  at  less  than  the  test  pres- 
sure, so  the  test  pressure  will  not  be  exceeded.  When 
the  safety  valve  opens  and  the  test  gage  indicates  about 
80  per  cent,  of  the  intended  test  pressure,  the  discharge  of 
water  from  the  safety  valve  should  be  gradually  throt- 
tled, and  the  injector  stopped  immediately  when  the  test 
pressure  has  been  reached. 

Unbalanced  Load  on  Induction  Motors — We  have  in  our 
plant  three  75-hp.  induction  motors  driving  a  lineshaft, 
as  shown  in  the  figure.  When  motor  A  is  carrying  the 
entire  friction  load,  the  ammeter  reads  47  amperes  per 
terminal;  when  A  and  B  motors  are  i-unning,  the  ammeter 
on  the  former  shows  42  amperes  per  phase,  and  when 
all  three  motors  are  driving  the  friction  load,  the  ammeter 
on  motor  A  shows  35  amperes.  When  all  three  motors 
are  driving  the  full  load  on  the  lineshaft,  motor  A  takes 
135  amperes,  motor  B  85  amperes  and  motor  C  75  am- 
peres. The  motors  are  operating  on  a  two-phase  30-cycIe 
425-volt  system.  I  would  like  to  know  why  motor  A  takes 
more  load  than  either  of  the  other  two  machines  and  what 
may  be  done  to  balance  the  load  between  the  different 
motors.  Motor  A  operates  at  a  higher  temperature  than 
motors  B  or  C.  G.  A.  B. 

Since    motor    A    is    operating    at    a    higher    temperature 


than  the  others,  it  is  apparent  that  the  characteristics  of 
the  three  motors  are  not  the  same  and  that  motor  A  is 
taking  more  than  its  share  of  the  load.  When  motor  A  is 
driving  the  friction  load  alone,  it  takes  47  amperes.  The 
small  reduction  in  this  current  as  the  other  motors  are 
added  is  due  to  two  causes.  As  the  mechanical  load  is 
i-educed  on  an  induction  motor,  its  power  factor  is  also 
reduced,  consequently  the  current  will  not  decrease  in  pro- 
portion to  the  load  reduction;  and  the  other  cause  for 
the  small  reduction  of  current  in  motor  A  is  that  this  motor 
is  taking  more  than  its  share  of  the  load. 

An  arrangement  where  two  or  more  motors  are  used 
to  drive  the  same  load  cannot  be  expected  to  divide  the 
load  equally  between  the  different  motors,  since  it  is  not 
possible  to  design  and  build  two  machines  that  possess 
identically  the  same  characteristics.  Even  if  the  machines 
had  the  same  internal  characteristics,  the  difference  in  the 
external  conditions  would  in  all  probability  affect  the  load 
division.  The  latter  will  be  affected  by  the  position  of 
the  rotor  in  the  stator  bore,  which  will  be  changed  as 
the  bearing  wears;  the  voltage  at  the  motors'  terminals  will 
change  slightly  with  the  location  of  the  motors;  the  size 
of  the  pulley  and  the  tension  on  the  belt,  if  the  machine 
is  belt-driven;  again,  the  resistance  of  the  rotor  may  change 


by  some  of  the  connections  between  the  end  rings  and 
bars  becoming  defective;  if  the  motors  are  wound-rotor 
machines,  the  load  characteristic  of  the  machine  will  be 
affected  considerably  by  the  resistance  of  the  brushes  on 
the  slip  rings,  the  machine  with  the  highest-resistance 
brushes  taking  the  least  load. 

If  the  machines  are  of  the  wound-rotor  type,  it  may  be 
possible  to  equalize  the  load  between  them  by  putting 
new  brushes  on  motors  B  and  C,  having  a  lower  resistance 
than  the  ones  now  in  use,  or  putting  higher-resistance 
brushes  on  motor  A.  In  any  case  the  load  can  be  balanced 
up  by  slightly  increasing  the  size  of  the  pulleys  on  motors 
B  and  C  or  decreasing  the  size  of  the  pulley  on  motor  A, 
especially  if  the  latter  is  made  of  wood  or  fiber.  However, 
until  there  is  no  danger  of  one  of  the  motors  becoming  over- 
loaded, there  is  not  any  serious  reason  why  the  load  should 
be  balanced  on  the  machines.  On  the  other  hand,  if  the 
load  is  no  greater  at  any  time  than  that  given  in  the 
problem,  there  is  no  reason  why,  if  the  load  is  properly 
balanced,  two  of  the  motors  cannot  carry  it  and  will  then 
operate  at  a  somewhat  improved  power  factor  over  that 
obtained  with  the  three  machines. 

All  current  readings  should  be  made  with  the  same  in- 
struments, or  if  different  instruments  are  used  on  each 
motor,  they  should  be  checked  "before  and  after"  taking 
readings,  to  make  sure  that  all  instruments  read  alike. 
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Mr.  Bloss  read  Power  when  it  was 
the  size  of  a  patent  medicine 
almanac 

/In J  f'ji'  thirt\-0(l(I  \fars  it 
hd.s  never  ctuist'd  to  ht-  of 
dt'finiti'  t'Ti'r-inrtt'asnu/  value 
to  hini. 

Rend  xc/uit  he  himself  says 
in  tico  unsolicited  letters  sent 
to  us  recently — extracts  from 
his  letters  follo-w: 

"Sometime  in  the  Eighties,  I  parted  with  a 
silver  half-dollar,  and  in  due  time  received 
the  paper  (POWER)  which  was  then  about  the 
size  of  a  patent  medicine  almanac. 

"There  has  never  been  a  minute  since  that  I 
have  not  been  a  paid-up  subscriber  to  POWER. 
I  ha,ve  secured  hundreds  of  subscribers  for 
POWER,  having  covered  some  17  States  in 
capacities  of  Operating,  Erecting  and  In- 
specting.* 

"In  my  case,  POWER  has  been  one  of  the 
greatest  factors  in  converting  a  poor,  though 
respectable  farm  boy  with  a  country  school 
Fourth  Grade  education,  into  an  engineer 
holding  Steam  Boiler  Inspectors  Licenses 
in  four  States,  and  now  holding  a  position 
as  Chief  Engineer  paying  600^  more  than  my 
first  engineering  job. 

"I  am  always  glad  to  recommend  POWER, 
believing  the  party  to  whom  it  is  recom- 
mended is  sure  to  be  benefitted." 


*Mr.   Bloss  voluntarily  obtained   these  subscriptions,   not  as  an  employee 
of   Power,   but   as  one   engineer   desiring   to   benefit   hi<   fellow    engineers. 
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THIS  is  the  sort  of  service  that  Pouter  is 
now  rendering  to  you — a  service  that  began 
to  be  of  value  with  the  very  first  issue  you 
read,  and  that  increases  in  value  as  the  years  go  by. 
To  continue  reading  Power  each  week,  year 
after  year,  produces  positive  results  for  every 
reader.  It  will  prove  as  valuable  to  you  as  it  has 
to  Mr.  Bloss. 

Be  foresighted — accept  this  special  limited 
offer  to  get  Power  for  ANOTHP^R  year  at 
the  $2  rate. 

Soon  Power's  subscription  "price  advances  to  $3 
a  year.  However,  we  feel  that  EVP^RY  SUB- 
SCRIBER should  be  given  the  opportunity  to  get 
Power  for  one  year  beyond  the  time  to  which  his 
present  subscription  is  paid  up,  at  the  $2  rate.  All 
that  we  ask  is  prompt  action  on  your  part. 


Take  advantaye  of  this  Special  Limited    Offer  and  save  a  dollar.     Fill  in,  tear  off 
on  the  dotted  lines  and  mail  the  attached  "Opportunitx  (Joupon"  TODAY. 


■"Opportunity   Coupon' 


POWER: 


Send  me  POWER  once  a  week  for  one  year  after  the  date  to  which  my 
present  subscription  is  paid  up,  at  the  present  rate  of  $2  a  year.  1  am  mailing 
this  coupon  to  reach  you  before  the  advanced  rate  goes  into  effect,  and  will  send 
the    $2    in    30   davs. 


Name . 


Street     .Address. 
Citv 


S-at? 

il,    THIS    t'OlTON    T<»l>.\\ 
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Fuel  Admiiiistratiou  and   the  Utility  Plant* 


By  CHARLES  BROSSMANN+ 


Tlll'iUK  an-  no  restrict'oii.s  on  coiil  iit  present.  The 
utility  plant  can  use  all  it  wishes — at  the  priee,  if  it 
is  aKi"eeahle  to  them.  However,  with  so  many  utilities 
(lurint;  the  last  year  asking'  for  surcharjtes,  we  find  the 
main  rea.son  is  increased  operatinj:  e.xpenses,  with  fuel 
as  one  of  the  chief  factors,  so  that  it  is  (|uite  evi- 
dent that  the  price  of  fuel  is  still  of  considerable  impor- 
tance. GrantinjT  this,  some  of  the  thinKs  found  i!i  utilit.v- 
plant  practice  were  peculiar.  Tliese  conditions  are  not 
confine<l  to  niunicipally  owned  plants,  but  exist  in  private 
plants  as  well,  although   probably   to   a   lesser  dejrree. 

It  is  of  interest  to  note  an  encourajrinp  news  item  fron) 
a  paper  only  a  short  time  a^o,  in  which  one  lar^e  company 
withdrew  its  plea  for  a  rate  increase,  stating  that  it  had 
<letermined  to  see  if  it  could  overcome  some  of  its  excessive 
expenses  through  reduction  on  the  price  of  coal  and  bet- 
ter operatinjr  conditions.  This  is  a  ^leam  of  encouragement, 
and  it  is  to  be  retrretted  that  this  stand  was  not  taken  more 
often,  or  at  least  an  endeavor  made  to  cut  down  expenses 
so  that  the  surcharge  asked  need  not  have  been  so  great. 

There  have  been  several  means  of  reducing  expenses  in 
utility  plants.  These  can  be  divided  into  two  general 
classes — one  by  interconnection  of  utility  and  power  plants, 
where  in  one  case  the  larger  plant  will  usually  be  more 
economical  of  operation  and  where  the  interconnection  would 
result  in  saving  fuel  or  labor  or  both — the  other  reducing 
operating  expenses. 

Investigating  Proposed  Intkrconnection  Projects 

The  mere  fact  that  interconnection  of  a  smaller  and  a 
larger  plant  co',"ld  be  made  does  not  necessarily  imply  that 
there  would  be  a  saving.  A  number  of  such  cases  have  been 
carefully  investigated,  and  in  some  instances  it  has  been 
found  possible  to  save  and  in  others  the  interconnection 
would  show  even  a  greater   fuel  consumption. 

In  investigating  a  proposed  interconnection,  the  practice 
was  made  to  get  all  possible  details  of  operation,  and  in 
numerous  cases  actual  tests  were  conducted  on  the  plants 
in  question,  so  that  the  possible  fuel  saving  could  be  de- 
termined. The  Fuel  Administration  was  not  concerned  in 
the  dollars  and  cents  saving — the  main  object  was  the  con- 
servation of  fuel;  but  with  the  information  determined,  it 
became  an  easy  matter  for  the  plants  concerned  to  find 
out  what  the  saving  in  money  would  be.  One  thing  that 
stood  out  very  plainly  in  some  plants  was  the  lack  of  engi- 
neering foresight  used,  and  emphasis  should  be  placed  on 
the  fearlessness  with  which  some  public  officials  had  de- 
termined offhand  engineering  problems  that  a  competent  and 
trained  engineer  might  spend  several  weeks  in  investigating 
and  figuring  in  order  to  get  the  best  results. 

Another  conspicuous  feature  in  some  cases  was  the 
method  of  operating  without  records  of  any  kind,  without 
any  effort  to  determine  costs  and  without  any  knowledge 
of  the  results  as  compared  with  other  plants.  In  one  in- 
stance the  superintendent  of  a  light  plant  was  not  allowed 
in  the  power  house  and  could  only  look  after  the  street 
equipment.  The  power  house  was  looked  after  by  one  of  the 
public  officials,  and  changes  were  being  made  that  at  that 
time  seemed  absolutely  unnecessary.  At  one  place  the  de- 
signer was  abused  for  putting  in  a  certain  recording  de- 
vice, and  yet  the  device  was  not  operating,  although  it  was 
of  fine  standard  equipment;  no  records  were  kept  and  the 
question  of  rate  increase  was  up  at  the  time.  Just  think 
of  a  plant  using  any-\vhere  from  sixteen  to  twenty  pounds 
of  coal  per  kilowatt  (See  Fig.  1)  and  selling  current  to  the 
water  department  for  30  per  cent,  less  than  it  cost  to  make 
it!  Here  the  current  was  generated  by  a  small  generator 
operated  by  a  slide-valve  engine  running  with  a  back  pres- 
sure and  then  pumping  water  with  a  motor  and  centrifugal 
pump,  while  right  in  the  plant  stood  a  compound-pumping 


engine    with    which    the    over-all    steam    rate    for    punipiiiic; 
would  have  been  considerably  less  than  with  the  centrifugal 
pump.      In  this  plant  a  saving  of  2000  tons  of  coal  a  year  i 
was  possible. 

Fig.  1  give.s  the  increased  cost  per  kilowatt-hour  in  this  I 
small  plant,  showing  the  rise  of  14-cent  coal  cost  to  almoHt 
'Si  cents  per  kilowatt-hour  sold.  It  also  shows  that  the  coal 
used  ranged  from  lli  to  17  lb.  per  kilowatt-hcur  generated, 
or  14  to  21  111.  per  kilowatt-hour  sold.  There  is  no  reason 
why  this  plant  .should  not  have  operated  at  from  12  to  14 
lb.  per  kilowatt-hour  which  would  have  been  bad  enough, 
and  the  inefficiency  in  operation  is  almost  mainly  attribut- 
able to  both  management  and  methods  of  operation. 

What  encouragement  is  there  to  an  operating  engineer 
who  is  ordered  to  discontinue  keeping  records?  Is  it  any 
wonder  that  such  a  plant  should  be  using  almost  twice  as 


•Read  before  the  Indiana  Engineering  Society. 
tConsultinir  engineer,  power   anrl    utility   plants 
ministration. 


U.   S.  Fuel  Ad- 


SHOWIXG    INCREASED    COST    PER    KILOWATT- 
HOLR   l.\    SMALL   PLANT 


much  coal  as  necessary?  On  questioning  the  fireman,  he 
said  he  had  worked  there  only  three  days,  and  I  believed 
him,  for  I  counted  27  shovelfuls  of  coal  going  under  that 
boiler  at  one  firing. 

In  another  case  careful  tests  were  made  on  two  plants 
considering  interconnection — a  municipal  light  and  water 
plant  and  a  much  larger  private  utility.  Loads  of  both 
plants  were  carefully  taken  and  actual  coal  tests  made 
under  several  different  conditions,  and  it  was  found  that  a 
saving  of  almost  a  thousand  tons  of  coal  a  year  could  be 
made.  It  is  worthy  of  comment  that  the  superintendent 
had  already  cut  down  his  coal  consumption  on  the  electric 
end  to  a  considerable  degree.  The  main  reason  for  this 
further  saving  was  in  the  difference  of  the  size  and  loading 
of  the  machines  in  the  two  plants,  the  large  plant  having 
almost  three  times  the  capacity  of  the  smaller  one.  In  this 
case  the  smaller  plant  was  operating  at  only  one-quarter 
load  and  was  using  for  this  work  about  six  thousand  pounds 
of  coal  to  make  the  run  during  the  night.     A  test  operated 
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on  the  larger  plant,  pulling  the  additional  load  with  its 
own,  showed  that  only  1000  lb.  additional  coal  was  used  to 
do  this  same  work. 

Fig.  2  shows  the  average  coal  for  the  station  duty  run  of 
over  60-hours  test  with  this  load.  The  amount  chargeable 
to  running  the  small-plant  street  lights  is  figured  as  fol- 
lows : 

Kw.-Hr.  Coal 

Witli     street     lights 2.920  21,000    1b. 

Witliout  street  liphts 2.040  20,000   lb. 

.Street    lights    880  1,000   lb. 

It  will  thus  be  seen  that  to  carry  the  880  kilowatt-hours 
for  street  lights  it  required  1000  lb.  of  coal,  or  1.12  lb.  per 
kilowatt-hour,  which  would  be  the  figure  to  use  in  compar- 
ing with  the  small  plant's  coal  consumption,  in  order  to 
show  the  saving. 

It  is  of  interest  to  note  that  the  average  curve  for  this 
60-hour  run  coincides  almost  exactly  with  the  load,  with  or 
without  street  lights.  This  result  was  due  to  the  fact  that 
the  night  load  was  poor  and  this  additional  load  gave  a  much 
better  load  factor.  It  should  be  added,  however,  that  even  in 
this  larger  plant,  no  scales  were  used  for  weighing  coal 
until   the  Fuel  Administration  asked  for  this  test. 

In  this  case  the  question  of  electrical  pumping  was  not 
considered,  as  no  coal  saving  would  ha'*?  resulted,  because 
the  municipal  plant  was  pumping  its  water  with  a  com- 
pound Corliss  condensing  engine  and  was  using  less  coal 
than  would  have  been  used  by  the  larger  plant  to  pump 
electrically. 

Electric  Pumps  Not  Always  the  Most  Economical 

There  seems  to  be  the  idea,  among  a  good  many  central- 
station  men  that  any  electric  pump  can  be  operated  more 
economically  than  any  steam  pump.  This  is  not  always  the 
case.  Of  course,  where  labor  is  saved,  that  will  sometimes 
even  offset  what  might  be  lost  on  coal.  In  one  case  where 
the  matter  of  pumping  the  water  of  the  municipal  plant 
had  been  agitated,  the  proposed  interconnecting  company 
had  a  fair-sized  plant,  but  it  was  found  that  to  furnish 
current  for  pumping,  as  compared  to  the  city's  steam  pump, 
would  have  resulted  in  an  actual  loss  of  fuel,  although  it 
was  rather  hard  to  convince  the  company  officials  of  this 
fact.  This  was  apparently  because  they  did  not  realize 
that  a  high-duty  crank-and-flywheel  condensing  pumping 
engine  had  almost  as  low  a  water  rate  as  their  large  elec- 
tric unit.  However,  they  were  finally,  though  reluctantly, 
convinced. 

In  another  instance  of  interconnection  on  water  plants, 
it  was  found  and  recommended  that  electrically  driven 
centrifugal  pumps,  as  compared  with  the  old  noncondens- 
ing  duplex,  would  result  in  a  saving  of  fuel  and  labor  that 
would  pay  for  the  investment  in  a  little  over  four  years. 
In  this  case  the  city  went  ahead  and  made  arrangements 
to  change  over. 

From  the  foregoing  it  will  be  seen  that  there  is  only 
one  safe  thing  to  do — investigate  each  case  carefully. 

It  must  not  be  thought  that  all  the  plants  examined  are 
horrible  examples.  Some  of  the  medium-sized  plants  found 
in  the  state  were  operating  at  as  low  as  4J  lb.  of  coal  per 
kilowatt.  In  one  of  these  plants  the  manager  has  well-kept 
records  of  all  loads  and  conditions,  and  he  could  give  on  a 
moment's  notice  any  information  regarding  the  plant  op- 
eration. It  is  rather  interesting  to  know  that  the  most  of 
the  plants  in  which  no  records  are  kept  and  which  have  no 
means  of  determining  what  is  being  done  are  uneconomical. 
In  one  particular  boiler  plant  they  had  the  scales,  coal  cars 
and  water  meter,  but  the  fireman  only  went  through  the 
motion  of  weighing  and  taking  the  water  records,  and  put 
them  down  so  that  they  looked  "about  right." 

In  another  instance  one  operating  engineer  said  he  had 
been  "jumped"  by  the  councilman  because  he  did  not  get 
the  cars  of  coal  oflF  the  switch  fast  enough;  they  had  no 
place  to  store  it  and  had  to  pay  demurrage.  "The  other 
engineer  burned  it  faster  than  you  do,  and  I  do  not  see 
why  you  can't  do  it,"  was  the  argument. 

In  one  plant,  in  which  the  records  were  fairly  well  kept, 
it  was  found  that  they  were  using  from  6J  to  7i  lb.  of 
coal    per    kilowatt-hour    generated,    and    this    looked    fairly 


good  on  the  face  of  it.  An  analysis  of  the  boiler-flue  gases 
showed  only  about  4  to  6  per  cent.  CO...  It  is  quite  evident 
that  with  such  a  showing  there  is  no  reason  why  the  coal 
per  kilowatt-hour  should  not  be  further  reduced  by  better 
boiler  economy,  and  this  is  being  accomplished  in  this  par- 
ticular plant.  Some  of  the  plants  visited  had  the  nece.s- 
sary  equipment  to  take  the  proper  tests,  but  claimed  that 
they  were  losing  money,  although  they  were  not  trying  to 
better  conditions  as  they  should  have  done. 

Analysis  of  the  trouble  in  many  of  these  plants  shows 
that  a  large  part  of  their  losses  is  caused  by  improper 
boiler-room  operation  and  by  not  keeping  proper  records 
or  by  not  properly  analyzing  them.  There  have  been  many 
plants  where  from  10  to  20  and  even  .50  per  cent,  saving 
in  coal  could  be  made  simply  by  changes  in  operating 
methods.  This  is  one  of  the  important  lessons  of  which 
advantage  should  be  taken. 

Another  most  important  thing  is  the  method  in  which 
new  equipment  is  purchased,  without  any  analysis  of  oper- 
ating loads  and  conditions  and  on  the  hit-and-miss  theory. 
This   trouble    comes   more    from    the    municipal    plants,    al- 


I 

s 

> 

^ 

cs 

^^ 

0 
£400 

>v 

'>"i 

^...    •!      AV£KAae  LOAD  AND  COAL  FROM  60  HOUR    TEST 

•    ^W:'      '     .  1        '        ■        !        1        1        1        1        1 

■-r^^^ii^j.- 

100 

0 

- 

IZ  HOUK  TCISt'wiTH  5TRCET      "f:  _^  1       ^  „„  ''^  ^„ 
LIGHTS  7.l9LaCOAL  IfW.H^       ;^  *]     "  °°^  '  "^ "  " 

■J 

^IZMOUK  TEST  W  STREET 
'    1        .LIGHTS  9.6  LB. 

1      Y'difference:  with       t                     '      '       '      J 

1         1   STREET  UOHTS lOOOLd.COALI'ERHIOirrOVUlLBCCM.KMI^ 

<0 


10 


If 


13 


Pounds  Coal  per  Kilowci+t"    Houk 

FIG.   2.      COAIj  rON.mTMPTION  WITH  HAND-FIRKT)  AV.VTER- 
TTTBE    KOILER.«!  ;     80-HOT'R    TEST 

though  a  number  of  such  cases  were  found  in  other  places. 
I  make  the  assertion  that  thousands  of  dollars  are  wasted 
every  year  in  municipalities,  by  improper  purchasing  with- 
out expert  engineering  advice  and  without  careful  engi- 
neering analysis  of  the  true  conditions. 

The  important  lessons  shown  from  the  Fuel  Administra- 
tion work  are: 

That  too  little  attention  is  paid  to  the  proper  and  eco- 
nomical operation  of  the  plant,  as  pertaining  to  the  boiler 
room,  as  the  greater  proportion  of  loss  of  the  plant  seems 
to  take  place  in  the  manufacture  of  the  steam. 

That  interconnection  in  numerous  cases  would  be  advis- 
able. Owing  to  the  character  of  the  equipment  combined 
with  the  methods  of  operation,  economical  central  stations 
have  power  available,  and  advantage  should  be  taken  of 
the  possibility  of  interconnection  so  that  uneconomical 
plants  can  be  placed  on  a  sound  basis. 

Another  important  reason  is  found  in  the  method  of  pur- 
chasing new  equipment  and  making  additions  to  plants 
without  any  regard  to  the  adaptability  of  the  units  pur- 
chased. Greater  attention  should  be  given  to  getting  the 
exact  working  conditions  of  the  plant  and  to  providing  eco- 
nomical  machinery    and    purchasing   new    plant   equipment. 

I  believe  that  the  time  has  been  reached  as  regards  pub- 
lic utility  plants  or  any  kind  of  power  plant,  when  strict 
attention  must  be  given  to  proper  design  and  purchase  and 
more  accurate  methods  of  operation  used ;  and  if  such  things 
were  looked  after  there  would  be  much  less  trouble  and 
fewer  failures  in  such  plants. 


West  Virginia  License  Bills 

A  number  of  bills  seeking  the  same  object — the  licensing 
of  stationary  engineers — were  introduced  in  the  West  Vir- 
ginia legislature  during  the  regular  session  that  just  ended, 
but  none  passed  either  house.  Under  the  terms  of  at  least 
one  of  the  bills  the  owner  of  a  boiler  or  stationary  engine 
of  over  10  hp.  could  not  have  operated  his  own  engine,  but 
would  have  had  to  hii"e  a  duly  licensed  engineer  to  run  it 
for  him. 
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IT  IS  intiTo.stiiiK  to  note  that  althouRli  many  of  the  c-arly 
conlpanie.^  ihartred  u  rate  of  only  20c-.  a  sq.ft.  (selling 
stoani  on  tlic  basis  of  S(iu:no  foot  of  radiation)  for  a 
season  of  .seven  or  ei>rht  months,  the  fuel  eost  of  ener^iz- 
injr  such  radiation  for  a  period  of  only  six  months  ( 180 
twenty-four-hour  days)  with  an  over-all  efficiency  of  50 
psr  cent,  in  generation  and  transmission,  steam  at  atmos- 
pheric pressure  and  a  room  temperature  of  70  dep.  F., 
would  be  from  10c.  to  15c.  with  coal  at  $1  a  ton.  As  few 
places  pet  their  coal  at  that  price,  it  is  easy  to  see  why 
these  heating:  companies  failed.  Many  electric  companies 
claim  a  cost  of  less  than  Ic.  per  kw.-hr.  at  the  switch- 
board; the  public,  however,  except  a  few  large  consumers, 
pays  three  to  ten  times  that  amount  for  what  it  uses. 
Steam  heatinp  can  never  carry  such  an  excess  as  that,  but 
there  must  he  m  niarfiin  for  operation,  distribution,  over- 
head costs  and  profit.  .\n  attempt  will  be  made  in  the 
following:  analysis  to  determine  what  difference  exists  be- 
tween the  cost  of  central-station  service  and  of  private 
heatinir  to  cover  those  items. 

It  has  already  been  shown  that  the  average  fuel  eost 
of  supplying  radiation  under  the  conditions  named  will  be 
about  10c.  to  15c.  a  sq.ft.  for  a  season  of  eight  months 
with  coal  at  $1  a  ton.  The  cost  can  be  readily  computed 
with  coal  at  any  other  price.  From  a  series  of  tests  at 
the  engineering  experiment  station  of  the  University  of 
Illinois,'  the  plant  efficiencies  for  such  equipment  with  the 
fuels  named  were  as  follows: 

PL.\NT  EFFlCIK.NCIK.s  1\)U   Kl\i:  I' I  ELS 

Average  Efficienry 

Fuel  per  cent 

Illinoisicoal. .  48  86 

Pocahontas  coal   .  50  20 

.\nthracite  coal 34  00 

Gashousecoke  59  63 

Solvaycoke 61    73 

The  efficiencies  given  for  Illinois  coal  are  no  doubt  some- 
what higher  than  will  be  maintained  in  practice  by  the 
average  householder  for  an  entire  season.  Based  on  the 
relative  average  heating  values  of  the  fuels  named  and 
with  the  efficiencies  given,  the  prices  at  which  the  cost  of 
heat   would   be  equalized  to  the   consumer   are   as   follows: 

D.\T.\  0.\  FOUR  TYPES  OF  CO.\LS 

Heat  ab- 
sorbed 

B.t.u.  per      Total  Cost  per  Prices  at 

Lb.  as           Value,  Million  Wliich 

Fired.         Per  Cent.  B.t.u.,  Values 

Fuel.                                    .\verage      Efficiency  Cents  Equalize 

lUinoisCoal.                                          12.000           5.863  8   53  $1    00 

Pocahontas  coal                                    14.750           7.400  6  75  I    26 

\nthracite                                              12.700           6.858  7   28  I    17 

Coke                                                         12.000           7.200  7  00  I    22 

Thus  it  appears  that  with  Illinois  coal  at  $1  per  ton  we 
could  afford  to  pay  $1.26  for  Pocahontas,  $1.17  for  anthra- 
cite and  $1.22  for  coke.  The  Illinois  coal  would  therefore 
be  in  demand  if  it  were  not  for  other  considerations  than 
the  cost  of  the  heat.  Some  cities  have  smoke  ordinances 
that  make  it  nearly,  if  not  quite,  impossible  for  house- 
holders to  burn  Illinois  coal.  It  also  requires  more  labor 
to  keep  up  the  fires,  remove  ashes  and  clinkers  and  keep 
the  heating  surfaces  free  from  soot.  All  things  considered, 
Pocahontas  coal,  anthracite  and  coke  are  in  demand  at  one 
and  one-half  to  three  times  the  cost  of  Illinois  coal. 


Tlie.sc  dilferi  nces  I'epicMenl  charges  agnitiHl  (hrt,  smoke 
and  excess  lid)()r.  In  other  words,  they  are  a  contribution 
to  cleanliness  and  convenience.  Taking  the  Illinois  coal 
at  $1  a  ton,  with  a  heat  value  of  12,000  B.t.u.  and  19  per 
cent,  average  efficiency,  the  coHt  of  energizing  a  H(|uare  foot 
of  radiation  for  IKO  twenty-four-hour  days  will  be  nlightly 
higher  thiin  for  the  central  station  mentioned,  at  which 
the  over-all  eHi(  iency  of  generation  and  dir.tribution  was 
taken  at  50  per  cent.  The  fuel  costs  for  the  heat  an- 
therefore  about  the  same,  whether  furnished  by  the  private 
plant  or  from  a  central  station  with  the  same  coal  at  the 
same  price. 

However,  there  are  these  differences.  The  central  sta 
tion  can  work  at  a  higher  sustained  efficiency,  it  can  pro 
(luce  electric  current  as  a  byproduct  with  only  a  small  los.'- 
of  heat  generated,  and  it  eliminates  all  of  the  objectionable 
features  of  a  private  plant. 

Value  of  Centrai^Station  Service 

The  development  of  etiuipnient  and  methods  of  operation 
in  the  boiler  room  of  the  modern  power  plant  leave  little 
to  be  accomplished  there.  Soft  coal  may  be  had  under  con- 
tract in  Wisconsin  at  prices  ranging  from  $2.50  to  $3.50 
a  ton  on  track.  It  can  be  burned  at  an  over-all  efficiency 
of  more  than  70  per  cent,  and  the  product  is  heat  with 
steam  as  the  me<lium  of  transmission.  Served  in  this  man- 
ner through  a  distribution  system,  the  heat  has  a  value 
equivalent  to  the  total  cost  of  all  items  included  in  the 
operation  of  a  private  plant  plus  a  considerable  allowance 
for  greater  convenience  and  perfect  cleanliness,  and  it 
should  be  so  estimated  in  all  computations  on  which  costs 
and  rates  are  based.  Whether  or  not  it  is  exhaust  steam 
in  whole  or  in  part  has  no  bearing  on  the  case;  any  allow- 
ance in  that  dii-ection  should  affect  the  price  of  current 
and  not  the  cost  or  the  value  of  the  steam.  The  steam 
should  be  consideied  the  piime  requisite,  with  any  output 
of  incidentally  derived  current  as  the  byproduct;  it  will 
then  stand  or  fall  on  its  own  merits,  which  is  the  only  sub- 
stantial measurement  of  its  value.  The  reasons  on  which 
this  argument  is  based  will  be  given  later. 

Price  of  Cleanliness 

As  regards  the  generation  and  transmission  costs  and 
margins,  with  coal  at  $3  a  ton  and  an  over-all  efficiency 
in  the  plant  of  70  per  cent,  the  steam  can  be  delivered  at 
a  fuel  cost  of  approximately  30c.  a  sq.ft.  of  radiation  served. 
This  allows  20  per  cent,  for  loss  in  transmission,  a  figure 
considerably  higher  than  that  found  in  practice,  as  evi- 
denced by  a  report  in  Bulletin  40"  of  the  Bureau  of  Mines, 
where  this  loss  is  given  as  4  to  12  per  cent.  The  same 
coal  will  cost  the  private  user  about  $4  a  ton  delivered  at 
his  premises,  and  his  fuel  cost  for  the  same  amount  of 
heat  will  therefore  be  not  less  than  40c.  But  he  still  has 
the  smoke,  dirt  and  labor  inseparable  from  the  use  of  soft 
coal  in  such  equipment  as  he  uses. 

If  the  problem  be  viewed  from  another  angle,  the  cost 
of  evaporating  a  given  quantity  of  water  in  the  large 
public-service  plant  as  against  the  small  private  plant  may 
furnish  a  better  basis  for  comparison.  With  Illinois  coal 
at  $1  a  ton  the  fuel  cost  of  evaporating  1000  lb.  of  water 
(generating  1000  lb.  of  steam)  should  not  exceed  7c.,  and 
in  a  well-designed  and  carefully  operated  plant  may  be  as 
low  as  6c.  The  other  costs  will  increa-e  this  figure  to 
about  lOc,  and  with  coal  at  $3  a  ton  the  total  cost  will 
be  about  25c.  The  private  consun.er  cannot  evaporate  the 
water  any  more  cheaply,  even  with  coal  at  the  same  price, 
and  as  he  will  have  to  pay  more  for  his  coal,  the  cost  to 
him  cf  evaporation  will  be  more.  Furthermore,  when  he 
requires  only  a  little  heat  the  efficiencies  drop  very  low  and 
the  losses  are  correspondingly  great. 


'Snodgrrass,  .T.   M.      Fuel  tests  with  house-heating   boilers :    Bull. 
SI.   T'niv.    Illinois  Eng.   Exp.   Sta.    1909,   108   pp. 


Randall,  D.  T..  and  Weeks,  H.  W.  The  smokeless  combu.stlon 
of  coal  in  boiler  furnaces,  with  a  chapter  on  central  heating 
plant.s.    IHIL'.    pp-    lfl-l>>2. 


March  18,  1919 


POWER 


419 


In  the  estimate  of  the  cost  of  supplying  1  sq.ft.  of  radi- 
ation for  180  days,  a  rate  of  emission  of  2.5  B.t.u.  per 
sq.ft.  of  surface  and  per  degree  difference  of  temperature 
per  hour  was  used.  This  rate  shows  that  1,500,000  B.t.u. 
will  be  required  to  energize  1  sq.ft.  of  radiation  for  the 
180-day  period.  In  evaporating  1000  lb.  of  water  there 
will  be  a  heat  transfer  of  approximately  1,000,000  B.t.u., 
at  a  cost  of  25c.  with  coal  at  $3  per  ton.  From  these  fig- 
ures it  evidently  will  cost  38c.  to  40c.  to  evaporate  the 
water  for  each  square  foot  of  radiation  supplied.  To  this 
figure  must  be  added  all  investment,  operation  and  other 
charges  on  the  plant  and  distribution  system.  These  can 
only  be  approximated  in  a  general  estimate,  but  they  will 
probably  equal  the  fuel  cost,  thus  bringing  the  total  up  to 
75c.  or  80c.  a  square  foot  a  season.  The  reader  should  bear 
in  mind  that  in  the  computations  made  on  the  quantity  of 
heat  emitted  the  radiation  was  assumed  to  be  active  for 
the  entire  period.  This  will  not  necessarily  hold  in  prac- 
tice, and  less  heat  will  be  required  than  the  amount  charged 
in  this  discussion.  It  makes  little  diiference,  however,  as 
the  lessening  will  be  about  the  same  amount  whether  the 
radiation  system  is  heated  privately  or  from  a  public- 
service  main. 

Rates  for  Steam 

From  schedules  of  rates  in  28  cities  of  25,000  to  40,000 
inhabitants,  covering  many  of  the  Middle  States  and  rang- 
ing in  latitude  from  Michigan  and  New  York  to  Georgia 
and  Alabama,  the  highest  minimum  is  $1.50  per  1000  lb. 
of  steam  at  Peoria,  111.,  and  the  lowest  for  maximum  con- 
sumption is  $0.3105,  at  St.  Joseph,  Mo.     The  lowest  mini- 


mum consumption  rate  is  54c.  at  Penn  Yan  and  Geneva, 
N.  Y.,  and  the  rate  at  these  points  for  maximum  consump- 
tion is  46.35c.  The  average  minimum  and  maximum  rates 
for  the  28  cities,  on  quantities  of  4000  lb.  or  less  and  300,000 
lb.  or  more  per  month,  are  76.40c.  and  45.33c.  respectively. 

Although  a  study  of  these  rates  shows  lack  of  uniformity 
in  the  methods  of  their  deduction,  the  averages  given  con- 
firm in  general  the  costs  established  herein  for  furnishing 
1000  lb.  of  steam.  In  about  half  of  the  schedules  mentioned 
there  is  a  demand  charge  of  $3  a  month  minimum  on  all 
buildings  having  a  capacity  of  25,000  cu.ft.  of  space  or 
less,  and  12c.  per  1000  cu.ft.  on  all  buildings  having  moi3 
than  25,000  cubic  feet. 

Thus  far  exhaust  steam  has  not  been  considered,  because 
there  is  no  diffei'ence  between  it  and  live  steam  at  the  same 
pressure,  and  any  exhaust  steam  that  may  become  avail- 
able for  distribution  costs  just  as  much  and  it  is  worth  just 
as  much  for  heating  as  though  a  part  of  its  original  energy 
had  not  been  converted  into  useful  work.  In  a  combined  plant 
the  product  resulting  from  such  conversion — usually  elec- 
tric current— should  be  considered  the  byproduct. 

Where  the  heating  load  is  large  enough  to  entirely  sub- 
merge the  power  load,  there  will  be  no  peaks  in  the  boiler 
room  through  variations  in  the  latter.  The  power  require- 
ments may  vary  from  zei-o  to  maximum  and  the  firemen 
will  not  know  it  unless  someone  tells  them  or  they  consult 
the  records.  When  the  engines  are  exhausting  their  maxi- 
mum into  the  heating  system,  the  reducing  valves  will  auto- 
matically cut  the  supply  of  live  steam  to  the  required 
amount;  when  the  power  load  is  a  minimum,  they  will  open 
and  supply  live  steam  to  meet  the  requirements. 


Fuel  Conservation  in  Connecticut 


IN  order  not  to  lose  the  impetus  toward  fuel  economy 
gained  under  the  stress  of  war  conditions,  manufac- 
turers, power-plant  owners,  engineers  and  insurance 
interests  in  Connecticut  are  concerning  themselves  with  a 
continuance  of  the  conservation  work  begun  last  year  in 
the  power  and  boiler  plants  of  the  state,  with  every  pros- 
pect that  further  gains  will  be  secured  during  1919.  The 
fuel-conservation  work  in  Connecticut  typifies  that  done 
in  many  other  parts  of  the  United  States  under  the  guiding 
hand  of  the  National  Fuel  Administration. 

What  was  known  in  Connecticut  as  the  Myers  plan 
was  elaborated  and  perfected  in  conjunction  with  other 
conservation  committees  and  engineers  and  was  finally 
adopted  and  promulgated  by  the  United  States  Fuel  Ad- 
ministration at  Washington  as  the  national  plan  for  coal 
conservation  in  power  plants,  dating  from  May  1,  1918. 
The  purpose  of  this  plan  was  to  reduce  fuel  waste  in 
power-plant  operation,  not  through  expensive  and  exten- 
sive installation  of  more  efficient  apparatus,  but  by  a  more 
intelligent  and  careful  use  of  the  existing  equipment.  To 
accomplish  this  it  was  proposed  to  first  ascertain  by  ques- 
tionnaires how  each  plant  complied  with  certain  well-rec- 
ognized standards  in  its  operation  and  maintenance,  and 
by  a  system  of  rating  to  force  on  the  attention  of  the 
plant  owner  or  responsible  manager  the  wasteful  condi- 
tions through  which   his  plant  failed   of  a   higher  score. 

That  there  might  be  a  strong  incentive  for  improvement 
on  the  part  of  all,  it  was  to  be  the  announced  intention 
that  the  relative  rating  of  plants  would  influence  the  Fuel 
Administration's  allotment  of  coal  should  a  shortage  oc- 
cur. The  plan  further  included  a  program  of  education 
through  bulletins  and  other  publications,  lectures,  meet- 
ings of  plant  owners,  of  engineers  and  firemen,  to  arouse 
an  interest  in  and  to  maintain  a  constant  effort  for  coal 
saving.  The  administration  of  this  campaign  in  each 
state  was  to  be  in  the  hands  of  an  engineer  experienced 
in  power-plant  matters,  and  who,  with  his  staff  of  work- 
ers, should  be  a  part  of  the  Conservation  Division  of  the 
Fuel  Administration.  Mr.  Corson,  secretary  of  the  Hart- 
ford Steam  Boiler  Inspection  and  Insurance  Company,  was 
appointed  administrative  engineer  for  Connecticut  on  June 
17,  1918. 


As  Mr.  Corson  was  a  volunteer  worker  and  could  devote 
but  a  part  of  his  time  to  this  service,  he  had  been  author- 
ized to  secure  a.=-.  his  assistant  an  engineer  who  would  de- 
vote his  entire  time  and  effort  to  the  work  and  would  be 
compensated  by  a  salary  from  the  Fuel  Administration. 
George  H.  Sharpe,  a  consulting  engineer  of  the  firm  of 
Westcott  &  Mapes,  Inc.,  of  New  Haven,  influenced  by  a 
patriotic  desire  to  be  of  service  in  the  country's  emergency, 
offered  himself.  Mr.  Sharpe  had  all  the  qualifications  re- 
quired for  the  position  and  was  accordingly  nominated  fc- 
appointment  as  Deputy  Administrative  Engineer  for  Con- 
necticut.    On  July  22  he  took  up  the  duties  of  that  position. 

By  the  first  of  August  the  questionnaires  filled  out  by 
the  owners  began  flowing  into  the  office,  at  first  a  few 
each  day,  but  gradually  increasing  until  the  volunteer 
force  of  examiners  was  nearly  swamped.  Each  question- 
naire had  to  be  examined  and  its  answers  marked  and  the 
plant  rated  and  classified.  For  this  work  Prof.  A.  E. 
Knowlton,  of  Trinity  College,  Clarence  C.  Perry,  of  the 
Hartford  Steam  Boiler  Inspection  and  Insurance  Co.  and 
William  Ferguson  and  J.  P.  Calderwood,  of  the  Travelers 
Indemnity  Co.,  volunteered  their  services  and  gave  con- 
stantly of  their  time  and  effort.  When  a  questionnaire 
was  valued,  the  owner  of  the  plant  was  advised  of  the 
mark  received  by  a  form  letter  which  showed  him  the 
effect  of  his  rating  of  each  item  of  his  report.  It  thus 
became  apparent  to  him  in  what  features  his  plant  was 
below  standard.  He  was  urged  to  give  attention  to  them 
that  he  might  secure  a  higher  rating  on  the  questionnaire 
that  was  to  be  returned  by  the  inspector. 

All  together  1805  sets  of  questionnaires  were  mailed. 
Because  of  an  imperfect  mailing  list,  duplicates  were  sent 
to  some  plants  and  some  questionnaires  went  to  plants  that 
used  coal  only  for  heating  boilers  of  smaller  size  than  those 
which  it  was  the  intention  to  rate.  Instructions  from  Wash- 
ington limited  investigation  to  power  plants  an'd  to  heat- 
ing plants  of  over  150  hp.  capacity.  Reports  were  received 
from  1467  plants,  of  which  918  were  power  plants  or  large- 
sized  heating  plants  that  had  used  during  1917  2,895,324 
tons  of  coal.  Of  these,  562  plants,  representing  2,104,759 
tons  of  coal  used  in  1917,  had  been  inspected  and  rerated 
when  activities   were  halted   by  instructions   received  from 
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the  United  States  Fuel  Adniinistrntion  under  date  of  Dec. 
U,  ll'lS.  Power-plant  owners  received  reeoniniendations 
and  sujrjje.ttions  in  a  spirit  of  i-ordial  cooperation.  ThoHO 
who  received  hijrh  rating  were  evidently  proud  of  it.  Those 
who  fell  below  a  fair  standard  showed  their  eatcerness  to 
improve  conditions.  Many  visited  the  adniinistralivc  en- 
gineer's office  personally  to  consult  reK'arilin>r  plant  features 
or  operatinjj  practices  that  would  prevent  waste,  anil  fuel- 
administration  engineers  made  many  special  visits  to  ])lant3 
by  invitation  of  their  owners  to  t;i\v  advice  on  the  i)rope 
combustion  of  fuel. 

Substitution  ok  Other  Coals  kor  Anthracite 

In  addition  to  the  work  of  the  administration  and  carry- 
ing on  the  national  program  for  conservation  in  power 
jilants.  Air.  (.'orson's  department  endeavored  to  cooperate 
generally  with  the  Connecticut  Fuel  Administration  and 
to  help  by  enpineerinK  advice,  investiirations,  etc.,  in  any 
matter  that  woulil  conserve  coal.  In  the  early  fall,  espe- 
cially, the  scarcity  of  domestic  sizes  of  anthracite  coal 
made  it  essential  that  consumers  who  could  do  so  should 
substitute  bituminous  or  buckwheat  coal.  Mr.  Sharpe  and 
other  engineers  throughout  the  state  spent  much  time  with 
great  success  in  teaching  anthracite  users  how  to  use  these 
other  coals.  In  this  way  the  department  contributed  greatly 
to  an  improvement  of  the  anthracite  situation  in  Connecti- 
cut. 

The  Light  and  Power  Division  of  the  United  States  Fuel 
Administration  at  Washington  asked  Mr.  Corson's  office 
to  cooperate  in  efforts  to  substitute  power  from  efficient 
public-service  plants  for  that  produced  less  economically. 
This  could  not  be  done  without  a  clear  knowledge  of  the 
available  public-service  power  in  the  state  and  the  definite 
location  of  its  lines  of  distribution.  Accordingly,  Prof.  A. 
E.  Knowlton,  who  was  also  consulting  engineer  for  the 
Connecticut  Public  Utilities  Commission,  undertook  a  gen- 
eral survey  of  the  power  and  lighting  plants  of  the  state. 
His  investigation  was  made  in  conjunction  with  E.  Irvin 
Rudd,  engineer  of  that  commission,  during  the  month  of 
August  and  resulted  in  the  accumulation  of  valuable  data. 

Inauguration  of  Contests  for  Coal  Economy 

In  Novenxber,  at  the  suggestion  of  Vice-President  Sam- 
uel Ferguson  of  the  Hai-tford  Electric  Light  Co.,  the  de- 
partment invited  a  number  of  the  larger  public  power 
plants  of  the  state  to  join  in  a  coal-economy  contest.  Three 
plants — the  Hartford  Electric  Light  Co.,  Hartford,  The 
Connecticut  Light  and  Power  Co.,  Waterbury,  and  the 
Stamford  Gas  and  Electric  Co.,  Stamford — were  interested 
and  agreed  to  the  competition.  Each  contestant  paid  an 
entrance  fee  of  $5  per  power-house  employee.  The  basis 
of  the  contest  was  the  percentage  of  improvement  in  coal 
burned  per  kilowatt-hour  in  a  two  weeks'  run  over  a  stand- 
ard fixed  for  each  plant  from  its  experience  for  the  pre- 
vious fourteen  months.  The  entrance  fees  were  to  be  dis- 
tributed as  prizes  to  the  power-house  employees  of  the 
winning  plants.  The  first  contest  began  at  7  .a.m.,  Nov. 
11,  and  closed  at  7  a.m.,  Nov.  24.  It  was  won  by  the  Hart- 
ford Electric  Light  Co.  A  second  contest,  based  on  the 
improvement  in  coal  per  kilowatt-hour  over  the  average 
attained  in  the  first  contest,  was  arranged.  This  contest 
began  on  Dec.  2  and  ended  on  Dec.  16.  It  resulted  in  the 
award  of  first  prize  to  the  Connecticut  Light  and  Power 
Co.,  of  Waterbury.  A  third  contest  had  been  arranged,  but 
was  called  off  when  it  was  announced  that  the  activities  of 
the  administrative  engineer's  department  were  to  terminate. 
These  contests  evidenced  clearly  the  wonderful  results  that 
may  be  secured  under  the  stimulus  of  competition. 

After  the  closing  out  of  the  engineering  work  in  con- 
nection with  the  conservation  division  of  the  Connecticut 
Fuel  Administration,  Mr.  Corson  received  from  various 
power  users  and  manufacturers  in  the  state  suggestions 
that  the  efforts  on  behalf  of  economical  operation  should  be 
in  some  manner  continued.  The  Manufacturers  Association 
of  Connecticut,  Inc.,  wrote  to  the  Hartford  Steam  Boiler 
Inspection  and  Insurance  Co.,  expressing  its  interest  in 
continued  conservation  work.  Mr.  Corson  did  not  lose  in- 
terest in  the  subject  after  relinquishing  his  duties  as  ad- 
ministrative engineer  to  the  Fuel  Administration,  but  ex- 


prcHMcd  his  desire  that  the  economicH  gained  might  be 
continued  and  increased,  pointing  out  that  the  industrien  of 
Connecticut  as  well  aH  of  the  whole  country  will  need  every 
efficient  practice  in  order  to  meet  the  broad  world  competi- 
tion to  be  expected.  The  HuggcHtion  wu8  made  recently 
that  the  boiler-insurance  companies  establish  a  fuel-engi- 
neering inspection  service,  and  in  a  bulletin  dated  Feb.  1, 
the  Hartford  Steam  Boiler  Inspection  and  Insurance  Co. 
announced  to  its  policy  holders  in  C'onnecticut  that  it  stands 
ready  to  assist  them  in  this  work.  The  company's  engi- 
neering force  is  placed  at  the  disposal  of  the  policy  holdem 
in  Connecticut  as  they  may  need  it  for  the  following  pur- 
poses : 

To  advise  and  instruct  concerning  the  use  of  draft  gages, 
COj  apparatus,  meters  and  other  devices  which  may  have 
been  installed  under  the  urgings  of  the  Administrative 
Engineer;  to  instruct  in  proper  methods  of  firing  the  dif- 
ferent grades  and  (|ualities  of  fuel  now  being  supplied;  to 
investigate  thoroughly  plant  conditions  in  order  to  point  out 
where  wastes  are  occurring;  and  to  provide  general  super- 
vision of  plant  operation.  P'or  advice  and  suggestions  which 
are  given  entirely  by  correspondence  no  charge  will  be 
made;  but  when  it  is  necessary  for  one  of  the  company's 
engineers  to  visit  a  plant,  a  moderate  charge  will  be  made. 

Connecticut  power  plants  have  been  using  about  3,000,000 
tons  of  coal  per  year.  The  records  of  the  distribution  of 
coal  show  that  19  35  of  the  1917  supply  was  sufficient  for 
nine  months'  demand  in  the  current  coal  year.  On  this 
basis  the  coal  year  ending  Apr.  1,  1919,  will  in  Connecticut 
require  only  25/35  of  the  coal  consumed  in  the  state  during 
the  year  ended  Apr.  1,  1918.  The  department  of  the  Ad- 
ministrative Engineer  for  Connecticut  feels  that  its  activi- 
ties are  entitled  to  much  of  the  credit  for  this  condition. 

Hydro-Electric  Power  Bill 

The  hydro-electric  power  bill  introduced  by  Senator  Coal- 
ter  early  in  the  regular  session  of  the  West  Virginia  leg:is- 
lature  never  was  reported  from  the  Judiciary  Committee 
of  the  Senate,  to  which  it  was  referred  after  being  favor- 
ably reported  by  the  Finance  Committee  of  that  body.  Just 
before  final  adjournment  a  Senate  resolution  was  adopted 
asking  Governor  Cornwell  to  include  the  measure  in  his 
call  for  a  special  session  which  is  to  be  held  in  March.  It 
is  doubtful,  however,  if  the  bill  will  be  included  in  the  call, 
since  it  is  the  desire  of  the  governor  to  limit  the  legislature 
to  the  consideration  of  as  few  measures  as  possible. 


The  Swiss  journal  Die  Elektro -Industrie  gives  particulars 
of  a  process  for  removing  the  temper  from  hardened  steel. 
The  piece  to  be  softened  is  placed  on  a  plate  of  iron  at  red 
heat  and  covered  by  a  plate  of  cold  iron.  After  the  whole 
has  cooled  the  piece  of  steel,  whatever  was  its  previous 
quality  and  degree  of  hardness,  is  detempered  completely, 
and  can  easily  be  worked,  without  its  quality  having  under- 
gone any  change  by,  for  example,  decarburization.  The 
method  is  specially  applicable  to  the  unhardening  of  tools, 
more  particularly  punches  and  dies.  Tests  have  given  ex- 
cellent results,  and  the  method  has  the  advantage  that 
shaped  pieces  of  steel  do  not  show  any  shrinkage  after 
treatment. 


The  Shawinigan  Water  and  Power  Co.  has  recently  com- 
pleted the  longest  transmission-line  span  in  the  world.  The 
span  is  carried  on  steel  towers  60  ft.  square  by  350  ft. 
high  and  crosses  the  St.  Lavrrence  River  about  20  miles^ 
from  Three  Rivers.  A  center  span  of  4801  ft.  in  length 
and  two  anchor  spans,  one  951  ft.  and  another  571  ft.  in 
length,  are  used,  making  the  total  length  of  the  crossing  6323 
ft.  Three  galvanized-steel  cables  each  11  in.  in  diameter 
make  up  the  span.  The  total  weight  of  each  cable  is  ap- 
proximately 30,000  pounds. 


During  the  eight  weeks  ending  Feb.  22,  the  United  States 
Employment  Service  received  1,090,124  applications  from 
men  and  women  for  jobs.  Of  this  number  930,029  were 
referred  to  opportunities  and  679,513  were  reported  placed 
in  employment. 
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New  Publications 


INVENTOR'S  MANUAl>-HOW  TO  MAKE 
A  PATENT  PAY. — By  George  M.  Hop- 
kins.       Second     Edition,     Revised     and 
Enlarged.      Published    by   The    Norman 
W.   Henley   Publishing   Co.,   New    York 
City.      Cloth;    133    pages;    5    x    7i    in. 
Price,   $1.25. 
The  object  of  this  book  is  to  give  the  in- 
ventor and  patentee  some  hints  on  patents 
generally,  together  with   a  few  methods  of 
bringing    them    to    public    notice.       It    is    a 
book  which,  according  to   the   author,   con- 
tains a  quarter  of  a  century  of  the  experi- 
ence of  a  successful  inventor,  together  with 
notes    based    on    the    experiences    of    many 
other  inventors.      The   book   not   only   gives 
instructions  to  inventors  regarding  the  tak- 
ing out  of  patent  papers   and   disposing   of 
them,  but  calls  attention  and  gives  caution 
as    to    pitfalls    to    those    who    are    not    ac- 
quainted   as    to    the    methods    of    procedure 
when   obtaining  a  patent. 


Personals 


W.  C.  Kalb,  formerly  brush  engineer  with 
the  National  Carbon  Co..  of  Cleveland, 
Ohio,  is  now  with  the  Corliss  Carbon  Co.. 
of  Bradford,  Penn. 

J.  E.  Whittlesey,  formerly  connected  with 
the  Heine  Boiler  Co..  is  now  sales  manager 
of  the  Joseph  L.  Skeldon  Engineering  Co., 
of  Cleveland,   Ohio. 

Howard  C.  Thayer  has  resigned  as  field 
mechanical  engineer  of  the  100,000-kw. 
power  plant  of  the  United  States  Nitrate 
Plant  No.  2,  at  Muscle  Shoals,  Ala,,  and  is 
now  the  New  York  representative  of  the 
Baker-Dunbar-Allen    Co. 

C.  W.  Johnson,  who  was  formerly  chief 
inspector  of  works  and  later  general  super- 
intendent of  the  Westinghouse  Electric  and 
Manufacturing  Co..  has  been  appointed 
assistant  manager  of  works.  Mr.  Johnson 
has  been    with   the  company  12  years. 

.1.  R.  Lowe,  who  is  well  known  in  steam 
engineering  circles  in  the  South,  has  been 
appointed  representative  of  the  Midwest 
Engine  Co.,  of  Anderson.  Ind.,  at  ita  New 
Orleans  (La.)  office,  and  will  handle  the 
pump,  oil  engine  and  turbine  business  of  the 
company    in   that    section. 

Hartle.v  l,e  H.  Smith,  formerly  chief  of 
the  testing  bureau  of  the  Brooklyn  Rapid 
Transit  system,  is  now  in  charge  of  the 
steam-engineering  department  of  the  New 
England  Power  Co.,  Worcester.  Mass.  Mr. 
Smith  was  connected  with  the  Brooklyn 
Co.    for   more  than   16   years. 

Captain  Kdward  E.  Ashley,  Jr..  for  many 
years  consulting  mechanical  and  electrical 
engineer  for  Starrett  and  Van  Vleck.  archi- 
tects, of  New  York  City,  has  resigned  his 
position  in  the  United  States  Air  Service  to 
accept  an  appointment  as  sales  engineer  of 
the  Mercury  Manufacturing  Co..  of  Chicago. 

Capt.  George  Sykes,  R.  A.  F..  who  has 
been  in  this  country  nearly  four  years,  at- 
tached to  the  British  War  Mission  in  a 
commercial  capacity,  sails  for  Europe  in 
May.  He  has  joined  Messrs.  Dutilh-Smith 
McMillan  Co..  an  international  house,  as 
London  manager  of  its  engineering  and 
railroad  departments.  His  New  York  ad- 
dress is  50  Broad  St..  and  his  London  office 
in  Central  Buildings.  Totehill  St..  West- 
minster. He  will  be  very  glad  to  see  his 
American  friends  at  his  London  address. 


Ifiniiiiiiiiiiiiiiiiiiii 


Engineering  Affairs 


The   American    Association    of   Engineers, 

New  York  Chapter,  will  hold  a  meeting  on 
the  evening  of  Mar.  28.  at  the  Hotel  Mc- 
Alpin.  C.  E.  Drayer,  the  national  secre- 
tary, will  address  the  meeting. 


Miscellaneous  News 


The  Ta.vlor  Soriet.v  will  open  a  perma- 
nent ofllce  in  the  Engineering  Societies' 
Building,  29  West  39th  St..  New  York,  on 
Apr.  1.  The  activities  of  the  society  will 
be  conducted  from  this  office  by  Dr.  Har- 
low   S.    Person,    who    assumes    the    title    of 


managing  director.  Dr.  Person  has  been 
president  of  the  Taylor  Society  for  the  past 
few  years.  He  is  director  of  the  Amos 
Tuck  School  of  Administration  and  Finance, 
Dartmouth  College,  Hanover,  N.  H..  and 
professor  of  organization  and  management 
with  that  institution.  He  has  severed  his 
connection  with  the  Tuck  School  and  will 
devote  his  entire  time  to  the  affairs  of  the 
Taylor  Society  on  assuming  office. 

Tile  United  States  Civil  Service  Commis- 
sion announces  that  thirty  first-class  boiler 
makers  are  urgently  needed  at  the  United 
States  Navy  Yard  at  Norfolk.  Va.  Pay 
ranges  from  $5.3fi  to  $6.40  for  eight  hours. 
Permanent  employment  is  assured.  Thirty 
days'  leave  with  full  pay  is  granted  at  the 
expiration  of  the  first  year  of  service  and 
for  each  month  thereafter  two  and  a  half 
days'  leave  is  allowed  with  full  pay.  When 
overtime  is  necessary,  time  and  a  half  is 
allowed  for  all  time  in  excess  of  eight  hours. 
The  Navy  Department  has  authorized  the 
commission  to  furnish  transportation  to 
qualified  men  from  point  of  departure  to 
Norfolk,  if  the  men  will  agree  to  work  for 
at  least  six  months.  United  States  citizens 
only  will  be  considered.  Full  apprentice- 
ship and  good  physical  condition  necessary. 
Application  Form  No.  1800  is  required, 
which  should  be  fully  executed  and  filed 
with  the  Civil  Service  Commission  at  Wash- 
ington, D.  C  This  form  can  be  secured 
either  from  the  commission's  office  or  from 
one  of  its  field  representatives.  They  are 
located  in  all  of  the  larger  cities  of  the 
United  States. 


V"" 


Business  Items 


The  Dayton-Dick  Co,  of  Quincy.  111.,  has 
changed  its  name  to  the  Dayton-Dowd  Co. 
"The  change  was  made  owing  to  changes 
in  organization.  Capital  has  been  doubled 
and  the  business  placed  under  the  control 
of  those  immediately  interested.  Facilities 
are  greatly  extended. 


Trade  Catalogs 


The  Metal  and  Thermit  Corp.,  New  York 
City,  has  issued  a  very  attractive  lar^fe 
map  calendar,  which  shows  the  new  rail- 
road time  zones  in  the  United  States  that 
went  into  effect  Jan.   1   of  this  year. 

Columbia         Recording         Thermometers'. 

Schaeffer  &  Budenberg.  Brooklyn.  N.  Y. 
Catalog  No.  300.  Pages  61,  73  x  lOJ  in.; 
attractively  illusfrated.  A  thorough  and 
informative  treatise  on  this  type  of  instru- 
ment, which  is  for  the  accurate  recording 
of  all  temperatures  not  exceeding  lOCO 
deg.  F. 

The  .lointless  Fire  Brick  Co.,  Kings- 
bury and  Clay  Sts.,  Chicago.  111.,  has  just 
issued  a  36-page  instruction  book  on  boiler- 
furnace  linings,  which  contains  useful  and 
practical  information  on  the  installation  of 
one-piece  firebrick  furnace  linings.  How 
to  install  and  how  to  care  for  such  linings 
are  included  in  the  contents. 

The  Jeffrey  T.vpe  A  Swing  Hammer 
Shredder,  The  Jeffrey  Manufacturing  Co.. 
Columbus.  Ohio.  Catalog  No.  245.  Pages 
24,  6x9  in.  In  addition  to  a  complete 
description,  illustrated,  of  this  type  of 
shredder,  this  catalog  shows  typical  ar- 
rangements of  Jeffrey  elevating  and  con- 
veying equipments  used  in  connection  with 
same    for    handling    the    various    materials. 

Modern    Methods    of   Ash    Disposal    is   the 

title  of  a  new  catalog  issued  by  the  Ameri- 
can Steam  Conveyor  Corp.  This  160-page 
book  is  a  treatise  on  the  subject  of  ash 
handling.  The  first  part  is  a  comprehensive 
study  of  ash  conveying  equipment,  and 
practically  every  type  of  conveyor  is  listed, 
the  advantages  and  objections  of  each  be- 
ing enumerated.  A  large  part  of  the  book 
is  devoted  to  a  description  of  the  company's 
ash  conveyor  and  each  of  the  patented 
steam  fittings  is  described  and  illustrated. 
An  interesting  article  shows  the  manner  of 
application  of  the  steam  conveyor  to  boilers 
and  stokers  of  various  makes  and  a  large 
number  of  diagrams  clarify  the  discussion. 
Typical  installations  of  steam  conveyors 
are  also  described  and  illustrated.  This 
catalog  will  not  be  given  out  indiscrimi- 
nately, but  copies  will  be  given  to  engi- 
neers or  plant  owners  supplying  the  follow- 
ing information:  Present  method  of  ash 
handling;  number,  type  and  horsepower  of 
boilers  ;   average  steam  pressure. 


New  Construction 


PROPOSED  WORK 

Mass..  Fall  River — The  City  plans  to 
build  a  new  pumping  station  and  dam. 
Estimated   cost.    $150,000. 

Conn.,  Bridgeport — St.  Michael's  Polish 
congregation,  310  Sterling  St.,  will  install 
a  steam  heating  plant  in  th"e  school  which 
it  plans  to  build.  Total  estimated  cost. 
$125,000. 

R.  I.,  Providence — The  city  will  receive 
bids  about  May  f6r  the  construction  of  a 
2-story  central  heating  plant.  Estimated 
cost.   $50,000.     J.  H.  Gainer,   Mayor. 

N.  Y.,  Brooklyn — The  Cushman  Baking 
Co..  44  Manhattan  Ave.,  will  install  a  steam 
heating  plant  in  the  3-story.  60  x  100  ft. 
bakery  which  it  plans  to  build  on  Nostrand 
Ave.  and  Malbone  St.  Total  estimated  cost, 
$125,000.  Slee  &  Bryson,  154  Montague 
St.,  Arch. 

N.  Y.,  Brooklyn — Lehn  &  Fink,  129 
William  St.,  New  York  City,  will  install 
a  steam  heating  plant  in  the  8-story,  40  x 
100  ft.  factory  which  it  plans  to  build  on 
Irving  and  Columbia  St.  Buchman  &  Kahn, 
56  West   45th  St..   New  York   City.   Arch. 

N.  Y.  Huntington  Park  (Huntington  P. 
O.) — A.  Heckscher,  50  East  42nd  St.,  New 
York  City,  will  install  a  steam  heating  plant 
in  the  1 -story.  4  4  x  113  ft.  museum,  which 
it  plans  to  build  here.  Total  estimated 
cost,  $100,000.  Mavnicke  &  Franke,  25 
East  26th  St.,  New  York  City,  Arch. 

N.  Y.,  Lockport — The  Lockport  Hydraulic 
Race  Co.  is  receiving  bids  for  the  construc- 
tion of  a  hydro-electric  power  plant  and 
industrial  buildmg.  L.  H.  Kunhardt,  Ch. 
Engr. 

N.  Y.,  Long  Island  City — P.  S.  Karper  & 
Bros.,  68  West  3  4th  St.,  New  York  City, 
will  install  a  steam  heating  plant  in  the 
6-story,  135  x  489  ft.  factory  which  they 
plan  to  build  on  Jackson  Ave.  between 
Hulst  and  Harold  Ave.  Total  estimated 
cost.  $750,000.  Ballinger  &  Perrot,  1328 
Broadway,   New  York  City,  Arch. 

N.  Y.,  New  York — The  Stalwart  Realty 
Co..  c/o  Ames  &  Co.,  26  ^Vest  31st  St., 
will  install  a  steam  heating  jilant  in  the 
2-story.  100  x  171  ft.  garage  which  it 
plans  to  build  on  Lenox  Ave.  between  110th 
and  111th  Sts.  Total  estimated  cost,  $200,- 
000.  B.  W.  Levitan,  7  West  45th  St.,  Arch. 
New  West  Side  Garage  Corp..   lessee. 

N.  Y.,  Springwater — The  Springwater 
Electric  Light  Co..  Inc..  has  applied  to  the 
New  York  State  Public  Service  Commission. 
Capitol,  Albany,  for  permission  to  construct 
an   electric   plant   here. 

N.  Y.,  Watertown— The  New  York  Air 
Brake  Co..  Starbuck  Ave.,  Northern  New 
York  Utilities  Inc..  Light  &  Power  Bldg.,  J. 
B  Wise.  401  Mill  St.,  and  associates,  plan 
to  incorporate  the  Beebee  Island  Corpora- 
tion to  develop  power  here.  Plans  in- 
clude the  construction  of  a  power  house, 
new  concrete  dam.  flumes  tailrace,  the  in- 
stallation of  7500-hp.  generating  units,  etc. 
Estimated  cost.  $500,000. 

N.  Y,,  Watertown — The  Northern  New 
York  Utilities.  Inc.,  Light  &  Power  Bldg.. 
will  receive  bids  until  Mar.  20  for  the 
construction  of  a  1-story  addition  to  the 
existing  generating  plant  at  Efflev  Falls, 
consisting  of  a  30  x  38  ft.  power  house,  etc. 
J.  B.  Taylor,  Pres.     Noted  Mar.  11. 

N.  Y.,  Watertown — The  Watertown  Bay 
Machine  Co.  has  taken  over  the  Eayer 
Electric  Co.'s  shop  and  will  build  additions 
and  improvements  to  same  for  its  own  use. 
Estimated  cost,  $10,000.  (The  company 
will  be  interested  to  hear  from  power  plant 
and  transmission  dealers.) 

N.  J.,  Newirk — The  American  Oil  &  Sup- 
ply Co..  52  Lafayette  St.,  will  install  elec- 
tric motors,  pumping  equipment,  boiler  ap- 
paratus, etc..  in  the  factory  which  it  plans 
to  build  at  238  Wilson  Ave.  Estimated 
cost  of  equipment,  $25,000.  P.  B.  Taylor, 
31   Clinton  St..  Engr. 

N.  J.,  New  Brunswick — The  Eastern 
Potash  Co..  120  Broadway.  New  York  City, 
will  install  a  ste.mi  heating  plant  in  the 
potash  plant  which  it  will  build.  Total 
estimated  cost.   $2,000,000. 

Penn.,  Bethlehem — The  Travelers  Tire 
Co.,  Travelers  Bldg.,  Philadelphia,  will  in- 
stall steam  heating  system,  boiler  and  en- 
gine in  the  2-story,  80  x  250  ft.  factory 
which  it  plans  to  build  near  the  Reading 
R.R.  here.  Total  estimated  cost,  $250,000. 
J.  O.  Hunt.  114  North  Montgomery  St., 
Trenton.   N.   J.,   Arch. 

Penn..  Pliiladelphia — The  Department  of 
Public  Works,  Citv  Hall,  will  install  a  heat- 
ing system  in  the  1 -story  comfort  building. 
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Trnn..  MrmplilH — Tlu%  South. iii  Motor 
Co..  fiSl  Monror  Ave.  Is  In  th.'  niarUil  for 
a  dirci't  conn- i-li'(l  lath.,  ir,  ..r  IS  In. 
■xwlntr.  with  r.  to  10  f>.  Ix-d.  with  motor 
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Ky..  Ili-mlrri.or' — Th.>  Henrtorson  Cotton 
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plant  will  be  Install. 'il  in  .fanuv  ICstlmateil 
cost.  $3<io.(>00.  I,oi-kwood  Cln-.-n.-.  llealey 
Hld»f  .  .Vtl.mt.i.  Oa..   Kngr. 

Ohio.  Clnrlnnnti — The  Hoini'  I'Mnanrlna 
Co.  (•  o  C.  11.  Hlshop.  1209  Cnion  Com- 
nuTcial  Itaiik  HhlR..  will  Install  a  sti-ani 
hoatiii);  "'..at  in  the  8-story  war.  hous.-  and 
terminal'  which  it  plans  lo  build  on  Smith 
and  Mill  St.  Total  estimated  i-ost.  $H.(ino.- 
(lOll  .*.  M.  Allen  Co..  1900  Kuelid  Ave., 
Cleveland.    Kncr. 

Ohio,  rievpliind — The  Board  of  Kduca- 
tlon.  East  tith  St.  and  Uockwcll  Ave.,  will 
install  a  steam  heatinR  plant  in  ilie  1-story 
addition  to  the  sc-hool  huildinj;  which  it 
plans  to  build  on  Warner  Kd.  Total  esti- 
mated cost.  $1(in.i((iii.  W.  K.  McConiack. 
Kast    6th   St.    and    Rockwell   Ave.,    .\rch. 

Ohio,  rirveland — The  Cleveland  Federal 
Reserve  Bank.  Williamson  BldR..  will  in- 
stall a  steam  heating  svstcm  in  the  10  or 
r.'-.itory.  150  x  -'00  ft.  bank  and  olllce 
building  which  it  plans  to  build  on  Kast 
Cth  St.  and  Superior  Ave.  Estimated  cost. 
*1., ISO. 000. 

Ohio.  Cleveland — The  Commercial  Ware- 
house Co..  c  o  T.  Knight.  250  The  Arcade, 
plans  to  install  a  steam  heating  plant  in 
the  10  story  warehouse  which  it  plans  to 
build  on  Abbev  Ave.  Total  estimated  cost. 
$1,500,000.  Fulton  &  Taylor.  031  Hippo- 
drome Annex.  Arch. 

Ohio.  Cleveland — Cowell  &  Hubbard.  East 
6th  St.  and  Kudid  Ave.,  will  install  a 
steam  heating  plant  in  the  2-story.  80  x  200 
ft  commercial  building  which  it,  plans 
to  build  on  Euclid  Ave.  and  13th  St.  Total 
estimated  cost.  $300,000.  Walker  &  Weeks. 
ISOO   Euclid   Ave..   Arch. 

Ohio.  Cleveland — Paul  Bros.  Co..  Citizens 
Bldg..  will  install  a  steam  heating  plant  in 
the  3-story.  99  x  133  ft.  salesroom  which 
it  plans  to  build  on  Ea.st  18th  St.  near 
Euclid  .\ve.  Total  estimated  cost.  $115,000. 
W.   S.   Ferguson.    19"ri   Euclid  Ave..   Engr. 

Ind..  Vincennes — The  Indiana  Power  & 
Water  Co..  Bloomfield.  plans  to  improve 
its  plant,  to  supply  power  and  light  to  the 
Illinois  oil  fields  to  the  west  of  Vincennes. 
E:stimated  cost,  $15".0O0. 

Mirh..  Detroit — The  Morgan  &  Wright 
Tire  Co..  foot  of  Bellevue  St.,  has  awarded 
the  contract  for  the  construction  of  a  7- 
story.  140  X  215  ft.  warehou.se.  to  Bryant 
&  Oetweiler  Co..  2336  Dime  Bank  Bldg.  A 
steam  heating  plant  and  two  electric  boilers 
will  be  installed  in  same.  Total  estimated 
cost.   $700,000. 

Mich,,  Highland  Park  (Detroit  P.  O.)  — 
The  city  will  install  two  ISO-hj).  high  pres- 
sure boilers,  pumps  and  laundr.v  equipment 
in  the  4-story  hospital  which  it  plans  to 
build.  Total  estimated  cost.  $3iin,000. 
Meyer  J.  Sturm.  114  South  Michigan  Ave.. 
Chicago.    Arch. 

Mirh..  Marine  Cit.v — The  Banner  Salt  Co. 
plans  to  build  a  1-storv.  50  x  loO  ft.  power 
house.  F.  F.  Van  Tuyl.  1112  I'nion  Trust 
Bldg..    Detroit.   Engr. 

Mich..  YpKilanti — The  City  Council  recom- 
m<'nded  that  the  cit.v  sink  new  well,  install 
12  new  hydrants,  and  new  pumping  ma- 
chinery with  electric  atixiliary.  etc.  Esti- 
mated cost.  $32,000.  W.  R.  Caldwell.  City 
Engr. 

III.,  Chiraso — The  Blackwood  Hotel  Co.. 
Clarendon  and  Windsor  Ave.,  will  install  a 
low  pres.sure  gravity  heating  system  in  the 
9-story.  56  x  96  ft.  hotel  which  it  plans 
to  build  here.  Total  estimated  cost.  $250.- 
000.  J.  A.  Taggert.  108  South  La  Salle 
St..  Arch. 

Wis.,  Milwaukee — A.  Kuenseimann.  450 
Mitchell  Ave.,  will  install  a  refrigerating 
system  in  the  1-story.  140  x  160  ft.  market 
building  which  he  plans  to  build  on  Mitchell 
and  8th  Ave.  Total  estimated  cost.  $175,- 
000.     W.  G.  Herbst,  Arch. 
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liiw'K,    Mitr«hallluwn — The    city    liliiiiM    iiii 

ele.'tlon     Mur      31      to     vol i     n     f40(>,0i>.. 

bond  Ihmiim  for  the  ••oiihI ruction  of  iiii  ele.- 
irl.'ul  pliinl  liirxe  enoiiKli  to  furnlHli  llghl 
mid  pow.T  for  •■oniiner<-lal  piirpoHeM  i)  ,V 
KoM.  Mitr.-n.   Cliy   Clk. 

Minn..  Nlu>ton — The  .Sliiyton  Power  Co. 
pliiiiH  I.I  I'lilarKe  IIH  power  plant  h.-re.  K.  II. 
K.l.ly.   Stiiil 

Neb..  <lii««lr<in— Til.-  Chadroii  Electric  Co. 
pliiiiH  to  liiill.l  an  ■■l.M'Irlc-llKht  lilani  lo  HUp- 
ply   th.-  city   with  .•omnii-rclal  current 

N.  I).,  Karco — Tin-  city  phuiM  el.cllon 
Apr.  I  lo  vol.'  on  $150,000  IxmdH  for  the 
.-.inxl ruction  of  a  light  plant.  F.  1.,.  ,\iiilerM. 
City    Engr. 

N.  I>.,  Jamentotvn — The  city  plans  elec- 
tion Apr.  7  lo  Vole  on  bonds  for  the  con- 
siiuction  of     IkIh    and   power   plant. 

Oklu..  Sllllwaler — The  city  plans  to  In- 
Htall  electric  light  and  power  plant  m.i- 
chlnerv  lo  lncrea.M.-  Us  capacity.  Enllniate.l 
co.st,    $30,000. 

Okla..  Woodtvnrd — The  city  voted  $30.00(i 
bond  Issue  for  the  Installation  of  elect rl<- 
light  and  water-works  plant  machinery 
.Noted    F.b.    11. 

Ore.,  Kugene — The  Eugene  Fruit  Grow- 
ers' Association  jilans  lo  build  a  cold  stor- 
age .-ind  green  apple  packing  plant,  a<l- 
Joining  Its  ciinnery  here. 

CbI..  .San  Diego — Olm.'it.'d  &  Cilleleii. 
Engrs..  1112  Ilollingsworth  HIdg..  Los 
Ang.les.  submitted  report  to  city  on  sewage 
disposal  plant.  Plans  Include  the  installa- 
tion of  small  pumping  st.-ition  to  cost  $32.- 
500  and  pumjis  at  32nd  St.  plant.  $4oOo. 
Total  estimated  cost.  $606,500.  A.  H. 
Wright.  City   Clk. 

N.  »..  Lake  Kdward — The  Department  of 
I'ublic  Works.  Ottawa.  Ont  .  will  soon  award 
the  contract  for  building  a  power  hou.se 
here.  R.  C.  Wright,  c/o  Dept.  of  Pub. 
Wks..  Ottawa.  Arch. 

Oue.,  Three  Kivers — The  North  Shore 
Power  Co..  Power  Bldg.,  is  receiving  bids 
for  the  construction  of  an  electric  light 
station.  Estimated  cost,  from  $12,000  to 
$15,000.      W.    B.    Baptist.    Mgr 

Ont.,  Kingston — The  Dejiartmejit  of  Pub- 
lic AVorks.  Ottawa,  will  install  a  gravitv 
steam  heating  system  and  two  boilers.  60 
in.  diam.  .x  16  ft.  long  in  the  group  of  build- 
ings which  it  plans  to  build  at  the  Royal 
Militarv  Hospital  here.  Total  estimated 
cost,  $400,000.  R.  C.  W'right.  c/o  Dept. 
of  Pub.    Wks..    Arch. 

Ont.,  I'ort  .Irthiir — The  Ontario  Hydro- 
Electric  Comn..  Toronto,  plans  to  build  a  1 
story.  100  x  250  ft.  iiower  plant  on  the 
Xipigon  River.  Cameion  Falls,  near  here. 
Estimated    cost,    $6,000,000. 

Ont.,  Sydenham — The  Department  of 
Public  Works.  Ott.-iwa.  will  receive  bids 
until  Mar.  21  for  altering  and  building 
additions  to  militar.v  hospital  here,  same  to 
be  converted  into  power  house,  etc.  Esti- 
mated cost.  $75,000.  R.  C.  Wright,  c/o 
I^ept.    Pub.    Wks.,    Arch. 

Sask..  Bount.v — The  village  plans  to  build 
an  electric  light  plant.  G.  A.  Heron.  Secy. 
Treas. 

Sask.,  Broderiek — The  village  plans  to 
install  an  electric  light  plant.  J.  E.  Alder- 
son,  Secy.  Treas. 

B.  C,  Squamixh — The  Department  of 
Railways.  Victoria,  will  soon  award  the 
contract  for  building  dam.  intake  water 
suppl.v  s.vstem.  hydro-electric  power  plants, 
transmission  and  lighting  svstem.  here. 
Estimated  cost.  $50,000.  A.  E.  Procter. 
Victoria.    Engr. 

B.  C.  Vancouver — The  Mainland  Engi- 
neering Co..  422  Railway  St..  plans  to  con- 
struct a  54  X  125  ft.  boiler  and  blacksmith 
shop,  in  connection  with  the  foundry  build- 
ings which  it  plans  to  build.  Total  esti- 
mated cost.  $70.0"0  Gardiner  &  Mercer. 
827    Birks   Bldg..   Arch. 

CONTRACTS     .VW.VRDKD 

Mass.,  Middletuwn — The  Commissioners 
of  Essex  County  have  awarded  the  con- 
tract for  the  construction  of  a  1  and  2- 
storv.  40  X  600  ft.  hospital  here,  to  C.  E. 
Currier  Co..  10  High  St..  Boston.  Plans 
include  the  installation  of  power  plant. 
Total    estimated   cost.    $500,000. 

Mich.,  Battle  Creek — Xichols  &  Shepard 
has  awaided  the  contract  for  the  construc- 
tion of  a  2-storv  boiler  plant,  to  Westing- 
house.  Church  &  Kerr.  37  Wall  St..  New 
York  City.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost. 
$120,000. 

Mich..  Detroit — The  Detroit  Edison  Co.. 
David  W'hitney  Bldg..  has  awarded  the 
contract  for  building  a  70  x  110  ft.  ad- 
dition to  the  central  heating  plant  on  Con- 
gress St.,  to  A  A.  Albrecht  &  Co..  1130 
Penobscot  Bldg. 
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Culiiliriiii. 
aiirl 
d.-iirll.  I.U        Si,luinu-iH 
r.ib  iiiiii.>.  iielloiii.  $2  0S("  2   7S   $2  RO('i  3   20 

l'liilii<l.'l|iliin,Kr<iM.I<.ni.  4    1 5('<  4  90     )  00«f  S  4S 

New  York.  Kr>.i.x  l.ini.  4   SOCi  S   2S      5   )S(u  S  80 

AlollKxirl.'     Kimloll     I  Willi  r 

niiill.KtoxHi.iiih  6  OOt'i  6  8S      6  <)0<'/ 7  80 

I'liialioiitai.  mill   .New    Kiver  lire  <|ii.>U-il  nt    $4  70 

(u,5  25  r..  I.     Norfolk   an.l    Newport    N.»«.   Vii  ,  (or 

npot   •'.ml.   iiii.l   $7  2n«i8  60  iiloiiKKiile   HoKton,  tliinr 

priri'H  lii'illK  on  ll  urohn  Ion  lilinln 

NKW  VOKK  -Current  (piotutionH,  White  Anh, 
P'T  (EroHH  toiiH.  f.o  b.  Tiili'wntcr,  ut  the  Iowit  portn* 
lire  iiM  followi.: 

Coiiipaii.v  CoriipHny 

.Mint'     Cir.'iilar  .Mine     Ciriular 

Kr.iken    $S  95        $7  80         I'ea  .  4  80  6   5S 

F.Kit  5  85         7  70        Ihirk- 

Stov.  6    10  7  95  wheat      J  40  5    15 

Chi'hl-  Uiie.         2  90         4  65 

nut  6   20  8  05         Harli-y       2  40  4    IS 

Bituminous 

Spot  Contrail 

.'^.Mith  Forkii  .  $2  90  C$  »3  50    $3    10®  $3   50 

Caiiiliria    C  o  u  n  t  v 

(Rood  Kra<li-H»  2  80(0,     3    10       2  95  (*     3    10 

Clinrfield  Count v      .    2  65  (Oi     2  95 
UeyiioldHville  2  65  (5)     2  95       2  85  (3.     3  00 

(jueiiiahoiiinK 2.85(a>     3    10       2  95  (u      3    10 

Somerset   C  o  u  n  I  y 

(Ijest  Krades).  2.80@t     2  95       2  95  fe     3    10 

.Somerset   C  o  ii  ii  I  v 

(poorer  uraile^l  .  .  2  50  fe  2  75  2  75  @  2  95 
Western  Majvlaml        2   50  (&■     2  75       2  65  S     2  85 

Fairmont    2  00  (a,     2   35       2  35  ^     2   50 

I.atrobp  .    .  2   25  @>     2  40 

Greensburc    2   35  (3.     2  40  • 

Westmori'laiid    .  2  60(3,     2.75       2  65®     2   75 

Westmoreland     riin- 

of-mine 2  40  ©     2  65        2  40  @   2  65 

(Quotations  at  the  upper  ports  for  both  bituniinoi'H 
and  anthracite  are  Jc.  higher  on  account  of  the 
difference  in  freiKht  rates,  and  are  excluBive  of  the 
i%  war  freight  tax. 

PHII.ADKLPHIA— The  price  per  groes  ton  f.o.b. 
cars  at  mines  for  line  shipnieiit  and  f.o.b.  Port 
Richmond  for  tiilc  are  as  follow?*: 

Line     Tide  Line     Tidi- 

Broken     .      $5  95   $7   30     Buckwheat      $3  40   $4  45 
KKg    .  5  85     7   20     Hice  2  90      3  80 

Stove   .  6    10     7  45     Boiler  .  2  70      3   70 

Nut 6   20     7   55     Barlev 2  40     3   30 

Pea 4  80     6  05     Culm.  125      2    15 

CHIC.\GO — Current  prices  per  ton  for  Illinois 
and  Indiana  coal  are  as  follows: 

Illinois 

Southern  Northern 

Willian:son,  .Saline  and        Illinois  Illinois 

WilHamson  Counties       K.o.b.  Mines   F.o.b.  Minis 

Prepared  sizes $2  75  $3   25 

.Mine-run 2  35(n  $2  50  3  00 

Screenings 2  05  2. 75 

BIRMINGHAM — Current  prices  per  net  ton  fob. 
mines  are  as  follows: 

.Slack   and 
Mine-Run        Prepared      Screenings 

Big  seam $2  45  $2  75  $2  40 

Black  Creek  and 

Cahaba 3   45  3  75  3  05 

Jaeger    -    Pratt 

Corona    2  85  3  05  2  45 

Blacksmith 5  25 

Domestic  quoations,  slightlv  increa,sed,  are  a"; 
follows: 

Lump  and  Nut 

Black  Creek  and  Cahaba $4  50 

Corona 375 

.lagger  3  50 

Montvallo  5  00 

ST.  LOCKS — The  prevailing  circular  per  net  ton 
f.o.b.  mines  is  as  follows: 

.Mt    Olive 
and 
Franklin  County  .Staunton          .Standard 

Prepared  sizes,  lump, 
egg.  Nos.  I  and  2 
nut  $2  75 

Willianisoii  County 
Prepared  sizes,  lunip, 

egg.  nut $2  55        $2   55  $1    90(a  2   25 

Mine-run   2  20  2  20  I    60(a  I    70 

.Screenings 2  05  2  05  95(n  I    10 

3-in.  lump    2  30 

2-iD.  lump I    75(a  I    90 

Williamson-Franklin  rate  to  St  Louis  is  $1  10 
other  rates  92Jc 
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7-STOKER 
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2  I -BACK-PRESSURE    VALVE 
22 -STEAM  CHEST 

23 -GOVERNOR    VALVE 
24-EXPANSION    JOINT 
25-EXCITER 
26-TRANSFORMERS 
27-GATE  VALVE 
28-STRAINER 
20-lNTAKE 
30-DlSCHARGE 


3  I -TURBO    CIRCULATING    PUMP 

32 -MOTOR-CENTRIFUGAL  COMDENSATE  PUMP 

33-TURBO   DRIVEN    AIR    PUMP 

S4-TRAP 

35-SMOKE  FLUE 

36-LUBRICATOR  \ 

37 -PUMP  REGULATOR  I 

38-TRAP  I 

39 -HOT  WELL 

40-HOUSE  DUPLEX    PUMP 

41  -GOVERNOR 

42-TURBO-DRlVEN    BOILER 

FEED   PUMP  I 

43- STORAGE    TANK 
44-FEED-WATER    METER 
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45-HEATER 

46-ASH  HOPPER 

47- ASH  CAR  . 

48- PRESSURE    REGULATOR 

49- GOVERNOR 
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Rubber  Balloons  and  Reputations 


By  RUFUS  T.  STROHM 


YOU'VE  seen  these  toy  balloons  that  hawkers  sell 
to  children  at  the  County  Fair  and  to  grown-ups 
during  Old  Home  Week.  At  first  sight  there's 
nothing  to  them.  They  look  like  a  bunch  of  dejected 
frankfurters. 

You  take  one  of  them  and  you  begin  to  blow  into  it. 
First  off,  it  straightens  out  like  a  sore  finger.  Then  it 
begins  to  grow  and  before  long  it  looks  like  a  water- 
melon with  the  jaundice.  You  keep  on  blowing, 
watching  it  swell,  till  it  gets  so  thin  you  can  almost 
see  through  it. 

At  that  stage  you  have  a  feeling  that  maybe  you 
had  better  stop,  but  you  overrule  your  timidity  and 
decide  to  give  it  one  more  lungful.  Then  the  blamed 
thing  goes  "plop!"  leaving  you  with  a  hunk  of  rubber 
and  a  foolish  expression. 

The  trouble  is  you've  forgotten  about  the  factor 
of  safety. 

That's  what  many  a  man  does  when  he  starts  to 
advertise  himself. 


At  first  he's  sort  of  fearful  about  it.  He  gives 
his  reputation  a  gentle  little  puff  and  is  tickled  pink  to 
see  how  it  perks  up.  Instead  of  a  limp  and  sickish- 
looking  thing,  it  stands  out  so  that  folks  take  notice 
of  it. 

He  draws  a  long  breath,  blows  once  more  and 
notes  greater  rotundity  and  increased  prominence. 
He  blows  again  and  again  and  marvels  at  the  result. 
Apparently  there  is  no  limit  to  the  expansion. 

The  thing  grows  till  he  loses  all  sense  of  its  size. 
It  is  so  close  to  him  that  it  obscures  his  vision  and  he 
sees  only  its  sweeping  curves.  But  it  seems  to  show 
no  signs  of  strain,  so  he  gives  himself  up  to  a  riot  of 
blowing. 

Then,  without  warning,  it  goes  "bang!  "  and  he 
finds  himself  alone  with  a  vain  regret  and  the  echo  of 
unsympathetic  laughter. 

You  can  stretch  almost  any  old  reputation  if  you 
patch  up  the  weak  spots  and  vulcanize  the  seams. 
But  you've  got  to  use  judgment  as  to  when  to  stop. 
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The  first  of  several  articles  describing  fully  the  large  steam-power  station  of  United  States  Nitrate 
Plant  No.  2,  at  Muscle  Shoals,  Ala.,  where  great  quantities  of  ammonium  nitrate  were  to  have  been 
made  by  the  cyanamid  processes  for  the  Ordnance  Department  of  the  Army.  Data  are  given,  on  the 
floio  and  available  power  of  the  Tennessee  River  at  Muscle  Shoals,  Ala.  The  conditions  upon  which 
to  base  the  design  of  this  interesting  war  steam  station  of  90,000  kw.  are  the  most  ideal  engineers 
have  yet  encountered.  The  combustion  volume  in  the  boiler  furnaces  is  11.6  cu.ft.  per  sq.ft.  of  active 
stoker-grate  area;  the  settings  are  of  the  most  modern  type.  A  total  steam  temperature  of  590  deg. 
F.  urill  be  used,  though  a  somewhat  higher  temperature  may  be  used  later.  The  plant-load  factor 
2cill  be  about  95  per  cent.,  the  load  being  chiefly  electric  furnaces.  Accompanying  the  article  is  a 
table  giving  many  important  data  covering  the  entire  station,  data  which  the  designing,  consulting 
and  operating  engineer  roould  like  to  file.     A  plant  thermal  efficiency  of  20  per  cent,  is  expected. 


LET  us  first  get  a  perspective  view  of  Muscle 
Shoals  that  we  may  the  better  assess  what  will 
J  follow. 
The  steam  station  is  on  the  Tennessee  River  at 
Muscle  Shoals,  about  three  miles  from  Sheffield  and 
about  the  same  distance  from  Florence.  As  is  well 
known,  the  Tennessee  River  is  pregnant  with  great 
power  possibilities,  and  cheap  power,  when  coal,  iron 
and  many  raw  materials  are  near  at  hand,  as  they  are 
in  that  part  of  the  South,  coupled  with  the  fact  that  it 
is  only  about  300  m.iles  to  seaports  on  the  Gulf  of 
Mexico  and  a  little  more  to  others  on  the  Atlantic  Sea- 
board, will  likely  lead  to  the  development  of  this  sec- 
tion of  the  country. 

Many  power  studies  of  the  Tennessee  River  have 
been  made,  particularly  during  the  last  32  years.  The 
chart,  Fig.  1,  shows  the  energy  available  at  Muscle 
Shoals;  study  of  it  is  worth  while;  but  only  a  few  fig- 
ures will  be  given  here  to  acquaint  the  reader  with 


the  river.  The  maximum  flow  at  Florence,  Ala.,  war- 
499,000  c.f.s.  for  two  hours  on  Mar.  19,  1897,  gage 
height  32.5  ft.  The  minimum  flow  recorded  at  the  same 
place  was  7000  c.f.s.,  gage  height  — 0.8  ft.,  October, 
1872  and  Septembei*,  1878.  The  flow  has  never  been 
up  to  240,000  c.f.s.  from  April  to  October,  and  150,000 
c.f.s.  averages  only  once  every  two  years.  The  average 
flows  for  a  period  of  32  years  are  given  below. 

AVERAGE  FLOWS  OF  TENNES.SEE  RI\ER  AT  FLOHE.NCE 
FOR  32  YEARS 

Numb"r  of  Da>-S  per  Year  Flow  Was  Above 

Cubic-Foot  -Seconds 

50,000         100,000        150,000  200.000  250,000  300,000  400,000 


Gage  Height,  Ft. 

5  2 

9  7 

13.4 

16  6                19  6 

22  4 

27  6 

122  9 

47  9 

23.4 

118                 3  6 

2  4 

0  35 

The  commercial  power  available  from  the  river  at 
Muscle  Shoals,  connected  with  other  plants,  is  esti- 
mated by  army  engineers  at  600,000  hp. 

The  total   cost  of  the  project   now  under  way  for 
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water-power  development  at  Muscle  Shoals  was  esti- 
mated in  October,  1917,  to  be  $14,534,000,  based  upon 
then  prevailing  wa^^es  and  prices  of  materials.  On 
Feb.  23,  1918,  because  of  the  low  price  of  cement  for 
the  Government,  the  estimate  was  reduced  to  .''514  000,- 
000.  This  estimate  uicludes  the  dam  locks  and  flowagc 
rights  and  the  power  house  with  hydro-electric  ma- 
chinery capable  of  generating  about  120,000  hp.  The 
power-house  substructure  will  be  constructed  so  as  to 
provide  for  placing  additional  units  in  the  future  if  de- 
sired, in  order  to  utilize  the  noncontinuous  or  second- 
ary power  in  connection  with  steam-generating  units 
already  installed  in  Nitrate  Plant  No.  2.  It  is  esti- 
mated that  about  three  years  will  be  required  for  the 
completion  of  the  project.  Of  the  power  to  be  fur- 
nished by  the  project,  it  is  estimated  that  approximately 
72,000  hp.  will  be  continuous  throughout  the  year. 
In  all  but  the  dry-up  year  it  is  to  be  expected  that 
approximately  100.000  hp.  can  be  developed  continu- 
ously. The  figures  in  this  paragraph  are  by  Benedict 
Crowell,  Assistant  Secretary  of  War. 

There  have  been  many  proposals  for  hydro-electric 
development  at  Muscle  Shoals.  One  study  proposes  te)i 
18,000-hp.  turbines  for  No.  3  dam  and  twelve  48,000- 
hp.  units  for  No.  2  dam.  The  dam  sites  have  been 
selected,  but  the  plants  have  never  been  built.  Trans- 
mission lines  now  connect  the  Muscle  Shoals  district 
with  the  Warrior  River  steam  station  90  miles  away  on 
the  Warrior  River,  and  with  "Lock  No.  12,"  a  hydro- 
electric station  on  the  Coo=a  River  160  miles  away; 
both  are  properties  of  the  Alabama  Power  Co.  Such, 
brcadly,  are  the  geographical  and  economic  circum^- 
stances  surrounding  the  large  steam  station  of  United 
States  Nitrate  Plant,  No.  2,  though  the  plant  was 
built  to  furnish  power  only  to  the  nitrates  plant.  The 
data  on  river  flow  are  from  Document  1262,  Sixty- 
Fourth  Congress,  First  Session,  Committee  on  Rivers 
and  Harbors. 

As  stated,  the  new  steam  plant  at  Muscle  Shoals  was 
built  to  furnish  current  for  the  manufacture  of  am- 
monium nitrate  by  the  cyanamid  processes  for  the  Gov- 
ernment, the  Air  Nitrates  Corporation  acting  as  agent 
for  the  Ordnance  Department  of  the  United  States 
Army.  The  .station  was  designed  for  90,000  kw.  in  two 
main  units,  one  60,000  kw.  normal  rating,  three-cylinder 
reaction  turbine,  and  one  30,000-kw.  tandem-compound 
double-flow  reaction  turbine.  In  the  middle  of  Feb- 
ruary, 1918,  the  ground  where  the  station  now  stands 
was  a  ravine,  virtually  a  virgin  forest.  Steam  has  been 
on  the  plant  four  months,  and  the  large  main  unit  is 
about  ready  to  run.  Here,  indeed,  is  an  achievement 
in   power-plant   design,    construction    and    installation, 


considering  labor,  traffic  and  other  conditions.  The  30,- 
000-kw.  unit  will  not  be  installed  for  the  present. 

The  plant  was  dc  '  '^ed  to  meet  conditions  which  are 
by  far  the  nearest  approach  to  the  ideal  that  engineers 
have  ever  encountered,  so  far  as  the  writer  and  those 
consulted  by  him  know.  It  is  indeed  important  that 
the  reader  have  in  mind  these  conditions  when  reading 
the  articles,  for  if  he  does  not  have  them  in  mind,  but 
has  instead  the  usual  conditions  of  load  factor,  etc.,  he 
may  misjudge. 

The  station  load  factor  will  be  95  per  cent.  The  load 
is  chiefly  electric  furnaces,  of  which  12  are  calVd  for, 
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FIG.   1.      CHART  SHOWING  WATER  POWER  AVAILABLE 
FROM  THE  TENNESSEE  RIVER  AT  MUSCLE  SHOALS 

10  to  operate  continuously,  2  as  spares.  There  ar2  many 
load  curves  rf  these  furnaces,  and  each  takes  6000 
kw.,  the  plotted  line  on  the  recording  meter  being  as 
uniform  as  one  could  carefully  draw  the  line  free- 
hand. The  power  factor  of  the  furnaces  is  86  per  cent, 
at  160-volt  operation.  The  60,000-kw  three-cylinder 
main  turbine  is  designed  for  85  per  cent,  power  factor; 
but  with  the  machine  up  to  90  per  cent,  power  factor  a 
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3.      BOILER.   FURNAOE  AND  STOKER   CROSS-SECTION.    CARRYING  ALL 
IMPORT.VNT     DIMENSIONS 


load  of  70,000  k\v.  can  be  carried  without  trouble.  The 
water-rate  guarantees  on  the  turbine  are  very  low. 
These,  with  all  other  important  data,  capacities,  ratios, 
etc.,  the  writer  has  prepared  in  tabular  form  conven- 
ient for  the  engineers'  notebook,  and  appear  in  this 
article. 

An  unusually  low  unit  coal  consumption  is  expected; 
some  of  those  directly  interested  expect  it  to  be  near   <o|' 3.0  <  30000 
1  lb.  per  kilowatt-hour.  '  " 

Coal  of  remarkable  composition  is  available,  the 
analysis  being  as  follows:  Fixed  carbon,  59  to  60  per 
cent. ;  volatile,  35.7  per  cent. ;  sulphur,  0.8  per  cent. ; 
moisture,  1.5  per  cent.;  ash,  4  per  cent.  The  boiler 
radiation  will  likely  be  down  to  21  per  cent,  because  of 
the  use  of  heat-insulating  brick,  and  the  stokers  and 
volume  of  furnace  are  such  that  a  boiler  efficiency  of 
76  to  78  par  cent,  may  confidently  be  expected.  The 
feed  water  will  be  kept  at  220  deg.  F.  constantly.  All 
drives  throughout  the  station,  except  feed  pumps  and 
two  spare  steam-driven  exciters,  are  motor-driven.  A 
large  pumping  plant  for  service  process  water  is  located 
in  the  power  plant  instead  of  in  a  separate  station,  and 


these  pumps  are  each  (irivcn 
by  u  700-hp.  induction  motor 
from  current  generated  by  two 
house  turbines  each  of  200" 
kw.  capacity,  noncondensiiig. 
which  also  supply  currcfnt  for 
all  auxiliaries. 

A  plant  thermal  efficiency 
of  at  least  20  per  cent,  is  ex- 
pected, and  there  are  many 
reasons  to  believe  it  will  be 
above  this  figure.  A  kilowatt 
will  be  put  on  the  board  for 
between  17,000  and  18.000 
B.t.u.  or  better.  If  one  has  in 
mind  the  unusually  favorable 
conditions  for  which  the  plant 
was  designed,  one  will  agree 
that  the  performances  ex- 
pected are  certain  of  realiza- 
tion, and  that  the  designing 
engineers  are  not  overoptim- 
istic. 

The  Boiler  Room 

The  boiler  room  and  its 
equipment  are  admirable  in 
design,  arrangement  and  op- 
eration. There  are  12  type 
M-55  Stirling  boilers  each 
having  15,070  sq.ft.  of  heating 
surface  with  15-retort  West- 
inghouse  underfeed  stokers  .set 
as  shown  in  .sectional  side  ele- 
vation. Fig.  3.  The  lower 
drum  is  set  7  ft.  6  in.  from 
the  normal  boiler-room  floor, 
giving  a  furnace  volume  of 
11.6  cu.ft.  per  sq.ft.  of  active 
grate  area,  adequate  to  permit 
of  unusually  thorough  mixture 
of  air  and  gases  at  ratings  up 
to  300  per  cent.,  which  is  far 
above  the  150  per  cent,  rating 
normally  required.  This  is 
particularly  true  for  the  ex- 
cellent coal  with  which  the  plant  will  be  supplied.  A 
view    of    the    boiler    furnaces    during  construction    is 
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shown   in   Fig.   6.     The   ash   hoppers   under  the  fur- 
naces   are    unusually    large,    having    capacity    of    225 

each.     Each  of  the  ash  cars   used  for  hauling 

away    from    the    boiler 

cu.yd.     The  front   boiler 
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room  has  a  capacity 
wall  is  supported  in- 
dependently of  the 
stoker,  and  the  front 
furnace  wall  is  so 
arranged  that  it  is 
independent  of  the 
front  boiler  wall 
(see  Fig.  3).  Four 
fire-doors  are  placed 
in  the  bridge-wall, 
the  distance  center 
to  center  of  doors 
being  8  ft. ;  a  section 
of  one  of  these  door- 
ways is  shown  in 
Fig.  3.  The  bridge- 
wall  is  3  ft.  thick, 
but  its  front  is  con- 
caved 4}  in.  at  the 
center.  It  extends 
into  the  side-walls 
3  2  in.  with  1  in. 
clearance  for  expan- 
sion. Special  fire 
tile  is  used  around 
each  fire-door.  All 
firebrick  lining  9  in. 
and  over  is  laid  with 
four  header  courses 
to  the  fire,  between  single  stretcher  courses.  Red  brick 
only  is  used  in  the  front  and  side  walls  be- 
low the  stokers.  The  top  joint  between  the  top  of  the 
furnace-front  wall  and  the  front  boiler  wall  is 
filled  with  asbestos;  both  these  walls  are  18  in.  thick 
including  the  Silocel  brick.  The  side  walls  are  2  ft. 
32  in.  thick  at  the  bottom,  with  ITl-in.  firebrick  lin- 
ing, in  four  courses  of  4:l-in.  brick  around  the  dump 
plate;  13A-in.  firebrick  lining  of  three  courses  of  4!;- 
in.  brick  from  here  up  to  within  a  couple  of  feet  of  the 
gas  opening  in  the  first  pass;  from  this  poin^  to  the 
top,  in  the  first  and  second  passes,  9-in.  firebrick  lin- 
ing in  two  courses  of  4:l-in.  brick,  is  used,  while  for 
the  last  pass  the  firebrick  lining  is  but  42  in.  thick. 
The  rear  wall  is  18  in.  thick,  of  red  brick  and  Silocel 
only. 

The  gas  opening  in  the  first  pass  is  42  in.  wide,  in 
the  second  pass  32  in.  wide  and  in  the  last  pass  17 
in.  wide.  The  free  area  for  the  passage  of  gases  is: 
First  pass,  40  sq.ft. ;  second  pass,  30.6  sq.ft. ;  third 
pass,  16.3  sq.ft.  The  damper  opening  is  22  in.  wide. 
All  joints  in  the  tile  baffles  are  made  on  the  tubes,  the 
tile  being  broken  where  necessary  in  order  to  bring 
the  joint  on  the  tube. 

The  stoker  width  is  26  ft.  51  in.  The  lineshafting  is 
supported  from  the  stoker  ram  boxes,  and  each  stoker  is 
operated  by  an  independent  adjustable-.speed  motor, 
230-volt  direct-current  field  control,  8  hp.  at  200  r.p.m. 
and  13.5  hp.  at  1500  r.p.m.  Clutches  are  provided  so 
that  any  of  five  groups  of  three  rams  each  may  be 
stopped  temporarily  to  adjust  the  fuel  bed. 

Clinker  grinders — that  is,  rotary  ash-discharge  ap- 
paratus— have  not  been  installed,  as  the  coal  eventually 
to  be  used  has  less  than  5  per  cent,  ash  of  an  unusually 
high  fusion  temperature. 


The  curve.  Fig.  4,  gives  the  stoker  performance 
based  on  coal  of  fixed  carbon  56.74  per  cent.,  volatile 
29  per  cent.,  moisture  4.23,  ash  11.13  per  cent.,  sul- 
phur 2.58  per  cent.,  B.t.u.  per  lb.  13,000 — a  very  poor 
coal  compared  with  that  with  which  the  plant  normally 
will  be  supplied.  At  150  per  cent,  rating  the  guaran- 
teed combined  efficiency  is  76  per  cent.,  at  175  per  cent, 
rating,  75  per  cent.  The  continuous  capacity  is  235 
per  cent.;  275  per  cent,  for  4  hours.  There  are  three 
radial-brick  chimneys,  each  275  ft.  high  above  the 
boiler-room  floor.  The  internal  diameter  of  the  middle 
chimney  is  18  ft.;  that  of  the  other  two,  14  feet. 

The  railroad  runs  to  the  plant  and  above  the  four 
coal  crushers  of  100  tons  capacity  per  hour,  the  coal 
being  dumped  directly  into  the  crushers  from  the  cars 
which  in  turn  bring  it  from  the  mine.  From  the 
crushers  it  is  conveyed  to  four  24-in.  belt  conveyors, 
each  of  100  tons  per  hour  capacity,  driven  by  15-hp. 
motors  which  deliver  it  to  the  bunkers.  The  latter  are 
of  steel-frame  concrete-lined  construction  with  capac- 
ity for  4i  days'  normal  operation.  The  yard-storage 
capacity  is  25,000  tons.  There  are  four  one-ton  larries 
to  each  firing  aisle  which,  by  the  way,  is  25  ft.  wide. 

Each  boiler  has  its  individual  forced-draft  radial- 
flow  double-inlet  fan.  Each  fan  has  two  60-cycle  three- 
phase  squirrel-cage  induction  motors,  one  40  hp.  for  a 
speed  of  875  r.p.m.,  and  one  75  hp.  for  1170  r.p.m. 
Against  3-in.  static  pressure  these  fans  will  deliver 
25,500  cu.ft.  per  min.  (745  r.p.m.)  ;  against  5.1  in.  pres- 
sure, 40,500  cu.ft.  per  min.  (895  r.p.m.)  ;  against  6  in., 
48,000  cu.ft.  per  min.  (1200  r.p.m.). 


^m  M  m  m^^^^KKr/^^Bmn             An 

1 

immm 

1 

^^^^mY ////// ^nKKjKg  ^R      ___^^^^^___^ 

II 

s^-^^^^fflSii 

■ 

^^^SfeiiBj^gH 

H 

^^^ 

1 

wisstt        ^\iji^^^^^nii^SflflH^^^^i 

B 

■H^^HHHHH^^^^I^^k            ,if!'^'~ 

9 

FIG.   6.     VIEW  OP  BOILER  FURNACE,   INTERIOR,  DURING 
CONSTRUCTION;   NOTE  LARGE  COMRUSTIOX  VOLUME 


428 


I'  ()  w  i<:  u 


Vol.  49.  No.  12 


This  nrrantii'im'iit  of  fans,  it  is  realized,  is  rather 
unusual,  not  so  nnich  because  one  fan  is  furnished 
each  boiler,  but  because  each  fan  has  two  motors 
to  drive  it.  The  control  of  the  draft  is  a.s  automatic 
as  reliable  apparatus  can  make  it  consistent  with  effi- 
cient operation,  and  these  fans  will  cut  in  and  out 
automatically.  The  intakes  to  them  are  short  and  the 
air  will  be  quite  clean  despite  the  lime  and  carbide 
dust  from  the  cyananiid  plant. 

The  treatment  is  as  follows:  Pounds  of  soda  per 
1000  jral..  0.27;  pound.-<  of  lime  (50  per  cent.)  per  1000 
gal.,  0.55.    Two  15,000-hp.  feed-water  heaters  are  used, 


each  with  water  capacity  of  481  cu.ft.,  weitrhin;r  when 
full  of  water,  VA't.'.VM  lb.;  empty,  each  weighs  .'{C,000  lb. 
The  boiler-feed  pumps  are  all  centrifugal,  5-in.  four- 
stage,  750  gal.  per  min  ,  each  driven  by  a  three-stage 
2650-r.p.m.  steam  turbine. 

Consideration  was  given  'economizers,  but  they  were 
not  installed  as  they  did  not  show  a  commercial  econ- 
omy with  toal  of  the  price  and  quality  it  is  possible 
to  obtain.  Provision  is  made  for  their  installation 
should  conditions  change  and  their  use  be  warranted 
after  the  plant  has  been  operated  for  .some  time. 

The  boilers  are  built   for  300   lb.   pressure  and  hy- 


Important   Data  on  Po\*t'r  Plant  of  United   States  Nitrate  Plant  No.  2 

Muscle  Shoals,  Alabama 


GENERAL 
[xM-ation.  Muscle  Shoals,  Ala.,  on  the  Trnnrsact*  Rivrr  near  •'Sheffield  and 
Florence 

Main  fcrmrating  capacity,  lew.  (in  one  uniO  .    60.000 

Service  KenrrntinK  capacity,  kw.  (non-condensing) 4,000 

.\uxiliary  anil  othir  drives   Practically  all  motor 

Station  load  factor,  per  cent 90  to  95 

Nature  of  load Chiefly  electric  furnaces 

.\mmoniuni  nitrate  manufactured  by  the  cyanamid  processes 

BOILER    ROOM 

Dimension,  hrilcr  house. overall,  length  280  ft.,  9  in.;  width  IS8ft.9in. 

Width  firine  iiisle,  ft 25 

T>-pe  of  boil,  rs       Stirling  M-55 

Number  of  boiU  rs 12 

Steam  drums,  three 42  in.  x  31  ft.;  plate,  I  9 '32  in. 

Mud  dru:n .         42  in.  x  28ft.  6  in;  plate,  I  15 '32  in. 

Tubes:    Number  of,  IIS6;     dia.  3}  in.  hot  rolled  seamless:    No.  8  gage,  300  lb. 

Heating  surface,  eq  ft 1 5,070 

Superheater  surface,  each  boiler,  sq.ft 1 ,950 

Superheater  performance: 

Rating  of  Builer,  Superheat, 

Per  Cent.  Deg.  F. 

too  155 

150  175 

200  193 

250  207 

300  215 

jratc  surface  (active) ,  sq.ft        284 

Heating  surface  per  sq  ft.  active  grate  area,  sq.ft 53 

Heating  surface  per  sq  ft.  superheater  surface,  sq.ft 7  7 

Superheater  surface  per  sq  ft.  erate  surface,  sq.ft 6  86 

Heating  surface  per  installed  kilowatt  normal  capacity  of  generators 2. 94 

Pressure,  lb.  per  sq.  in 275 

Superheat,  deg.  F  175 

Total  steam  temperature,  deg.  F 589. 4 

Coal  analysis,  temporary  supply  and  upon  which  stoker  performance  is  based: 
Fixed  Volatile,  B.t  u. 

Carbon  Per  Cent  Moisture  Ash  Sulphur  per  Lb. 

56  74  29  00  4  23  11    13  2  58  13,500. 

Coal  ana1>'sis,  permanent  supply: 

Fixed  Volatile,  B.t.u. 

Carbon  Per  Cent.  Mobture  .^sh  Sulphur  per   Lb 

35  7  15  3  to  5  0  8  15,000 

Boiler  s  (tings  fno  arches) Width,  ft.,  31,  depth,  ft.,  21 

Height,  center  cf  lower  or  mud  drum  to  floor  line 7  ft.  9  in. 

Insu!atingbrick"Silocel."  thickness,  in 4.5 

Firebrick, "Empire"  (Missouri  clay) 

(.\damant  cement  used  in  boiler  settings) 

Estimated  radiation  loss,  per  cent    2  5 

Combustion  (furnace)  volume  per  sq.ft.  active  grate  area,  cu.ft 116 

Combustion  volume  per  stoker  retort,  cu.ft 220 

Combustion  volume: 

Pounds  of  Coal  Fired 
Boiler  Rating  per  Hr.  per  Cu.Ft. 

Per  Cent .  Combust  ion  Volume 

100  1.53 

150  2.23 

175  2.64 

200  3.06 

250        ■ 4.15 

300  5.56 

Free  area  of  opening  in  first  pass,  sq  ft    40 

Free  area  of  opening  in  second  pass,  sq.ft 30  6 

Free  area  of  opening  in  third  pass,  sq.ft 16  3 

Free  opening  in  first  pass  per  sq.ft.  active  grate  area,  sq.ft , 0    1409 

Free  opening  in  second  pass  per  sq  ft.  active  grate  area,  sq.ft 0    108 

Free  opening  in  third  pass  per  sq.ft.  active  grate  area,  sq.ft 0  0585 

Stokers,  t\7>e,  Westinghouse  underfeed,  1 5  retorts  per  boiler 

Stoker  drive.  Morse  t\-pe  chain,  motors,  13.5  hp.  each,  adjustable  speed; 

8  hp.  at  200  r  p.m.:    I3.5hp.  at  ISOOr.p.m 
Active  grate  area,  sq  ft  284 

Stoker  performance  (based  on  co.aI,  13,500  B.t.u.  per  lb.,  ash,  per  cent.   11.131: 
Combined  Pounds  of 

Boil'  r  Coal  per  Pounds  Coal  Volume  of 

Boiler  and  Furnace  Retort  per  Sq.Ft.  Air  per  Min. 

Rating.  Effiriency,  p"r  Hr.  Active    Grate  at  65  Deg.  F. 

Per  Cent.  Per  Cent.  as  Fired  .'urface  Cu.Ft. 

100  74  336  17  75  16,500 

150  76  491  25  90  24,500 

175  75  580  '0  60  29,000 

200  74  674  '5  50  33,500 

250  68  914  48   10  45,000 

300  61  1220  64  50  61,000 

Continuous  "^I'^a-itv  of  235  p-^r  cent,  boiler  rating. 
Four  hours  continuous  at  275  per  cent,  boiler  rating. 


Coal  Handling :    lUiilway  earn  dumn  into  cruahent  above  coal  bunkexv 

Crushers,  two,  Webnter  type,  double-roll,  capacity  each,  tons I  (JO 

Bunk'nt  Steel  frame,  concrete 

Installed  kilowatt.^  per  ton  of  bunker  capacity,  kw  14  7 

No   of  days  storage  at  normal  operation  (4200  ton*) 4   5 

Bunker  capacity  per  stoker  ret<»rt,  t()nB      23.  4 

Yard  storage,  tons,  miiiimuni  capacity  25,Oi>0 

Larrits,  four  for  each  firing  aisle,  capacity  each,  tons.    I 

Larry  capacity  pir  stoker  retort,  tons 0  034 

Conveyors,  belt,  four  24-in  ,  capacity  each,  tons 100 

Conveyor  (belt)  hourly  capacity  per  stoker  retort,  lb.  4460  tons 2  23 

Ratio  conveyor  hourly  capacity  to  hourly  capacity  per  stoker  retort 

at  250per  cent  rating .  4.45:1 

Capacity  furnace  ash  hoppers,  each,  cu.ft.  850.5;   cu.yd 38  8 

Capacity  ash  ears,  each,  cu.yd 1.5 

Soot  blowers.  Diamond  type 7  units  on  each  boiler 

Main    steam    valves   Jenkins    type 

Automatic  stop  valves Edwards  type 

Blow-off    valves      Gato    type 

Feedwater  heaters,  two,  Cochran  type,  horizontal,  capacity  each,  boiler 

hp 15,000 

Water  capacity,  each  heater,  cu.ft 481 

Heater  capacity  per  rated  horsepower  capacity  of  boilers  installed, 

boiler  hp 1   67 

Heater  capacity  per  sq.ft.  boiler  heating  surface,  boiler  hp 0   1 66 

Feed  Pumps        Worthington 

Type,  centrifugal,  5-in.,  four-stage,  750-gal.  per  min.,  2650  r.p.m.  driven  by 

25()-hp.  steam  turbine 

Feed  Water  Analysis: 


Calcium  carbonate 

Magnesium  

Magnesium  sulphate 

Magnesium  chloride 

Silica 

Iron  oxide  and  aluminum    

Sodium  and  potassium  chloride. 
Volatile  and  organic 


G 

rains  per 
3  44 
0  35 
0  23 

0  23 

1  11 
0  41 

0  82 

1  29 

Gal 

7  88 
1.92 

Pressure, 
In.  Water 

Horsepower 

R.P.M 

3 
5 
6 

17 
49 
72.5 

720 
1030 
1170 

Suspended  matter 
Feed  Water  Treatment 

Pounds  of  soda  per  1000  gal 0  27 

Pounds  of  lime  (50  per  cent )  per  1000  gal 0  55 

Watersoftener,  American,  steel  tank,  tipper  type,  capacity,  gal  per  hr..    .         8,000 

One  cj'press  tank,  dimensions,  ft    16x18 

Chimneys:    Kellogg  radial  brick: 

Two.  275  ft.  X  14  ft  ,  base  diameter,  23  ft.  3  in. 
One,  300  ft.  x  18  ft.,  ba-^e  diameter,  26  ft. 

Coai  burned  per  sq.ft.,  minimum  cross-sectional  area  at  250  per  cent, 
boiler  rating  (based  on  six  1  500-hp.  boilers  to  one  275  ft.  x   14-ft. 

cbimn*'v>,  lb.  perhr  534 

Forced-draft  fans:    Green  type  No.  5  radial  flow,  double  inlet,  full  housing,  one 
for  each  boiler 
Two  motors  to  each  fan,  each  60  cycle,  three-phase,  2200  volt,  squirrel-cage 

induction  tj-pe,  one  40  hp,  875  r.p.m.;  one75hp.,  1170r.p.m. 
Performance: 

Cu.Ft. 
per 

Min. 
25,500 
40,500 
48.000 

Capacity  per  sq  ft.  active  grate,  cu.ft.  per  min.,  mininmni  95.  maximum  176 
Capacity  per  cu  ft.  furnace  volume,  cu.ft.  per  min.,  minimum  8.2,  maximum  15 
Instruments  for  the  boiler  room 

Recording  steam  meters.  Bailey  t>-pe,  maximum  flow  at  300  lb.,  175 

deg.  F.  superheat,  lb.  perhr 56,200 

12  type  r)-26,  class  5  recording  steam-flow-,  air  flow  and  flue-gas  temperature 
12  t>T)e  D-26.  class  9  recording  steam-flow,  air-flow  and  speed  of  stokers 
i2  "Precision"  three-in-onc  gages  for  air  pressure  in  ashpit  and  last  pass  in 

boilers 
12  electric  indicating  tachometers  for  stokers 

2  standard-weight  venturi  meter  tubes  » ith  tjpe  M  registe r-indicator-recorder 
2  double-extra-heavy  venturi  meter  tubes  with  type  M  register-indicator 
recorder 

TCRBINES 
Main  turbine,  Westinghouse 

TN-pe:    cross-compound  triple  cylinder  unit,  pure  reaction,  parallel  flow 
Capacitv:     60,000  kw.  at  85  per  cent,  power  factor,  60  cycle,  three-phase, 
12,200  volt 

Peak  load  for  short  period,  kw 70,000 

Dimensions:    Length  53  ft.  8  in.,  width  56  ft.  2  in.  height  1 9  ft.  3  in. 

Weight,  total  shipping,  lb 2,600,000 

Hea\nest  piece  for  crane,  lb ^ 1 42,000 

Capacity  per  sq.ft.   floor  space   covered  by  turbine,   kw.    (rated 
capacity) 
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Weight  of  turbine  per  rated  kilowatt,  lb 43  34 

Speed,  high-pressure  element,  r.p.ni.   1800,  low-pressure  element. ^. 

r.p.m 1,200 

Blading  material:      High-pressure  element,  phosphor  bronze;     low-pressure 

elements,  phosphor  bronze,  except  last  three  rows,  which  are  elec.  M.  steel 
Peripheral  speed  last  row  blading  on  low-pressure  elements,  ft.  ix  r  sec.     Tip 

speed,  608;  Meanspeed,  514 
Main  steam  inlet  26  in.  dia.,  supplied  from  two  I8-in.  headers 

Total  exhaust  area,  sq. ft 452 

Clearance,  axial:    High-pnssurc,  in.,  1  in.  niin.;     low-pressure  (lrnirnt.«,  in., 

5/16  min. 
Clearance,  tip;    High-pressure,  in.  0.045  to  0X55;    1(  w-pirssure  elements,  in. 

0.05  to  0.08 
Bearing  speed,  ft.  per  see.,  high  pressure.  78.6:    low-prtssure. .  .  .  73,  4 

Unit  load  on  main  bearings,  lb.  per  sq.in.,  high-pr<fsurc ,  80;    low 

pressure 124 

Thrust  bearing  Kingsbury  scgniental 

Normal  oil  circulation  through  main-bearings,  gal.  per  min.,  .>ach 

high-pressure,  10;  low-pressure  each    

Normal  oil  circulation  on  each,  thiust  bearing,  gal.  per  min. 

Oil-cooler  surface,  total  f{)r  both  cooleis,  s^i.ft 

Oil-cooler  surface  per  kw.  turbine  ('apacit\-.  rated,  sq^ft. 


Performance:    Operating  condition; 
operating  as  complete  expansion  ii 


12   5 

20 

1,200 

0  02 

290  lb   abs.,  175  deg.  F.  superheat,  when 


Load 
30,000 
40,000 
50,000 
60,000 
*A'hon  operating  one  high-  and  i 

Load 

30,000 

When  operating  one  low-prcssu 


28.5  In 


. —  -  -  -    —    Vacuum 
29  In. 
Pounds   of   Steam   p' 

11  05 
10  75 
10  55 
10  75 

'  low-pressure  element 

. \'acuum ■ 

29  In.  28,5  In 

Pounds  of  Steam  per  Kw.-hr. 

12  I  12  45 


-hi 
II  55 
1115 

10  90 

11  10 


Load 

20,000 
Excitation:    High-pre^ 


-urc  f'lf  n;f  nt  alone  on  high-press u if  ef  ( !  m 

—        Vacuum ■ 

^9  In  28.5  In. 

Pounds  of  St{'ain  per  Kw.-hr. 
14  0  14  45 

ncrator,  90  kw.,  240  volts;    low-pressure  genera- 
tors, each,  1 1 5  kw ..  240  volts 

Main-unit  capacity  per  kw.  capacity  ex"itation,  kw 187   5 

\''ntilation:    Two  air  washers,  capacity  each,  cu.ft.  per  min 1 15,000 

Three  60-cycle,  three-phase,  2200-volt  motor-driven  fans,  capacity 

each,  "I'.ft.  per  min 75,000 

Two  24-hp.  motor-driven  pumps,  capacity  each.  gal.  per  min 640 

CONDEN.SEHS 

Type Westinghouse 

No.  of,  four,  condensing  surface,  each,  sq  ft 25,000 

Tubes:  Muntz  metal;   No.  of,  5,285;  diameter,  in.,  I;  active  length,  18ft.    3?  in. 

Weight  of  condenser  with  tubes,  empty,  lb    220,000 

Weight  of  condenser  with  tubes,  full  of  water,  lb 405.000 

Length  of  connection  between  turbine  exhaust  and  condenser,  ft 30,  5 

Condenser  support;     hung  from  four  keys  fitting  into  exhaust  connection  and 
turbine  steel  foundation  just  under  expansion  joint  at  turbine  exhaust 

Lifting  effect  of  vacuum  at  each  exhaust  opening,  lb 223,000 

Tube  surface  per  kw.  of  turbine  served,  sq.ft  1 ,  67 

Circulating    pumps,     centrifugal    Westinghouse    type 


Number  of,  4;    capacity  each,  gal.  per  min 

Drive,  induction  motor.  550  hp  . ,  

Total  pumping  head,  exclusive  e>f  head  through  conelenser,  ft. , . ,  .  . 

Level  of  intake  water  below  discharge  water,  ft 

Level  of  cold  well  below  center  line  of  pimip,  ft        

Circulating-pumping  capacity  per  kilowatt,  gal.   per  min.   max., 

2.94;  normal 

Circulating-pumping  capacity  per  sq.ft.  condenser  tube  surface,  gal. 

per  min.,  max.,  1.76.  normal 

Circulating-pumping  eapacitv  per  lb.  steam  condensed  at  consump- 
■     lof  10.751b.  per  kw.-hr  .  60  deg.  F.  water,  lb 


NOTE:    Circulating  pumping  capacity  based  upon  fo 
per  min.  each. 

Condenser  perfornianc(  : 
Lb.   of  Steam 
Conelenscd 
per  Hr. 


44,000 
500  r.p.m. 
9  0 


136   5 


400,000 
500,000 
600.000 


Circulating 
Water, 
Deg.  V. 

r8o 

60 

(  40 
f  80 
60 
[  40 
f  80 
'  60 


pumps  of  44,000  gal. 


X'acuum. 

In.  of 

Mercury 

28  45 

29  15 
29  30 

28  30 

29  05 
29  25 

28  15 

29  on 
29  2(1 


5l3 

r.p.m 


Intake:     Open  forebay  with  stop  logs  deflecting  debris  downstream 

Discharge  tunnel,  concrete,  square  section 

Intake  screens:  six  Lmk  Belt  type,  78  in.  wide,  traveling 
Each  screen  6  ft.  4}  in.  wide  between  centers   of  chains,  45  ft.  long, 

speed,  ft.  per  min 

Screen  trays  use  No.  1 0.    U.  S.  S.  gage  galvanized-stcel  wire  cloth 

Total  screen  capacity  (water)  at  12  ft.  level,  cu.ft.  per  sec 

Drive,  two  lO-hp.  motors 865  i^ 

Total  weight  of  screens,  lb p 13  f.OOO 

Condensate  pumps,  capacity  400,0001b  per  hr.  each,  head,  ft 96 

Submergence  head,  ft 3.5 

Drive,  induction  motor,  75  hp 1 750 r.p.m 

.Mr  pumps:  Le  Blanc  type,  water  requirements,  gal.  per  min 2,000 

Suction  lift,  including  friction,  ft  10 

Discharge  lift,  including  fricii,,n,  ft 4 

Drive,  induction  motor,    100  hp 700r.p.m 

House  turbines  Westinghouse  type 

Two,  2000  kw.  (2500  kv.-a.)  80  per  cent,  power  factor,  60  cvcle,  three-phase, 

2300-volt,  3600  r.p.m. 
Pressure  275  lb.,  1 75  deg  F.  superheat,  exhausting  against  back  pressure  of  5-lb 

gage 
Dimensions:  Length,  24  ft.  5  in.:  width,  9ft.  lOin.;  height,  6ft.  lOin 
VVeight:  Total  shipping,  81,0001b.:  heaviest  piece  for  ri are.  lb.,  9.C00 
Air  washers:     One  of  8,000  eu.ft.  per  min.,  60  gal.  per  min.  pump,  feir     each 
turbine 


Performance: 

Kilowatts 
1700 
1600 
2000 


ower  Factor,  Pounds  Steam 

Per  Cent.  per  Kw.-hr. 

80  28    I 

80  25  5 

80  26.6 


Exciters  (all  exciters  in  the  station) 
One  turbine-driven 

Performance  of  turbine: 

Kilowatts 
150 
225 
300 
375 

One  turbine  driven,  50 kw.,  125  vol 
Performance  of  turbine: 


300  kw.,  250  volt  dc,  6000  r.p.m 


Po\mds  .Steam  per 
Kw.-hr. 


Pounds    Steam    per 
Kw.-hr 


50 
62   5 


48  8  1 

40   2  J 


39   6 
36  0 


First  nozzle 
Both  nozzles 


450-hp  synchronous  motor 

75-hp.  induction  motor 

Richardson-Phenix    Co 

1.800 

30 

90 


9,730 
78 


Two  300-kw  ,  250-volt  d  c  .  900-r,p  ni,  generate 
Two  50-kw  ,  125-voltd.c,  1 175-r.p.m.  generato 

Oil    filtering    system  

One  No.  438  Peterson  type  C  filter,  capacity,  gal.  per  hr 

One  No.  6  triplex  oil  p\mip,  3-hp.  motor-eiriven,  capacity,  gal,  per  min 

One  No.  I  2  type  B  filter,  capacity,  gal.  per  hr 

One  No.  2  triplex  pump,  capacity,  gal.  per  hr.    6 

Pumps 

Process    pumps,    for    nitrate    plant    supply .Mlis-Chalmers    t.vpe 

No.  of,  4,  single-stage  centrifugal,  capacity,  gal.  per  min.  each  at 

200  ft,  head  

Drive,  700-hp,  induction  motor:  efficiency,  per  cent 

Domestic-supply  pumps 
Two  4-in   three-stage  centrifugal;    capacity,  gal.  per  min   at  200  ft. 

'head ,  

Drive,  40-hp,  induction  motor,  1 760 r.p.m.;  efficiency,  percent 

Fire  pump,  Allis-Chalmcrs  Underwriters  type;    capacity  gal.  per  min 

Two-stage,  4  in.,  1 750  r  p.m.;  efficiency,  per  cent 

Sump  pump,  4  in.  Worthington  type,  vertical  submerged.  Class  C 
volute,  bronze  impe  Her 
Drive,  1 5-hp.  induction  motor,  1200  r.p.m.;    capacity  gal.  per  min. 

at  50  ft.  dynamic  head      

rfiis  tunnel  connecting  power  house  with  switch  house,  length  4000  ft 
and  concrete 

Buses  carry  power  at  I  2,000  volts  from  generators  to  switch  house  for  distribu- 
tion 

(Open  transmission  lines  would  be  too  seriously  affected  by  carbide 
dust  from  electric  furnaces) 

Rotating   field   synchronous   condenser Westinghouse   type 

Continuous  rating  at  0  per  cent.,  leading  power  factor:   kv.-a.  input 

7500,  volts   .        

Ampere  per  terminal,  361;  phase,  3;  cycles,  60;  poles,  12;  r.p.m 

<j„f„ *; — * i e 1 1J..J: i-iV j__   /-I 


500 
tile  brick 


Safe  operating  temperature  for  embedeied  insulatloD,  deg.  C . 

Exciter,  kw.  at  I  25  volts 

Losses,  inclueling  exciter  losses,  kw  

Disconnector  switches;    all  are  mechanically  operated 


12,000 
60 
150 
60 
230 


drrstrtically  tested  to  450  Ih.  per  sn.in. ;  the  operating 
pressure  will  be  275  lb.,  and  the  superheat  w'll  be  17F 
deg.  F.  at  150  per  cent,  boiler  rating.  Francis  E.  Brad- 
ford, power  engineer  for  the  Air  Nitrates  Corporation, 
intends  to  gradually  work  up  to  a  higher  total  staam 
temperature  if  experience  shows  this  can  be  successfully 
maintained.  The  superheaters  have  1950  sq.ft.  of  heat-; 
ing  surface  each,  and  the  performance  to  be  expected  is 
given  by  the  following  figures: 


\ 


!er  Hating, 
er  Cent. 

100 

150 

200 

250 

300 


Superheat, 
Deg.  F. 
155 
175 
193 
207 
215 


Of  course  the  superheat  will  be  affected  by  the  oper- 


iting  conditions:  that  is,  by  secondary  combustion  in 
the  superheater  chamber,  should  it  occur.  If  the  excess 
air  were  reduced  to  a  minimum,  the  superheat  would 
be  slightly  lessened  below  that  given  when  greater 
quantities  of  excess  air  were  used. 

The  piping  in  the  boiler  room  is  well  designed  and 
put  up.  All  piping  is  beneath  the  boiler-room  floor,  and 
the  :-team  leads  from  the  boilers  drop  down  through 
the  floor  to  the  ring  headers.  It  is  always  quite  im- 
possible to  give  figures  on  the  steam  velocities  allowed 
for  in  steam  piping  without  at  length  qualifying  one's 
figures  because  the  lines  must  be  of  sufficient  area  to 
pass  very  much  more  .steam  in  emergencies  than  they 
normally  pass  when  all  mains  are  in  service.  The  nor 
mal  velocity  will  be  about  9000  ft    por  minute. 
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FIG.    7.      CROSS-SECTIONAL    VIEW   OF    THE   POWER   PLANT.    LOOKING   WEST 


/2B-8  — 
FIG.   8.      FLAX  OF  THE   STATION.   SHOWING    THE    COMPLETE   LAYOUT   AS    DESIGNED 
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Operation  of  the  boiler  room  will  be  under  the 
direction  of  a  combustion  engineer.  All  controls  of 
stokers,  draft  fans,  back  dampers,  and  all  indicat- 
ing and  recording  instruments  and  gages  are  mount- 
ed on  a  board  at  the  end  of  the  boiler  firing  aisle. 
The  chief  engineer's  office  is  situated  so  that  one 
window  bay  fronts  the  main  firing  aisle  and  another 
looks  out  into  the  turbine  room  (see  Fig.  7).  A  record- 
ing-gage board  is  installed  in  this  office. 

The  J.  G.  White  Engineering  Corporation,  New  York, 
as  subcontractors,  designed  and  built  the  station  under 
the  immediate  direction  of  F.  E.  Bradford,  power  en- 
gineer for  the  Air  Nitrates  Corporation;  the  archi- 
tectural features  were  gone  over  by  Ewing  &  Allen, 
architects.  New  York,  and  the  Independence  Bureau  of 
Philadelphia  made  recommendations  covering  safety 
during  construction  and  operation. 

Other  articles  to  follow  relative  to  this  plant  are: 
The  Main  and  House  Turbines;  The  Condensing  Equip- 
ment; Heat  Balance  Studies. 

Green  Cast-iron  Storage  Hopper 

To  meet  the  varied  objections  to  the  use  of  wood, 
steel  or  reinforced  concrete  in  storage  hoppers,  the 
Green  Engineering  Co.,  of  East  Chicago,  Ind.,  has 
placed  on  the  market  a   series  of  standard  cast-iron 


PIG.    2.      ANGLE-IRON    SUPPORTING    STRUCTURE.      FIG. 
PUTTING   CAST-IRON    SIDE   PLATES    IN    POSITION. 
FIG.  4.  VIEW  SHOWING  CORNER  CONSTRUCTION 


CAST-IRON  HOPPER   USED   AS   ASH-STORAGE 
TANK 


FIG.    5.      CLOSE-UP  VIEW   OF   DISCHARGE   GATE 

hoppers  to  be  used  for  the  transfer  of  materials  or  for 
storage.  Unit  capacities  range  from  10  to  45  tons,  and 
manifold  hoppers  composed  of  units  can  be  furnished 
for  any  desired  capacity. 

Sectional  cast-iron  plates  make  up  the  body  of  the 
hopper,  which  rests  on  a  steel  supporting  structure  of 
angle  iron.  This  structure  is  built  of  standard  steel 
sections  cut  and  punched  ready  for  erection  and  bolt- 
ing. When  it  is  in  place  the  cast-iron  plate  supports 
are  hooked  upon  the  angle  struts  of  the  steel  frame  and 
into  recesses  in  the  sides  of  these  supports  are  slipped 
the  cast-iron  side  and  corner  plates.  The  plates  and 
hooks  are  so  constructed  as  to  make  tight  joints. 

At  the  bottom  is  a  substantial  hopper  gate  designed 
for  quick  discharge  and  large  enough  to  offset  any  arch- 
ing tendency  of  the  material  handled.  The  gate  is 
mounted  on  rollers  and  is  actuated  by  means  of  racks 
and  a  chain-operated  pinion  gear.  The  gate  can  be 
mounted  so  that  the  chain  will  come  on  any  one  of  the 
four  sides. 

In  the  power  plant  the  hopper  is  adapted  for  the 
storage  of  ashes,  particularly  from  steam-jet  vacuum 
conveyors,  sized  coal  and  screenings.  In  Fig.  1  the 
hopper  is  used  for  ash  storage.  Fig.  2  shows  the  sup- 
porting frame.  In  Fig.  3  the  cast-iron  side  plates  are 
being  placed  in  position.  Fig.  4  shows  the  corner  con- 
struction and  Fig.  5  is  a  close-up  view  of  the  discharge 
gate. 

One  of  the  outstanding  advantages  claimed  for  this 
hopper  is  the  ease  and  quickness  of  erection.  The  frame 
is  made  of  standard  parts  which  are  bolted  together 
and  the  cast-iron  plates  are  slipped  into  place,  so  that 
no  skilled  labor  is  required  in  the  assembly  work. 

The  rusting  and  corrosion  of  cast  iron  is  negligible, 
and  the  comparatively  thick  metal  in  the  plates  resists 
the  abrasive  action  of  the  material  stored. 
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ONE  of  the  most  disastrous  boiler  explosions  in 
recent  years  occurred  at  the  plant  of  the  Mobile 
Electric  Co.  at  Mobile,  Ala.,' at  8:20  p.m.,  Fri- 
day. Feb.  21.  This  plant  furnishes  power  and  lipht  for 
Mobile  and  vicinity.  The  total  property  damage,  caused 
by  the  explosion  and  the  fire  that  ensued,  will  be  con- 
siderably in  excess  of  $100,000.  Three  persons  were 
killed  at  the  time  of  the  explosion,  and  one  death  has 
since  occurred  as  a  result  of  the  accident. 

The  station  is  located  at  the  intersection  of  Royal 
and  St.  Louis  Sts.,  about  three  blocks  from  the  business 
center  of  the  city.  That  passers-by  were  not  injured 
appears  remarkable  considering  the  violence  of  the  ex- 
plosion and  the  amount  of  material  projected  into  the 
two  thoroughfares.  A  pair  of  12-in.  I-beams  20  ft.  long 
and  two  very  heavy  15-in.  I-beams  25  ft.  long  were 
thrown  entirely  across  Royal  St.,  one  of  these  cutting 


off  the  corner  of  a  foundation  stone  and  being  projected 
partly  into  a  store  on  this  .street. 

The  plant  was  like  those  .so  frequently  found  where 
the  capacity  to  be  recjuired  was  not  anticipated  in  the 
original  construction  and  additions  had  been  made  from 
time  to  time.  This  had  resulted  in  a  distinct  division  in 
the  plant  as  regards  both  boiler  equipment  and  gen- 
erating units.  One  part  was  of  modern  construction 
with  modern  equipment.  The  old  plant,  the  portion  in 
which  the  explosion  occurred,  comprised  the  haphazard 
arrangement  of  apparatus  incident  to  the  unforeseen 
needs  of  development  referred  to.  A  solid  brick  wall  26 
in.  thick,  pierced  only  by  the  nece.ssary  door  openings, 
divided  these  two  sections.  The  fact  that  this  wall  of- 
fered considerable  resistance  to  the  force  of  the  explosion 
and  presented,  as  well,  a  formidable  fire  barrier  no  doubt 
saved  the  plant  from  total  destruction. 


FIG.  1.     LOOKIXU  XURTH  FRO.U  ST.  LOUIS  ST.      UXIX.IURED   HEI.VE   AT   LEFT   IX   FKOXT  ;    LXIXJURED  STIRLING 

XO.    7    IX   CEN'TER 
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The  accompanying  plan,  Via.  2,  .shown  rouRhly  tho  nr- 
raMKcmont  of  the  priMrii)iil  units.  In  the  new  boilor 
room  wore  four  Babcotk  &  Wilcox  boilers,  three  of  500- 
iip.  iniiacity,  .stokiT-tin-d,  known  as  Nos.  1,  2  and  H, 
;uul  a  detached  bcnlcr  of  the  same  type,  of  (JOO-hp.  ca- 
pacity, known  as  No.  8. 

The  boiler  equiprnent  in  the  old  plant  was  composed 
iif  a  pair  of  Heine  boilers,  containing  103  3i-in.  tubes 
18  ft.  lontt  with  single  48-in.  drums  and  two  200-hp. 

standard  Stirling  boilers 
containing  180  tubes  each, 
known  as  Nos.  5  and  (>. 
There  was  al.so  a  detached 
standard  Stirling  boiler, 
of  300-hp.  capacity,  known 
as  No.  7,  in  the  old  plant. 
The  two  Heine  boilers 
were  set  over  one  furnace 
and-  operated  as  a  single 
unit,  know  as  boiler  No. 
4.  These  boilers  were  con- 
nected on  the  steam  side 
without  the  intervention 
of  valves,  but  were  rot  so 
connected  below  the  water 
line.  Each  was  supplied 
with  a  separate  water 
column  and  fed  as  an  independent  boiler.  At  the 
time  of  the  accident,  boilers  Nos.  5,  6  and  7  were  not 
generating  steam  although  still  connected  to  the  line,  as 
the  peak  load  had  been  passed  and  the  fires  under  them 
were  allowed  to  burn  down.  These  boilers  would  prob- 
ably have  been  disconnected  from  the  line  in  a  short 


FIO.    3.      STIRLING    BOILER. 

."SHOWING    LOCATION    OF 

Rl'I'Tl-RED  HEAD 


in  the  old  plant,  wi-re  comunted  by  a  flue,  so  that  either 
stack  could  .serve  all  the  boilers  in  the  old  plant  or,  by 
manipulating  the  dampers,  the  load  could  be  divided 
lietwcen  these  stacks. 

All  boilers  in  the  new  plant  were  served  by  stack  No. 
1,  which  was  of  concrete;  Nos.  2  and  ."J  were  of 
plate  steel.  Only  stack  No.  2  was  affected  by  the  ex- 
plosion, it  being  thrown  down  across  the  No.  5  and  (i 


m 


FIG.   5.     RIOAR  OF  HEINE  BOILER.   .SHOWING   APPROXI- 
.M.VTKLV  THE  LI-NK-S  FOLLOWED  BY  THE  FRACTURE 

Stirling  boilers,  as  shown  in  the  general  view  of  the 
ruins.  Figs.  1  and  2.  The  No.  7  Stirling  boiler,  in  the  old 
plant,  was  practically  undamaged,  although  covered 
with  debris,  as  will  be  seen  in  the  center  of  Fig.  1, 
and  also  at  the  right  end  of  the  prostrate  stack  in  Fig.  2. 
Two  boilers  exploded— the  northern  unit  of  the  pair 


Numbers  shown  heavy  are  same  as  shown  in  photograph 
Dimensions  shown  oufsio/e  of  head  were  faken  'Af'in  rrom  eolqe 
inside     ■•       <•         >•         "      %"•' 


DISK  FROM  EXPLODED  STIRLING  MUD  DRUM.  SHOWING   REDUCTION   OF   THICKNESS    BY    CORROSION. 
THIN  PART  WAS  AT  THE   BOTTOM  AS  THE   DRUM   LAY  IN  THE    SETTING 


time.  The  pressure  as  shown  by  the  recording  gage  was 
just  above  160  pounds. 

The  two  Heine  boilers,  No.  4,  were  also  working  light 
and  the  main  part  of  the  load  was  being  carried  by  the 
B.  &  W.  boilers  in  the  new  plant,  with  the  exception  of 
No.  3,  which  was  being  retubed. 

The  two  stacks,  shown  on  the  plan  as  Nos.  2  and  3, 


of  Heines,  No.  4,  and  the  northernmost,  No.  6  of  the 
pair  of  Stirlings.  These  are  indicated  by  X's  on  the 
plan,  Fig.  2.  The  pressure  carried  was  160  lb.  and 
the  recording  pressure  gao-e  showed  that  this  had  not 
been  seriously  exceeded. 

The  Stirling  boiler  was  22  years  old.     It  failed  by 
blowing  out  the  head  on  the  southern  end  of  the  lower 
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PIG.    e.      STIRLING   DRUMS    AT   BASE   OP  BREACH   IN  DIVISION  WALL.      PIG.   7.     EXPI>ODED  HEINE  BOILER.      FIG.   8. 

PRACTURE  THROUGH  REAR  TUBE  SHEET.      FIG.   9.      FRACTURE  OP  FRONT  TUBE  SHEET.     FIG.  10.     VIEW  FROM 

INSIDE  NEW  BOILER  PLANT,  LOOKING  OUTWARD   UNDER    FALLEN  STACK.     UNEXPLODED  HEINE  AT  LEFT 
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or  nuid  drum,  the  hfiui  marked  A  in  Fi^.  ^-  Thi.>*  wa.s 
u  42-in.  drum,  and  tho  head  was  uii.slaycd  but  humped 
to  a  radius  of  about  (>()  in.  A  disk  broke  out  clean  at 
the  crown  of  the  (laiiKe.  Fi^.  4  shows  a  photograph  of 
this  disk,  and  the  sketch  alontrside  shows  the  thicknesses 
as  caiipend  one-(iuarter  and  three-quarters  of  an  inch 
from  the  edge  at  the  points  indicated.  The  original 
thickness  was  less  than  would  be  required  by  the  pres- 
ent A.  S.  M.  E.  Code,  which  would  be  five-eighths  in. 
for  160  lb.  if  the  radius  of  curvature  of  the  head  was 
(!0  in.  The  code  prescribes  that  the  corner  radius  shall 
not  be  less  than  li  in.  nor  more  than  4  in.  and  within 
these  limits  not  less  than  3  per  cent,  of  the  radius 
to  which  the  head  is  bumped.  We  have  not  learned 
the  corner  radius  in  this  case,  and  regret  that  no  photo- 
graph was  procurable  of  the  ring  of  the  flange  out  of 
which  this  disk  was  broken. 

Fig.  2  shows  two  breaches  in  the-  eastern  wall  of  the 
old  station,  the  larger  to  the  right  of  the  concrete  stack 
and  the  smaller  still  farther  to  the  north.  The  No.  6 
Stirling  boiler  stood  in  front  of  the  smaller  of  these 
openings, 
which  was 
evid  en  1 1 y 
caused  by  its 
ex  p  1  0  s  i  0  n. 
This  boiler 
was  projected 
to  the  north 
%nd  landed  on 
)op  of  the 
300-kw.  Allis 
reciprocatin  g 
unit.  No.  5 
Stirling  ap- 
parently did 
not  explode. 
None  of  the 
shells  was 
ruptured,  but 
a  great  many 
of  the  tubes 
had  been 
pulled  out  of 
the  drums 
and  the  drums 

had  been  separated  from  each  other.  They  were  projected 
in  the  same  direction  as  those  of  No.  5.  Some  Stirling 
drums  are  shown  at  the  base  of  the  breach  in  the  wall  in 
Fig.  6,  but  it  is  not  plain  which  of  the  boilers  they 
came  from.  All  of  the  Stirling  drums,  with  the  excep- 
tion of  that  from  which  the  disk  shown  in  Fig.  4  broke 
out,  were  found  intact.  The  closed  head,  that  is  the 
head  without  a  manhole,  of  the  mud  drum  of  the  No.  5 
Stirling  was  in  line  with  that  which  exploded  and  within 
a  few  inches  of  it  in  the  division  wall.  This  position 
made  the  inspection  of  these  heads  difficult  and  the  de- 
termination of  the  corrosion  by  drilling  impracticable. 
This  head  was  found  intact  and  not  corroded.  Inspec- 
tion of  the  corresponding  head  in  boiler  No.  7  revealed 
corrosion,  and  a  new  head  has  been  put  in. 

The  northernmost  of  the  pair  of  15-year  old  Heine 
boilers,  comprising  Unit  No.  4,  exploded  by  breaking  off 
the  rear  drum  head  and  the  back  water-leg.  The  line 
of  fracture  passed  through  the  tube  holes,  hand  holes 
ard  adjacent  stay-bolt  holes  of  the  upper  row  of  tubes 
approximately  as  shown  in  Fig.  5.  This  water-leg  was 
hurled   backward   against  the  division  wall,   evidently 


FIG.   11.      REAR  HEAD  FROM  HEINE  DRUM,   SHOWING  BACKWARD   BENDING   OF 
THROAT    SHEET    AND    THE    WAY   THE  THROAT  STAYS  WERE  TORN  OFF 


causing  the  larger  breach,  while  the  drum  with  the  front 
leg  and  some  of  the  tubes  still  attached  was  thrown  for- 
ward and  up-ended  in  the  position  shown  at  A  in  Fig.  1 
just  to  the  right,  in  that  picture  of  the  uninjured  Stir- 
ling. The  boiler,  still  in  this  position  l)ut  viewed  from  the 
other  side,  is  shown  in  Fig.  7  with  a  small  portion  of 
the  rear  water-leg  attached,  the  end  carrying  the  front 
water-leg  being  buried  in  the  debris.  The  drum  frac- 
ture runs  through  the  solid  sheet,  pa.ssing  through  the 
girth  .seam  without  being  diverted. 

Fig.  8  shows  the  same  piece  viewed  endwise  after  it 
had  been  removed  to  the  side  of  the  station.  The 
fracture  was  along  the  line  indicated  by  the  chalk  mark. 
Fig.  9  shows  a  portion  of  the  front  head  after  it  had 
been  cut  away  from  the  shell.  Here  the  fracture  is 
also  indicated  by  chalk  lines.  There  is  no  evidence  of 
crystallization  or  corrosion  in  any  of  the.se  fractures 
and  the  metal  between  the  ligaments  .shows  a  good  per- 
centage of  reduction.  Some  broken  stay-bolts  had  been 
replaced  six  months  before  the  explosion,  but  none 
was  in  evidence.     The  unexploded   Heine  was  thrown 

to  the  left  in 
the  position 
indicated  up- 
on the  plan, 
Fig.  1,  lying 
as  shown  in 
Fig.  10,  taken 
from  inside 
the  old  sta- 
tion, looking 
eastward  un- 
der the  fallen 
stack.  It  was 
apparently  in- 
jured only  by 
the  bending 
of  some  of  its 
tubes  and  will 
be  put  back 
into  service. 
Fig.  11,  the 
rear  head  of 
the  Heine 
drum,  shows 
how  the 
throat  sheet  was  bent  backward  and  the  line  followed 
by  the  fracture  indicated  in  Fig.  5.  The  enlargement 
of  the  stay-bolt  holes  by  the  tearing  out  of  the  bolts 
is  apparent.  The  throat  stays  broke  in  the  shank, 
both  through  and  outside  of  the  rivets. 

The  necessity  of  getting  the  station  back  into  opera- 
tion led  to  the  disturbance  of  much  of  the  debris  and 
the  moving  of  parts  the  identification  and  location  of 
w^hich  would  have  been  of  importance  in  determining 
the  cause  and  manner  of  the  explosion  before  expert 
observers  had  an  opportunity  to  study  their  positions 
and  fractures.  Many  of  the  pieces  shown  have  been 
cut  apart  with  the  torch.  For  example,  the  piece  shown 
in  Fig.  9  is  one-half  of  the  front  water-leg  of  the  Heine. 
It  had  been  removed  from  the  position  shown  in  Fig.  7, 
where  it  was  attached  to  the  drum  and  buried  in  the 
debris,  and  not  only  cut  loose  from  the  shell  but  cut 
in  halves  vertically.  We  have  tried  in  such  cases  to 
indicate  the  original  fracture  by  chalk  lines. 

There  is  much  speculation  as  to  which  of  the  boilers 
let  go  first.  Letters  from  the  builders  of  both  the  Heine 
and  the  Stirling  will  be  found  on  pages  465  and  466. 
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Top:  New  Steam  Station  of  the 
Kanawha  Traction  and  Electric  Co. 
on  the  Ohio  River  Near  Parkersburg. 
W.  Va.;  10,000  Kw.  Capacity,  Ulti- 
mate. 

Middle:  Recently  Completed  Hy- 
dro-Electric Plant;  Initial  Capacity, 
1400  Kv.-a. ;  Potomac  Light  and  Power 
Co.;  Near  Martinsburg,  W.  Va. 

Bottom :  Fairmont,  W.  Va.,  Station, 
Monongahela  Valley  Traction  Co., 
40,000  Kw.  Ultimate. 

Plants  designed  and  built  by  San- 
derson &  Porter,  Engineers,  New  York. 
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APPALACHIAN 
POWER 

SYSTEM 

By 
H.  S.  Slocum^, 

MECHAN/CAL  ENCINE£/>, 

y/El£,  BLACm'ivEU.  &  BOC/f, 

CONSi/LT/NO  £NOW££/iS.   N£W  YORK. 


Describes  the  chief  features  of  the  Appalachian 
Power  Company's  hydro-electric  and  steam  sys- 
tcm  supplying  electric  current  to  a  large  section 
of  the  South. 


THE  southwestern  part  of  Virginia  and  the  south- 
eastern section  of  West  Virginia  possess  in  large 
quantities  such  natural  products  as  coal,  man- 
ganese, zinc,  iron,  salt,  limestone,  alkalies,  silica  and 
gj'psum.  The  great  semibituminous  or  Pocahontas  coal 
fields  are  here.  Electrification  of  many  of  the  coal  mines 
has  assisted  in  increased  production,  and,  as  this  elec- 
trification uses  water-power-generated  electricity  for 
the  most  part,  which  is  produced  more  cheaply  than  the 
usual  steam  station  can  furnish  it,  conservation  of  the 
high-quality  coal  mined  in  the  district  is  accomplished. 
Power  is  supplied  this  district  by  the  Appalachian  Power 
Co.,  which  began  development  of  two  of  its  several 
power  sites  in  1911. 

The  hydro-electric  developments  are  located  on 
the  New  River,  which  rises  in  the  northwestern 
part  of  North  Carolina  and  flows  in  a  general 
northerly  direction  through  the  States  of  Virginia  and 
West  Virginia.  It  drains  the  territory  which  has  the 
highest  altitude  of  any  part  of  the  country  east  of 
the  Rocky  Mountains  and  in  which  the  annual  rainfall 
is  from  45  to  60  in.  The  drainage  basin  contains 
numerous  springs  and  is  heavily  wooded. 

The  Appalachian  Power  Co.  owns  several  hydro- 
electric power  sites,  two  of  which  have  been  developed, 
and  also  controls  a  reservoir  site  above  the  power  de- 
velopments. The  building  of  this  reservoir  and  the 
consequent  regulation  of  the  river  will  greatly  increase 
the  output  of  hydro-electric  power  and  improve  oper- 
ating conditions. 

The  two  plants  now  developed  are  known  as  No.  2 
and  No.  4.  They  are  about  50  miles  southeast  of  the 
coal  fields  on  a  branch  of  the  Norfolk  &  Western  Ry. 
and  have  a  combined  rating  of  30,000  hp.     They  are 


similar  in  design  and  the  turbines  are  identical  in  size 
and  characteristics,  but  run  at  different  speeds  to  suit 
the  different  heads. 

The  substructures  are  of  reinforced  concrete  and 
were  the  first  of  the  improved  concrete  form  scroll 
ases  of  the  type  which  is  now  so  generally  used  for 
medium  and  low  head  developments. 

The  spillway  dams  are  of  the  ogee  type  of  solid 
masonry.  Provision  has  been  made  on  the  spillway 
sections  of  the  dam  for  flashboards,  and  as  the  river 
rises  very  rapidly  -in  flood  times,  a  quick-acting  catch 
holding  the  sections  is  used  to  insure  a  quick  and 
positive  release.  To  provid^  for  ordinary  freshets  six 
motor-operated  Tainter  gates  of  standard  type  were 
installed  on  each  dam. 

In  conjunction  with  the  main  spillway  dam  at  No.  2, 
there  is  an  auxiliary  spillway  made  by  enlarging  a 
natural  channel  and  the  ordinary  flow  shut  off  by  a 
low  barrier  dam  and  flashboards  of  similar  design  to 
those  of  the  main  spillway.  The  power-house  substruc- 
ture forms  part  of  the  dam,  and  the  waterways,  in- 
cluding scroll  cases  and  draft  tubes,  are  formed  in 
the  concrete,  into  which  are  built  the  speed  ring  and 
pit  liners.  The  runners  are  of  cast  iron  and  the 
turbines,  which  were  guaranteed  for  85  per  cent,  effi- 
ciency, at  test  showed  a  maximum  of  93.7  per  cent., 
which  is  probably  the  highest  efficiency  ever  obtained 
in  hydraulic-turbine  practice. 

The  generators  are  direct-connected  through  the 
vertical  shaft  to  the  turbines,  and  the  weight  of  the 
revolving  parts  is  sustained  by  roller  and  Kingsbury 
bearings  on  top  of  the  generators.  Governors  are  of 
the  hydro-electric  double  floating-lever  type,  operated 
by  high-pressure  oil. 

Exciters  are  the  vertical  type,  of  which  there  are 
two  in  each  station.  The  power  is  generated  at  13,200 
volts  and  transmitted  to  the  main  transformer  station, 
which  is  near  No.  2  development.  This  transformer 
station  was  designed  to  take  care  of  not  only  the  two 
plants  developed,  but  also  the  several  additional  plants 
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Some  Views  of  the 
Plants  and  Equip- 
ment of  tiie  Appal- 
achian Power  Sys- 
tem in  Virginia  and 
West  Virginia.  The 
20,000-kw.  Steam 
Station,  Figs.  9  and 
10,  is  part  of  the 
System.  The  Con- 
nected Load  is 
about  50,000  kw. 
Power  is  Furnished 
to  the  Coal  Mines 
of    West    Virginia. 


Fig.  2.  View  of 
No.  4  Power  House. 

Fig.  3.  Looking 
Down'  the  Intake  of 
No.  2  Power  House. 

Fig.  4.  Spillway 
Dam,  No.  4  Devel- 
opment. 

Fig.  5.  Switch- 
board in  No.  2 
Power  House. 

Fig.  6.  Interior 
No.  2  Turbine  Room. 

Fig.  7.  Step-Up 
Transformer  Sta- 
tion. 

Fig.  8.  Pumps  for 
the  Governor  Sys- 
tem. 
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w  hen  they  arc 
huilt.  The  loratioii 
is  tic»r  the  renter 
of  the  jireseiil  anil 
f  II  t  u  re  tlevelop- 
njents,  and  it  is 
used  as  the  cen- 
tral transforminjir 
and  load-dispatch- 
ing station.  The 
electrical  appara- 
tus in  the  power 
house  is  simple 
and  consists  of 
low-tension  buss- 
es, switches  and 
station  trans- 
formers, all  of 
the  high-tension 
apparatus  being 
in  thetransformer 
station.  The  power 
is  transmitted  on 
duplicate  h  i  g  h- 
tension  lines  at 
jSS.OOO  volts  and 
at  13,200  volts  on 
the  low-tension  distribution  lines.  Two  general  styles 
of  structures  were  used  for  supporting  the  lines.  The 
feingle-po!e,  wishbone  type,  and  the  double-pole  strain 
structures  were  used  on  the  first  lines,  while  in  later 
construction  two-pole  structures  were  used  throughout, 
with   extra   bracing    for   strain   and   angle   structures. 


FIG.  9.     THE  N'EW  »TE.\M  .STATION  AT  GLEX  LYN,  VA. 


copper  conductors 
are  employed. 
Throughout  the 
territory  served 
there  are  six  high- 
tension  sub  sta- 
tions with  H  t  e  p- 
down  transform- 
ers, high-  and 
low  -  tension 
switching  appara- 
tus, lightning  ar- 
re.sters,  etc.,  from 
which  the  power 
is  distributed  to 
the  consumer  at 
13,200  volts  and 
to  those  near  at 
hand  at  voltages 
suitable  for  their 
requirements.  In 
conjunction  with 
the  hydro-electric 
plants  the  com- 
pany operates  sev- 
e  r  a  1  auxiliary 
steam  plants,  the 
largest  of  which  is  the  Glen  Lyn  station. 

Besides  this  auxiliary  steam  plant  the  system  is 
interconnected  with  the  Norfolk  &  Western  steam  sta- 
tion at  Bluestone  and  the  Roanoke  Railway  and  Electric 
Co.  at  Roanoke. 

The  chief  engineering  data  are  given  in  the  two  ac- 


FIG.    If).      SECTIOXAU  VIEW   OF   THE    2n.nnn-KW     PTEAM    .^^TATIOX    AT   GLEX  LTX,  VA. 

^atticed  steel  poles  designed  to  act  as  strain  structures  companying  tables,  which  cover  both  the  water  power 

are  used  at  all  railroad  crossings.     Suspension-type  in-  and  the  steam  stations. 

sulators   are   used   throughout,   and   telephone   circuits  Besides  having  several  steam  plants  upon  which  to 

are  strung   on   the   same   poles.     Both   aluminum   and  fall  back  wh3n  water  power  is  insufficient,  the  company 
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is  interconnected  with  the  Roanoke  Railway  and  Electric 
Co.  at  Roanoke,  Va.,  and  also  with  the  Norfolk  &  Wes- 
tern Ry.'s  steam  plant  at  Bluestone,  W.  Va.  The  latter 
connection  is  made  through  a  frequency  changer. 

The  total  connected  load  of  the  Appalachian  company 
system  is  approximately  50,000  hp.  With  scientific 
management  the  intei  connection  have  made  it  possible 
for  the  power  company  to  meet  the  unprecedented  de- 
mand from  the  coal  fields  and  industrial  plants  in  all 
parts  of  the  area.  In  1917,  however,  in  order  to  meet 
the  rapidly  increasing  load  and  to  do  all  possible  to 
prevent  the  threatened  coal  shortage,  the  company  de- 
cided to  build  an  additional  steam  auxiliary  plant.  Such 
a  station  was  decided  on  because  it  could  be  completed 

IMPORTANT  DATA,  APPALACHIAN  WATER- 
POWER   STATION 


Powf  r  House         Power  House 
No.  2  No.  4 

48.5  ft.  34.0  ft. 


Main-Unit  Turbines: 

Head  without  flashboards 

Number 4  3 

Rated  capacity   . ._ 3500  hp.  6000  hp. 

Type,    Francis,    single-runner   inward-discharge,    eon  rete   formed    scroll    rase 

Diameter  of  runner 7  f t ,  6}  in.  7  ft.,  6i  in. 

Diameter  of  shaft , 1 4^  in.  1 4^  in. 

Operating  speed 1 1 6  r. p.m.  97  r.p.m. 

Specific  speed 309  312 

Guide  bearings,  Babbitt-metal  lined 

Thrust  bearings,  standard  roller  and  Kingsbury 

Exciter  Turbines: 

Head  without  flashboards 48.5  ft.  34  ft. 

Rated  capacity  430  hp.  250  hp. 

Type,  Francis,  single-junner,  inward   lischarge,  cast-iron  scroll  case 

Diameter  Runner 2  ft.,  3|  in.  2  ft.,  3|  in. 

Diameter  shaft ...  .i.ij. 4j  in.  4  J  in. 

Main  Generator8:n 
Dev.  No.  4type.\.T.B.  74-2300-97- 1 3. 200-verticaf  internal  revolving  field,  rated 

capacity,  2300kv.-a.  (5   97  r.p.m..  1 3,200  volts.  60  cvcles. 
Dev.  No.  2,  .•^.T.B.   62-4000-116-13,200  vertical  internal  revolving  field,  rated 

capacity,  4000  kv.-a.  @  1 16  r.p.m.  13,200  volts,  60  cycles. 

Exciter  Generators:  ^ 

Dev.   No.   2,   M.P.C.    6-250-400-250    vertical    revolving-armature    tj-pe,  rated 

capacity  250  kw.  ®  400  r.p.m.,  250  volts. 
Dev.  No.  4,  M.P.C  6- 1 50-330-250,  rated  capacity  150kw.  @  330  r.p.m.,  250  volts 

Main-Unit  Governors: 
Hydraulic  type  of  oil  pressure — double  fioating  lever,  for  both  developments. 

Exciter  Governors: 
Hydraulic  type  of  oil  pressure. 

Oil  Pumps  for  Governor  Oil: 
Triple  back-geared,  motor-driven. 

Main  Gates: 
Steel  plate,  built-up-roller,  double-screw,  motor-operated. 

Cr^pe: 
50  ton,  4-motor  with  1 0-ton  auxiliary  hook. 

Main  Step-Up  Transformer  Station: 
Transformers,   W.C.D.    60-6000-88,000-13,200  water-cooled   oil-insulated  type 

normal  rating,  6000  k\'.-a  @  88,000  volts  delta  on  high-tension  side;     13,20 

volts  on  low-tension  side  60  cycles. 

High-Tension  Switches: 
K-10-1 10,000  volts  solenoid-operated. 

Lightning  .\rrcsters: 
.\luminum-cell,  electrob'tic. 

in  a  shorter  period  than  a  hydro-electric  plant  and 
furthermore,  because  it  would  permit  the  utilization  of 
the  maximum  water-power  and  allow  operation  of  the 
system  at  its  maximum  efliciency.  In  other  words,  it  is 
intended  to  use  as  much  hydro-electric  power  as  possible 
without  counting  on  storage,  depending  upon  the  steam 
auxiliary  in  times  of  low  water.  Later  it  is  planned 
to  build  a  third  hydro-electric  plant  for  the  next  source 
of  power  and  follow  this  with  another  steam  unit,  and 
so  on. 

The  construction  of  a  20,000-kw.  station  with  an  ulti- 
mate rating  of  60,000  kw.  was  started  in  September, 
1917,  at  Glen  Lyn,  Va.,  which  site  is  the  nearest  of  the 
coal  fields  at  which  an  adequate  supply  of  water  suitable 
for  condensing  purposes  was  available.  It  has  the  addi- 
tional advantage  of  being  on  the  main  lines  of  the 
Norfolk  &  Western  Ry.  and  the  Virginian  Ry.  Simplic- 
ity was  the  keynote  of  the  design,  ease  and  economy  of 
operation  and  ample  space  for  apparatus  being  other 
ruling  considerations. 


A  coal  siding  leads  from  the  Norfolk  &  Western  main 
line  to  a  point  back  of  the  boiler  room.  In  the  future 
another  siding  will  run  from  the  Virginian  Ry.  to 
practically  the  same  point  but  higher  in  elevation. 
When  desired,  coal  may  be  stored  on  the  ground  paral- 
leling these  sidings  and  rehandled  by  a  locomotive  crane. 

From  the  cars  the  coal  will  be  dumped  into  a  steel 
track  hopper  and  by  means  of  plate  feeder  and  grizzly 
fed  to  a  crusher  driven  by  a  25-hp.  induction  motor,  all 
of  which  apparatus  is  housed  in  a  reinforced-concrete 
building.  The  fine  coal  is  taken  by  means  of  a  Robbins 
belt  conveyor,  rated  at  50  tons  per  hour,  to  a  rein- 
forced-concrete  coal  bunker  of  800  tons  capacity  out- 
side of  the  boiler  room.  The  bunker  proper  is  circular 
in  form  and  has  12-in.  very  heavily  reinforced 
walls.  Crickets  with  a  45-deg.  slope  made  of  hollow  tile 
for  lightness,  with  a  smooth  concrete  cover,  lead  the 
coal  to  the  four  bottom  gates. 

This  type  of  bunker  has  several  advantages  over  the 


FIG.    11.      DISTRIBUTION    SYSTEM    AND    LOCATIOX    OF 
POWER  HOUSES 

bunker  suspended  in  the  boiler  room:  It  permits  of 
much  lighter  superstructure  steel  in  the  boiler  room, 
allows  an  unobstructed  passage  for  the  breeching, 
makes  a  lighter,  better-ventilated  boiler  room,  and  can 
be  constructed  without  interfering  with  the  erection  of 
boilers  and  other  apparatus  at  a  time  when  the  boiler 
room  is  necessarily  much  crowded. 

To  convey  coal  from  the  bunker  to  the  boiler  furnaces 
use  is  made  of  four  screw  conveyors,  each  of  them  capa- 
ble of  delivering  25  tons  per  hour  and  driven  by 
two  25-hp.  adjustable-speed  motors.  More  than  one 
conveyor  can  serve  each  boiler,  hence  breakdown  of  one 
conveyor  will  not  cripple  a  boiler.  The  motors  and  driv- 
ing gear  for  the  conveyors,  also  a  small  motor-generator 
set  furnishing  direct  current  for  magnetic  separators 
(used  to  clean  coals),  are  housed  under  the  wood  struc- 
ture covering  the  bunker. 

The  generator  and  boiler  room  floor  was  fixed  about 
6  ft.  above  the  high-water  mark  of  the  year  1916,  and 
the  reinforced-concrete  substructure  was  made  with  10 
per  cent,  of  hydrated  lime  to  make  the  walls  impervious 
to  water.  Open  drains  will  lead  water  which  may  seep 
through  the  walls  to  a  sump  in  the  power  house  from 
which  it  is  removed  by  motor-driven  centrifugal  pumps. 
The  superstructure  walls  are  of  hollow  .tile,  which  will 
be  stuccoed  when  the  next  unit  is  added.  GjT)sum 
slabs  were  chosen  for  the  roof  on  account  of  their  light- 
ness and  heat-resisting  properties.  Skylights  are  pro- 
vided in  the  boiler  room  in  addition  to  windows. 

At  present  four  B.  &  W.  marine-type,  cross-drum 
boilers,  having  12,322  sq.ft.  of  heating  surface,  are 
installed.  They  are  designed  for  300  lb.  pressure  and 
200  deg.  F.  superheat  and  are  steel-incased  and  insulated 
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hy  1-in.  a.'<l>o.<«to.'*  mill  lioiird  ami  'l-it\.  ii.Ml)p.str)s  hlock.H. 
The  drums  niui  top  circiilatiiin  tubes  are  insulated  witii 
ashostos.  Independent  steel  columns  are  used  for  HUp- 
portiiifj  the  hollers,  which  are  not  attached  to  the  super- 
structure steel   ill   an.v   way. 

The    marine   type   of   boiler   was    primarily   desijjnod 


ronoidal  fans  each  capable  of  delivering  r)().0()()  cu.ft. 
of  free  air  aRainst  6A  in.  Htatir  of  water  preHsure. 
If  found  neces.sary,  it  is  relatively  simple  to  con- 
nect the  windboxes  of  adjacent  furnaccH  ho  that  one 
fan  can  supply  air  to  two  units  instead  of  one.  The 
products  of  combustion  arc  delivered   throuKh   a  Hteel- 


SECTIOX   OF   THE    TOWER    HOUSE.   XO.    2    DEVELOPMENT  :    TYPICAL. 
OF    ^\"ATER-PO^VER    STATIONS    FOR    ALL    DEVELOPMENTS 


for  maximum  steam  capacity  in  small  space,  with  high 
rate  of  evaporation  and  high  pressures.  A  longitudinal- 
type  boiler  of  this  capacity  would  require  six  drums, 
with  corresponding  multiplicity  of  joints  and  connec- 
tions, greater  headroom  and  higher  cost. 

Each  boiler  is  served  by  a  fourteen-retort  Westing- 
house  stoker  driven  through  gears  by  a  steam  turbine 
mounted  on  the  boiler-room  floor.  Air  to  support  com- 
bustion of  the  fuel  is  supplied  by  four  turbine-driven 


plate    breeching    (asbestos-covered)    to    a    radial-brick 
stack  with  top  225  ft.  above  the  grates. 

The  ashes  are  dumped  into  a  firebrick-lined  concrete 
pit  under  each  boiler  and  by  means  of  1-cu.yd.  metal 
cars  and  an  electric  hoist  and  telpher  at  the  end  of 
the  building  are  taken  to  the  yard  and  utilized  at 
present  for  filling  in  the  low  places  around  the  property. 
Later,  the  ashes  will  be  deposited  in  a  hopper  and  taken 
away  by  cars. 
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A  water-clarifying  plant  having  a  capacity  of  4000 
gal.  of  water  per  hour  is  used  for  treating  boiler-feed 
water,  which  carries  considerable  matter  in  suspension 
during  flood  season.  From  the  clarifying  plant  the 
treated  water  is  taken  by  gravity  to  a  clear-water  well, 
and  thence  pumped  into  a  feed-water  heater  which  also 
receives  the  exhaust  steam  from  all  the  auxiliaries. 
Since  the  plant  is  run  at  full  load,  practically  all  the 
time  steam  drive  was  used  almost  exclusively  for  aux- 
iliary drive  as  the  exhaust  steam  is  fully  utilized. 

Condensing  water  is  obtained  from  the  New  River, 
which,  while  furnishing  an  adequate  supply,  carries  an 


unusual  amount  of  debris  at  certain  times  of  the  year. 
As  a  result  extra  efforts  have  to  be  taken  to  prevent 
clogging  of  the  condensers.  To  facilitate  clearing  away 
debris  that  collects  in  front  of  the  intake  mouth  dupi- 
cate  screens  and  hoists  are  provided  so  one  may  be 
cleaned  while  water  is  pa.ssing  through  the  other.  Stop 
logs  may  be  inserted  in  grooves  of  the  tower  for  cleaning 
tunnels  when  necessary. 

As  the  plant  is  interconnected  in  a  system  with 
several  sources  of  power,  one  turbo-generator  was  in- 
stalled instead  of  two  or  more  units  of  smaller  capacity. 

The  switching  apparatus  and  electrical  equipment  is 


IMPORTANT  DATA  OF  GLEN  LYN  STEAM  STATION,  APPALACHIAN  POWER  CO. 


Location,  Glen  Lyn,  Va.,  on   New   River,  with  spur  track  connertions  from 

N.  &  W.  and  Virginian  R.R. 
Station,  main  generating  capacity,  nominal  kw.  (present  unit),  20,000;  60,000 

lew.  future. 

BOILER  ROOM 

Width  of  firing  aisle  25  ft.   I  in. 

Type  of  boiler,  B.  &  W.  sectional  cross-drum Water-tube 

Number  of  boilers  (present  unit) 4 

Horsepower  each  boiler  .      ,  1,232 

Tubes:  42  header  sections,  14  tubes,  each  4-in.  diam.,  18  ft.  Gin.  long 

Steam  drums:   One  60  in.  x  29  ft.,  10  in.  long 

Six  45-in.  consolidated  safety  valves 

Two  4-in.  feed-water  inlets 

Four  25-in.  blowoff  outlets 

Two  6-in.  steam  outlets 

Grate  surface,  sq.ft.  (active)  .    246 

Heating  surface,  sq.ft.  (each  boiler) 1 2.320 

Heating  surface  per  sq.ft.  active  grate  areas,  sq.ft.    50    1 

Heating  surface  per  itiitjalled  kilowatt  normal  capacity  of  generators  2  46 

Working  pressure,  Ib.i.Jjer  sq.in 300 

Superheat,  deg.  F-  ■   1,, 250 

BOILER  PERFORMANCE 

Combined 

Boiler  Boiler  Rating,  Efficiency, 

Horsepower  Per  Cent.  Per  Cent. 

1232  100  77  5 

1850  150  76  0 

2470  200  73  0 

2810  228  70  0 

3080  250  67  0 

3700  300  60  0 

Three-hr.,  2-in.  draft  at  damper  temp.,  650  deg.  F.  at  damper 

Stoker,  Westinghouse  underfeed  ( 1 4  retorts  to  each  boilerl 

Grate  surface  (active) 246  sq.ft. 

Coal:    Pocahontas,  fixed  carbon,   71   per  cent  volatile,    19  per  cent  moisture, 

2  per  cent,  ash,  8  per  cent,  sulphur,  1.5  per  cent,  heating  value  (dry) ;    14,00() 

B.t.u.;  as  fired.  1 3,720  B.t.u.  .,r  •   . 

BOILER  AND  FURNACE  EFFICIENCY 

Combined  Boiler 
and   Furnace 
Efficiency,  Per  Cent. 

Per  Cent.  Boiler    Rating 

77  150 

76  200 

75  '  250 

CAPACITY 
Per  Cent. 
Boiler  Rating  Duration 

300  24  hr. 

PERFORMANCE    D.\TA    (ONE  BOILER) 

Windbox 

Boiler  Rating,           Air  per  Min.,  65  Deg.  F.  Pressure, 

Per  Cent.                Cu.Ft.                      Lb.  In.  Water 

150                      19,000                      1,440  2  5 

200                      25,500                      1,930  3  2 

250                      34,000                      2,570  4  3 

300                      44,000                      3,330  5.5 

50,000  3,780 

FAN  CHARACTERISTICS 


^S 


#§ 


29,550 

0  202 

843 

33  6 

925 

43  0 

1002 

52  0 

1075 

63  3 

36,090 

0  302 

875 

40  5 

956 

50  7 

1030 

61  5 

IIOI 

72  8 

42,650 

0  422 

909 

48  8 

989 

60  0 

1064 

71  7 

II3I 

83  9 

49,210 

0  560 

953 

58  7 

1027 

70  9 

1099 

83  5 

1163 

96  8 

Stoker  Drive:    Connected  by  reduction  gear  and  Morse  chain  to  Westinghouse 

noncondensinp  turbine 
Fan  Equipment:    No.   75   D.W.   turbo  type  conoidal  fan  connected  through  a 

flexible   coupling  and   reduction   gear  to   a   Westinghouse   noncondcnsing 

turbine 

Capacity  furnace  .ash  hopper,  each,  cu.yd 33 

Capacity  ash,  cars,  each,  cu.yd    I 

Soot  blowers,  "Diamond,"  1 2  units  on  each  boiler 


.Main  steam  valves,  "Crane"  cast-steel  body  with  nionel  metal  seats  and  stems 

Automatic  stop-check  valves,  "Crane"  vertical 

Blowoff  valves,  "Everlasting" 

Feedwater  heater,  one  "Cochrane"  horizontal  cylindrical,  capacity  250,000  lb. 

per  hr. 
Feed-water  pumps  (two) ,  Lea  &  Courtenay 
Type,  4  in.,  four-stage  single-suction  uniflow 

Capacity,  500  gal.  per  min.  against  350-lb.  pressure,  or  a  total  head  of  810  ft. 
direct-connected  to  a  two-stage  noncondensing  type  I..  G.  E.  turbine 
Water  clarifving:     Booth,  type  F-T,  electric-motor  driven,  purifying  capacity, 
4,000  gal.  hourly:  softener  tank,  16  ft.  3 in.  diam.  by  16  ft.  0  in.;  filter  tank, 
6  ft.  0  in.  diam.  by  6  ft.  4  in. 
Chimney;  One  (present  unit)  200  ft.  x  16  ft.  diam.  at  top;  top  225  ft.  above  grates 
Turbine  (present  unit)  (General  Electric,  60  cycle,  three-phase,    13,200-volt,  1800 
r.p.m.,   15,000  kw.  @  80  per  cent,  load  factor;    excitation,   100  kw.  ^    125 
volts,  40,000  cu.ft.  air  per  min. 
Dimensions,  including  direct-connected  exciter:     Length  42  ft.   6  in.,  width 
19  ft.  8  in.,  height  11  ft.  9  in.,  weight  (net)  385,0001b. 

Capacity  per  sq.ft.  floor  space  covered  by  turbine  (rated)      18. 1  kw. 

Weight  of  turbine,  lb.  per  rated  kw 25. 66 

Steam  consumption  per  kw.-hr.:    pressure,  250  lb.;    superheat,  200  deg.  F.; 
backpressure  1  Ib.abs.;  bar.  at  1500  ft.  =  28.75  in. 


Kilowatt  Output  of  Generators 


7,500 
11,250 
14,000 
15,000 
18,750 


Pounds  per  Kw.-hr. 


11  45 

10  75 

10  45 

10  50 

10  80 


Exciter:   Direct  connected  to  horizontal  turbo-generator;   Type  M.P.C.,  poles  6, 

kw.  100;  speed  1800  r.p.m,  volts  125,  field  winding,  shunt ;  amperes,  800 
Ventilation:  One  Spray  Co.  air  washer  and  cooler,  capacity.  40,000  cu.ft.  per  min. 
motor,  440  volts,  three  phase,  60  cycles,  1800  r.p.m.,  7.5  hp.;  pump,  231  gal. 
against  70-ft.  head 
Condenser  (present  unit)  :  Wheeler  Condenser  and  Engineering  Co. 

.Steam  to  be  condensed  per  hour,  lb  220,000 

(Condensing  surface,  sq.ft 30,000 

Diameter  of  tubes,  in.  O.D  I 

Length  of  tubes 20ft.  Oin. 

Gage  of  tubes,  B.w.g. ...  , 18 

Circulating  water,  gal  per  min ; 30,000 


Circulating  pump  power,  b.h.p 

Circulating  pump  speed,  r.p.m 

Circulating  pump  turbine  speed,  r.p.m 

Circulating  pump  turbine  steam,  lb.  per  hr. '.' 

Circulating  pump  section,  diam.,  in    

Circulating  pump  delivery,  diam.,  in 

Circulating  pump  steam,  diam.,  in 

Circulating  pump  exhaust 

.^ir  pump  speed,  r.p.m  

.\ir  pump  capacity  of  free  air  per  min.,  cu.ft 

Hotwell,  in 

Hotwcll  speed,  r.p.m 

Air  and  hotwell  pump,  turbine  b.h.p 

.\ir  and  hotwell  pump  steam  per  hour,  lb    .  

Steam  power  250-lb.  gage,  200  deg.  superheat,  2  lb.  back  pressure 
Condenser  performance :  .4t  30  in.  liarometer  (28.75  in.  at  Glen  Lyn) 


210 

280 

2,800 

5,750 

30 

30 

3 

6 

2,000 

45 

5 

2,000 

135 

4,500 


Pounds  .Steam  per  Hour 
206,750=  18,750  kw.©  11.00  1b 
;  1 2,000  II    30 

220,000  1 1    74 

275,000  14  65 


Temperature 

Circulatins; 

Water. 

Deg.  F. 

60 

70 

80 

80 


^"acuurn.    In. 

(30  In. 
Barometer) 

28  83 

28  35 

27  75 

27.00 


\'acuum 
at  Glen 
Lyn.  In. 
27  58 
2-  10 
26  50 
25  75 


Transformers:    Three  single-phase,  water-cooled.  60-cycle,  6250-kv.-a.  outdoor- 
type  transformers  88,000    13,000  volts,  1 1.800/1  2,400 '13,650  volts  taps 
Efficiencies:    Full  load,  98.7;    i  load.  98.7;    '.  load,  98  5 
Weight  Transformers:    29,300  lb,  oil,  12,200  lb.;    total,  41,500  lb. 
Dimensions:    Height  over  bu.shings,  17  ft.   11}  in.;    over  cover,  13  ft.  63  in.; 

length,  7  ft.  1 1 5  in  :  width.  4  ft.  8!  in. 
Water  required  at  full  load,  23  gal.  p<T  min.  per  transformer  at  25-lb.  pressure 
Switchboard  equipment: 

One  T.P  S  T.  H-6  1200  amp.   15,000  V.  tandem  bottom  connection  oil-circuit 

breaker 
Two  T  P.S.T.  K-22  ISOiiinp    1 10,000  V  outdoor  type  oil-circuit  breaker 
Four  150  amp.  bushinir-type  current  transformers  and  two  operating  solenoids 
Six  .S. P.S.T.  90.000-volt  300-aMip.  outdoor-type  disconnecting  switches 
Three  S. P.S.T.  15, OOO-volt,     1200-amp.     L.G.-16    indoor-type    disconnecting 

switches  with 
Three  three-phase  solenoid  control  relays 

Two  three-phase,  90, OOO-volt  outdoor-type  aluminum-cell  lighting  arresters 
Six  90,000-volt,  30O-amp.  choke  coils,  control  circuits.  1  25  volt  from  storage  bat- 
teries 
Oil-filtrring  Svstem:     No.  6  Peterson,  capacity  400  to  600  g:il.  per  hr.;     pump, 
I-in.   Taber  rotary,  motor-driven,  J  hp.,  440-volt,  three-phase,    60-cycle, 
l,200r.p.m.;  overflowgage 
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simple,  Although  it  will  i)c  more  olaborntc  in  the  future, 
nfter  more  units  are  added.  The  i;?.200-v(ilt  KC'erator 
loads  run  direct  through  a  ir).000-volt  12()()-amp.  H-G 
automatic  motor-operated  oil  circuit-breaker  to  the  main 
transformers,  which  are  installed  outdoors  and  rated  at 
6000  kv.-a.,  ia.200  80.000  volts  each.  Taps  from  the.se 
leads  are  taken  through  a  disconnecting  switch  and  a 
15.000  volt,  300-amp..  K-2  automatic  hand-operated  oil- 
circuit  breaker  to  a  bank  of  lOO-kv.-a.  13,200/440-volt 
outdoor-type  transformers  which  supply  energy  for  sta- 
tion motors.  Another  set  of  transformers  supply  energy 
for  station  lights.  The  high-tension  circuits  run  from 
the  main  transformers  through  a  110,000-volt,  150-amp., 
K-22  nonautomatic  solenoid-operated  oil  circuit-breaker, 
also  installed  outdoor.  Lightning  arresters,  choke  coils, 
etc.,  are  employed  as  usual.  The  arrangement  of 
.switches  mentioned  and  illustrated  makes  it  possible  to 
feed  back  from  the  line  in  case  the  generating  unit  is 
shut  down  and  also  to  furnish  power  for  the  auxiliaries 


at  times  when  power  is  shut  off  the  transmission  line. 
Owing  to  the  fact  that  there*  is  but  one  unit,  no  low 
tension  bus  is  needed,  but  space  has  been  provided  for 
concrete  cells,  which  will  be  built  when  the  station  is 
extended.  The  outside  switching  arrangements  are  tem- 
porary, being  intended  for  the  present  installation  only. 
When  the  extension  is  added  provision  will  be  made 
for  other  outgoing  lines,  when  a  steel  structure  will  be 
built.  No  reactors  have  been  provided  for  this  installa- 
tion as  it  was  thought  that  the  length  of  line  would 
cushion  any  disturbances  that  might  occur.  However, 
they  will  be  provided  when  the  next  unit  is  added. 

A  30-mile  electric  transmission  line  connects  this 
plant  with  the  system  at  Switchback,  W.  Va.  A  tele- 
phone circuit   is  carried  on   the  same  poles. 

The  plants  were  designed  and  constructed  by  Viel6, 
Blackwell  &  Buck,  49  Wall  St.,  New  York,  and  the 
writer  was  in  charge  of  the  work  at  Glen  Lyn  and 
engineer  on  construction  of  the  hydro-electric  stations. 


A  Progressive  Cotton-Mill  Community 


THE  progress  made  by  the  South  in  the  textile  in- 
dustry during  the  last  decade  is  exemplified  very 
satisfactorily  by  a  group  of  cotton  mills  at  La- 
Grange,  Ga.  A  little  more  than  ten  years  ago  the 
Unity  Cotton  Mill  was  the  only  one  of  the  present  group 
in  existence.  A  few  years  later  the  Elm  City  Mill 
was  built;  this  was  followed  by  the  Unity  Spinning 
Mills,  and  the  latest  addition  to  the  group  is  the  Hill- 
side Mill,  which  was  built  in  the  latter  part  of  1915. 

The  power  plants  of  this  group  of  mills  do  not  em- 
body any  radical  features  or  startling  innovations; 
they  merely  represent  substantial,  high-grade  engineer- 
ing as  judged  in  the  light  of  cotton-mill  practice  at  the 
dates  when  the  mills  were  built.  The  power-plant 
equipment  of  the  Hillside  Mill  consists  of  seven  hori- 
zontal return-tubular  boilers,  78  in.  by  20  ft.  each,  and 
an  1800-hp.  cross-compound  engine,  which  drives  most 
of  the  mill  through  the  conventional  rope  drive.  The 
steam  plant  is  supplemented  by  alternating-current 
motors  in  one  or  two  departments,  these  motors  being 
served  from  the  transmission  lines  of  the  Columbus 
Power  Co. 

The  power  plant  is  somewhat  unusual  in  the  fact 
that  no  reciprocating  pumps  are  used.  The  boiler-feed 
pump  is  a  turbine-driven  centrifugal.  It  takes  water 
from  the  bottom  of  the  hotwell,  where  it  is  compara- 
tively still  and  less  likely  to  be  contaminated  by  oil, 
and  delivers  it  to  the  boilers  through  a  closed  feed- 
water  heater;  the  temperature  of  the  water  at  the 
boiler  inlet  ranges  from  200  to  205  deg.  F. 

The  condensing  equipment  consists  of  a  30-in. 
barometric  condenser  and  a  turbine-driven  centrifugal 
circulating  pump.  With  supply  water  at  80  deg.  F.,  this 
outfit  maintains  a  26-in.  vacuum  when  the  engine  is 
developing  2400  hp.  The  water  from  the  hotwell  is 
cooled  by  means  of  spray  nozzles. 

The  power-plant  equipment  of  the  Unity  Spinning 
Mill  consists  of  800  hp.  in  horizontal  return-tubular 
boilers,  a  cross-compound  engine  of  750  hp.  and  250  hp. 
in  electric  motors  taking  current  from  the  Columbus 
Power  Co.'s  transmission  line.  The  condensing  equip- 
ment is  of  the  barometric  type  with  a  spray-nozzle 
system  for  cooling,  as  in  the  Hillside  plant. 

The  power  plant  of  th?  Elm  Ci'^y  mil  comprise^:  f?--r 


horizontal  return-tubular  boilers  of  250  hp.  each  and 
a  cross-compound  engine  of  800  hp.  The  condensing 
system  at  this  plant  consists  of  a  surface  condenser  and 
the  usual  pumps.  ^ 

The  Unity  Cotton  Mill  equipment  is  of  the  ordinary 
type  in  vogue  ten  or  twelve  years  ago. 

The  Hillside  Mill  equipment  consists  of  30,000 
spindles,  700  looms  and  a  corresponding  outfit  of  pick- 
ers, carding  machines,  etc.  The  mill  employs  1400 
operatives  and  turns  out  10,000,000  lb.  of  ducks  and 
specialty  fabrics  per  annum. 

The  Unity  Spinning  Mill  contains  14,700  spindles 
and  turns  out  3,640,000  lb.  of  yarn  annually  for  the 
knitting  trade,  fire-hose  and  automobile-tire  trades. 

The  Elm  City  Mill  contains  11,664  spindles  and  138 
looms;  its  annual  output  is  4,000,000  lb.  of  heavy  duck. 

The  Unity  Cotton  Mill  operates  11,000  spindles  and 
150  looms;  the  annual  output  is  about  3,600,000  lb.  of 
duck. 

This  group  of  mills  is  situated  in  a  settlement  known 
as  Southwest  LaGrange,  just  outside  of  LaGrange 
proper.  This  settlement  has  been  developed  according 
to  the  most  modern  ideas  of  scientific  welfare  work.  At 
each  of  the  mills  there  is  a  Martha  Washington  Inn,  with 
clean,  wholesome  accommodations  for  the  "unattached" 
female  operatives  and  a  Ben  Franklin  Inn  for  the  men. 
A  flourishing  library  and  a  Y.  M.  C.  A.  organization, 
a  thoroughly  up-to-date  school  system  and  several 
churches  supply  the  moral,  mental,  spiritual  and  physi- 
cal needs  of  the  community.  There  is  also  a  well- 
equipped  hospital,  and  an  agricultural  department  which 
includes  a  large  greenhouse.  A  feature  of  the  Y.  M. 
C.  A.  that  might  profitably  be  emulated  by  other  simi- 
lar organizations  is  a  systematic  exercise  period  of 
thirty  minutes  before  work  hour  in  the  morning.  The 
men  and  boys  gather  on  the  athletic  field  and  engage 
in  ball-throwing,  football  kicking  and  other  moderate 
stunts  which  tend  to  eliminate  foggy  brains  and  flabby 
muscles. 

The  founder  of  this  community  and  the  man  whose 
ideas  have  directed  all  the  features  of  its  development 
is  Fuller  E.  Calloway.  Mr.  Calloway  has  a  positive 
genius  for  organization  and  an  uncanny  knack  in  the 
cohction  cf  crrecutivs  l!eute::::nts. 
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How  to 

Correctly  T^ead 

A 
WATT-HOUR.  METER 

By 
Victor  H.  Todd 


xu 


Gives  the  different  forms  of  dials  used  on  va- 
rious makes  of  icatt-hour  meters  and  explains 
how  to  read  them.  The  chances  foo-  making  an 
incorrect  reading  due  to  misplaced  hands  on  the 
dials  or  failing  to  use  a  constant  are  pointed  out. 


IN  VIEW  of  the  essentiality  of  the  watt-hour  meter 
to  produce  accurate  records,  it  is  often  called  the 
cash  register  of  the  operating  company,  for  it  de- 
termines the  revenue  that  the  company  should  receive 
from  the  sale  of  electric  power.  For  this  reason  it  is, 
or  should  be,  very  accurate,  and  this  accuracy  is  often 
maintained  by  elaborate  and  expensive  tests  and  stand- 
ards. Not  only  should  the  meter  be  accurate,  but  it 
must  also  be 
read  correctly.  If 
the  error  is  in 
the  consumer's 
favor,  it  means 
an  actual  loss  of 
revenue  to  the 
company,  and  if 
in  the  company's 
favor,  a  loss  to 
the  consumer 
unless  he  checks 
the  meter  each 
time  it  is  read. 
For  this  reason 
the  consumer 
should  learn  to 
read  the  watt- 
hour  meter,  and 
check  the  meter 
reader  every 
time  a  reading 
is  taken.  The 
reading  of  a 
watt-hour  meter 


KILOWATT  HOURS 


FIGS.  1  TO  6.     INDICATE  HOW  TO  READ  A  WATT-HOUB  METER 


is  often  attended  with  the  idea,  by  the  inexperienced, 
that  it  is  a  difficult  task  and  requires  considerable 
experience,  when  in  fact  quite  the  reverse  is  the 
truth;  therefore  it  is  the  purpose  of  this  article  to 
present  the  subject  in  such  a  way  as  to  meet  the  need  of 
those  not  familiar  with  the  reading  of  a  watt-hour 
meter. 

The  standard  dial  face  for  watt-hour  meters  adopted 
by  the  National  Electric  Light  Association  is  similar  to 
that  shown  in  Figs.  1  and  2.  Previous  to  this  standardi- 
zation each  manufacturer  had  his  own  style  of  marking 
the  dial.  But  outside  of  the  actual  variation  in  the 
arrangement,  the  number  and  marking  of  dials  on  watt- 
hour  meters  of  various  makes,  the  underlying  prin- 
ciple is  the  same.  The  rotating  element  is  carefully 
adjusted  by  various  means  so  that  it  rotates  at  a  definite 

speed,  propor- 
tional to  the 
power  trans- 
mitted in  the 
circuit  which  it 
i  s  measuring. 
This  element  is 
geared  to  a  train 
0  f  gearwheels 
which  moves  the 
pointers,  or 
hands,  propor- 
tional to  the 
product  of  the 
watts  or  kilo- 
watts and  the 
hours,  which  is 
called  watt- 
hours  or  kilo- 
watt-hours. One 
kilowatt-hour  is 
equal  to  1000 
watt-hours.  The 
dials  are  all  ar- 
.  ranged  with  a  10 
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to  1  ratio ;  that  is,  any  pointer  or  hand  moves  ten  times 
as  fast  as  the  pointer  of  the  dial  to  the  left.  In  other 
words,  it  takes  ten  revolutions  of  the  fastest-moving 
pointer  at  the  extreme  right  to  equal  one  revolution  of 
the  next  pointer  to  the  left.  It  takes  ten  revolutions  of 
the  second  dial  pointer  from  the  right  to  make  one  revo- 
lution of  the  third  dial  pointer,  and  so  on.  Another  way 
of  expressing  it,  is  to  say  that  one  revolution  of  the 
fastest  moving  pointer  will  equal  one  division,  one-tenth 
of  a  revolution,  on  the  next  dial. 

It  will  also  be  noticed  from  the  iigures  that  where 
one  pointer  rotates  in  a  clockwise  direction  the  next 
turns  counterclockwise,  and  so  on.  The  sequence  of  the 
numerals  clearly  shows  in  which  direction  the  pointer 
is  rotating. 

The  generally  approved  method  of  reading  a  watt- 
hour  meter  is  from   right  to  left;   that  is,   read  the 


almost  reached  a  number,  0.8  of  a  division,  although  as 
yet  the  number  is  unknown.  An  inspection  of  Fig.  5 
shows  that  the  pointer  has  almost  reached  1,  but  as 
the  preceding  dial  saj's  it  has  not  yet  reached  1,  there- 
fore the  lower  numeral  (0)  must  be  used,  making  the 
last  three  numbers  085.  This  also  shows  that  the  next 
unknown  dial  to  the  left,  has  just  passed  a  numeral, 
which  is  found  to  be  5  by  referring  to  Fig.  6,  conse- 
quently 5  is  set  dovm,  making  the  total  reading  5085. 

Now  this  does  not  mean  that  the  consumer  has  used 
5085  kilowatt-hours;  it  simply  indicates  that  the  meter 
has  recorded  that  much  since  it  started  to  run.  To  get 
the  consumption  of  power  or  kilowatt-hours  for  a  def- 
inite period,  it  is  necessary  to  have  the  reading  or  indi- 
cation at  the  beginning  of  the  period  and  at  the  end. 
The  difference  between  the  two  readings  will  indicate 
the   actual   amount   of   power   used.      These   readings 
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FIGS.  7  TO  15.     SHOWING  SOME  DIFFERENT  STYLES  OP  WATT-HOUR  METER  DIALS 

Fig.  7 — Four-dial,  reading  9S54.  Pig-.  8 — Four-dial,  reading  .0144.      Fig.    9 — Three-dial,   reading   475.      Fig.    10 — Three-dial,   reading 

478.     Fig.  11 — Thompson,  flve-dial,  reading  1,188,900  watt-hours,   or  1188  kilowatt  hours.     Fig.  12 — Misplaced  hand  on  second  dial: 

apparent  reading  5481,  correct  reading  5491.     Fig.  13 — Misplaced  hand  on  second  dial;  apparent  reading  9189,  correct  reading  9179. 

Fig.  14 — Misplaced  hand  on  third  dial ;   apparent  reading  9499.   correct  I'eading   9399.     Fig.    15 — Misplaced  hands  on  second  and 

third  dials;  apparent  reading  1099,  correct  reading  0989. 


fastest-moving  dial  first,  then  the  next,  etc.,  and  set 
the  figures  down  from  right  to  left  as  noted  from  each 
dial.  As  a  typical  example,  take  the  dial  shown  in 
Fig.  1.  Hold  a  piece  of  paper  over  the  three  left-hand 
dials  and  consider  only  the  extreme  right-hand  or 
fastest-moving  pointer  as  shown  in  Fig.  3.  It  tells 
two  things:  First,  that  the  last  number  in  the  reading 
is  5  unless  there  is  a  constant,  as  explained  later,  and 
second,  that  the  next  pointer,  although  it  cannot  be 
seen,  must  be  halfway  between  two  numbers,  0.5  of  a 
division.  Therefore  the  number  5  is  jotted  down,  and 
the  position  of  the  pointer  on  the  next  dial  mentally 
noted,  then  the  second  dial  is  inspected,  as  in  Fig.  4. 
The  pointer  is  found  to  be  halfway  between  8  and  9. 
Now  it  cannot  be  9  because  the  pointer  has  not  yet 
reached  9,  so  the  lower  figure  (8)  is  jotted  down,  mak- 
ing the  last  two  numbers  85. 
This  second  dial  also  tells  that  the  third  pointer  has 


may  be  taken  month  after  months  and  the  reading  at 
the  end  of  one  period  may  be  taken  as  the  reading  at 
the  beginning  of  the  next. 

When  the  reading  at  the  end  of  a  period  is  less  than 
at  the  beginning — that  is,  when  the  slowest-moving 
pointer  has  passed  zero,  as  for  instance  in  Figs.  7  and 
8,  where  Fig.  7  gives  the  reading  (9654)  at  the  be- 
ginning of  the  period,  and  Fig.  8  gives  the  reading 
(0144)  at  the  end  of  the  period — the  total  consumption 
of  power  is  obtained  by  placing  the  numeral  1  in  front 
of  the  last  reading  and  subtracting  as  in  other  cases. 
For  instance,  the  reading,  Fig.  8,  at  the  end  of  the 
period  would  be  10,144  instead  of  0144.  Subtracting 
9654,  Fig.  7,  from  10,144  gives  the  power  used  as  490 
kilowatt-hours.  After  the  reading  is  taken  at  the  end 
of  the  next  period,  the  reading  0144  is  used.  Multiply- 
ing 490  by  the  rate  per  kilowatt-hour  gives  the  cost. 
In  this  case,  if  the  rate  is  10c.  per  kilowatt-hour,  then 
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490  X  10-10  =  ?>'J-  I'"  lln-  rati"  ha<l  hwn  (ic.  per 
i(i!c.\vntt-h()ur.  the  Itiil  would  he  490    •'  $0.00        $29.40 

Some  makes  of  meter.s  have  five  dials  and  sotiie  only 
three.  The  five-dial  meter  is  satisfactory,  nlthouKh 
one  dial  is  entirely  unnecessary.  Fivc-dinl  meters  jjen- 
ernlly  read  in  watt-hours  instead  of  kilowatt-hours  and 
the  fastest  dial  is  K^nerally  disregarded.  The  three- 
dial  meters  should  not  l)e  used,  as  there  are  numerous 
cases  where  the  slowest  dial  makes  more  than  one  com- 
plete revolution  in  a  period.  An  example  of  this  is 
shown  in  Figs.  9  and  10.  The  reading  at  the  begin- 
ning of  the  period  was  47"),  and  at  the  end  of  the 
period  was  478.  Apparently,  the  consumer  had  u.sed 
only  3  kilowatt-hours,  and  was  billed  accordingly.  But 
the  fact  was,  that  the  last  dial  had  been  completely 
around,  and  3  kilowatt-hours  more,  so  the  actual  amount 
was  1003  kilowatt-hours  in.=!tead  of  only  3. 

In  reading  the  five-dial  meter,  Fjg.  11,  the  first  right- 


piiinler  indicates  1  and  not  2,  since  the  pointer  on  the 
third  dial  has  not  reached  xero  yet.  This  gives  188  as 
ilu'  reading  of  the  second,  third  and  fourth  dials.  On 
the  fifth  dial  the  pointer  is  slightly  past  1,  thus  the 
meter  roads  1188  kilowatt-hours.  If  the  reading  of  the 
Mrst  dial  is  taken  it  is  900  watts,  or  0.9  of  a  kilowatt- 
hour.  Adding  thin  to  the  reading  of  the  other  four 
dials  gives  1188.9.  But  as  before  stated,  the  reading 
of  the  first  dial  is  usually  neglected  and  the  reading 
is  in  this  ca.se  taken  as  1188  kilowatt-hours. 

Reading  a  watt-hour  meter  would  thus  be  very  simple 
were  the  hands  or  pointers  always  correctly  placed;  but 
owing  to  careless  placing,  loose  hands  and  excessive  lost 
motion  between  gears,  a  pointer  may  have  passed  a 
number  before  it  actually  should  or  be  behind  a  number 
when  it  .should  be  ahead  of  it.  For  this  reason,  the 
dial  to  the  right  must  always  be  consulted  first.  Look 
at  Fig.  12.     A  quick,  careless  reader  would  say  imme- 
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FIGS.   16  TO  23.     SHOW  S0:ME  MORE   DIFFERENT   STYLES   OP  WATT-HOUR   METER   DIALS 

Fig.   16— Westinghouse.   type  C.   4   dial;  reading  8742.      Fig.   17— Westinghouse,   type   C,    4    dial  :    reading   87.420.      Fig.    18— Fort 

Wavne,    4    dial;    reading   3322       Figs.    19    and    20 — Slicliers   to   indicate  constants   to   be   used.      Fig.    21 — General  Electric,   4   dial: 

reading  8889.     Fig.  22 — General  Electric,  4  dial :  reading  888.900.      Fig.    23 — Fort   Wayne,    5    dial  ;    reading   1965.9.     Fig.   24 — San- 

gamo,   4   dial ;   reading  9999.     Fig.   25 — Fort  AVayne,  4  dial  :   reading  3617. 


hand  dial  may  be  neglected  since  one  revolution  of  its 
pointer  indicates  only  1000  watt-hours,  or  1  kilowatt- 
hour,  which  can  be  read  directly  from  the  second  dial 
from  the  right.  A  complete  revolution  of  the  second 
dial  indicates  10,000  watt-hours,  the  third  100,000  watt- 
hours,  the  fourth  1,000,000  watt-hours,  and  the  fifth 
10,000,000  v/att-hours.  Dividing  each  of  the  values  by 
1000  gives  10,  100,  1000  and  10,000  kilowatt-hours 
respectively.  This  is  the  same  as  the  standard  four- 
dial  meter  in  Figs.  1  and  2,  therefore  may  be  read  the 
.same  as  explained  in  Figs.  3  to  6.  The  second  pointer 
from  the  right.  Fig.  11,  will  be  read  8  and  not  9,  since 
the  pointer  on  the  first  dial  has  only  reached  9  and 
will  have  to  be  on  0  or  pass  it  before  the  second  dial 
will  be  reading  9.  The  third-dial  pointer  also  reads  8 
for  the  reason  that  the  second-dial  pointer  has  not 
reached  0  but  is  slightly  back  of  the  9.  Hence  the 
reading  of  the  second  and  third  dials  is  88.    The  fourth 


diately  5481,  taking  as  usual  the  lowest  numbers.  But 
the  first  dial  on  the  right  by  pointing  to  1  clearly  indi- 
cates that  the  next  pointer  has  passed  a  number,  and 
as  the  second  pointer  says  it  is  not  quite  9,  it  is  very 
evident  that  the  hand  is  misplaced  and  is  slightly  back 
of  its  true  position  and  should  be  a  little  in  front  of 
9.  So  the  correct  reading  would  be  5491,  a  difference 
of  10  kilowatts. 

As  another  example,  take  the  dial  shown  in  Fig.  13. 
A  quick  reading  would  be  9189,  but  a  careful  inspection 
will  show  that  the  first  dial  on  the  right,  by  indicating 
9,  clearly  shows  that  the  hand  on  the  next  dial  has  not 
quite  reached  a  number,  and  as  the  next  hand  has 
actually  passed  the  number,  it  is  evidently  misplaced 
and  the  true  reading  is  9179. 

In  Fig.  14,  unless  care  is  taken,  the  reading  would 
appear  to  be  9499.  But  on  examining  the  second  dial 
it  is  seen  that  the  pointer  has  not  reached  zero,  where 
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it  would  have  to  be  for  the  pointer  on  the  third  dial  to 
be  on  4.  But  in  this  case  the  pointer  has  passed  4  when 
it  should  be  slightly  back  of  it,  hence  the  pointer  on  the 
third  dial  is  misplaced  ahead  of  its  true  position  and 
the  correct  reading  is  9399,  a  difference  of  100  kilowatt- 
hours. 

On  the  dials  Fig.  15  the  reading  of  the  hands  appears 
to  be  1099,  but  a  careful  inspection  will  show  that  the 
pointers  on  the  second  and  third  dials  are  misplaced. 
The  pointer  on  the  second  dial  apparently  indicated  9, 
but  on  looking  at  the  first  dial  it  is  seen  that  this 
pointer  has  not  reached  or  passed  0,  hence  the  pointer 
on  the  second  dial  is  misplaced  ahead  and  its  correct 
position  is  slightly  back  of  9,  so  this  dial's  reading  is  8 
and  not  9.  On  the  third  dial  the  pointer  has  passed 
zero,  but  this  cannot  be  true  because  the  pointer  on  the 
second  dial  has  not  completed  its  revolution,  but,  as 
pointed  out  in  the  foregoing,  should  be  slightly  back  of 
9,  therefore  the  pointer  on  the  third  dial  is  ahead  of  0 
when  it  should  be  behind  it.  Then,  since  the  pointer 
on  the  third  dial  has  not  reached  0,  the  pointer  on  the 
fourth  dial  cannot  be  exactly  on  1,  and  the  reading  is 
not  1099  but  0989. 

By  far  the  greatest  number  of  mistakes  and  costliest 
errors  are  made,  however,  by  not  using  a  constant  or 
multiplying  number  when  it  should  be  used.  When  a 
large  amount  of  power  is  being  measured,  it  is  imprac- 
ticable to  run  the  hands  fast  enough  to  indicate  kilo- 
watt-hours direct,  so  the  gear  trains  are  arranged  to 
read  0.1,  0.01  or  0.001  of  the  correct  amount,  conse- 
quently the  reading  must  be  multiplied  by  10,  100  or 
1000  to  get  the  true  power  consumed.  In  the  standard- 
ized meters  this  number  is  marked  on  the  dial  as  shown 
in  Fig.  2,  where  a  note  says,  "MULTIPLY  BY  100." 
Therefore  the  reading,  instead  cf  being  8889,  m.ust  be 
multiplied  by  100,  making  the  correct  reading  888,900 
kilowatt-hours. 

The  dial  Fig.  17  very  plainly  states  the  value  of  one 
division  on  the  first  dial,  where  a  note  says,  "ONE 
DIVISION  OF  lOS  DIAL  =  10  KW.-HOURS."  In  other 
words,  if  the  pointer  on  the  lOS  dial  moves  from  1  to  2, 
it  shows  that  10  kilowatt-hours  have  been  used,  there- 
fore every  time  the  figure  indicated  by  the  last  dial  is 
set  down,  it  must  be  followed  by  a  cipher,  so  the  read- 
ing on  Fig.  17  would  be  87.420  and  not  8742,  which 
is  the  correct  reading  in  Fig.  16. 

Other  makers  simply  mark  the  dial  IS,  lOS,  IOCS, 
etc.,  and  leave  oif  the  note,  but  this  simply  means  that 
1  division  from  1  to  2,  or  from  2  to  3,  or  from  5  to  6, 
etc.,  is  the  value  by  the  letter  "S."  For  instance,  in  Fig. 
18  the  reading  is  3322  kilowatt-hours,  but  in  Fig.  17 
the  first  dial  is  marked  lOS,  meaning  that  each  division 
is  10  kilowatt-hours  and  the  reading  is  87,420. 

Others  simply  have  the  dials  marked  10,  100,  1000, 
etc.,  in  which  case  the  number  is  the  value  of  one  com- 
plete revolution  and  not  one  division.  Some  central- 
station  companies,  realizing  the  great  danger  of  mis- 
used constants  due  to  lack  of  uniformity,  use  a  little 
red  sticker,  similar  to  that  in  Fig.  19,  and  on  any  meter 
which  is  marked  multiply  by  10  or  has  the  last  dial 
marked  "lOS"  they  paste  this  little  sticker  on  the  dial. 
If  it  is  marked  "Multiply  by  100"  or  "lOOS,"  the  sticker 
showTi  in  Fig.  20  is  used.  Its  vivid  color  forcibly  calls 
attention  to  the  fact  that  the  last  number  is  more  than 
1  or  2  or  3,  etc. 


Another  important  point  to  watch  is  whether  the  dial 
is  marked  in  watt-hours  or  kilowatt-hours.  Figs.  11 
and  21  show  this.  Fig.  21  reads  in  kilowatt-hours,  but 
Fig.  11  reads  watt-hours.  Fig.  22  is  the  same 
style  dial  as  in  Fig.  21,  but  in  the  former  a 
constant  of  100  is  used,  therefore  where  the  reading 
Fig.  21,  is  8889  kilowatt-hours,  in  Fig.  22  it  is  888,900. 

If  a  meter  has  a  dial  like  Fig.  23,  the  last  dial  is 
generally  disregarded,  the  hand  removed  and  a  black 
sticker  pasted  over  the  figures.  The  test  dial  shown  in 
Fig.  24  is  also  disregarded  in  computing  the  kilowatt- 
hours;  it  is  for  the  tester's  convenience  only.  Fig.  25 
gives  another  arrangement  of  dials  that  read  kilowatts. 
The  dials  are  similar  to  those  shown  in  most  of  the 
other  figures,-  but  are  arranged  around  in  a  curve. 

Thus  it  will  be  seen  that  there  is  a  great  liability  to 
error  through  wrong  reading  or  unused  constants,  and 
it  is  manifestly  absurd  to  attempt  to  increase  the  rev- 
enue of  a  central-station  company  or  keep  accurate 
records  of  power  consumption  in  different  departments 
of  an  industry  by  maintaining  a  high  meter  accuracy, 
and  then  allow  all  kinds  of  errors  in  wrong  readings. 

"Steelcrete"  Machine  Guards 

In  many  states  the  law  demands  that  gearing,  pulleys 
and  various  moving  machinery  shall  be  guarded  in  a 
suitable  manner.     Various  methods  are  employed,  such 


"STEELCRETE"  GUARD  AS  APPLIED  TO  A  MACHINE 

as  railings,  wire  screens,  guards,  etc.  A  fillmg  ma- 
terial for  machine  guards,  known  as  "Steelcrete  Mesh,'^ 
is  manufactured  by  the  Expanded  Metal  Engineering 
Co.,  8  West  40th  St.,  New  York  City. 

Steelcrete  mesh  is  cut  from  sheet  plate  steel  and 
is  pulled  into  a  fabric  of  diamond-shaped  meshes,  the 
diamonds  being  joined  at  their  "bridges"  by  short 
sections  of  the  unsheared  plate.  This  material  is  so 
tough  that  openings  may  be  cut  to  any  shape  without 
weakening  the  guard  and  there  is  no  danger  of  the 
strands  separating.  It  also  is  capable  of  withstanding 
hard  usage,  and  although  a  blow  may  dent  it  or  even 
fracture  one  or  more  strands,  the  damage  will  not 
spread.  Neither  does  it  loosen  up  and  sag  nor  disinte- 
grate if  a  strand  is  broken. 

No  special  tools  are  required  to  fit  the  guard  in 
place,  as  the  flat  sheets  are  easily  cut  to  fit  the  angle 
of  the  iron  frame  to  which  the  mesh  is  attached  with 
either  rivets,  bolts  or  spot-welding.  The  mesh  is  made 
in  several  sizes  of  diamonds  and  of  various  weights  of 
material. 
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Instructing  the  Power  House 
Crew  > 


HOLTWOOU 
is    on    the    Sus 
quehanna  River  about 
fifteen     miles     from     Lancaster,  ^^ 

Penn.,  and  about  forty  miles  in  an  air  "  ~  '        ~  - 

line  from  Baltimore.  This  station  was  de- 
scribed by  the  writer  in  Poicer  for  May  13,  1913, 
at  the  time  of  its  completion.  The  power  house 
and  dam  are  of  concrete  construction,  the  dam  being 
approximately  2370  ft.  long  and  53  ft.  high  with  a 
base  width  of  65  ft.  At  present  the  station  has  a  hy- 
draulic capacity  of  118,500  hp.  in  eight  units  with  gen- 
erators rated  at  83,500  kw.  All  but  unit  No.  8  have 
double  draft  tubes.  The  station  originally  was  laid 
out  for  10  turbines  of  13,500  hp.  capacity  each  with 
generators  of  7500  kw.  continuous  rating,  and  five  wa- 
terwheels  of  such  capacity  were  installed,  but  at  that 
time  the  owners  found  that  units  of  17,000  hp.  could  be 
installed  without  alteration  of  the  pits,  and  when  pits 
Nos.  6,  7  and  8  were  to  be  used  turbines  of  17,000  hp. 
were  ordered.  The  last  unit  installed,  that  is  No.  8, 
has  a  single  draft  tube.  The  generators  send  their  cur- 
rent to  the  transformers  at  11,000  volts,  at  which  point 
it  is  stepped  up  to  70,000  volts  for  transmission  to  Balti- 
more and  to  Lancaster.  The  Susquehanna  is  a  widely 
fluctuating  river.  In  times  of  high  water  there  mav 
be  a  flow  of  400,000  cu.ft.- 
sec,  and  during  low  water 
the  flow  may  drop  as  low 
as  400  cu.ft.-sec.  There  is 
no  seasonal  storage  avail- 
able. Fig.  5  shows  an  in- 
terior view  of  the  tur- 
bine room.  All  important 
instructions  to  the  crews 
are  in  writing  and   from 
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This  is  the  first  of  several  articles  that  treat  of 
operation  and  methods  in  the  large  hydro- 
electric station  of  the  Pennsylvania  Water  and 
Power  Co.  at  Holtwood,  P/nn.,  on  the  Susque- 
hanna River.  This  article  deals  ^vith  the 
methods  used  in  the  instruction  of  the  crew. 


the  office  of  the  chief  operator.  The  orders  are 
numbered  and  the  sheets  bound.  Two  volumes  of 
instructions  are  in  current  use;  namely,  permanent 
instructions  and  current  instructions. 

Permanent  Instructions — These  are  in  the  nature  of 
general  rules  fo  guide  the  crew.  Several  copies  are 
issued,  the  floorman  having  one  in  his  desk  on  the  tur- 
bine-room floor;  the  switchboard  operator  also  has  one. 
A  copy  is  kept  in  the  office  of  the  chief  operator.  When 
an  emploj'ee  has  read  and  understands  the  rules  and  in- 
structions he  signifies  to  this  effect  by  signing  his 
name  and  the  date  on  the  last  sheets  of  any  particular 
set  of  instructions.  This  applies  also  to  current  in- 
structions. At  periodical  intervals  instructions  of  a 
permanent  character  are  taken  from  current  Instruc- 
tions and  bound  in  the 
permanent  instructions 
book.  Bulletins  or  current 
instructions  when  super- 
seding conflicting  orders 
in  the  permanent  instruc- 
tion book,  make  specific 
references  to  such  orders. 
In  addition  to  the  two  set^ 
of    instructions    a    bulle- 
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UPPER  PICTURE :     CL,ASS  OF  OPERATIVES  RECEIVING  INSTRUCTIONS  IN  OPERATION  OP  AN  OIL  SWITCH.     LOWER 
PICTURE  :  THE  LIBRARY  AT  THE  CLUB  FOR  THE  POWER-HOUSE  CREW  AT  HOLTWOOD 
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tin  boani  i.s  provided.  I^^nornnce  of  the  rules  and 
instriiition.s  is  not  accepti'd  n.s  un  exiuse  for  noncom- 
plianco.  When  in.struclion.s  arc  not  understood,  tlie  jM-r- 
.st)n  to  whom  they  are  not  clear  inquiries  of  hi.s  .superior 
for  interpretation.  All  employees  are  periodically  ex- 
amined as  to  their  knowledjre  of  the  permanent 
instructions  concernintr  their  work.  The  book  of  perma- 
nent instructions  is  made  up  of  chapters  on  the  follow- 
ing: General  Station  Rules,  Safety  Rules.  Normal 
Electrical  Operation,  Abnormal  Electrical  Operation, 
Normal  Hydraulic  Operation,  Abnormal  Hydraulic 
Operation,  Holtwood  Records  and  Forms,  Duties  (this 
last  chapter  is  devoted  to  the  duties  of  each  employee), 


( ussion  of  these  troubli-s,  their  causes  and  means  of  pre- 
vention i.H  of  value  to  the  crew,  the  analy.si.s  and  dis- 
cussions are  mudo  by  the  man  mo.st  competent  and  the 
reports  bound  and  made  available  to  all  employee.s  in- 
terested. 

Exceptinjr  for  the  highly  trained  men,  such  as  switch- 
board operators,  testin;r  engineer,  chief  operator  and 
assistants,  a  hydroelectric  plant  when  startiuK  up  de- 
pends upon  the  natives  of  the  towns  nearest  the  plant 
for  help;  that  is,  for  cleaners,  govcrnormen,  pumpmen 
lloormen,  machinemen,  etc.  A  green  man  entering  the 
employ  of  the  company  at  Holtwood  is  .started  as  a 
cleaner.     As  he  progresses  he  is  promoted  in  the  fol- 


yECTIOXAL  VIEW  OF  THE  PENNSYLVANIA  WATER  AND   POWER   CO.'S   STATION  AT  HOLTWOOD,   PENN. 


Holtwood  Hydraulic  Maintenance  and  Electrical  Main- 
tenance. A  sectional  view  of  the  station  is  shown  in 
Fig.  3. 

Working  hand  in  hand  with  these  instructions  is  the 
promotion  system,  according  to  which  promotions  are 
given  on  merit  and  not  on  seniority. 

The  company  has  provided  a  library  in  the  clubhouse 
near  the  plant,  and  a  large  assembly  hall,  used  for  mov- 
ing pictures,  theatrical  and  social  entertainments  and 
also  for  lectures  by  outside  speakers.  A  room  in  the 
station  is  fitted  for  lectures  by  heads  of  departments. 
Wide-arm  chairs  on  which  to  lay  note  paper  are  used 
by  those  attending  the  lectures.  Whenever  possible, 
lectures  are  given  witTi  the  actual  apparatus  discussed 
on  view  in  the  turbine  room  when  such  apparatus  is  con- 
veniently portable.     See  Figs.  1,  2  and  4. 

Serious  troubles  are  reported  in  full,  and  when  a  dis- 


lowing  order:  Cleaner,  extra  governorman,  second 
pumpman,  governorman,  fioorman,  machineman,  as- 
sistant operator  and  operator. 

When  the  green  man  begins,  he  is  given  a  sheet  which 
tells  him  what  are  his  duties.  He  is  encouraged  to  learn 
as  much  as  possible  about  the  work  of  the  rank  next 
highe.st  to  his  owti,  to  which  he  will  be  promoted  if  fit. 
The  assistant  chief  operator  uses  a  loose-leaf  book 
knows  as  "Progressive  Standards  of  Advancement."  In 
this  he  has  a  number  of  questions  relative  to  the  duties 
and  mechanism  in  care  of  the  various  grades  of  men 
just  mentioned.  Periodically,  he  questions  the  men  on 
the  operation,  care  and  maintenance  of  equipment  in 
their  charge  and  that  in  charge  of  the  men  in  the  next 
progressive  position.  This  examination  not  only  keeps 
the  men  studious  and  attentive  to  their  work,  but  en- 
ables the  management  to  soon  discover  the  deadwood, 
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and  to  be  just  in  promotion,  which,  as  stated,  is  solely 
on  merit.  The  examination  is  an  excellent  check  upon 
the  operation  in  general.  It  reveals  if  the  foreman  or 
superior  in  charge  of  the  man  examined  has  instructed 
him  as  he  is  supposed  to  do;  it  shows  that  perhaps  cir- 
cumstances of  load  and  shifts  have  given  the  man  no 
opportunity  to  perform  work  which  he  should  know  how 
to  do.  For  example,  a  governorman  in  the  earlier  part 
of  his  career  may  not  have  had  occasion  to  cut  in  or 
out  a  turbine  for  several  weeks  owing  to  the  load  con- 
ditions during  his  watch.  In  such  cases  arrangements 
are  made  to  have  him  do  this  in  a  day  or  two  from  the 
time  that  it  is  known  that  he  has  not  had  opportunity 
to  do  this  work  for  some  time. 

The  most  sought-for  opportunities  for  gaining  prac- 
tical experience  of  value  are  those  when  the  station  is 


ratus.  The  first  section  applies  only  to  foremen,  ma- 
chinemen,  assistant  operators  and  operators. 

The  comments  on  disturbances  and  interruptions 
cover  such  subjects  as  Frazil  Ice,  Assistant  Operator's 
IMistakes  at  Highlandtown  Substation,  Lightning-field 
Relay  Trouble,  Foremen's  Mistakes,  Sleet  Trouble  on 
Baltimore  System,  Cable  Failure  Followed  by  Trouble 
between  Stations,  Voltage  Disturbance  Caused  by  Fail- 
ure of  Pipe  Fitting  in  Governor  Pressure  System,  Ef- 
ficiency Tests  of  Turbines.  The  foregoing  are  typical 
of  the  literature  available  to  the  men.  Each  report  or 
comment  analyzes  the  cause  of  the  trouble,  tells  what 
should  have  been  done,  what  mistakes  were  made  and 
the  probable  causes  why  they  were  made. 

There  follow  a  few  typical  questions  in  the  examina- 
tion of  some  of  the  men  in  the  various  positions;  the 


FIG.   4.     LECTURE  ROOM  AT  THE  CLUB 


PIG.  5.     INTERIOR  VIEW  OP  TURBINE  ROOM 


operating  under  abnormal  conditions,  such  as  lightning, 
frazil  ice  run,  etc.  This  is  the  time  when  the  previously 
acquired  knowledge  is  put  to  the  real  test  for  proper  ob- 
servation, correct  diagnosis  and  quick  action.  Men  ofi' 
shift  are  permitted  to  come  to  the  station  at  such  times, 
either  actually  assisting  under  the  orders  of  the  operator 
in  charge,  or  merely  as  observing  witnesses,  for  their 
ovra  benefit.  In  either  case,  they  are  paid  their  regular 
wages  while  volunteering  outside  of  their  regular  shift 
hours. 

"Progressive  Standards  of  Advancement"  is  in  many 
respects  a  unique  bit  of  literature  and  practice.  It 
forms  primarily  a  basis  of  study  for  all  operating  em- 
ployees, covering  practically  every  important  descrip- 
tion and  operating  feature.  The  questions  are  divided 
into  sections:  First,  General  Station  Knowledge  and 
Theory;  second.  Demonstrations;  third,  Specific  Ques- 
tions. These  last  cover  comments  on  disturbances  to 
regulations,    interruptions    and    tests    of   station   appa- 


questions  are  from  Progressive.  Standards  of  Advance- 
ment: 

Generator  Cleaner — Demonstrate  the  starting  of  No. 
3  air  compressor. 

Demonstrate  the  starting  and  stopping  of  a  unit  on 
hand  control. 

Enumerate  the  duties  of  extra  governorman  (this 
is  the  position  to  which  the  cleaner  will  be  promoted). 

How  many  pumps  are  there  on  the  governor-control 
system? 

Demonstrate  sawing  a  piece  of  metal  with  a  hack- 
saw. 

Demonstrate  cutting  serviceable  threads  on  a  i-in. 
pipe. 

Extra  Governorman — What  is  the  color  scheme  for 
the  piping  in  the  station? 

What  is  the  code  used  in  whistle  signaling? 

Demonstrate  reading  an  oil-meter  dial. 


•iiij 


I'O  \V  K  K 


Vol.  A'.).  No.  rj 


Di'iiioii.strato  clumKiiin  a  unil  from  hand  i(intri)l  to 
Kovoiiior  control  uiul  vice  versa. 

Demonstrate  cleaninK  screens  in  the  watcr-suijply 
line  to  No.  8  turbine. 

E.xplain  the  safety  rules  relatinK  to  the  hydraulic 
section  of  the  station. 

Demonstrate  the  operation  of  the  heailKate  winches. 

PiimpDian — What  is  the  oil  How  in  ttallons  to  all  bear- 
ings on  turbines  and  generators? 

Sketch  on  the  blackboard  the  central  pumping  .sys- 
tem, governor  and  hand-control  connections. 

What  precautions  arc  to  be  observed  in  the  punij)  tun- 
nel in  case  of  ice  trouble? 

Sketch  on  the  blockboard  the  lubricating  oiling  .sys- 
tem. 

Wliy  is  the  governor-control  system  divided  into  two 
distinct  sections? 


FIG.    6.      FLOORilAXS   DESK   ON  TURBIXE-ROOM   FLOOR 

Explain  what  you  would  do  after  a  section  of  piping 
on  the  governor  control  system  had  failed  due  to  the 
bursting  of  a  fitting  or  the  blowout  of  a  gasket. 

In  the  event  of  serious  station  trouble,  which  section 
of  the  station  must  first  have  concentrated  attention  to 
restore  service? 

Govp.rnonnan — Demonstrate  the  least  possible  time 
required  to  start  a  unit  from  standstill  to  normal  speed 
without  overshooting,  at  the  same  time  synchronizing 
with  the  bus. 

How  do  you  know  from  observation  from  the  floor 
which  unit  is  carrying  the  Lancaster  load  ? 

Calculate  the  volume  in  gallons  of  the  No.  1  hand- 
controlled  sump  tank. 

Demonstrate  raising  No.  3  headgate  without  assist- 
ance. 


Locale  all  pump-motor  circuil.s  on  the  direct-  and 
alternating-current  power  board. 

In  the  event  of  disturbance,  to  which  main  unit 
should  governormen  first  give  their  attention?     Why? 

Demonstrate  the  opening  or  closing  of  one  or  more 
transformer  neutral  ground  disconnectors,  as  given  by 
instructions  from  operator. 

Floorman :  How  would  you  continue  operation  of  the 
station  in  the  event  of  failure  of  both  direct  current 
and  alternating  currents  to  operate  the  lubricating-oil 
pump  motor? 

What  is  the  .safe  permissible  temperature  rise  in  the 
Kingsbury  thrust  bearings? 

How  are  the  alkalinity  and  acidity  of  the  governor 
fluid  determined? 

Demonstrate  the  inspection  of  a  governor-regulating 
valve. 

Discuss  the  types  of  turbines  in  the  station. 

Explain  precautions  necessary  in  winter  to  prevent 
the  l2-in.  drainage-pump  suction  line  from  freezing. 

Discuss  the  turbine-efficiency  test  report  No.  19. 

Machineman — Enumerate  the  machineman's  duties 
during  trouble. 

Explain  the  function  of  the  arc  extinguisher  relays 
and  the  principle  of  operation. 

Make  a  one-line  diagram  of  the  generator  and  trans- 
former windings  and  of  the  type  or  method  of  connec- 
tion. 

Diagram  the  connections  to  No.  2  governor  pump. 

Demonstrate  the  operation  of  the  benchboard  and  the 
telephone  exchange  board. 

Diagram  the  control  connections  of  a  General  Elec- 
tric and  of  a  Westinghouse  oil  switch. 

How  is  the  presence  of  frazil  ice  in  the  forebay  de- 
tected? 

Demonstrate  synchronizing  generators  with  the  bus. 

These  are  a  comparatively  few  of  the  questions  asked. 
The  machineman's  examination  is  made  the  most  thor- 
ough of  all  because  a  good  machineman  will  invariably 
make  a  good  operator.  The  questions  asked  of  the  as- 
sistant operator  and  operator  are  many  and  varied. 
The  operator  is  called  upon  to  understand  the  hydraulic 
section  of  the  station  as  well  as  the  electrical  section, 
transmission  lines,  telephone  lines,  substations,  etc.  He 
is  in  charge  of  station  operation  and  has  authority  over 
all  opei-ators,  electrical  and  hydraulic. 

Machinemen  in  training  are  sent  to  the  various  sub- 
stations and  spend  about  two  weeks  learning  about  the 
converters,  rectifiers,  etc.,  their  operation  and  care.  The 
training  of  employees  at  Holtwood  is  much  more  thor- 
ough than  at  any  other  power  station  the  writer  has 
ever  visited.     Fig.  6  shows  the  floorman's  desk. 

One  of  the  striking  examples  of  the  value  of  in- 
struction of  the  crew  and  practice  by  them  to  establish 
teamwork  is  the  record  time  for  bringing  a  main  tur- 
bine from  standstill  to  running  in  parallel  with  the  bus. 
Turbines  are  brought  up  to  speed  on  hand-control  and 
when  in  parallel  changed  over  to  governor  control.  The 
record  time  is  2G  .seconds. 


The  cheapest  method  of  obtaining  nitrogen  products 
for  explosives  or  fertilizers  is  to  procure  them  from 
the  ammoniacal  liquor  and  gas  resulting  from  the 
carbonization  of  coal  or  its  gasification  in  byproduct 
gas  producers. 
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The  Electrical  Study  Course- — Testing  Balancer 
Sets  on  Three- Wire  Systems 


Sets  forth  the  tests  to  be  made  on  balancer  sets 
when  placing  them  in  service  for  the  first  time 
to  ascertain  whether  the  connections  have  been 
made  to  obtain  the  same  direction  of  excitation 
in  both  machines. 


IN  THE  preceding  lesson  the  subject  of  starting 
balancer  sets  was  treated  of.  There  are,  however, 
some  additional  points  to  be  observed  when  such 
a  set  is  put  into  service  for  the  first  time  after  being 
installed,  that  are  worth  being  discussed. 

In  the  case  of  shunt  machines  it  is  merely  neces- 
sary to  test  out  the  direction  of  rotation  of  the  two 
machines  and  to  make  the  direction  of  both  the  same 
if  found  to  be  opposed,  but  for  compound  machines 
the  further  precaution  must  be  taken  that  will  assure 
the  correct  direction  of  current  through  the  series 
fields. 

The  direction  of  rotation  of  shunt  machines  can 
readily  be  checked  in  the  following  manner:     The  con- 


, ,. L^ 

PIG.    1.      CONNECTIONS    FOR    SHUNT    BALANCER    SET    ON      THREE-WIRE   SYSTEM 


nections  having  been  made  as  in  Fig.  1  and  the  switches 
Sn  and  Sl  being  open,  the  resistance  of  the  field 
rheostats  R,  and  i?,  is  all  cut  out.  A  piece  of  wire 
is  then  connected  as  a  short-circuit  around  one  of  the 
armatures  as  indicated  by  the  dotted  line  C  at  the 
armature  of  G,.  The  switch  -S  is  closed  and  the  start- 
ing switch  is  then  moved  momentarily  to  the  first 
contact,  and  the  direction  of  rotation  of  the  machines 
is  observed  and  noted.  The  short-circuiting  connection  C 
is  then  removed  from  the  armature  of  G,  and  placed 
across  that  of  G^  instead.  The  starting  switch  is  again 
clo.sed  to  the  first  contact  and  the  direction  of  rotation 
of  the  set  noted.  If  the  direction  in  both  cases  is 
the  same  the  machines  are  ready  for  service,  but  if 
the  directions  are  opposed  the  field  connections  of  one 
of  them  must  be  reversed.  Doing  so  will  change  its 
direction  of  rotation,  since  the  direction  of  the  cur- 
rent through  the  armatures  remains  unchanged.  Thus, 
to  reverse  field  F,  lead  b  would  be  transferred  from 


/  to  n,  and  lead  d  from  n  to  /,  or  to  reverse  field  F, 
lead  c  would  be  changed  from  g  to  n  and  lead  e  from 
n  to  g.  It  is  immaterial  which  field  is  reversed  since 
the  direction  of  rotation  may  be  either  way. 

It  is  necessary  to  short-circuit  the  armatures  as  just 
described,  to  determine  the  direction  of  rotation,  since 
the  set  would  not  start  if  the  directions  of  rotation 
of  the  two  machines  were  opposed;  G,  would  tend  to 
revolve  one  way,  whereas  G^  would  tend  to  revolve  in 
the  other.  Owing  to  the  fact  that  the  armatures  would 
not  begin  to  revolve  the  current  through  the  starting 
resistance  would  be  of  a  value  to  cause  serious  heating. 
To  make  sure  of  the  effectiveness  of  the  short-circuit, 
the  brushes  of  the  short-circuited  machine  may  be 
removed.  It  will  then  be  impossible  for  any  current  to 
flow  through  the  armature,  as  might  be  the  case  if 
the  short-circuiting  connection  had  considerable,  re- 
sistance as  compared  with  the  resistance  of  the  arma- 
ture. 

When  the  balancer  set  consists  of  compound-wound 
machines,  the  connections  are  those  shown  in  Fig.  2. 
To  test  for  direction  of  rotation,  the  armatures  are 
short-circuited  in  turn,  as 
described  for  shunt  machines, 
and  the  directions  of  rotation 
noted.  If  opposed,  they  are 
made  the  same  by  reversing 
the  connections  of  one  of  the 
field  circuits,  as  in  the  case  of 
shunt  machines.  The  next 
point  to  be  determined  is  the 
direction  of  the  excitation  due 
to  the  series  field.  It  was 
shown  in  a  previous  lesson 
that  the  connections  must  be 
such  as  to  make  the  machines 
differentially  comp  o  u  n  d  e  d 
when  they  are  operating  as 
motors.  It  follows  that  the 
direction  of  rotation  due  to  the 
shunt  field  alone  would  be  op- 
posite to  that  due  to  the  series 
field  alone.  Consequently,  if  we  observe  the  directions  of 
rotation  when  the  fields  are  used  separately,  we  can  tell 
whether  the  direction  of  the  excitation  is  as  it  should  be. 
To  do  this,  we  proceed  as  follows :  Suppose,  for  example, 
that  we  are  testing  machine  G,.  We  would  first  open 
the  shunt-field  circuit  by  disconnecting  the  field  wire 
at  m  and  then  short-circuit  the  armature  of  G.  by 
connecting  a  wire  from  d  to  e.  The  machine  G,  would 
now  operate  as  a  series  motor  and  it  is  therefoi'e  im- 
portant to  note  that  the  starting  switch  must  not  be 
advanced  past  the  first  contact.  If  more  of  the 
starting  resistance  were  cut  out,  the  motor  might  race 
badly,  and  if  it  were  all  to  be  cut  out  the  motor  would 
"run  away"  since  it  would  be  operating  as  a  series 
machine  with  load,  and  with  double  normal  voltage 
applied. 

The  direction  of  rotation  should  now  be  the  reverse 
of  that  observed  during  the  first  test.  If  it  is  the 
same,  the  connections  of  the  series  field  H,  should  be 
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roversod ;  (lint  is,  the  t'lnl  that  i-oiiiu'cts  to  h  should 
1)0  transferred  to  r.  and  vice  versa.  The  test  must  be 
nade  on  both  fields  separately  since  at  no  load  the 
itTet-t  of  the  shunt  field  is  much  greater  than  that  of 
the  series  one,  and  conse(|ue!itly  the  direction  of  rota- 
tion observed  when  both  fields  are  operative  is  that 
due  to  the  shunt-field  excitation. 

Having  tested  machine  G,  and  corrected  the  field 
connections  if  necessary,  the  same  procedure  is  fol- 
lowed with  machine  G,.  That  is,  its  .shunt  field  is 
i.piMi-oircuited  and  the  armature  of  (7,  short-circuited. 
The  direction  of  rotation  upon  trial  .should  then  be  the 
.same  as  when  (7,  was  tested  on  its  series  field  alone; 
that  ii--,  it  should  be  the  rever.se  of  that  observed  when 
the  first  test  was  made  to  check  the  relative  rotation 
of  G,  and  G,.  After  it  has  been  established  that  the 
connections  are  correct,  the  set  is  ready  to  be  put  into 
service. 

If  the  machines  are  considerably  overcompounded, 
the  rush  of  current  at  the  instant  they  are  started  will 
cause  the  series-field  excitation  to  greatly  reduce  that 


of   motors   taking   a    current    of   li.'lO    amperes.      It    i-^ 
re(iuired  to  find  the  value  and  direction  of  the  curren' 
/     J  \.    In,    /',    /,   and   /,  in  the   various  parts  of   thi 
circuit,   if   the   machines   (7,  and   6\  take   10   ampere 
The   total    load    supplied    from    the   220-volt   source    in 
the   sum   of   all    the   loads    upon    it.     The    load   L,   is 
equal  to  120  amperes  X   HO  volts  =.=  13,200  watts',  /, 
is  e(|ual  to  180  amperes  X   HO  volts  =  19,800  wati 
M  is  equal  to  2:}0  amperes  X  220  volts  ----  50,r.00  watts 
and  the  load  due  to  C/',  and  (7,  is   10  amperes   X   220 
volts  =  2200  watts.     The  total  load  is  therefore  1.3,200 
+  19.800  -f  50,000    f  2200  =  8.'5,800  watt.s,  and  this 
divided  by  the  supply  voltage,  namely,  220  volts,  gives 

85,800 


the  line  current;  that  is,  /  = 


220 


=  390  amperes. 


The  current  I.\  is  the  sum  of  the  load  currents  of 
L,  and  M,  or  I.\  =  120  -f  230  =  350  amperes. 
Similarly,  In  is  the  sum  of  the  load  currents  of  L, 
and  M,  or  //*  =~.-.  180  +  230  =  410  amperes.  The 
current  in  the  neutral  is  their  difference,  or  I\  = 
410  —  350  =   60  amperes.     The   directions   of   these 


COXXECTIOXS  FOR  OPERATING  A  COMPOUND-WOUND   BALANCER 
SET   ON    A    THREE-WIRE    SYSTEM 


FIG.    3.      SHORT-CIRCUITING 
SWITCH  ON  SERIES  FIELDS 


of  the  shunt  field,  and  consequently  the  set  will  speed 
up  very  markedly  during  starting,  since  the  machines 
are  starting  on  a  weakened  field.  If  this  action  proves 
to  be  objectionable,  it  can  be  obviated  by  short-circuit- 
ing the  series  fields  while  the  machines  are  being 
started.  This  can  readily  be  accomplished  by  connecting 
them  to  a  double-pole  switch,  as  shown  in  Fig.  3,  or  two 
single-pole  switches  could  be  used.  Before  starting  the 
set,  the  switch  should  be  closed,  thus  short-circuiting 
the  series  fields.  Then,  after  the  machines  have  been 
started  and  are  running  at  normal  speed,  the  switch 
is  opened,  thereby  allowing  the  armature  current  to 
fiow  through  the  series-field  windings.  Since  the  cur- 
rent is  small  when  the  machines  are  once  running,  there 
will  be  little  effect  on  the  speed.  The  short-circuiting 
".witch  should  be  opened  and  the  switch  S^  closed,  so 
that  the  machines  shall  be  running  under  operating 
conditions  when  the  voltages  across  each  machine  are 
tested  preparatory  to  putting  them  into  service,  as  dis- 
cussed in  the  preceding  lesson. 

In  the  preceding  problem  we  have  given  a  110-  to 
220-volt  three-wire  system  as  in  Fig.  4.  The  loads 
L,  and  L,  are  composed  of  lamps  and  take  120  amperes 
and   180  amperes   respectively.     The   load   M   consists 


various  currents  is  that  of  the  arrows  in  the  figure.  Since 
/  =  390  amperes  and  I  a  is  only  350  amperes,  we 
have  /,  =  390  —  350  =  40  amperes,  which  flows 
through  G.  from  plus  to  minus;  that  is,  G,  runs  as  a 
motor.  On  the  other  hand,  L  =  Ib  —  /  =  410  —  390 
=  20   amperes,   and   since   Ib    is    larger    than   /,    the 


1=390 
FIG.    4.      THREE-AVIRE.   110-  TO   220-VOLT   SYSTEM 

current   must   flow   through    G_;    that    is,    G.,    operates 
as  a  generator. 

It  was  also  required  to  find  the  size  of  machines 
necessary  to  use  in  the  balancer  set  if  the  total  lamp 
load  on  each  side  amounted  to  200  amperes  and  the 
system  was  liable  to  be  completely  unbalanced  at  times. 
When   completely   unbalanced,    G,  and   G^  would   have 
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to  take  care  of  the  load  on  one  side;  namely,  200 
amperes.  Half  of  this  would  pass  through  each  ma- 
chine. Disregarding  the  losses  in  the  machines,  they 
would  each  have  to  be  of  100  ampere  capacity  at  110 
volts,  or  100  X  110  =  11,000  watts;  that  is,  11  kw. 
It  would  therefore  be  safe  to  install  10-kw.  generators, 
as  these  would  readily  stand  the  overload  for  such 
periods  as  it  might  last. 


A  220-volt  generator  is  to  be  used  in  connection  with 
a  110-  to  220-volt  three-wire  system.  Its  current  rating 
is  455  amperes.  How  many  40-watt  lamps  can  be  sup- 
plied without  overloading  the  generator?  If  a  220-volt 
motor  load  takes  60  hp.,  how  many  lamps  can  the 
generator  supply  in  addition  to  the  motor  load?  What 
size  of  wire  should  be  used  for  the  neutral  in  the 
latter  case? 


Refrigerating  Plant  Data 


Several  tables,  including  those  on  properties  of 
saturated  and  superheated  ammonia,  brine  solu- 
tions, their  freezing  temperatures  and  specific 
heat,  are  given,  also  some  practical  rules  for 
piping  and  other  information  needed  by  the  op- 
erator of  the  refrigerating  plant. 


USUALLY,  the  engineer  of  the  common-sized  ice 
and  refrigerating  plant  using  ammonia  does  not 
take  the  trouble  to  provide  himself  with  a  re- 
frigerating engineer's  handbook.  The  following  data 
are  here  arranged  for  the  use  of  such  men,  although 
they  are  by  no  means  meant  to  take  the  place  of  a  hand- 
book or  textbook  or  combination  of  both;  the  aim  is  to 
give  him  some  of  the  chief  figures  and  values  for  which 
he  has  use  in  those  problems  which  from  time  to  time 
vex  him. 

Some  Properties  of  Ammonia 

Commercial  Ammonia  is  a  solution  of  ammonia  gas 
in  water.  The  usual  strength  is  26  deg.  Baume,  con- 
taining about  38.5  per  cent,  of  anhydrous  ammonia. 

Boiling  Point — At  atmospheric  pressure  commercial 
ammonia  boils  at  — 29  deg.  F. 

Heat  of  Vaporization  of  Ammonia — At  atmospheric 
pressure,  593  B.t.u. 

Unit  of  Refrigerating  Capacity — 200  B.t.u.  per  min. ; 
12,000  B.t.u.  per  hour;  288,000  B.t.u.  per  ton  of  ice 
melted.     The   refrigerating  capacity   of  a  compressor 

TABLE  I.    PROPERTIES  OF  SATURATED  AMMONIA 
(From  tables  of  Goodenough  and  Mosher) 


Speeifie 

Volume 

Heat  Content 

Saturated 

Heat  of 

Temp., 

Pressure, 

Licjuid. 

Vapor, 

Vaporiza- 

Deg. 

Lb.  per  Sq. 

Cu.Ft. 

Cu.Ft. 

Saturated 

tion, 

F. 

In.  Abs. 

per  Lb. 

per  Lb. 

Liquid 

Vapor 

B.t.u. 

—40 

10  12 

0  0234 

25  45 

—75  3 

526  6 

601  9 

—35 

11  74 

0  0235 

22  14 

—70  2 

528  2 

598  3 

—30 

13  56 

0  0236 

19  35 

—65.0 

529  8 

594.7 

—25 

15  61 

0  0238 

16  95 

—59.8 

531  3 

591  1 

—20 

17  91 

0  0239 

14  89 

—54  6 

532  8 

587  4 

—  15 

20  46 

0  0240 

13  15 

—49  4 

534  3 

583  6 

—  10 

23  30 

0  0241 

11  63 

—44,2 

535  7 

579  9 

—  5 

26  46 

0  0242 

10  32 

—38  9 

537  1 

576  1 

0 

29  95 

0  0244 

9  19 

—33  7 

538  5 

572  2 

5 

33  79 

0  0245 

8  20 

—28  4 

539  9 

568  3 

10 

38  02 

0  0246 

7  34 

—23  2 

541  2 

564  4 

15 

42  67 

0  0248 

6  583 

—  17  9 

542  5 

560  4 

20 

47  75 

0  0249 

5  920 

—  12  6 

543  7 

556  3 

25 

53  30 

0  0250 

5  336 

—  7  3 

545  0 

552  2 

30 

59  39 

0  0252 

4  820 

—  1  9 

546  2 

548  1 

35 

65  91 

0  0253 

4  364 

+  3  5 

547  4 

543  9 

40 

73  03 

0  0255 

3  959 

8.9 

548  5 

539.7 

45 

80  75 

0  0256 

3  599 

14  3 

549  7 

535  3 

50 

89  0 

0  0258 

3  278 

19.8 

550  8 

531.0 

55 

98  0 

0  0259 

2  992 

25.3 

551  9 

526.5 

60 

107  7 

0  0261 

2  734 

30  9 

552  9 

522  0 

65 

118  0 

0  0263 

2  503 

36  5 

554  0 

517  0 

70 

129  0 

0  0264 

2  296 

42  1 

555  0 

512  8 

75 

141  0 

0  0266 

2  109 

47.8 

556  0 

508.  1 

80 

153  9 

0  0268 

1  904 

53  6 

557  0 

503  4 

85 

167  4 

0  0270 

1  788 

59  4 

557  9 

498  5 

90 

181  8 

0  0271 

1  650 

65  3 

558  9 

493  5 

95 

197  0 

0  0273 

1  524 

71  3 

559.8 

488.5 

100 

213  0 

0  0275 

1  408 

77  3 

560  7 

483  4 

110 

249  6 

0  0280 

1  305 

89  6 

562  5 

472  9 

115 

269  2 

0  0282 

1  122 

95  9 

563  3 

467,4 

122 

■   300  0 

1  007 

0  993 

105  3 

564  6 

459  3 

or   absorption    machine    is    more   than   the   actual    ice- 
making   capacity  by  50   per  cent,   or   more,   depending 

TABLE    II       PUC)PEI{TIES    OF    SUPERHEATED    AMMONIA 


(From  tables  of  Goodenough  and  Mosher) 

Pressure 

Temp,  of 

Lb.  per 

Saturated 

Sq.In. 
Abs. 

Vapor, 
Deg.  F. 

eg.  F.— 
100 

20 

huperin-iit.,  j^ 

40     60     80 

150 

200 

20 

— 15  9 

U 

14  2 

14  9   15  6 

16  3 

16.9 

18  6 

20.2 

H 

545  2 

556  1  566  7 

577  1 

587  4 

612  7 

638.0 

<0 

12  2 

v 

7  40 

7  76   8  12 

8  46 

8  80 

9  64 

10  46 

H 

553  9 

565  5  576  8 

587  7 

598  3 

624  5 

650  6 

50 

30  5 

v 

5  04 

5  30   5  54 

5  77 

6  01 

6  57 

7  12 

H 

559  1 

571  2  582  9 

594  2 

605  2 

632  1 

658  6 

80 

44  5 

v 

3  85 

4  04   4  22 

4.40 

4  57 

5  00 

5  42 

H 

562  8 

574  3  587  4 

599  0 

610  3 

637  7 

664.6 

100 

56  0 

v 

3  10 

3  26   3  41 

3  56 

3  70 

4  05 

4  38 

H 

565  7 

578  6  590  9 

602  8 

614  3 

642  2 

669  4 

120 

65  8 

\' 

2  61 

2  74   2  87 

2  99 

3  11 

3  40 

368  8 

II 

568  2 

581  4  593  9 

605  9 

617  6 

646  0 

673  4 

140 

74  5 

U 

2  25 

2  37   2  48 

2  58 

2  69 

2  94 

3  17 

H 

570  2 

583  6  596  4 

608  7 

620  6 

649  3 

676  9 

160 

82  3 

V 

1  98 

2  08   2  18 

2  27 

2  36 

2.58 

2  79 

H 

572  0 

589  7  598.6 

611  1 

623  2 

652  1 

680  1 

180 

89  4 

r 

1  77 

1  86   1  94 

2  03 

2  11 

2  31 

2  19 

H 

573  6 

587  5  600  6 

613  2 

625  4 

654  7 

682  8 

200 

95  9 

V 

1  59 

1  67   1  75 

1  83 

1  90 

2  08 

2  25 

H 

575  0 

589  1   602  4 

615  2 

627  5 

657.0 

685  4 

250 

110  1 

V 

1  28 

1  35   1  41 

1  47 

1  53 

1.68 

1  81 

H 

578  0 

592  4  606.1 

619  3 

631.9 

661  9 

690  8 

300 

1  22  4 

V 

1  07 

113   1  18 

1  23 

1  28 

1  41 

1  52 

H 

580  5 

595  3  609  3 

622  7 

635  5 

666  1 

695.4 

upon  the  temperature  of  the  water  and  other  less  im- 
portant factors. 

Volume  of  Ammonia  Gas  To  Be  Handled  by  Com- 
pressor (F.  L.  Fairbanks  in  Marks'  Handbook) — The 
volume  of  dry  saturated  gas  (cu.ft.  per  min.)  that  must 
be  handled  by  the  compressor  to  produce  1  ton  of  re- 
frigeration per  day  of  24  hours  is  V  =7 ^  where 

(r  -  t ) 

V"  =  cu.ft.  per  lb.  at  evaporating  pressure,  r  =  latent 
heat  at  evaporating  temperature  and  pressure,  and  i' 
=^  heat  of  the  liquid  between  the  limiting  pressures: 

Example:  Head  pressure,  199  lb.  abs.;  back  pressure, 
29.95  lb.  abs.  Then  r  ^  572.2  B.t.u.  and  i'  106.6  B.t.u. 
Also  V"  =  9.19  cu.ft.  per  lb.     The  weight  of  ammonia 

per  minute  =  ^^7^^  -  106  6)  ^  0.4295  lb.,  and  cu.ft. 
per  min.  =  0.4295  X  9-19  =  3.95.  Assuming  the 
volumetric  efficiency  of  the  compressor  equals  80  per 

3.95 
0.80 
cu.ft.  per  ton  of  daily  capacity. 

Volumetric  Efficiency  is  the  ratio  of  the  actual  weight 
of  vapor  handled  by  the  compressor  to  the  weight  cal- 
culated from  the  displacement  of  the  compressor  with 
gas  entering  at  its  evaporating  pressure;  it  varies  from 
60  to  85  per  cent.  Compressor  builders  will  guarantee 
80  to  85  per  cent,  in  machines  of  50  tons  and  over. 

Weight  of  Ammonia  Required  by  Compression  Sys- 
tem—To estimate  the  total  quantity  of  anhydrous  am- 
monia required,  allow  that  the  condenser  space  is  filled 
with  ammonia  vapor  at  165  lb.  pressure;  that  the  entire 
volume  of  the  cooler  coils  is  filled  with  vapor  at  20  lb. 
pressure;  for  every  cubic  foot  of  liquid  receiver  capacity 
allow  25  lb.  of  liquid  ammonia. 


cent.,   the   actual  piston   displacement  =   r^ 
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Pratt  iral  l^iiUs  for  Dinct-ICrpatision  I'ipini/  ( F.  L. 
Fairbanks) — One  lineal  foot  of  2-in.  pipe  to  10  cu.ft. 
of  spaii'  in  rooms  inaiiitaini'd  ln'twccn  ',V2  dcK.  and  10 
dog.  F. ;  one  lineal  foot  to  -10  eu.ft.  of  space  in  rooms 
kept  between  :]2  deK-  and  '>0  de^. ;  one  lineal  foot  to 
(pO  cu.ft.  space  in  rooms  kept  at  50  dcg.  V.  or  above. 
These  values  are  liberal.  One  ton  refriKcratinj?  ca- 
pacity is  a  liberal  allowance  for  every  4500  cu.ft.  of 


TAULK 

111.    i-ui;i:/.i.m;  ti- 

SDH' 

.\in:u.\Ti 

Hi:s   (IK 

;Nr.THs 

nniNK  .M 

VAIiI(M.< 

nON  HTllI 

Cftlrlum  Cliloriili" 

_ 

. 

■'cxliiinirii 

oriilp . 

.Vpnnix 

\V,.,Kl.e 

.\pi)rox. 

D.-K 

..r  Suit 

D«(! 

W.iglit 

BnuiiiO 

llpiiiiiro 

. 

HnuinA 

of  Snil 

Fri'criiiK 

Spcrific 

■i(  64 

f.h. 

S|K-iifip 

at  64 

H<'fl!iiro<l, 

I'..int. 

Gravity 

n.K.  r. 

IxrOiil 

C;r.ivity 

Dog.  I'. 

l.b  pc'rC:al. 

Den.  I-. 

1   O^S 

5  0 

1   00 

1   022 

3  0 

0  21 

28 

1   062 

8  6 

1    5 

1    044 

6  0 

0  52 

24 

1   085 

II    4 

1   75 

1    067 

9  0 

0  80 

20 

1    113 

14  7 

2  00 

1    091 

12  0 

1    1 

16 

1    122 

15  9 

1    117 

15  2 

14 

12 

1    U9 

17  9 

1    142 

18  0 

18 

8 

1    I5S 

19  7 

2  5 

1    168 

20  9 

0  2 

4 

1    165 

20  7 

3  25 

1    193 

23-5 

2  8 

0 

1    174 

21    7 

—  4 

1    186 

21  0 

3  5 

—  8 

1    197 

24   1 

—  12 

1    207 

25  2 

4  0 

—  16 

1    216 

26   1 

4  25 

—  20 

TABLE  IV.    SPECIFIC  IIEAT  OF  BRINE 

'  ■  Sodium  Chloride  .  . CaU'ium  Chloride ■ 

Specific  Specific 

Heat.                                   Specific  Heat,  .Specific 

H.t.u.                                   Gravity  B.t.u.  Gravity 

0  78                                   I   200                                   0.98  I   024 

0  86                                   !    100                                  0.91  I   076 

0  94                                   1.050                                  0.86  I    121 

0  98                                   1.020                                  0.83  I    179 

0.79  1    219 

0  77  1.240 

cold-storage  capacity  held  at  32  deg.  F.  For  every  ton 
of  refrigeration  allow  260  to  300  ft.  of  1:1 -in.  pipe. 
Luhr  suggests  600  lin.ft.  of  2-in.  pipe  per  ton  re- 
frigeration for  direct-expansion  systems,  and  750  ft. 
for  brine  systems.  For  storage  rooms  he  allows  one 
foot  of  2-in.  pipe  per  25  cu.ft.  of  space;  for  freezing 
rooms,  one  foot  of  2-in.  pipe  per  7  cu.ft.  space;  for  fish 
freezing  rooms,  one  foot  of  2-in.  pipe  per  2  cu.ft.  of 
space. 

Brine  Velocity — This  should  be  kept  below  180  ft. 
per  minute. 

Capacity  of  Conipressor,  Tons  (Luhr) — The  formula 
is  for  the  theoretical  capacity ;  deduct  25  per  cent,  for  the 
actual  capacity: 

d'  X  0.7854  XSX2XrXfeX  1440 
^  ^  1728  X  288,000 

in  which 

r  =  Tons   refrigeration   in   24  hours; 
d  =  Diameter  of  compressor  in  inches ; 
S  =  Stroke  in  inches ; 
r  =  Revolutions  per  minute ; 

h  =^  Refrigerating  effect  of  one  cubic  foot  of  refrig- 
erant at  refrigerator  pressure,  completely  evap- 
orated from  liquid  at  condenser  pressure. 
1440  =  Minutes  in  24  hours. 

288,000  B.t.u.  equivalent  of  one  ton  of  refrigeration. 
Example:     Find  the  capacity  of  a  double-acting  com- 

TABLE  v.     AMMONIA  CONDENSER  DATA 

(For  clean,  unobstructed,  free  of  air  and  foul  gases,  70  deg.  F.  water,  200  lb.  abs. 
pressure) 

Surface  Heat  Trans-  Pipe  per  Ton 

per  Ton  mission  per  Refrigeration  Water 

Refrig-  Sq.Ft.    per  Common  Required  per 

eration,  Min.  per  Ton  Size,       Lineal  Min.perTon, 

Type                  Sq.Ft.  Refgeration  In.             Ft.  Gal. 

.\tmospheric 24  8.5  2               45  2    to  3 

Flooded  atmospher- 
ic           6  33  2               II  Uto2 

Flooded  double-pioe         8  25  U             22  U  to  2 

Double-pipe '            8  25  U             22  H  to  2 

Coil                                   16  12  2to  li    30to  45  2.5 

Tube                                   18  II  U              55  2  to  3 

Submerged 35  5.7  2               65  4  to  7 


7'  ==  9}  X  9H  X   0.7854 


pre.s.sor  02  in.  x  IGJ  in.  stroke,  70  r.p.in.;  suction  pres 
.sure,  25  lb.  K"Ke;  di-scharge  pre.ssure,  1<J5  lb.  Kuge. 

Solution:  The  refri^rerating  onTeet  of  one  cubic  foot 
of  ammonia  vapor  exp.uided  between  the  given  pres- 
sures is  G7.1. 

X  16J  X  2  >^  70  X  67.1  X  1440 
1728  X  288,000 
-  35.42  tons  in  24  hours. 
Actual  IlorKcpojcer  Required  per  Ton  of  Rrfrifiera- 
tion  (Luhr) — The  hor.sepower  varies  from  1.25  to  2  hp. 
per  ton  refrigeration,  varying  with  size  and  condenser 
and  suction  pre.ssurcs.  On  the  average  a  G-ton  machine 
requires  2  hp.  per  ton,  a  25-ton  1.54  hp.  per  ton,  a  .50-ton 
1.27  hp.  per  ton,  and  a  100-ton  1.25  hp.  per  ton. 

A  1000-ton  compressor  in  the  Quincy  Market  plant, 
Boston,  at  750  tons  capacity  produced  a  ton  refrigera- 
tion on  0.9  hp.,  compound  condensing  Corliss  engine. 
A  400-ton  machine,  in  the  same  plant  gave  a  ton  ca- 
pacity for  1.25  horsepower. 

"Fulflo"  Motor-Driven  Pump 

The  motor-driven  lubricant  pump  shown  in  the  illus- 
tration has  just  been  placed  on  the  market  by  the  Fulflo 
Pump  Co.,  Blanchester,  Ohio.  This  pump  is  built  in 
%-,  \-,  1-  and  l{-in.  sizes  arranged  for  either  floor  or 
wall  mounting  and  is  equipped  with  h-,  ;\-,  •;-  and  1-hp. 


•FULFLO"   MOTOR-DRIVEN   PUMP 

motors  respectively.  The  pump  showm  in  the  illustra- 
tion is  the  4-in.  size  equipped  with  a  ^-hp.  motor  run- 
ning 2700  r.p.m.  The  capacity  at  this  speed  is  21  gal. 
per  min.  with  an  11-ft.  head,  20  gal.  per  min.  with  a 
12i-ft.  head,  and  11  gal.  per  min.  with  a  24-ft.  head. 
The  pump,  of  the  centrifugal  type,  having  both  intake 
and  outlet  at  the  top,  retains  enough  fluid  for  priming 
purposes. 

The  impellers  are  of  the  semi-inclosed  type  and  are 
supported  by  a  bearing  at  either  end  of  the  impeller 
shaft,  the  thrust  on  the  suction  side  of  the  impeller 
being  taken  care  of  by  a  hardened-steel  thrust  collar 
on  the  shaft,  which  turns  against  the  nose  of  the  bronze 
bushing  supporting  the  impeller  shaft  on  the  suction 
side  of  the  pump.  The  main  pump  bearing  also  forms 
the  pump  gland  and  is  of  cast  iron.  The  lubrication  of 
this  bearing  is  taken  care  of  by  a  sight-feed  oiler  which 
feeds  into  a  pocket  surrounding  the  bearing. 

The  pump  is  attached  to  the  base  by  six  screws,  three 
of  which  extend  through  the  motor  and  pump  base  and 
three  through  the  motor  base  only,  the  pump  base  rest- 
ing on  their  points.  This  construction  makes  it  pos- 
sible, by  adjusting  these  screws,  to  bring  the  pump  into 
line  with  the  motor;  then  the  screws  are  locked  in  place. 
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Curing  a  Chronic  Case  of  Cracked  Head 


By  D.  L.  FAGNAN 


ERECTORS  of  oil  and  gas  engines  in  their  experi- 
ence become  familiar  with  a  wide  range  of 
troubles  a':d  <^he  remedies  employed  to  overcome 
them.  In  the  case  of  at  least  one  company  manufactur- 
ing such  engines,  the  erecting  engineers  and  trouble- 
men  get  together  at  stated  intervals,  exchange  experi- 
ences and  discuss  new  and  up-to-date  methods  of  erec- 
tion, trouble  chasing,  kinks  and  ideas  which  they  have 
learned  during  their  absence  on  important  jobs.  These 
meetings  tend  to  keep  the  men  in  touch  with  new  de- 
velopments and  bring  about  distribution  of  knowledge. 
Each  man  contributes  his  share,  and  if  he  is  sensible 
absorbs  his  share,  of  the  valuable  experiences. 

One  of  the  most  interesting  incidents  in  my  own  ex- 
perience as  a  troubleman  and  erector  was  a  case  of 
cracked  head  in  a  Diesel  engine  of  225  hp.,  operating 
in  the  power  plant  of  a  suburban  railroad.  There  were 
two  engines,  of  the  three-cylinder  vertical  type,  but 
only  one  of  them  was  chronically  troubled  with  crack- 
ing of  the  head.  Five  of  these  heads  broke  in  a  period 
of  three  months,  and  the  company  wished  as  heartily 
as  the  owTier  that  the  cause  could  be  found  and  the 
trouble  remedied. 

In  passing  through  the  city  in  which  this  plant  was 
located,  I  dropped  in  casually  and  learned  of  the  trouble 
that  had  been  experienced.  However,  as  my  time  was 
limited,  I  had  opportunity  for  only  a  brief  exam.ination 
of  the  plant,  during  which  I  detected  nothing  wrong. 
Consequently,  I  had  no  chance  to  help  them  out  and  so 
simply  reported  the  matter  to  the  home  office  on  the 
daily  report  sheet.  Shortly  afterward  the  home  office 
received  an  urgent  message  to  send  two  new  heads  as 
well  as  a  man  to  locate  the  trouble  and  prescribe  a 
remedy.  As  I  was  the  nearest  man  to  this  locality,  I 
received  orders  to  rush  there  at  once  and  set  things 
right. 

Noting  Temperature  of  Cooling  Water 

My  first  move  was  to  get  a  line  on  the  water-cooling 
system.  I  observed  the  piping  layout  and  the  valve  sys- 
tem on  the  manifold  and  noted  the  temperatures  at  the 
Ii  inlet  and  the  outlet  from  the  cylinders.  There  was 
only  one  thermometer  on  the  main  inlet  to  each  engine, 
but  a  thermometer  was  provided  on  each  outlet  from 
each  cylinder  head.  With  the  inlet  water  having  a  tem- 
perature of  56  deg.  F.,  the  temperatures  at  the  outlets 
were  130  deg.,  136  deg.  and  145  deg.  on  cylinders  Nos. 
1,  2  and  3,  respectively.  These  temperatures  were  ob- 
served with  the  engine  running  under  normal  condi- 
tions. Five  minutes  after  shutting  down,  the  outlet 
temperatures  were  found  to  be  96  deg.,  105  deg.  and  120 
deg.  respectively.  These  figures  indicated  a  consider- 
able variation  in  temperature. 

As  all  of  the  valves  were  open  wide,  something  was 
evidently  radically  wrong  about  the  manifold  or  the 
piping.  The  first  thing  that  entered  my  mind  was  that 
the  burrs  had  not  been  removed  from  the  nipples  or  the 
piping  after  cutting  with  an  old-style  pipe  cutter.  It 
also  occurred  to  me  that,  in  combination  with  the  fore- 
going trouble,  pipe  scale  or  an  accumulation  of  rubbish 
in  the  manifold  might  have  caused  a  restricted  opening, 
thus  allowing  only  a  small  supply  of  water  to  pass  into 
the  farthest  cylinder.     Accordingly,  the  manifolds  of 


the  engine  were  entirely  dismantled,  all  nipples  reamed 
out,  and  all  ells  and  tees  cleaned  thoroughly  and  reas- 
sembled. 

The  water  plugs  on  the  head  and  water  jacket  were 
removed,  and  all  accumulation  of  sludge  removed  with 
a  hose.  Then  a  10  per  cent,  solution  of  muriatic  acid 
was  run  in.  A  system  of  piping  was  rigged  up  to  catch 
the  solution  after  it  had  lain  in  each  cylinder  head  for 
a  few  hours,  since  the  acid  solution  may  be  used  re- 
peatedly by  strengthening  it  occasionally  with  acid.  It 
is  very  effective  in  removing  scale  from  intricate  pas- 
sages and  eats  away  the  usual  scale  very  quicklv.  causing 
effervescence  while  it  is  acting;  but  the  cylinder  head 
must  be  washed  out  clean  immediately  after  the  acid 
solution  is  removed. 

Proposed  Water-Softening  Equipw'ent 

We  next  inspected  the  water  supply  and  found  that 
it  came  from  an  artesian  well.  The  tank  containing 
the  cooling  water  held  about  2000  gal.,  and  the  water 
was  cooled  by  means  of  a  home-made  cooling  tower, 
which  was  very  effective,  as  the  weather  was  quite 
cold.  My  proposal  was  to  soften  the  water  with  a  drum 
of  aqua  ammonia  that  was  in  the  plant.  This  ammonia 
was  worked  into  the  cooling-water  line  gradually,  but 
as  the  plan  was  only  a  makeshift,  I  proposed  that  they 
consult  a  chemist  in  regard  to  softening  the  water.  For 
it  was  my  opinion  that  a  combination  of  scale  and  a 
scant  supply  of  water  due  to  obstruction  had  caused 
local  overheating  and  cracking  of  the  cylinder  head  at 
the  bridges  and  the  ports. 

The  engineer  was  in  the  habit  of  allowing  the  cir- 
culating water  to  flow  for  five  or  ten  minutes  after  stop- 
ping the  engine,  and  no  fault  could  be  found  with  the 
method  of  operating  the  plant.  Everything  finally 
seemed  all  right,  so  I  watched  the  outlet  temperatures 
carefully,  manipulated  the  several  valves  so  as  to  give 
uniform  outlet  temperatures,  and  then  fixed  these  valve 
settings  permanently,  since  one  main  water  valve  served 
to  start  and  stop  the  circulation. 

On  the  third  day  after  my  arrival,  I  considered  con- 
ditions permanently  remedied.  Six  months  later  I 
wrote  to  the  plant  to  find  out  if  any  new  difficulty  had 
arisen  and  they  replied  that  no  further  trouble  had  oc- 
curred. Meanwhile,  they  had  installed  a  water-soften- 
ing system  of  home-made  design  that  had  proved  suc- 
cessful. It  was  practically  a  distilling  system  receiving 
heat  from  the  hot  exhaust  gases. 

My  experience  indicates  that  the  cracking  of  cylinder 
heads  occurs  after  the  engine  is  shut  down  and.  is  due 
to  the  contraction  of  the  cooling  metal  after  the  water 
supply  has  been  stopped  and  not  to  expansion  caused 
by  overheating. 

Some  engineers  claim  that  125  deg.  F.  is  the  highest 
allowable  outlet  temperature  for  the  jacket  water; 
others  say  110  deg.  is  correct,  and  still  others  insist  that 
160  deg.  is  not  too  high.  My  experience  indicates  that  if 
the  water  tends  to  form  scale  in  the  heads  and  jackets, 
90  deg.  is  a  good  temperature.  If  the  water  is  free  from 
scale,  go  higher,  even  to  160  deg.,  as  fuel  economy  is 
increased  thereby.  If  piston-pin  bearings  give  trouble 
by  overheating,  then  the  outlet  temperature  should  be 
lowered. 
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CVMNDKUS  lined  with  a  iioiu'orrosive  metal  are 
i.oco.ssary  in  the  eonstruction  of  air  pumps  and 
hydnuilic  valves.  They  are  also  extensively  used 
on  the  water  ends  of  piston  pumps.  These  liners  can 
!)e  mad?  of  standard  tul)in>r  where  the  diameter  does 
not  exceed  IG  in.  In  the  dcsipn  of  air  pumps  for  con- 
denser -ervicc,  where  the  pump  is  driven  by  a  project- 
ins  bracket  of  the  main  pump  (which  is  standard  prac- 
tice in  water-works  construction),  or  in  hydraulic 
valves,  where  the  stroke  or  lift  is  dependent  upon  the 
siz3  of  the  valve,  the  volume  of  the  cylinder  will  depend 
upon  its  diameter,  which  then  becomes  an  exact  dimen- 
sion not  obtainable  in  the  standard  sizes  of  tubing. 

Sh-^st  stock  can  be  advantageously  used  for  cylinders 
of  this  type,  the  diameters  being  limited  only  by  the 
length  of  the  sheet  obtainable.  The  cylinder  is  bored 
to  the  required  size,  with  an  allowance  for  the  thickness 
of  liner  .^tock,  which  should  be  at  least  i  in.  thick  for 
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FIGS.    1    TO    5.   VARIOUS    TYPES    OF   COMPOSITION"    LINERS 

cylinders  over  20  in.  in  diameter  and  in  no  case  less 
than  y',;  i"-  The  sheet  is  then  rolled,  as  shown  by  Fig. 
1,  in  the  direction  of  its  length  to  a  diameter  that  will 
permit  it  to  fit  freely  but  snugly  into  the  cylinder.  The 
ends  of  the  sheet  must  not  touch  after  rolling,  but 
should  be  open  from  J  to  S  in.  for  cylinders  from  18  to 
40  in.  in  diameter.  If,  after  rolling,  the  edges  touch 
or  are  not  parallel,  they  can  be  planed  or  milled. 

The  liner  is  then  dropped  into  the  cylinder  and  stayed 
by  clamps,  as  shown  in  Fig.  2,  from  three  to  six  equi- 
distantly  spaced  clamps  being  used,  the  number  depend- 
ing on  the  size  of  the  cylinder.  The  entire  inside  sur- 
face is  then  peened  to  bring  the  metal  in  close  contact 
with  the  cylinder  wall  and  to  close  the  space  between 
the  ends  of  the  liner.  The  peening  operation  is  started 
opposite  the  slot  and  worked  from  the  center  to  the 
ends,  the  clamps  being  removed  to  new  positions  to 
permit  peening  under  them.  WTien  the  edges  of  the 
sheet  touch,  the  clamps  may  be  removed  altogether. 
The  final  blows  of  the  hammer  cold-weld  this  seam,  mak- 


liiK  it  tijrht  and  nearly  invisible.  A  finish  cut  is  neces- 
;^ary,  and,  if  the  penning  ha.s  been  evenlv  and  mrefully 
done,  no  more  than  ,,'.,  in.  of  metal  need  be  removed. 

Another  method  of  using  the  she^t-stock  liner  is 
sho\<'n  by  Fig.  .'}.  After  the  liner  is  rolled  to  the  cor- 
rect diameter,  the  edges  are  planed  taper  to  receive  a 
wedge  of  the  same  stock.  This  wedge  is  about  1  I  in. 
wide  and  tapered  about  ,'„  in.  per  foot  of  length.  After 
(he  liner  is  i)laccd  in  the  cylinder,  the  v;edge  is  drive  ' 
home,  forcing  the  liner  against  the  cylinder  wall,  after 
which  it  is  peened  all  over  as  in  the  first  case.  This 
method  involves  more  machine-  but  less  floor-work  than 
with  the  single  piece.  Two  seams  are  not  an  objection 
as  they  are  tight  and  the  clamps  are  dispensed  with. 

The  use  of  sheet  stock  insures  contact  between  the 
inner  cylinder  wall  and  the  outer  surface  of  the  tube, 
for  the  peening  operation,  after  the  edges  of  the  liner 
touch,  increi.'.'^es  the  diameter  to  a  much  greater  toler- 
ance than  could  possibly  be  allowed  for  a  press  fit  where 
the  liner  is  cast  in  tube  form  and  turned  up.  For  in- 
stance, if  0.001  in.  excess  diameter  were  allowed  for 
drive  in  a  cylinder  25  in.  in  diameter  by  40  in.  stroke 
the  liner  would  probably  buckle  in  driving  it  home, 
owing  to  the  friction  set  up  by  its  length,  and  it  is 
usual  to  allow  nothing  at  all  for  drive,  but  to  turn  the 
liner  to  the  exact  bore  of  the  cylinder;  there  is,  there- 
fore, no  pressure  exerted  by  the  liner  at  right  angles 
to  the  cylinder  axis  irrespective  of  the  pressure  re- 
quired to  drive  it  home,  a  condition  that  is  conducive 
to  leaks  and  corrosion  of  cylinders  walls.  Sheet  stock  has 
the  further  advantage  of  high  tenacity  and  malleability. 

Owing  to  the  scarcity  of  both  tubes  and  sheet  stock 
during  the  war,  cast  liners  were  often  used  with  good 
results,  although  perfect  castings  are  difllicult  to  make 
even  when  cast  '  in.  thick,  because  of  the  uneven  pro- 
portion between  the  thickness,  diameter,  and  length 
and  the  excessive  shrinkage  of  composition  stock. 

Fig.  4  .shows  the  construction  of  two  36  x  80-in. 
hydraulic  valve  cylinders  made  for  the  St.  Louis  Water 
Department.  Both  cylinders  and  liners  are  cast  in  two 
sections  to  simplify  the  foundry  work.  A  male  and 
female  groove  is  turned  in  the  cylinder  sections  to  keep 
them  in  alignment.  The  liners  were  cast  in  a  vertical 
position  and,  having  a  thickness  of  y^v  in.  when  finished, 
were  forced  into  the  cylinder  sections. 

Fig.  5  shows  the  method  of  lining  fifteen  26  x  42-in. 
cylinders  also  used  for  valves;  in  this  case  the  cylinders 
were  cast  in  one  piece,  but  the  liners  were  made  up  in 
three  sections  as  shown;  they  were  cast  \  ir.  thick, 
finished  to  y\  in.,  turned  to  a  diameter  that  would  per- 
mit them  to  fit  freely  into  the  cylinder  and  peened  all 
over  to  insure  contact  with  the  cylinder  wall.  The 
edges  were  beveled,  as  shown,  about  b\  in.  to  insure  a 
light  joint  next  the  iron.  This  bevel  was  closed  by  the 
peening  operation,  and  after  the  finish  cut  was  taken  no 
joints  were  visible.  These  sections  were  also  cast  ver- 
tical, and  their  comparatively  small  size  permitted  rapid 
production  both  in  the  foundry  and  shop  without  the 
use  of  special  and  heavy  apparatus  necessary  for  the 
single  tube.  There  was  also  an  improvement  in  the 
quality  of  the  castings. 
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The  Mobile  Boiler  Explosion 

THE  Mobile  explosion  described  on  page  432 
et  seq.  is  one  of  the  most  notable  of  recent  years. 
Althoug-h  but  two  boilers  apparently  exploded  and  only 
four  were  thrown  from  their  settings,  the  toll  in  lives 
and  property  of  the  explosion  and  the  fires  which  fol- 
lowed was  greater  than  that  which  has  resulted  from  ex- 
plosions in  which  more  boilsrs  were  involved. 

Out  of  the  tanglsd  mass  of  drums,  tubes  and  head- 
ers yielded  up  by  the  debris  it  is  possible  to  deduce  the 
fact  that  two  of  the  boilers  were  ruptured  in  such  a 
way  that  either  might  have  been  the  source  of  the 
trouble.  A  Heine  failed  by  breaking  off  the  rear  drum 
head  and  the  back  water-leg  through  the  upper  line  of 
tube-  and  hand-holes,  and  splitting  the  drum  longi- 
tudinally through  the  solid  sheet.  A  Stirling  failed 
by  blowing  out  the  closed  end  of  its  mud  drum 
by  one  of  those  circular  fractures  around  the  crown 
of  the  flange  about  which  there  has  been  so  much 
discussion  and  which  have  shared  with  the  lap- 
joint  crack  the  responsibility  for  a  number  of  the  re- 
cent serious  accidents.  The  Heine  had  been  in  operation 
about  fifteen  and  the  Stirling  about  twenty-two  years. 

Which  rupture  occurred  first?  Which  was  responsi- 
ble for  the  wreck  of  the  other?  These  are  questions 
that  are  likely  never  to  be  answered  positively,  for  the 
clearing  up  was  promptly  commenced,  and  the  location 
to  which  some  of  the  boilers  and  fragments  were  pro- 
jected cannot  be  determined. 

If  the  explosion  had  been  general,  the  finding  of  such 
a  positive  proof  of  rupture  as  the  disk  from  the  Stirling 
drum  head  would  seem  to  fix  the  initial  fracture.  The 
fact  that  only  one  Heine  exploded,  and  this  with  con- 
siderable violence,  gives  plausibility  to  the  claim  that  it 
may  have  been  the  first  to  explode  and  that  the  shock 
caused  the  blowing  out  of  the  weakened  end  of  the 
Stirling  drum.  The  direction  taken  by  the  Stirling 
supports  this  view,  although  No.  6  might  have  landed 
where  shown,  by  exploding  against  No.  5  and  the  latter 
then  have  been  projected  to  its  location  by  the  subsequent 
explosion  of  the  Heine.  The  two  closed  heads  of  the  Stir- 
ling drum  were  in  line  with  each  other  in  the  partition 
wall.  The  head  from  No.  5,  which  should  have  received 
the  impact  of  that  from  No.  6  if  the  latter  blew  out  while 
the  drum  was  still  in  place,  was  found  uninjured,  but 
we  do  not  know  where.  It  would  have  been  shielded 
from  direct  impact  by  the  division  wall.  The  location  of 
the  disk  from  No.  6  would  be  enlightening  if  it  could 
be  determined. 

The  water  in  a  boiler  at  one  hundred  and  sixty  pounds 
pressure  has  a  temperature  of  over  three  hundred  and 
seventy  degrees.  When  the  pressure  is  reduced  to  that 
of  the  atm.osphere,  about  fifteen  per  cent,  of  the  water 
flashes  into  steam  with  an  instantaneous  swelling  of  the 
contents  to  the  full  capacity  of  the  containing  vessel, 
with  a  water-hammer  result  similar  to  that  which  would 
be  pi'oduced  by  filling  the  boiler  completely  with  water, 
putting  a  loosely  fitting  plug  into  the  steam  nozzle  and 
dropping  the  hammer  of  a  pile  driver  on  it.    The  explo- 


sion of  seven  Heine  boilers  at  St.  Louis  in  1904  was  evi- 
dently caused  in  this  way.  The  breaking  of  a  steam 
main  released  the  pressure  suddenly,  and  the  seven 
boilers  were  scattered  over  a  wide  area.  The  destruc- 
tion of  one  of  the  boilers  was  much  more  complete  than 
that  of  the  rest.  It  was  rent  and  torn,  not  through  the 
seams  and  the  obviously  weakest  points,  but  through 
the  solid  sheet  in  the  back  end  of  the  main  drum. 

The  exploded  Heine  boiler  in  this  case  has  evidently 
been  subjected  to  some  such  violent  action.  The  drum 
is  torn  through  the  solid  sheet  and  the  magnitude  of  the 
forces  involved  is  evidenced  by  the  enlargement  of  many 
of  the  stay-bolt  and  other  holes. 

The  question  of  the  possible  failure  of  the  Heine 
boiler  from  excessive  pressure  is  raised.  The  record- 
ing pressure  gage  upon  the  system  shows  a  pressure  of 
a  little  over  one  hundred  and  sixty  pounds  at  the  time 
of  the  explosion.  There  was  one  or  more  automatic 
return  valves  in  the  steam  line,  but  information  as  to 
whether  the  arrangement  was  such  that  its  sticking 
would  allow  an  excessive  pressure  to  build  up  in  one  or 
more  of  the  boilers  is  not  at  hand. 

Whether  the  Stirling  went  first  or  not,  it  had  in  its 
weakened  head  the  possibility  of  failure  at  any  time. 
This  is  no  discredit  to  the  boiler  which  had  twenty-two 
years  of  service  to  its  credit,  but  to  the  setting  of  the 
head  in  such  a  position  that  it  was  practically  inacces- 
sible for  inspection. 

We  shall  seek  further  information  and  present  it  as 
obtained.  In  the  meantime  our  readers  may  have  perti- 
nent knowledge  or  ideas,  which  are  solicited  for  our 
correspondence  columns. 

Reading  a  Watt-Hour  Meter 

TOO  often  is  the  important  matter  of  reading  a 
wattmeter  trusted  to  an  unskilled  or  careless  reader, 
who  reports  a  certain  amount  of  energy  used,  and 
the  customer  is  billed  or  the  department  charged  ac- 
cordingly. The  customer  pays  his  bill  without  protest 
with  the  result  that  neither  the  electric  company  nor 
the  user  is  any  the  wiser.  So  it  behooves  the  efficient 
operating  engineer  who  has  electrically  operated  ma- 
chinery, to  read  the  meter  and  satisfy  himself  that  he 
is  getting  all  the  energy  for  which  he  pays  or  that  he 
is  not  basing  operating  costs  on  a  low  cost  of  energy 
due  to  a  wrong  electric  bill. 

That  this  subject  is  of  vital  importance  is  shown  by 
the  fact  that  such  an  error  in  reading  was  the  basis  of 
an  extensive  lawsuit  involving  thousands  of  dollars.  An 
electric  company  supplied  energy  to  a  consumer  only  a 
few  miles  from  New  York  City,  and  made  an  incor- 
rect charge.  Each  month  they  forgot  to  multiply  the 
reading  by  a  constant  of  ten,  resulting  in  a  billing  to 
the  consumer  of  only  one-tenth  of  his  correct  bill.  The 
consumer  used  the  electric-energy  charge  in  computing 
the  cost  of  his  product.  When,  after  some  time,  the 
electric  company  discovered  its  mistake  and  billed  the 
customer  for  the  descrepancy,  payment  was  refused, 
which  resulted  in  a  lawsuit  and  a  dissatisfied  customer. 
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Tlu'  articlo  on  "Mow  t<i  ("nrroctly  Kciid  :i  Wiitt Hour 
.Meter"  in  this  issue,  is  not  iit  iiii  toohnical  and  treats 
the  subject  in  such  detail  that  this  .seemingly  compli- 
cated matter  is  rendered  easy  to  master.  It  deals  with 
the  difTerent  forms  of  watt-hour  meter  dials  used  by  va- 
rious maiuifiicturers,  tellinjr  what  the  various  markinjjs 
mean,  and  gives  simple  instructions  by  which  the  lav- 
man  can  readily  tell  how  much  electric  energy  he  has 
used  and  how  much  his  bill  will  be. 

UniltMl   Slairs  Mtrale 
Plant   Niimhrr  IVo 

BKCINNING  in  this  issue  we  publish  the  first  of 
several  articles  descriptive  of  the  new  steam  sta- 
tion of  United  States  Nitrate  Plant  Number  Two  at 
Muscle  Shoals,  Alabama.  This  is  the  steam  station 
for  the  large  nitrate  plant  of  the  United  States  Govern- 
ment and  is  truly  one  of  ths  most  interesting  power  sta- 
tions ever  built.  As  pointed  out  in  the  article,  the  con- 
ditions on  which  the  engineers  based  their  design  are 
so  close  an  approach  to  the  ideal  that  one  must  hr.ve  this 
thought  in  mind  when  considering  the  performance  re- 
sults expected  by  all  who  know  the  plant  well. 

The  plant's  history  is  illuminating.  In  the  fall  of 
1017  the  United  States  War  Department  was  faced  with 
a  serious  problem:  The  supply  of  nitrogen  available 
for  the  manufacture  of  high  explosives  was  found  to 
be  a  small  fraction  of  the  amount  required  to  meet  the 
munitions  program  for  the  rapidly  increasing  army. 

In  modern  warfare  it  is  the  rate  at  which  ammunition 
is  used  that  wins  battles  and  wars.  In  the  war  on 
the  western  front  about  two  tons  of  ammunition  were 
used  for  each  soldier  killed,  captured  or  seriously 
wounded.  Increasing  the  rate  at  which  ammunition 
was  sent  to  the  front  would  perhaps  have  saved  one 
soldier  for  each  extra  two  tons  of  ammunition.  It 
was  then  a  question  of  speed  of  munitions  manufacture 
against  men.  Upon  the  Production  Division  of  the 
Ordnance  Department  was  placed  the  serious  and  dif- 
ficult responsibility  of  obtaining,  without  fail,  an  enor- 
mous quantity  of  high  explosives  to  meet  a  tremendous 
military  program. 

Every  military  explosive  is  a  nitrogen  compound 
made  from  nitric  acid  or  ammonia,  or  both.  Military 
explosives  are  of  two  classes — propellants  for  hurling 
projectiles  and  high  explosives  for  bursting  the  shells 
or  bombs.  The  high  explosives  used  are  TNT  (trini- 
tro-toluol)  made  from  toluol  and  nitric  acid;  picric  acid, 
made  from  benzol  and  nitric  acid;  and  ammonium  ni- 
trate, made  from  ammonia  and  nitric  acid.  It  was  the 
shortage  of  these  high  explosives  that  threatened  to 
hold  up  the  munitions  program. 

Toluol  and  benzol  were  obtainable  only  in  small 
quantities  as  byproducts  of  the  coking  of  coal.  The 
entire  production  could  furnish  only  a  small  fraction 
of  the  requirements.  The  cost  of  TNT  and  picric  acid 
was  about  two  and  one-half  times  the  cost  of  ammonium 
nitrate  from  ordinary  sources;  therefore  the  Ordnance 
Department  preferred  to  increase  the  supply  of  am- 
monium nitrate  to  mix  with  the  TNT. 

The  only  existing  sources  of  ammonia,  however,  were 
the  b\T3roduct  coke  ovens  and  gas  works.  The  capacity 
of  ovens  had  already  been  doubled  since  the  beginning 
of  the  war.  The  cost  of  construction  had  risen  to  about 
two  and  one-half  times  normal.  To  furnish  the  amount 
of  ammonia  needed,  another  doubling  of  capacity  would 
have  been  required,  so  that  the  final  outlay  would  prob- 


ably have  been  several  hundred  million  dollars.  The 
period  re<iuired  for  the  construction  would  undoubtedly 
have  postponed  the  entire  military  program. 

To  get  the  other  material  re(|uired  namely,  nitrate 
of  soda-  would  have  j)laccd  additional  heavy  demands 
upon  the  supply  of  ships,  already  seriously  reduced  by 
the  submarine  campaign.  The  conversion  of  the  nitrate 
to  nitric  acid  would  have  required  concentrated  sul- 
phuric acid,  ton  for  ton,  and  the  sulphuric-acid  sup- 
ply was  far  behind  the  requirements.  All  these  large- 
scale  operations,  the  building  of  ovens,  the  coking  of 
great  additional  tonnages  of  coal,  the  hauling  of  the 
ammonia  Ii(iuors,  the  nitrate  and  the  sulphuric  acid 
would  have  placed  a  stupendous  burden  upon  the  al- 
ready overloaded  railroads. 

In  this  emergency,  in  the  fall  of  1017,  the  American 
Cyanamid  Company,  on  invitation,  laid  before  the  Ord- 
nance Department  a  plan  for  the  manufacture  of  am- 
monium nitrate  from  the  common  materials,  limestone, 
coal,  coke  and  air.  One  or  more  plants,  each  complete 
in  itself,  could  be  built  within  twelve  months,  to  sup- 
ply the  entire  quantity  of  ammonium  nitrate  desired, 
and  at  less  than  one-half  the  prevailing  cost. 

The  practicability  of  producing  amm.onia  and  nitric 
acid  from  the  air  for  the  manufacture  of  explosives 
had  indeed  already  been  a  subject  of  investigation  by 
the  Nitrate  Supply  Committee  of  the  War  Department. 
A  plant  using  a  modified  Haber  proce.ss  was  under  con- 
tract to  be  erected  at  Muscle  Shoals,  Alabama,  with  a 
capacity  equal  to  22,000  tons  of  ammonium  nitrate  per 
annum.  This  plant,  known  ofl^cially  as  United  States 
Nitrate  Plant  No.  1,  was  being  built  under  a  Congres- 
sional appropriation  of  twenty  million  dollars  made 
about  a  year  and  a  half  previously.  Several  other  new 
processes  also  were  to  be  tested  here.  Inasmuch,  how- 
ever, as  none  of  the  processes  to  be  used  at  Plant  No. 
1  had  ever  operated  commercially,  and  would  not  there- 
fore be  fully  depended  upon,  the  Ordnance  Department, 
with  its  tremendous  responsibility,  was  unwilling  to 
consider  the  extension  of  any  of  these  processes  as  a 
solution  of  its  problem. 

Fortunately,  the  dependability  of  every  step  in  the 
cyanamid  processes  had  already  been  proved  by  actual 
commercial  operations  over  a  period  of  years. 

At  the  request  of  the  War  Department,  the  American 
Cyanamid  Company  formed  a  subsidiary  corporation, 
knowm  as  the  Air  Nitrates  Corporation,  to  act  as  the 
agent  of  the  United  States  Government  for  the  con- 
struction and  operation,  under  the  cyanamid  processes, 
of  a  plant  at  Muscle  Shoals,  Alabama,  to  produce  110,- 
000  tons  of  ammonium  nitrate  per  annum.  This  plant 
is  known  as  United  States  Nitrate  Plant  No.  2.  Con- 
struction was  determined  upon  November  16,  1917.  The 
first  carload  of  material  was  delivered  December  20,  and 
the  first  ground  was  broken  February  16,  1918.  More 
than  thirty  thousand  men  were  employed  on  construc- 
tion at  its  peak. 

The  plant  began  operating  October  23,  1918,  eight 
months  after  ground  was  broken.  The  site  occupies  2200 
acres,  including  a  permanent  village  built  to  accommo- 
date twelve  thousand  people.  The  additional  plants,  each 
with  one-half  the  capacity  of  the  Muscle  Shoals  plant, 
were  also  contracted  for  in  July,  1918,  to  be  built  and 
operated  for  the  Government  by  the  Air  Nitrates  Cor- 
poration. Work  on  these  plants  was  abandoned  after 
the  signing  of  the  armistice.  In  a  little  over  one  year 
of  actual  construction  work,  therefore,  the  country 
would   have    acquired    a    cyanamid-nitrates   production 


March  25,  1919 


POWER 


463 


equal  to  the  total  production  of  ammonia  from  all 
sources  in  this  country  at  the  time  construction  was 
decided  upon. 

While  the  station  embodies  the  most  modern  prac- 
tice in  every  respect,  the  reader  should  have  before 
him  the  thought  that  the  ideal  conditions  encountered 
have  influenced  design  accordingly.  Economizers  were 
not  installed  although  provision  has  been  made  for  their 
convenient  installation,  should  conditions  warrant  them. 
The  house  turbines  are  operated  noncondensing,  and 
practically  all  auxiliaries  and  the  service  pumping  sta- 
tion are  electrically  driven,  realizing  the  high  efficiency 
of  this  form  of  drive. 

Original  plans  called  for  a  plant  of  90,000  kilowatts — 
one  60,000-kilowatt  and  one  30,000-kilowatt  turbine  of 
the  reaction  type.  The  former  is  installed  and  the  latter 
may  be  put  in  at  some  future  date.  The  large  unit  is 
of  the  cross-compound  triple-cylinder,  multiple-expan- 
sion parallel-flow  type,  60-cycle,  three-phase  12,000  volts, 
60,000  kilowatts,  at  eighty-five  per  cent,  power  factor. 

The  coal  factor  at  this  plant  will  likely  be  one  of  the 
lowest  had  anywhere;  in  fact,  some  of  those  closely  as- 
sociated with  the  station  believe  that  it  will  be  down 
near  one  pound. 

The  Appalachian  Power  System 

THE  South  owes  much  of  its  development  in  recent 
years  to  cheap  power.  Fortunately,  it  abounds  in 
water  power,  and  cheap  power  is  one  of  the  vital  natural 
assets  in  the  industrial  growth  of  a  country  or  section 
of  country.  One  need  but  call  to  mind  Lowell,  Holyoke, 
Augusta,  Cohoes  and  Niagara  to  convince  oneself  how 
vital  is  cheap  power. 

Of  the  recent  water-power  developments  in  the  South, 
those  of  the  Appalachian  Power  Company  are  interest- 
ing. This  company  owns  several  water-power  sites,  two 
of  which  have  been  developed.  Deserving  of  special 
attention  is  the  system  of  interconnection  which  it  is 
effecting  in  Virginia  to  furnish  power  for  the  coal 
mines,  utilities  and  industrial  plants  in  the  southwest- 
ern part  of  Virginia  and  the  eastern  part  of  West  Vir- 
ginia. In  addition  to  the  hydro-electric  plants  which 
were  installed  in  1911  and  1912,  there  has  just  been 
completed  a  modern  steam-turbine  station  of  twenty 
thousand-kilowatt   capacity    at    Glen    Lyn. 

The  interconnection  between  this  company  and  the 
Norfolk  &  Western  Railway  and  the  Roanoke  Electric 
Railway  and  Electric  Company  greatly  facilitated  the 
operating  problems  of  last  year,  when  efforts  were  being 
put  forth  to  keep  the  mines  operating  at  full  capacity. 
The  United  States  Navy  derives  practically  all  its 
coal  from  this  section,  which  produces  the  finest  steam 
coal  in  the  country.  It  was  especially  valuable  during 
the  war  for  the  use  of  the  Navy,  because  the  smoke 
produced  was  much  less  than  with  any  other  coal  and 
the  visibility  of  boats  using  it  was  therefore  much  less. 

During  the  period  of  great  industrial  activity  brought 
about  by  the  war,  there  was  in  this  country  a  serious 
shortage  of  power,  and  this  condition  will  again  prevail 
unless  steps  are  taken  to  start  new  developments  with- 
out delay.  The  failure  of  the  last  Congress  to  pass  the 
water-power  bill  and  to  appropriate  the  money  asked 
for  by  Secretary  Lane  for  the  purpose  of  defraying  the 
expenses  of  a  survey  of  the  power  situation  on  the 
Atlantic  Coast  is  greatly  to  be  deplored,  and  strong  ef- 
forts should  be  made  by  those  interested  to  educate  the 
next  Congress  in  order  to  have  this  legislation  passed. 


Although  the  hydro-electric  plants  of  the  Appalachian 
Power  Company  were  built  several  years  ago,  the  sys- 
tem as  a  whole  represents  some  unusual  features.  The 
units  are  the  most  efficient  that  have  ever  been  tested 
and  reached  the  high  figure  of  93.9  per  cent.  The  new 
steam  station  is  improved  in  every  respect,  and  high 
efficiencies  are  predicted  for  it.  As  stated  in  the  article, 
simplicity  was  the  keynote  of  the  design. 

The  chief  data  covering  both  the  hydro-electric  and 
the  steam  stations,  arranged  for  convenient  filing  and 
reference,  are  given  in  the  article. 

Operation  at  Holtwood 

THERE  begins  in  this  issue  the  first  of  several  articles 
dealing  with  operation  in  the  large  hydro-electric 
station  at  Holtwood  on  the  Susquehanna  River.  The 
articles  treat  of  the  important  features  of  operation, 
including  training  of  the  power-plant  crews,  governor 
regulations,  governor  and  general  hydraulic  mainte- 
nance, inspection  methods,  lubrication  of  submerged  pins 
in  the  governor-operating  mechanism,  maintaining  high 
station  efficiency,  care  o|  the  main  transformers,  han- 
dling ice  situation,  report  and  record  forms  at  Holtwood. 

These  articles  should  be  well  received — first,  because 
of  the  deep,  broad  interest  in  water  power,  so  much  of 
which  is  still  undeveloped  on  this  continent,  and  second, 
because  they  deal  with  operation  as  practiced  in  one 
of  the  leading  stations  in  this  country.  There  is  a 
third  reason  why  they  should  be  widely  read;  namely, 
articles  dealing  with  hydro-electric  operation  are  per- 
haps among  the  scarcest  things  in  engineering  litera- 
ture. Search  the  bibliographies  and  one  will  be  sur- 
prised at  the  paucity  of  such  engineering  literature.  It 
should  not  be  so.  Ours  is  a  country  that  abounds  in 
water  power.  The  war  and  the  woeful  shortage  of 
power  and  coal  which  it  precipitated  brought  home  to 
the  country  as  nothing  else  could,  the  need  of  turning  to 
commercial  use  the  hundreds  of  thousands  of  horse- 
power of  water  energy  as  yet  unharnessed.  If  the  de- 
velopments are  to  operate  most  successfully,  there  must 
be  available  to  the  engineers  who  operate  them  and  to 
the  young  men  who  later  will  operate  and  design  them 
literature  which   they   can   use  as   a  tool. 

To  get  it  a  technical  paper  must  send  its  editors  to 
the  plant.  This  is  and  has  been  the  condition.  It  should 
not  be  so.  There  are  volumes  of  valuable  technical  data 
in  the  files  of  consulting  hydro-electric  engineers  and 
others ;  the  chief  operators  and  their  assistants,  isolated 
in  the  mountains  as  they  usually  are,  could,  if  they 
would,  make  worth-while  contributions  to  their  techni- 
cal literature.  The  builders  of  hydro-electric  plant 
equipment,  particularly  builders  of  the  hydraulic  ma- 
chinery, have  shut  themselves  in  too  closely  for  their 
own  and  the  profession's  good.  The  time  is  propitious 
for  a  widening  out  of  hydro-electric  literature.  It  is 
hoped  the  present  articles  will  overcome  the  inertia  and 
that  the  opinions  and  practices  of  men  in  this  grov/ing 
field  will  find  wider  expression. 


The  average  steam  plant  is  of  the  most  simple  de- 
sign, and  many  of  the  devices  found  in  the  larger 
modern  stations  are  not  included  in  their  equipment. 
The  object  of  the  supplement  to  this  issue  is  to  show 
the  application  of  some  of  the  apparatus  and  specialties 
that  go  to  make  up  a  modern  steam-power  plant.  No 
attempt  has  been  made  to  incorporate  all  the  apparatus 
that  is  to  be  obtained,  but  the  most  essential  equipment. 
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At  about  n  a.m.,  Jan.  2,  a  boiler  in  a  plant  at  the  edge 
of  the  bii.^iiies.s  district  of  Salt  Lake  City,  Utah,  ex- 
ploded, but  little  damage  wa.s  done  to  the  setting  or 
connection?. 

The  night  watchman  had  been  required  to  get  the 
boiler>A  ready  for  the  fireman.  Although  the  engineer 
had  taken   pains  to   instruct   the   watchman  as   to   the 
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DISTORTED    PLATES    DUE    TO    OVERHEATING    UNDER 
PRESSURE 

duties  and  had  pointed  out  the  necessity  of  being  care- 
ful regarding  the  water,  the  latter  in  some  way  made 
a  serious  mistake  in  assuming  that  the  boiler  was  full  of 
water,  so  he  opened  the  blowoff  valve,  and  when  the 
water  level  appeared  to  be  at  two  gages,  he  closed  the 
valve  and  started  a  fire  in  the  furnace. 

The  setting  housed  two  72-in.  return-tubular  boilers. 
The  fires  had  been  banked  the  evening  before,  and  about 
GO  lb.  pressure  was  on  the  boiler.  Some  time  after  the 
fires  had  been  started,  there  was  a  loud  report  and  fire 
and  ste^m  began  blowing  from  the  furnace  of  one 
boiler.  The  engineer  was  called,  but  by  the  time  he 
arrived  Aie  pressure  had  been  relieved  and  all  was  quiet. 

It  is  evident  that  the  watchman  had  not  ascertained 
the  true  level  of  the  water,  which  was  low.  He  blew  out 
nearly,  if  not  all,  that  was  in  the  boiler  through  the 
blowoff  line  and  the  steam  from  the  other  boiler,  not 
being  prevented  by  a  nonreturn  valve,  produced  an  ex- 
cess pressure  on  the  rapidly  heating  plates  until  the 
bagging  drew  the  plates  so  thin  they  could  not  with- 
stand the  pressure,  and  a  rupture  followed  in  the  first 
sheet  directly  over  the  fire.  The  second  and  third  sheets 
were  also  badly  bagged. 

The  first  sheet  appeared  to  be  down  about  10  in.,  the 
second  8  in.  and  the  third  about  6  in.,  and  between  the 
first  and  second  sheets  the  girth  seam  was  raised  about 
3  in.  The  tubes  were  badly  warped  and  twisted.  New 
plates  are  to  be  put  on  while  the  boiler  remains  in  place. 
The  dotted  line  in  the  illustration  gives  some  idea  of 
the  appearance  of  the  bottom  of  the  boiler.  The  rup- 
ture was  from  A  to  B,  making  a  ragged  opening  12  in. 
long  and  about  11  in.  at  the  widest  place.  The  thickness 
of  the  plate  was  less  than   i',;  in.  around  the  hole. 

Salt  Lake  City,  Utah.  William  E.  Piper. 


Following  is  a  de.scription  of  a  repair  job  to  a  saw- 
mill "nigger,"  or  log  canter.  The  sawyer  had  allowed 
the  piston  in  one  of  the  cylinders  to  overtravel.  result- 
ing in  a  broken  cylinder  head  and  the  piston  going  out 
far  enough  to  allow  the  rings  to  open.  When  an  at- 
tempt was  made  to  put  the  piston  back,  the  rings  broke 
and  became  wedged  between  the  cylinder  and  th"  pi.ston, 
cracking  the  cylinder  for  about  two-thirds  of  its  length. 
There  being  no  spare  cylinder,  the  mill  had  to  shut 
down. 

We  sent  to  the  manufacturers  for  a  new  cylinder, 
but  could  not  get  delivery  for  several  weeks.  The  ques- 
tion was  how  to  make  repairs.  The  "nigger"  was  dis- 
mantled and  the  cylinder  sent  to  be  welded,  but  word 
came  back  that  the  job  could  not  be  done.  In  the 
meantime  the  mill  foreman  had  been  hunting  around 
town  for  a  substitute  cylinder  and  discovered  a  sec- 
tion of  an  old  steam-feed  cylinder  of  the  right  bore, 
but  six  feet  long,  or  one  foot  too  long  for  our  pur- 
poses, and  there  was  no  provision  for  bolting  the  valve 
to  the  cylinder. 

Fig.  1  gives  an  idea  of  where  the  break  occurred, 
and  Fig.  2  shows  how  the  new  cylinder  was  shortened 
and  provision  made  for  bolting  the  control  valve  to 
the  cylinder.  The  top  did  not  require  a  faced  surface, 
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FIG.     1.       CRACKED    CYLINDER.       FIG.     2— HOW    NEW 
CYLINDER     WAS     SHORTENED      AND     JOINT 
REINFORCED 

and  the  piping  at  the  left  of  Fig.  2  shows  how  the 
entering  steam  and  the  exhaust  were  taken  care  of  in 
the  top  end  of  the  cylinder,  the  pipes  being  coupled  to 
the  control  valve,  which  was  constructed  so  as  to  handle 
both  ends  of  the  cylinder. 

This  job  took  24  hours  and  the  cylinder  has  been 
working  for  several  months  without  giving  any  trouble. 

Vancouver,  B.  C,  Canada.  D.  J.  H.  Taylor. 
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Theories  of  the  Mobile  Explosion 

Careful  investigation  of  the  premises,  available  parts 
of  the  boilers  and  the  verbal  evidence  of  others  seem  to 
make  it  practically  certain  that  in  the  case  of  the 
Mobile  boiler  explosion  the  initial  rupture  occurred  in 
the  No.  6  Stirling  boiler.  The  evidence  is  incontrovert- 
ible that  the  lower  head  of  this  boiler  vi^as  very  greatly 
reduced  in  thickness  through  corrosion,  that  there  was 
not  sufficient  dish  for  the  diameter  and  pressure,  and 
that  the  inevitable  breathing  action  had  weakened  the 
material  at  the  point  of  change  in  curvature  from  a  dish 
to  a  flange,  so  that  a  crack  had  developed  around  a 
large  proportion  of  the  circumference.  The  shape  and 
characteristics  of  the  blown-out  head  substantiate  this 
statement. 

At  the  time  of  our  examination,  five  or  six  days  after 
the  accident  took  place,  the  lower  drum  out  of  which 
the  head  had  been  blown  could  not  be  located,  having 
evidently  been  cleaned  up  with  other  debris  and  taken 
away.  It  is  impossible  therefore  to  say  where  it  finally 
came  to  rest.  It  is  quite  evident,  however,  from  the  ap- 
pearance of  the  wreckage  that  the  parts  of  this  boiler 
had  been  widely  separated,  and  it  is  probable  that  the 
tubes  in  violently  discharging  their  contents  after  the 
sudden  release  of  pressure  through  the  failure  of  the 
head,  blew  the  several  upper  drums  upwardly  and,  of 
course,  tearing  away  the  steam  main.  Failure  of  the 
steam  main  suddenly  released  the  pressure  on  the  other 
boilers  which  were  tied  into  the  same  line,  which  would 
naturally  tend  to  cause  explosive  action  in  the  interior 
of  each  one  of  such  boilers;  and  it  is  quite  likely,  al- 
though not  susceptible  of  absolute  proof,  that  this 
gunlike  action  of  the  tubes  of  No.  5  Stirling  boiler 
violently  separated  the  several  drums  of  that  boiler  al- 
though without  rupturing  any  of  them.  None  of  them 
showed  any  such  deterioration  as  the  failed  head  of 
No.  6. 

The  reduction  in  pressure  due  to  the  failure  of  the 
steam  main,  which  probably  tore  loose  the  connections 
to  No.  4  Heine  boiler,  caused  an  action  in  the  interior 
of  those  boilers  similar  to  that  described  above  in  con- 
nection with  the  Stirling  boilers.  In  one  of  the  Heine 
units  this  action  was  sufficiently  violent  to  loosen  the 
whole  of  the  tubes,  thereby  forcing  the  two  water-legs 
apart.  These  water-legs,  however,  being  held  strongly 
together  at  the  top  edges  by  means  of  the  shell,  bent 
sharply,  and  in  the  case  of  the  rear  one  the  force  was 
sufficient  to  tear  the  water-leg  in  pieces,  pulling  out  the 
drum  head  and  also  starting  a  rupture  which  tore  the 
shell  considerably  at  the  forward  end. 

With  but  minor  exceptions  of  such  a  nature  that  no 
inherent  weakness  could  be  attributed  thereto,  the  metal 
throughout  showed  excellent  characteristics  as  to  ductil- 
ity. 

The  tremendous  amount  of  energy  freed  is  shown  by 
the  uniform  enlargement  of  many  of  the  stay-bolt  and 
other  holes.  The  consistency  of  the  design  of  the  details 
is  very  marked  from  the  way  in  which  failures  of  the 
various  parts  took  place.  In  the  case  of  a  riveted  joint 
there  was  evidence  of  failure  by  combined  rivet  shear, 
crushiiag  of  metal  and  tearing  of  net  metal  between 
rivets.  In  the  case  of  throat  stays  they  broke  in  the 
shank,  both  through  and  outside  of  the  rivet. 

None  of  the  lap-riveted  joints,  with  the  exception  of 
the  oner  header  which  was  pulled  out,  failed,  the  metal 
in  fact  tearing  through  the  roundabout  joints,  leaving 
both  those  and  the  lap-riveted  longitudinal  joints  intact. 


The  other  Heine  unit  was  undamaged  so  far  as  in- 
ternal explosive  action  is  concerned. 

From  the  relative  locations  alone  of  the  various  parts 
of  the  several  boilers,  it  is  impossible  to  deduce  a  con- 
clusion with  any  certainty  as  to  whether  it  was  the 
Stirling  or  the  Heine  boiler  that  failed  first,  but  in 
view  of  the  known  weakness  of  the  lower  head  of  the 
drum  of  the  Stirling  boiler  and  known  failures  of  va- 
rious types  of  boilers  in  recent  years  from  exactly  the 
same  phenomena,  it  is  most  reasonable  and  practically 
beyond  peradventure  that  this  is  where  the  initial  fail- 
ure occurred. 

The  directions  in  which  the  drums  of  the  Stirling  boil- 
ers went  are  such  as  would  be  expected  from  the  failui-e 
of  the  lower  drum.  The  parts  of  the  exploded  Heine 
boiler  went  in  the  directions  that  would  be  expected 
from  the  way  in  which  that  boiler  exploded,  this  action 
being  substantially  in  line  with  the  longitudinal  axis 
of  the  boiler,  there  being  relatively  little  side  effort. 
That  the  force  was  in  this  direction  was  indicated  by 
the  position  of  the  unexploded  Heine  unit,  which  was 
more  to  the  front  than  to  the  side. 

The  analogy  to  the  failure  of  a  chain  at  its  weak- 
est link  is  applicable  in  this  case. 

The  statement  of  a  negro  fireman  who  claims  that  he 
saw  the  Heine  boiler  let  go  first  is  without  weight  be- 
cause it  was  impossible  for  him  at  the  point  where  he 
was  located  to  see  at  all  clearly  any  of  the  boilers,  and 
the  Stirling  boilers  not  at  all.  The  interval  of  time  be- 
tween the  two  explosions  was  unquestionably  entirely 
too  short  to  have  enabled  even  a  much  more  intelligent 
person  under  such  terrifying  conditions  to  have  gone 
through  the  mental  processes  necessary  to  analyze  the 
situation,  and  any  evidence  of  that  sort  must  unques- 
tionably be  regarded  as  incompetent.       E.  R.  FiSH, 

Secretary,  Heine  Boiler  Co. 

Phoenixville,  Penn. 


It  is  our  understanding  that  you  expect  to  publish 
an  account  of  the  unfortunate  boiler  explosion  which 
occurred  on  Feb.  21,  1919,  at  the  Mobile  Electric  Co., 
Mobile,  Ala. 

We  inclose  herewith  sketch'  which  shows  the  posi- 
tion of  the  various  boilers  before  and  after  the 
explosion.  As  marked  on  this  sketch  boilers  Nos.  4-A 
and  4-B  were  Heine,  and  Nos.  5,  6  and  7  Stirling.  The 
head  of  the  mud  drum  of  the  Stirling  boiler  No.  6, 
which  blew  out,  was  thinned  doWn  by  corrosion,  but 
being  a  blank  head,  this  thinning  down  was  difficult  to 
detect.  This  head  showed  a  marked  indentation,  which 
can  be  accounted  for  only  by  its  having  been  violently 
struck  by  something.  A  study  of  the  accompanying 
sketch  showing  the  position  of  the  various  boilers 
before  and  after  the  e.xplosion  shows  conclusively  that 
the  Heine  boiler  No.  4-B  exploded  first,  was  catapulted 
end  over  end  to  its  final  position,  and  in  doing  so 
forced  Heine  No.  4-A  into  its  final  position.  The  shock 
forced  Stirling  No.  5  toward  the  north  and  demolished 
the  battery  wall  between  Stirling  No.  5  and  Stirling 
No.  6,  and  in  so  doing  a  shock  was  transmitted  to  the 
head  of  the  mud  drum  of  Stirling  No.  6,  which  caused 
it  to  fracture.  Stirling  No.  6  was  thrown  to  its  final 
position,  and  the  combined  forces  of  the  explosion  of 
Heine  No.  4-B  and  Stirling  No.  6,  acting  from  differ- 
ent directions,  the  force  from  Heine  No.  4-B  being 
greater  than  that  from  Stirling  No.  6  caused  Stirling 


'.Substantially   the   same   as   the   map   in   Fig. 
Editor. 
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No.  f)  to  1)1'  fiirrii'd  up  n'ld  ovi'r  Stirliiijr  No.  (')  lo  the 
posit ioti   ill  which    it  wa.s   foijiul. 

IMiotoKi'iiph-s  of  the  i)nrts  of  Heine  No.  -l-H  and 
.■iliriiiiK  No.  G  show  that  the  rupture  of  the  Heine 
l)oiier  wa.s  much  jirreater  than  that  of  the  Stirling, 
which  confirm.^  the  conclusion  reached  in  the  jjrcccding 
paragraph.  If  the  initial  explo.sion  occurred  in  Stirling 
No.  6,  it  i.s  hardly  conceivable  that  Stirling  No.  5  would 
have  been  dainaKod  .so  slightly  a.s  has  been  found  to  be 
the  case. 

No  other  theory  will  account  for  the  final  position 
of  Stirlinij  No.  ^^,  the  drums  of  which  were  not  ruptured 
in   any   way. 

The  action  de.scrih.d  above,  as  having  caused  the 
head  of  Stirling  No.  6  to  rupture,  is  precisely  the 
one  that  took  place  at  the  time  of  the  torpedoing  of 
the  .steamship  "Kellog"  in  July,  1918. 

This  vessel  was  fitted  with  Babcock  &  Wilcox  marine 
boilers,  located  three  abrea.st  athwart.ship,  thereby  pre- 
senting the  outboard  drum  head  to  the  side  of  the  .ship. 
The  vessel  was  struck  by  a  torpedo  abreast  the  boilers 
on  the  port  side,  tearing  a  hole  in  the  ship's  side  20 
X  40  ft.  The  42-in.  drum  head  of  the  boiler  nearest 
the  point  struck  by  the  torpedo  received  the  shock 
which  caused  it  to  rupture  and  blow  out.  Parts  of  the 
ship  framing  were  driven  against  it  as  evidenced  by 
many  deep  indentations.  Owing  to  the  original  external 
blow  and  the  resultant  internal  action,  the  head  was 
blown  to  pieces.  The  head  at  the  other  (inboard)  end 
of  this  drum  was  badly  dented  inward,  from  its  impact 
with  the  boiler  next  to  it,  although  the  head  itself  did 
not  rupture.  The  boiler  on  which  the  drum  was  rup- 
tured was  shoved  toward  the  center  of  the  ship,  and 
the  two  other  boilers  were  moved  off  their  foundations 
toward  the  starboard  side  of  the  ship,  but  the  drums 
and  pressure  parts  of  these  two  other  boilers  were  not 
damaged. 

The  nature  of  the  explosion  was  identically  the  same 
in  both  the  Mobile  Electric  Co.,  and  on  the  "Kellog." 
At  the  Mobile  Electric  Co.,  Stirling  No.  5  was  forced 
toward  Stirling  No.  6,  and  the  mud  drum  of  Stirling 
No.  5  or  bricks  between  the  mud  drum  of  these  two 
boilers  caused  a  shock  to  be  transmitted  to  the  mud- 
drum  head  of  Stirling  No.  6,  indenting  it.  If  the  head 
of  Stirling  No.  5  had  been  weaker,  that  head,  rather 
than  that  of  Stirling  No.  6,  would  undoubtedly  have 
been  ruptured ;  in  the  shock  the  weaker  head  gave  way. 

A.  G.  Pratt. 
Second  Vice  President,  Babcock  &  Wilcox  Co. 

New  York  City. 

Siphon  Emptied  Reservoir 

During  the  winter  period  of  overhauling  in  a  Cali- 
fornia ice  plant  it  became  necessary  to  empty  the  large 
concrete  resei-voir  under  a  cooling  tower.  No  pumping 
apparatus  was  available  as  the  boilers  were  not  under 
pressure  during  the  shutdo^\^^  period.  It  was  therefore 
decided  by  the  engineer  in  charge  to  make  an  attempt 
to  siphon  the  water  back  into  the  well  from  which  it  had 
been  pum.ped. 

This  well  was  drilled  and  cased  with  an  8-in.  pipe, 
inside  of  which  a  2-in.  air  pipe  ran  to  furnish  air 
for  lifting  the  water.  A  temporary  connection  was 
made  from  the  air  line  to  the  bottom  of  the  reservoir, 
and  the  original  air  line  was  disconnected  from  the 
receiver  and  attached  to  the  suction  of  a  small  air  com- 
pressor.    A  few  tui'ns  of  the  compressor  by  hand  was 


Mufllcicnt  10  start  the  siphon  working,  and  the  w(•i^';ht 
of  the  100  ft.  colutnn  of  water  going  down  into  the  well 
instantly  pulled  the  vacuum-gage  hand  over  to  the  limit. 
In  a  few  hours  the  reservoir  wuh  empty 

The  reason  for  emptying  this  reservoir  was  to  enable 
the  engineers  to  dispen.se  with  long  individual  suction 
lines  to  several  pumps  that  had  been  installed  at  differ- 
ent times.  This  was  accomplished  in  the  following  man- 
r.er:  A  ditch  was  dug  on  a  level  with  the  bottom  of  the 
re.scrvoir  to  the  center  of  the  pumproom  floor,  and  a 
20-in.  cement  pipe  line  was  laid  with  suitable  tee  con- 
nections to  allow  an  individual  12-in.  well  to  be  brought 
up  to  the  base  of  each  pumping  unit.  This  allowed  each 
pump  suction  to  become  a  very  simple  affair — one  nip- 
ple, one  ell  and  an  8-ft.  length  of  vertical  pipe  extending 
down  into  each  well  so  that  all  leaks  and  deterioration 
could  be  taken  care  of  with  a  minimum  of  material  and 
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PIPING   TO   COOLIXG-TOT^'ER    RESERVOIR    SHOWIXG 
SIMPLE     PUMP    COXXECTIONS 


labor.  The  resistance  due  to  long  and  comparatively 
small  lines  with  several  ells  was  thus  eliminated.  The 
water  flowed  by  gravity  from  the  reservoir  to  the  pump 
wells  and  stood  in  each  well  at  a  level  only  slightly 
lower  than  that  of  the  reservoir  itself.  The  illustration, 
although  not  made  to  scale,  shov/s  the  features  men- 
tioned. 

If  this  idea  is  kept  in  mind  while  building  a  new 
plant  and  reservoir  for  possible  future  pump  installa- 
tions, valuable  time  and  material  maj'^  be  saved  when  the 
time  arrives  for  installing  additional  pumping  units. 

Pom-ona,  Calif.  Amon  J.  Fortner. 


Our  attention  has  been  called  to  the  similarity  in 
principle  between  the  device  described  by  J.  M.  Pur- 
cell  in  the  Feb.  2-5  issue  under  the  title  "Backing  Out 
Broken  Setscrew"  and  a  patented  device  made  by  the 
Cleveland  Twast  Drill  Co.  under  the  name  of  "Ezy-Out 
Screw  Extractor."  The  essential  difference  is  that  Mr. 
Purcell's  device  is  home-made,  from  bar  stock,  where- 
as the  patented  device  is  a  finished  product  made  with 
a  taper,  although  the  x)rinciple  is  the  same  in  both 
cases. — Editor. 
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yfGenei'al  interest 


Evidences  of  Leaky  Condenser  Tubes — How  does  leakage 
of  tubes  in  a  surface  condensei-  become  known?         L.  E. 

There  will  be  loss  of  vacuum  from  air  leakage  into  the 
condenser  and  an  excessive  delivery  of  water  to  the  hot- 
Tvell. 

Trouble  from  Liberation  of  Air  in  Suction  Pipe — What 
causes  trouble  from  air  in  pumping  with  a  suction  lift 
when  the  suction  pipe  is  tight?  W.  S.  G. 

Water  under  atmospheric  conditions  contains  about  2  pei- 
cent,  of  air  in  solution,  and  when  the  pressure  is  reduced 
the  air  expands.  Under  a  suction  lift  of  17  ft.,  if  given 
sufficient  time  the  air  would  expand  to  4  per  cent.,  and 
with  a  suction  lift  of  28  ft.  when  the  pressure  would  be 
reduced  to  an  absolute  pressure,  equivalent  to  6  ft.  head 
of  water,  the  air  would  expand  to  34  -^  6  X  2  =  11.3  per 
cent.  Ordinarily,  the  water  passes  through  a  suction  pipe 
so  quickly  that  there  is  not  sufficient  time  for  liberation 
of  so  much  air,  but  with  long  suction  pipes  trouble  from 
liberation  of  air  is  more  pronounced,  because  the  water 
is  under  reduced  pressure  for  a  longer  time. 

Cutting  Out  Defective  Transformer — If  three  single-phase 
transformers  are  connected  in  delta  on  the  high-tension 
side  and  on  the  low-tension  side  for  diametral  connection 
to  a  six-phase  rotary  converter,  in  case  one  transformer 
develops  trouble  can  this  unit  be  cut  out  and  the  converter 
still  be  operated  from  the  other  two  transformers  ?  If 
so  what  change  is  it  necessary  to  make  in  the  connections. 

R.  A.  C. 

The  converter  may  be  operated  on  only  two  of  the  trans- 
formers. The  disabled  unit  is  cut  out  of  circuit  on  both 
the  high-  and  low-tension  sides,  and  no  changes  are  made 
in  the  connections.  This  leaves  the  two  transformers  in 
service  connected  open  delta  on  the  high-tension  side.  The 
two  transformers  when  connected  in  open  delta,  will  be 
able  to  carry  only  58  per  cent,  of  the  load  of  the  three 
transformers  when  connected  closed  delta. 

Soldering  Armature-Coil  Leads  to  Commutator — What  is 
the  best  method  of  soldering  the  coil  leads  of  large  arma- 
tures to  the  commutator  ?  What  are  the  objections  to  using 
an  electric  arc  or  oxyacetylene  flame?  C.  W.  R. 

The  best  method  of  doing  the  soldering  on  the  commu- 
tator of  machines  of  any  size  is  to  use  a  soldering  iron.  A 
solder  consisting  of  50  parts  lead  and  50  parts  tin  will  have 
about  the  correct  melting  point.  The  flux  best  suited  for 
this  work  is  a  saturated  solution  of  alcohol  and  rosin.  There 
are  other  fluxes  that  may  be  used,  but  many  of  them  will 
be  injurious  to  the  insulation.  To  do  the  work  to  the  best 
advantage,  two  soldering  irons  are  required,  one  being 
heated  while  the  other  is  in  use.  The  use  of  an  oxy- 
acetylene flame  on  electric  arc  for  soldering  is  not  prac- 
tical on  account  of  the  temperature  being  too  high  and  too 
concentrated.  Furthermore,  a  flame  of  any  kind  used  for 
soldering  insulated  conductors  is  not  to  be  recommended, 
because  of  the  difficulty  that  will  be  experienced  to  protect 
the  insulation  from  burning. 

Initial  Steam  Pressure  Too  Low  for  Load — Two  boilers 
have  safety  valves  set  to  blow  at  100  lb.,  which  is  not  high 
enough  to  can*y  the  load  on  the  engine.  Another  boiler 
has  its  safety  valve  set  to  blow  at  150  lb.  How  can  some 
steam  be  taken  over  from  the  boiler  that  is  capable  of  carry- 
ing 150  lb.  to  help  out  the  others?  M.  F.  R. 

To  raise  the  pressure  of  the  100  lb.  steam  by  addition  of 
steam  at  higher  pressure,  it  would  be  necessary  to  perform 
the  mixing  intermittently  and  at  periods  when  there  is  no 
communication  between  the  mixing  chamber  and  the  source 
of  steam  at  the  lower  pressure.  The  process  would  need 
to  be  similar  to  admitting  steam  to  a  cylinder  with  cutoff, 
and  subsequently  admitting  steam  of  higher  initial  pressure. 
Under   ordinary   plant    conditions,   the    mechanical    require- 


ments would  be  too  complex  for  practical  application.  The 
usual  method  of  increasing  the  effectiveness  of  steam,  by 
addition  of  steam  at  higher  pressure,  is  to  perform  the  mix- 
ing by  adding  the  higher-pressure  steam  throttled  down  to 
the  lower  pressure,  as  by  a  pressure-reducing  valve,  and  use 
the  mixture  at  the  lower  pressure. 

If  the  engine  will  not  cut  off  late  enough  to  carry  the  load 
when  supplied  with  steam  at  100  lb.  pressure,  the  most  prac- 
tical method  would  be  to  cai-ry  100  lb.  pressure  on  all 
boilers;  or  if  that  is  not  feasible,  reinforce  the  100  lb.  steam 
with  steam  from  the  thii'd  boiler  passed  through  a  reducing 
valve  with  a  safety  valve  on  the  lower-pressure  side,  large 
enough  to  relieve  all  the  steam  the  higher-pressure  boiler 
is  capable  of  generating  at  the  lower  pressure  and  speed 
up  the  engine;  or  provide  large  enough  cylinder  capacity  to 
carry  the  load  with  steam  supplied  at  100  lb.  Othei-wise  it 
would  be  necessary  to  replace  the  present  100-lb.  boilers 
with  boilers  capable  of  supplying  steam  of  higher  pressure. 

Water-Sealed  Stuffing- Box — What  is  the  purpose  of  a 
water-sealed  stuffing-box,  and  how  is  it  constructed  ?      W.  R. 

Water-sealed  stuffing-boxes  are  used  for  piston  rods  of 
pumps  employed  to  obtain  a  high  vacuum,  to  prevent  leak- 
age of  air  into  the  pump  cylinder.  The  water  sealing 
consists  in  keeping  the  piston  rod  submerged  in  water  or. 


FIG.    1.      WATER-.SE.\LED   .STUFFING-BOX,   WITH    LANTERN 

the  atmosphere  side  of  a  piston-rod  packing.  An  ordinary 
stuffing-box,  provided  it  is  long  enough,  can  be  water- 
sealed  by  inserting  a  lantern  L,  Fig.  1.  As  shown  by  the 
sectional  view,  the  first  four  rings  of  the  stuffing-box  packing 
are  placed  in  the  box,  then  the  lantern,  then  two  more  rings. 


FIG.  2.     OPEN  WATER  BOX  FIG.  3.  BOX  .VND  LANTERN 

TYPES    OF    WATEH-SE.'VLED    STUFFING    BOXES 

The  lantern  acts  as  a  separator  of  the  sets  of  packing 
rings,  and  the  free  space  that  is  left  around  the  rod  is 
connected  to  the  discharge  chamber  of  a  water  pump  or 
other  source  of  water  supply.  This  prevents  air  from  leak- 
ing through  the  stuffing-box  when  the  latter  is  only  tight 
enough  to  prevent  leakage  of  water.  Fig.  2  shows  the  con- 
struction of  an  open  water  box  with  two  stuffing-boxes,  and 
Fig.  3  shows  a  modification  combining  features  of  Figs.  1 
and  2. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the 
communications  and  for  inquiries  to  receive  atten- 
tion.— Editor.1 
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riii'hiiir  lirriik   in  W  acliiisrll  Hydro-Elc^rtric  Plaiil 


AN  INTKRKSTIMC. 
wnterwlu'fl  failuro  oi-- 
i-urrt'(l  in  the  Wiu-hu- 
sott  station  of  tlu-  Mi-lro- 
))olitan  Wator  and  SoweraKO 
Hoard,  at  I'linton,  Mass., 
on  Fob.  17,  wliioli  was  do- 
scriliod  !)>•  William  K.  l''oss, 
I'liii'f  enjrinocr  of  tin-  board, 
in  a  pa|)or  before  the  New 
Enpland  Water  Works  As- 
.sociation  Mar.  12.  The 
Wachusett  station,  a  hydro- 
clcitric  plant  of  400b-kw. 
ratintr,  which  is  operated 
in  connection  with  the  sup- 
ply of  water  to  the  Greater 
Boston  system,  is  located 
just  below  the  Clinton  dam. 
The  hydro-electric  machin- 
ery is  on  the  first  floor,  and 
the  second  and  third  floors 
contain  offices  for  the  su- 
perintendent and  the  civil- 
enfrineering  department  re- 
spectively. The  level  of 
the  operating-room  floor  is 
about  92  ft.  below  high 
water  in  the  Wachusett 
reservoir. 

The  plant  includes  four 
1000-kw.  i;3,800-volt  alter- 
nating-current generators 
direct-connected  to  horizon- 
tal-shaft turbines  operating  at  400  r.p.m.,  and  two  60-kw. 
125-volt  direct-current  exciters,  also  operated  by  hydraulic 
turbines.  Each  of  the  main  turbines  is  provided  with  a  type 
Q  Lombard  governor  arranged  for  automatic  or  hand  opera- 
tion as  desired. 

The  water  supply  for  each  unit  enters  the  gate  chamber 
through  ports  in  the  upstream  face  of  the  dam  and,  after 
passing  the  screens,  enters  a  vertical  circular  well  7  ft.  in 
diameter  through  two  openings,  each  6  ft.  high  and  2J  ft. 
wide,   which   are  provided   with   sluice   gates   arranged   for 


FIG.    1.      SIH_)\\'1.NG    C.\.-5iMG    TilA'l-    1- A II, EL) 


operation  by  hand  or  by 
electric  motor.  From  the 
bottom  of  the  circular  well 
the  water  flows  througli  a 
horizontal  4-ft.  cuHt-iron 
pipe  for  u  diHtancc  of  about 
115  ft.  to  a  point  under  the 
turbines  an<l  rises  vertically 
15  ft.  to  the  base  of  the 
scroll  case.  In  the  riser  is 
a  hydraulic  gate  valve 
which  can  be  operated  from 
the  power  -  station  floor. 
When  the  plant  is  in  oper- 
ation, energy  is  delivered  to 
the  New  England  Power 
Company's  system  at  13,800 
volts,  and  energy  is  also 
furnished  at  2300  volts  to 
the  Clinton  sewage-pump- 
ing station.  When  the 
plant  is  not  in  operation, 
the  energy  required  is  taken 
from  the  New  England 
company. 

On  Feb.  17  the  machinery 
at  the  plant  was  started 
about  G:30  a.m.  as  usual 
and  had  been  running 
smoothly  with  exciter  No. 
2  and  units  Nos.  1,  2  and 
4  in  operation  for  nearly 
an  hour,  when  the  operator 
noticed  that  the  oil-feed 
pump  of  turbine  No.  2  was  not  working  properly,  and 
with  the  helper  proceeded  to  prime  the  pump  with  the  tur- 
bine running.  Upon  throwing  off  the  pump  belt,  however, 
some  trouble  developed  and  the  operator  went  to  the  switch- 
board and  threw  the  load  off  the  No.  2  unit.  As  he  was 
returning,  the  helper  pulled  out  the  governor  clutch  to 
change  from  automatic  to  hand  control,  and  immediately 
a  section  of  the  upper  portion  of  the  scroll  case  having  an 
area  of  17.5  sq.ft.  blew  out. 

The  escaping  water  knocked  the  helper  down  and  swept 
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him  along  tne  floor  between  No.  1  and 
No.  2  generators,  by  the  front  door,  to 
a  radiator  near  the  westerly  end  of  the 
station,  where  he  was  able  to  regain  his 
footing,  and  he  left  the  building  through 
a  window.  The  water  was  then  level 
with  the  window  sill  and  about  two  feet 
deep  over  the  floor.  Meanwhile  the  op- 
erator returned  to  the  switchboard  and, 
after  opening  all  the  switches,  left  the 
building  through  the  rear  door.  The 
two  men  then  went  up  to  the  gate  cham- 
ber and  with  the  assistance  of  other 
employees  closed  the  sluice  gates  and 
stopped  the  flow  of  water  about  35 
minutes  after  the  break  occurred. 

The  water  flowed  out  of  the  scroll- 
case  opening  under  a  head  of  70  ft., 
probably  in  a  nearly  solid  stream,  which 
struck  the  door  leading  from  the  super- 
intendent's office  to  a  small  balcony  in 
the  power  plant,  for  it  is  difficult  other- 
wise to  account  for  the  eff^ect  of  the 
water,  which  upset  a  heavy  iron  safe 
about  7  ft.  high,  4  ft.  wide  and  2.5  ft. 
deep  and  completely  wrecked  everything  else  in  the  office.  One 
of  the  large  windows  was  broken  at  a  height  of  about  25 
ft.  above  the  floor,  and  some  of  the  water  shot  up  to  the 
top  of  the  room,  broke  an  interior  window,  entered  the  loft 
and  dripped  down  through  the  ceiling  into  the  civil-engi- 
neering oflice. 

The  water  floo  'ed  the  power  station  to  a  depth  of  about 
four  feet,  broke  cpen  the  front  and  end  doors  and  flowed  out 
over  the  lawn,  t.riveway  and  walks  into  the  river.  It  also 
broke  down  a  wooden  partition  at  the  air  shaft  and  flowed 
through  the  iron  grating  in  the  floor  into  the  Wachusett 
Aqueduct.  The  heating  plant  is  in  a  corner  of  the  base- 
ment, and  there  is  an  opening  in  the  floor  above  it  about 
12  ft.  long  and  6  ft.  wide.  Water  dropped  through  this 
opening  on  the  heater  and  tore  off  all  the  magnesia  insu- 
lation and  put  out  the  fire. 

The  station  lighting  and  power  service  transformers  and 
many  of  the  instrument  transformers  were  located  back 
of  the  switchboard  near  the  floor,  and  the  water  rose  above 
the  top  of  the  cases  and  displaced  the  oil,  causing  short- 
circuits  which  grounded  all  the  lines  and  caused  some  minor 
burnouts  and  insulator  breakage  on  the  oil  switches.  The 
rotors  of  generators  Nos.  1  and  4  continued  to  revolve  for 
a  time  partly  submerged  in  the  water,  and  the  insulation 
of  the  field  and  armature  coils  was  cut  and  scraped  in 
places.  The  coils  on  generator  No.  2  were  also  cut  and 
scraped. 

As  soon  as  the  water  had  drained  out  of  the  building, 
the  heating  plant  was  put  into  service,  and  the  oil  and 
water  were  mopped  from  the  floor,  walls  and  apparatus. 
After  running  No.  1  exciter  generator  without  load  for  a 
time  to  dry  it  out  by  windage,  it  was  put  into  service  to 
furnish  lights,  and  generators  Nos.  1,  -3  and  4  were  then 
put  in  shape  and  turned  over  without  load  during  the  night 
to  dry  them  out  by  windage.  On  the  following  day  arrange- 
ments were  made  with  the  Standardizing  and  Testing  "De- 
partment of  the  Edison  Electric  Illuminating  Company  of 
Boston  for  drying  out  and  testing  the  electrical  apparatus. 
The  necessary  equipment  for  this  work  was  shipped  from 
Boston  by  motor  truck  late  in  the  afternoon,  and  the  work 
was  started  the  following  morning. 

A  connection  was  first  made  with  the  New  England 
Power  Co.'s  line  using  portable  transformer,  switching  and 
metering  equipment  from  the  Edison  laboratory,  so  that 
alternating  current  would  be  available  for  drying  out  and 
testing  the  electrical  apparatus  and  for  operating  the  Clin- 
ton sewage-pumping  station,  as  the  old  steam  plant  there, 
which  had  been  kept  in  reserve  for  emergency  use,  was  not 
operating  satisfactorily.  This  work  was  finished  on  the 
evening  of  the  second  day  after  the  accident  and  in  the 
meantime  canvas  had  been  obtained  for  covering  two  of 
the  generators  which  were  being  dried  out  by  operating 
them  with  armatures  short-circuited  and  a  low  field  exci- 
tation; also  a  motor-driven  blower  with  self-contained 
heater   of  electric  type  was   used,   and   electrically   heated 
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ovens  were  constructed  and  used  for  drying  out  transform- 
ers and  other  apparatus. 

Although  openings  were  provided  for  drainage  of  electric 
ducts  when  these  were  built  into  the  concrete  floor,  some 
of  them  had  become  clogged.  This  made  it  necessary  to 
disconnect  and  withcii"aw  the  wires  in  order  to  dry  them 
out.  After  the  water  had  been  removed  from  the  ducts 
with  swabs,  they  were  dried  out  by  blowing  warm  air 
through  them.  The  wires,  which  had  also  been  dried  out, 
were  then  replaced  and  tested. 


Pittsburgh  Smoke  Regulation  in  1918 

Smoke  regulation  in  Pittsburgh  proved  of  even  greater 
value  during  the  year  1918  than  in  the  preceding  four  years. 
The  many  new  conditions  presented  a  much  more  compli- 
cated problem  to  be  worked  out  in  smoke  abatement,  but 
progress  was  made.  What  the  Bureau  of  Smoke  Regula- 
tion desires  to  achieve  is  to  induce  people  to  think  what 
smoke  reduction  really  means.  Apart  from  the  fuel  saving, 
reduction  of  smoke  in  densely  populated  areas  like  Pitts- 
burgh with  a  low  wind  velocity,  is  most  important  for  the 
preservation  of  the  health  and  comfort  of  the  inhabitants. 

Existing  conditions  have  influenced  the  owners  and  oper- 
ators of  plants  to  advance  the  following  reasons  why  they 
should  be  relieved  from  the  enforcement  of  the  law:  1914, 
no  business;  1915  too  much  business;  1916.  labor  scarcity; 
1917,  war-material  production;  and  1918  the  fuel  condi- 
tions. That  the  first  four  reasons  had  iittle  standing  has 
been  clearly  proved,  but  it  required  diligence  and  patience 
to  cope  with  the  fuel  situation  during  1918.  Those  plant 
operators  who  were  so  fortunate  as  to  get  what  coal  they 
needed  were  required  to  take  any  coal  they  could  get.  This 
frequently  meant  that  plants  with  efl[icient  equipment  suffi- 
cient to  operate  their  stacks  clearly  within  the  ordinance 
at  all  times  had  to  contend  with  great  quantities  of  dirt 
and  refuse  in  the  coal,  which  precluded  the  free  passage 
of  air  through  the  grates  by  the  formation  of  slag  and 
clinkers  that  not  only  hindered  operation  but  was  conducive 
to  smoke  and   imposed  additional  burdens  on  the   fireman. 

Frequent  and  justifiable  complaints  were  received  during 
the  year  about  the  smoke  emitted  from  public-school  build- 
ings. When  natural  gas  was  cut  off  from  the  schools,  seri- 
ous complications  were  presented  as  many  of  these  plants 
were  not  competent  to  burn  any  other  fuel.  Therefore,  it 
was  necessary  to  make  corrections  in  plants  where  the 
greatest  need  existed.  The  Board  of  Public  Education  has 
planned  an  extensive  program  that  contemplates  the  re- 
vamping of  all  these  plants  as  soon  as  possible. 

The  railroads  availed  themselves  of  the  lessons  taught 
by  their  recent  strenuous  experiences,  and  even  in  the  face 
of  most  exacting  fuel  conditions  adhered  to  their  established 
plan  of  supervision  and  instruction.  To  appreciate  the  ex- 
tent of  this  undertaking  during  the  past  year,  it  is  neces- 
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s!uy  to  i-otitoniplaU-  tin-  liil)or  situation,  wliicli  ot-caMiotwd 
the  I'liiployinont  i>f  an  I'lullcss  iuiiiiIk'I'  and  variety  of  lirc- 
mon,  noi-i'ssitatinjf  tlio  ti-achinj;  of  onoh  one  the  proper 
nictluxl  of  tiring  and  entailing;  closer  scrutiny  on  the  purt 
of  the   railroad   inspei-tors. 

The  nmnber  of  calls  made  by  inspectors  and  the  time 
spent  inside  the  plants  is  indieative  of  tlie  task  devolving 
upon  thiMn,  for  these,  as  a  rule,  were  made  for  the  purpose 
of  improving'  faulty  operation  in  plants  where,  under  nor- 
mal conditions,  the  st^icks  would  have  been  operatinj;  with- 
out objectinnable  smoke.  The  three  inspectors  made  on  an 
nvorayre  2J4  personal  visits  per  month,  without  takinn  into 
consideration  the  ohservalion  of  stacks  and  investigation 
of  complaints.  Durinjr  the  year  they  made  4237  readings 
or  specific  observations  and  HOiV.i  calls. 

Complaints  received  durinjr  the  year  related  in  a  great 
measure  to  private  residences,  and  though  the  regulation 
of  these  stacks  is  not  contemplated  in  the  ordinance,  each 
of  the  111  complaints  received  prompt  attention.  In  every 
instjvnce  the  nuisance  was  abated. 

As  required  by  Ordinance  No.  566,  182  permits  were  is- 
sued to  the  end  of  the  year  1918,-  including  changes  in 
existing  furnaces,  new  construction  and  changes  in  fuel. 
The  fees  received  for  examination  of  the  applications  and 
specifications  and  covering  the  issuance  of  permits  amounted 
to  $364.    The  changes  are  classified  as  follows: 

CHANGES*  TcnVAUD  SMOKE  ABATEME.NT  ACCOMPU.'llIEn 


No.  M 

34  Gas 

1 5  Steam  jets 

89  Down-draft  boilers 

191  Smokeless  fuel 

I  Improved  stark    

25  Improved  furnnres 

3  I.o\v-vol:ltiIe  roiil 

6  Smokeless  boilers 

1 3  Underfeed  stokers 

26  Stokers 

230  Powdered  coal 

4  Oil 

1  Down-draft  furnaee 

5  Garbane  inrinerator 

2  Coke 

7  Gas  and  oil 

2  Coal  and  powdered  coal . 

3  Gas  or  oil 


Staf.li*  Affected 

31 

13 

65 

190 


Prosecutions  were  not  made  if  they  could  be  avoided. 
Each  case  had  repeated  and  timely  warning  and  all  pos- 
sible persuasion  was  brought  to  bear.  These  measures 
failing  to  get  the  proper  cooperation  or  evidence  of  intent 
to  act,  suits  were  entered  in  twelve  cases,  all  of  which  had 
the  desired  effect,  and  in  every  instance  the  objectionable 
smoke  was  abated  or  such  steps  taken  as  to  correct  the 
plants  permanently. 

J.  W.  Henderson,  bureau  chief,  who  had  efficiently  pre- 
sided over  the  affairs  of  the  office  for  four  years  and  nine 
months,  died  on  Dec.  19,  1918.  W.  E.  Porter,  who  had  been 
associated  \vith  Mr.  Henderson  during  this  time,  was  ap- 
pointed to  fill  the  vacancy. 

Oil  Fuel  Versus  Coal 

Some  interesting  comparisons  between  coal  and  oil  as 
fuels  for  steam  raising  were  made  in  a  paper  read  before 
the  Birmingham  Association  of  Mechanical  Engineers  on 
Feb.  8.  The  points  in  favor  of  oil  in  place  of  coal  for  war- 
ships are:  (1)  Radius  of  action  increased  by  50  per  cent. 
on  equal  bunker  weight,  or  80  per  cent,  on  equal  bunker 
space;  (2)  up  to  83  per  cent,  thermal  efficiency  instead  of 
60  per  cent.;  (3)  boilers  can  be  forced  up  to  50  per  cent, 
above  normal  rating;  (4)  control  of  smoke:  entire  absence 
or  dense  smoke  screen  as  desired;  (5)  reduction  of  labor 
by  about  70  per  cent.;  (6)  constructional  advantages;  (7) 
bunkering  at  sea.  There  are  many  equally  attractive  ad- 
vantages in  the  application  of  oil  to  the  mercantile  marine. 
One  interesting  comparison  of  coal  and  oil  was  made  by 
the  American  Hawaiian  Steamship  Co.'s  steamship 
"Arizonan."  This  vessel  took  161  days  on  the  round  voyage 
when  burning  oil,  as  compared  with  186  days  when  burning 
coal,  and  by  economies  effected  and  increased  earnings  due 
to  saving  of  bunker  spaces  and  decrease  in  operating  staff, 
she  saved  over  £4000  on  the  voyage. 

On  a  comparative  test  run  at  Wallsend  Slipway  with  coal 


and   oil   on   a   Scotch    marine   multitubular   type   boiler,   the 
following  rcBulta  were  obtained,  «ay8  The  Knuineer: 

MKXICAN   IX'KL.  Oil. 
Fuel  oil: 

.sp.-.  111.    Ki  iivlty  III  on  <l"-({.  K 953 

VlMcoMlly  at   100  (lejr.  K.   (lied.   No.  1) 2130  »ec. 

I'IiimIi  polril    (<!..».■) IBO  lien,  F.  (above) 

•  •alorlllc    viilue    18,130 

WiitiT   •'saponiti'il  : 

I'dumiIh   of    wilier   per   pound   of   oil l:;.16 

I'oundH  of  wuter  per  pound  of  oil   (from 

iiiid   111    2\i   lii-K.    V.) 14  38 

Holler  .III.  l.n<  y    73  37  pt-r  cent. 

Conl  :  COAL. 

Calorinc   viiliic   In    H  l.u 1 1.432 

Wilier  i-vaporuted  : 

ToumlM  of   wat.T  per  pound  of  coal 7.76 

TouikIh  of  water  per  pound  of  coal   (from 

and    at    LM2    .leK     I'M     9.31 

IJollcr   efflcleniy    .     62.28  per  cent. 

KfTiciencies  as  high  as  84.5  per  cent,  have  been  obtained 
in  this  country  on  Scotch  marine  type  boilers,  using  Mexican 
fuel  oil  with  the  pressure  system  of  oil  burning. 

At  a  large  London  factory  which  converted  its  Lanca- 
shire boilers  from  coal  to  fuel-oil  firing,  the  water  evapora- 
tion per  pound  of  coal  having  a  calorific  value  of  11,451 
B.t.u.  was  7.22  Ih.,  whereas,  when  working  with  the  pres- 
sure system  of  oil  burning,  using  an  oil  having  a  calorific 
value  of  18,750  B.t.u.,  the  evaporation  per  pound  of  oil 
reached  14.44  lb.  The  quantity  of  water  evaporated  per 
square  foot  of  heating  surface  on  coal  was  3.3  lb.,  whereas 
oil  showed  over  7  lb. — thereby  increasing  the  boile.'  rating 
by  over  100  per  cent. 

When  utilizing  oil  fuel,  the  size  of  a  metallurgical  furnace 
is  reduced  by  30  per  cent.,  and  the  working  area  occupied  by 
a  furnace  and  its  adjacent  machines  is  only  about  50  per 
cent,  of  that  of  the  coal-fired  furnace,  as  a  stack  of  coal 
occupies  a  certain  amount  of  space  in  front  of  the  furnace, 
and  the  resultant  ashes  occupy  another  space  behind  the 
furnace.  When  using  oil  fuel  these  spaces  may  be  utilized 
as  furnace  pitches,  as  the  oil  fuel  is  carried  through  pipe- 
lines and  does  not  occupy  valuable  ground  space. 

Aluminum  is  usually  melted  in  what  is  known  as  a  "lift- 
out"  crucible,  and  the  melted  metal  carried  to  the  molds, 
whereas  brass  is  melted  in  "tilting"  furnaces.  The  average 
oil  fuel  consumption  for  lift-out  furnaces,  when  melting 
low-fusion  metals,  is  about  15  per  cent.,  and  for  tilting 
furnaces  about  10  per  cent,  of  metal  melted;  that  is,  for 
every  100  lb.  of  metal  melted  the  lift-out  furnace  would 
consume  approximately  IJ  gal.  of  oil,  and  the  tilting  type 
approximately   1   gallon. 

A  series  of  experimental  mixed-fuel  tests  was  carried  out 
at  a  large  London  power  station  on  a  nutty  slack  having 
a  calorific  value  of  10,300  B.t.u.,  and  Mexican  fuel  oil  hav- 
ing a  calorific  value  of  18,750  B.t.u.  A  boiler  efficiency  of  74 
per  cent,  was  obtained,  and  the  temperature  of  the  combus- 
tion chamber  was  2850  deg.  F.  and  uptake  628  deg.  F.  The 
proportion  of  oil  to  coal  on  a  B.t.u.  basis  was  8  per  cent., 
and  on  a  weight  basis  4.96  per  cent. 

Southern  Section  A.  S.  M.  E.  Holds 


Meeting 


As  this  issue  goes  to  press  a  meeting  is  being  held  (Mar. 
21)  by  the  Southern  Section  of  the  American  Society  of 
Mechanical  Engineers  at  Atlanta,  the  Birmingham,  At- 
lanta and  New  Orleans  Sections  participating.  The  pro- 
gram calls  for  an  all-day  session  beginning  with  a  visit  to 
the  Fulton  Bag  and  Cotton  Mills  in  the  forenoon,  luncheon 
at  the  Piedmont  Club,  an  inspection  of  Camp  Jesup  and  of 
the  Federal  prison  in  the  afternoon,  dinner  at  the  Druid 
Hills  Golf  Club,  and  an  evening  session  at  the  Georgia 
School  of  Technology,  a  paper  there  being  presented  on 
"Pulverized  Coal  as  Fuel"  by  N.  C.  Harrison.  A  large 
attendance  is  expected. 


The  Hydro-Electric  Power  Commission  of  Ontario  has 
placed  an  order  with  the  Westinghouse  Co.  for  two  45,000- 
kv.-a.  vertical  waterwheel  generators  of  12,000  volts,  three 
phase,  25  cycles,  for  their  Queenstown  Development.  These 
will  be  the  largest  waterwheel  generators  ever  constructed 
and  indicate  that  the  Commission  *,hinks  there  is  no  time 
like  the  present  for  construction  work. 


March  25,  1919 
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New  Publications 
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MODEL  MAKING.  By  Raymond  Francis 
YatPs.  Published  bv  Norman  W.  Hen- 
ley Publishing  Co.,  New  York.  Cloth. 
390  page.s  ;  6x9  in.;  303  illustrations. 
Price,   $3.  ,       .     , 

Here  is  a  book  for  the  man  of  mechanical 
or  scientific  bent — wlictlier  pi-ofes.sional  or 
amateur — who  has  the  time  and  the  patience 
to  indulge  in  the  hobby  of  model  construc- 
tion. The  creative  instinct  is  strong  in 
everyone,  and  tliis  book  shows  numerous 
wavs  in  which  th;it  impulse  may  be  satis- 
fled.  It  opens  witli  a  <le.s<  liption  of  the 
v/orkshop  and  tools  of  a  model  eng-ineer, 
explains  numerous  opei;>tions  and  pio- 
cesses  that  must  be  performed  and  then 
goes  to  the  heart  of  the  matter  by  giving 
complete  instructions  for  the  making  of 
model  steam  engines,  steam  turbines,  boilers, 
boiler  fittings,  boats,  submai-ine  with  radio 
control  and  various  other  devices.  The  di- 
rections are  stated  in  a  clear  style  and  in- 
clude not  only  the  operations  to  be  carried 
out  but  the  sizes  and  the  materials  of  the 
various  parts  as  well.  The  text  matter  is 
made  still  more  easily  understandable  by 
many  clear  halftones  and  working  draw- 
ings of  the  various  models. 

COMPRESSED  AIR  PLANT.  By  Robert 
Peele.  Published  by  John  Wiley  & 
Sons,  Inc.,  New  York.  Cloth,  485 
pages;  6  x  9  in.;  246  illustrations. 
Price,  $4.25. 
This  is  the  third  edition  of  a  work  that 
first  appeared  in  1908,  and  deals  with  the 
production,  transmission  and  use  of  com- 
pressed air,  with  special  reference  to  mine 
service.  The  first  half  of  the  book  takes 
up  the  structure  and  operation  of  various 
kinds  of  compressors,  the  theory  of  air 
compression,  wet  and  dry  compressors,  com- 
pound compressors,  valves  and  valve  mo- 
tions, performances  of  compressors,  air  re- 
ceivers, speed  and  pressure  regulators,  effect 
of  altitude,  explosions  in  compressors  and 
receivers  and  compression  of  air  by  falling 
water.  The  other  half  describes  the  meth- 
ods of  transmission  and  use  of  compressed 
air,  including  piping,  compressed-air  en- 
gines, freezing  of  moisture,  reheating  air, 
rock  drills,  hammer  drills,  coal-cutting  ma- 
chines, channeling  machrnes.  compressed- 
air  mine  pumps,  and  mine  haulage  by  com- 
pressed air.  This  new  edition  contains  a 
number  of  chapters  that  have  been  entirely 
rewritten  and  expanded  and  features  the 
most  recent  changes  in  the  design  of  com- 
pressors, particularly  the  adoption  of  thin- 
plate  air  valves  and  larger  and  more  ef- 
ficient intercoolers  on  stage  compressors. 


Personals 


Chester  Mott  has  been  appointed  manager 
of  the  Denver  (Colo.)  offlce  of  the  Sullivan 
Machinery   Co.,    at    837    Equitable   Building. 

James  E.  Barker,  consulting  engineer, 
announces  the  opening  of  offices  at  fill- 
615  Investment  Building.  Los  Angeles,  Cal., 
for  the  practice  of  gas,  electrical  and 
mechanical    engineering. 

Capt.  H.  A.  Weaver,  recently  discharged 
from  the  service,  will  shortly  resume  his 
former  position  as  general  manager  and 
chief  engineer  of  the  Steel  City  Testing 
Laboratories   at   Pittsburgh,    Penn. 

E.  E.   IMaher,  formerly  Western  manager 
for   the    Lea-Courtenay    Co..    and    more    re- 
cently for  the  Terry  Steam  Turbine  Co.,  has 
opened  up  oflices  in  the  Michigan  Boulevard 
Building,    Chicago,    handling    various    lines 
of     mechanical     equipment,     including     the 
centrifugal  pump  of  the  Dayton-Dowd  Co.. 
of  Quincy,  111.,  high-speed  steam  engines  of 
the    Erie    Engine    Works,    etc.      Mr.    Maher 
'       has  had  long  experience  in   the  mechanical 
I       field  and  is  particularly  well  known  in  the 
'       vicinity  of  Chicago. 


Engineering  Affairs 


The  American  Chemical  Society  will  hold 
its  spring  meeting  with  the  Western  New 
York  Section  in  Buffalo,  Apr.  7-11,  with 
headquarters  at   the  Hotel   Statler. 

Jersey  City  N.  A.  S.  E.  No.  1  held  a 
dinner  on  Mar.  15  at  Fisher's  Hall,  at 
which   Lieut.   Lewis   F.   Lyne.    Jr..   a   mem- 


ber, who  has  been  Inspector  of  munitions. 
Ordnance  Department,  gave  an  interesting 
and  instructive  talk  with  blackboard  illus- 
trations, on  the  subject  of  "Chemical  War- 
fare." Vice  National  President  John  J. 
Calahan  also  spoke  on  the  welfare  of  the 
association.  Twenty-two  delegate^  we,re 
elected  to  attend  the  New  Jersey  State  con- 
vention, which  will  be  held  at  Bayonne, 
June  7-8. 


The  Power  Plant  of  the  Monongahela 
Vallev  Traction  Co.  at  Rivesville.  Marion 
County.  W.  Va.,  now  under  construct  ion.  is 
nearing  completion.  Power  will  be  fur- 
nished bv  the  plant  in  question  for  the  en- 
tire Monongahela  Valley.  In  putting  up 
the  Rivesville  plant  provision  has  been 
made  for  the  construction  of  additional  units 
as    they    shall   become    necessary. 

West     Virginia     H.vdro-EJeotrio     Power — 

There  will  hardly  be  any  hydro-electric 
water-power  development  during  the  next 
two  years  in  West  Virginia  for  two  rea- 
sons. In  the  first  place  the  legislature 
failed  to  act  on  a  hydro-electric  power 
bill  at  the  regular  session  of  the  body, 
and  although  the  same  bill  which  was 
pending  during  the  regular  session  h^s 
again  been  introduced,  as  a  revenue-pro- 
ducing measure,  not  having  been  included 
in  the  subjects  listed  for  consideration  by 
Governor  Cornwell,  it  is  not  considered 
probable  that  any  action  will  be  taken  on 
the  measure  at  the  special  session.  Further- 
more, the  bond  market  is  such  that  it  is  not 
considered  likely  that  any  attempt  will  be 
made  to  float  bonds  for  water-power  de- 
velopment, although  all  the  water  power 
in  West  Virginia  is  going  to  waste. 


Business  Items 


Muskegon  Boiler  Works  of  Muskegon, 
Mich.,  has  opened  a  district  sales  office  in 
Chicago,  located  at  1105  Edison  Building, 
with  R.  L.   Baker  as  manager. 

The  United  Machine  and  .ManufaeturinK 
Co.,  Canton.  Ohio,  through  an  agreement 
with  Charles  D.  Mosher,  has  acquired  all 
patents,  manufacturing  and  sales  rights 
covering    the    Mosher    separator. 

TJie  SuIIivan-JIaohinery  Co.  announces 
the  establishment  of  a  branch  sales  office 
and  warehouse  at  Edificio  Oliver.  No.  3. 
Mexico  City.  Joseph  F.  Bennett,  who  has 
been  for  a  number  of  years  sales  engineer 
at  the  company's  El  Pa.so  office,  has  been 
placed   in  charge  of  the  Mexico  branch. 

The  C.  T.  Coe  Co.  has  purchased  the 
property  of  the  Hafer  Foundry  and  Ma- 
chine Co..  Chambersburg.  Penn..  and  re- 
moved its  plant  from  Newark.  N.  J.,  to 
Chambersburg.  where  it  will  continue  to 
manufacture  Coe  turbine  blowers  and  Coe 
sectional  grates  in  addition  to  the  Hafer 
patent  soot  blowers  and  Hafer  shaking 
grates ;  also  a  full  line  of  boiler  special- 
ties. 


Trade  Catalogs 


The  Jeffrey    Pivoted   Bucket   Carrier.      The 

Jeffrey  Manufacturing  Co.,  Columbus.  Ohio. 
Catalog  No.  210.  Pages  96,  6  x  9J  in. 
Fully  illustrated. 

Boiler  Feed  Water   Heaters  and  Purifiers 

Milwaukee  Reliance  Boiler  Works,  Mil- 
waukee, Wis.  A  15-page  catalog  showing 
different  types  of  boiler  feed-water  heaters 
and   purifiers. 

The  Stronj;  Maohiner.v  and  Suppl.v  Co., 
New  York  City,  has  issued  a  232-page 
catalog  describing  and  illustrating  its  mo- 
tive power  specialties.  A  3-page  index  of 
the  numerous  products  of  this  company  is 
appended.  Chief  engineers  will  find  it  a 
useful  reference  catalog  when  purchasing 
equipment. 

The     Milwaukee    Reliance    Boiler    Works, 

Milwaukee.  Wis.,  has  recently  issued  its 
Bulletin  No.  101  on  "The  Sharp-Bassett 
Combined  Steam  and  Gas  Generator." 
Pages  23.  8  x  10'!  in.  The  bulletin  describes 
and  illustrates  the  first  and  only  practical 
combined  steam  and  gas  generator  in  exist- 
ence and  gives  useful  information  on  the 
application  and  use  of  producer  gas  gen- 
erally. 


New  Construction 


PROPOSED    WORK 

Mass.,  Cambridge — Atwood  &  McManus. 
Vale  St..  Chelsea,  will  install  a  steam  heat- 
ing plant  and  electric  power  In  the  2-story. 
90  X  240  ft.  box  factory  which  it  plans  to 
build  on  Aberdeen  Ave.  Total  estimated 
co.st.  $110,000.  J.  F.  Thomas,  50  Bromheed 
St..   Boston,   Kngr. 

N.  Y.,  Alban.v — M.  Spiegel,  Strand  Theater 
Bldg..  New  York  City,  will  install  a  steam 
heating  plant  in  the  2-story,  75  x  175  ft. 
theater  which  he  plans  to  T)Uild  on  Monroe 
St.  Total  estimated  co.^t.  $150,000.  T. 
Lamb.   644   8th  Ave..  New  York  City.  Arch. 

N.  v.,  Brooklyn — The  Beth  Moses  Hos- 
pital, Hart  St.  and  Stuyvesant  Ave.,  will 
install  a  steam  heating  plant  in  the  5-story, 
90  X  100  ft,  addition  to  rne  hospital  which 
it  plans  to  build.  Total  estimated  cost, 
$350,000.  H.  J.  Nurich,  957  Bway.,  Brook- 
lyn.  Arch. 

N.  Y.,  Brooklyn — Courtney  Marshall  Es- 
tate, Pierpont  St..  will  install  a  steam  heat- 
ing plant  in  the  1-story.  100  x  100  ft. 
theater  which  it  plans  to  build  on  Saratoga 
Ave.  and  Macon  St.  Total  estimated  cost. 
$100,000.  De  Rosa  &  Pereira,  110  West 
40th  St..  New  York  City.  Arch. 

N.  v.,  Carthage — The  St,  James  Parish 
Building  Committee  will  rnstall  a  steam 
heating  plant  in  the  40  x  100  ft.  high  school 
which  it  plans  to  build  on  Mechanics  St.,  to 
be  known  as  the  .St.  James  Augustina  Acad- 
emy.    Estimated  cost,   $60,000. 

N.  Y.,  New  York — J.  F.  Murray,  33  Clif- 
ton Terrace.  Weehawken.  N.  J,,  has  award- 
ed the  contract  for  the  construction  of  an 
8-story,  50  x  100  ft,  warehouse  at  548  West 
39th  St.,  to  Harby.  Abrons  &  Melius.  15 
East  40th  St.  A  steam  heating  plant  will 
be  installed  in  same.  Total  estimated  cost. 
$150,000. 

N.  y..  New  York — The  National  Bible 
Institute.  213  We.st  35th  St,,  will  install 
a  steam  heating  plant  in  the  15-story,  100 
X  100  ft.  cremorne  mission  building  which 
it  plans  to  build  at  214-316  We.st  35th  St 
McKenzie,  Voorhies  &  Gmelin,  1123  Bway.. 
Arch. 

N.  Y..  New  York — The  181st  St.  Construc- 
tion Co..  729  Bway.,  has  awarded  the  con- 
tract for  the  construction  of  a  3 -story.  150 
X  200  ft,  theater  v,hich  it  plans  to  build  on 
Bwav,  and  181st  St..  to  the  Flei.shman  Con- 
struction Co..  39th  St.  and  7th  Ave.  A 
steam  heating  plant  will  be  installed  in 
same.       Total    estimated    cost,    $500,000. 

N.  Y..  Oneida — The  Central  New  York 
Milk  Producers'  Association  will  install  a 
boiler,  milk  handling  machinery  etc.  in 
the  milk  station  which  it  plans  to  build. 
Total  estimated  cost.  $12,000.  S.  T.  Bridge. 
Chn. 

N.  J.,  New  Brunswick — The  Long-Lan- 
dreth-Schneider  Co.,  226  Cleveland  Ave., 
plans  to  build  a  boiler  house  and  addition 
to  water  heater  factory.  Estimated  cost. 
$10,000.  Highland  Park  Building  Co..  238 
Cleveland    Ave..    Arch. 

Penn..  Philadelphia — E.  Wolf.  1517  North 
16th  St..  will  install  a  steam  heating  system 
in  the  7-story,  75  x  156  ft  store  and  office 
building  which  it  plans  to  build  on  the 
Southeast  Corner  of  16th  and  Market  St. 
Total  estimated  cost.  $400,000.  Hoffman 
Co.,    Finance    Bldg,.    Arch, 

Md..  Baltimore — The  Standard  Oil  Co.. 
Pier  2.  Pratt  and  Commerce  St,,  plans  to 
build  a  1-story.  45  x  93  ft,  addition  to  its 
boiler  house  on  1st  Ave, 

D.  C,  Washington — The  Bureau  of  Yards 
&  Docks.  Navy  Department,  received  fol- 
lowing bids  furnishing  condensers,  after- 
coolers  and  pumps  at  various  Navy  Yards  ; 
Specification    No.    3797: 

(1)  net  price  and  ti--e  for  1  surface 
condenser,  1  air  ejector,  an  1  1  turbine  driven 
condensate  pump  for  a  1000  kw.  turbo-gen- 
erator at  the  Navy  Yard,  Portsmouth,  N.  H. 

(2)  net  price  and  time  for  1  surface 
condenser.  1  air  ejector,  and  1  turbine 
driven  condensate  pump  for  an  8000  c.f.m. 
turbo-compre-ssor,  at  the  Navy  Yard,  Bos- 
ton.   Mass. 

('3)  net  price  and  *'me  for  1  surface 
condenser,  1  air  ejector,  and  1  turbine 
driven  condensate  pump  for  a  3000  kw. 
turbo-alternator  at  the  Navy  Yard,  Phila- 
delphia.   Pa. 

(4)  net  price  and  time  for  1  surface 
condenser.  1  air  ejector,  and  1  turbine 
driven  condensate  pump  for  an  8000  <.f.m. 
turbo-compressor  at  the  Navy  Yard,  Phila- 
delphia, Pa. 

( 5 )  net  price  and  time  for  1  surface  con- 
denser. 1  air  ejector,  and  1  turbine  driven 
condensate  pump  for  a  3000  kw.  turbo- 
alternator  at  the  Navy  Yard,   Norfolk,  Va. 
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( ti )  n>'l  prlio  nnil  tlino  fur  1  miifriro  con- 
cloiiNi'f.  I  iilr  rji'clor.  iiml  1  (inbliii'  drlvi'ii 
I'oiiiti'iisiiti-  piirnp  fi>r  mi  snoo  <■  fm  iiiihii- 
i'uin|>i'v.H.-«ii-  ut   llic  Niivy    Yiiiil,  Norfiilk.   Vii. 

(<)  lift  pilir  iiii.l  tiMii-  tor  3  .iinrm-c  mn- 
•li'iiHiTH,  3  iilr  t'J<<"torfi.  :i  motor  drlvoii  i-oii- 
ili'ii.Hiito  piinipM  iiiul  X  motor  ilrlv>-n  <-|r<-iiliil- 
ln»t  puinpM  for  lliri-t'.  lidoo  kw.  turbo-iilli-r- 
iiiklorx,  iiiiil  1  air  cjocior  for  tin-  prliiiliiK 
K.VHtciii.  for  llif  Niiviil  OpontlliiK  UiiBf. 
lianiptoii   Itoadx,   Va. 

(S)  lu't  prire  nnil  fliiio  for  I  surfnco  ron- 
(li-n.xiT.  1  Iilr  cjcitor,  1  turbine  driven  con- 
dcn.srr  pump,  luid  I  motor  driven  elrculnt- 
leiB  pump  for  a  200(1  kw.  turbo-altorntttor 
at   llie   .Navy    Yard,  Charleston.  .S.   C. 

(9)  ni't  prUe  anil  time  for  1  .surface  lon- 
di'n.ser.  1  n!r  ejector,  and  1  turbinu  driven 
condensate  pump  for  a  11100  kw.  turbo- 
alternutor  nl  the  Navy  Yaril.  Mare  Inland. 
CaUt. 

(10)  net  price  and  time  for  1  after 
cooler  for  an  8000  c.f.m.  turbo-compressor 
at  the   Navy  Yard,   Boston.  Mass. 

(11)  net  price  and  time  for  1  after 
cooler  for  an  SOOO  c.f.m.  turbo-compressor 
and  n  6.">00  c.f.m.  reclprorntlns:  comiiressor 
at   the  Navy   Yard,   rhilailelphia.   I'a. 

(12)  net  price  and  time  for  1  .nfti-r 
cooler  for  an  8000  c.f.m.  turbo-compressor 
and  a  6.'>00  c.f.m.  reciprocating  compressor 
at  the  Navy  Yard.  Norfolk.  Va. 

(!.■?)  net  price  anil  time  for  1  after 
cooler  for  a  2500  c.f.m.  and  two,  500  c.f.m. 
reciprocating  compressors  at  the  Naval  Sta- 
tion.  New  Orleans.  I.,.a. 

(14)  net  price  and  time  for  1  jet  con- 
denser with  removal  pump  and  1  air  ejector 
for  a  6000  c.w.  turbo-alternator  at  the 
Naval  Provinp  Oround  and  power  factory. 
Indian    Head.    Md. 

(15)  net  price  and  time  for  2  jet  con- 
den.<!er.«  with  remov.Tl  viumps  and  2  air 
ejectors  for  two.  500  kw.  turbo-alternators 
at  the   Naval  Station.    New  Orleans.   La. 

(16)  net  price  and  time  for  1  jet  con- 
denser with  removal  pump  and  1  air  ejector 
for  a  2500  c.f.m.  and  two  500  c.f.m.  recip- 
rocating compressors  at  the  Naval  Station. 
New   Orleans.   La. 

(17)  net  price  and  time  for  1  motor 
driven  booster  pump  for  the  cooling  water 
for  an  SOOO  cf.m.  turbo-compressor  at  the 
Navy    Yard.   Boston,   Mass. 

(18)  net  price  and  trme  for  1  motor 
driven  booster  pump  for  the  cooling  water 
for  an  8000  c.f.m.  tuibo-conipressor  at  the 
Navy  Yard.  Philadelphia.   Pa. 

(19)  net  price  and  time  for  1  motor 
driven  booster  pump  for  the  cooling  water 
for  an  8000  c.f.m.  turbo-compressor  at  the 
Navv  Yard,  Norfolk.  Va. 

(20)  net  price  and  time  for  2  turbine 
driven  f^re-and-flushin.c:  pumps  at  the  Naval 
Operating  Base.   H.inipton   Roads.   Va. 

(21)  net  price  and  time  for  one.  5000 
g.p.m.  motor  driven  circulating  pump  for 
the  circulating  system  at  the  Naval  Sta- 
tion.   New    Orleans.    La. 

(22)  net  price  and  time  for  one.  2500 
g.p.m.  motor  driven  circulating  pump  for 
the  circulating  system  at  the  Naval  Sta- 
tion.   New    Orleans.    La. 

(23)  net  price  and  time  for  3  turbine 
driven  boiler  feed  pumps  at  the  Naval  Sta- 
tion, New  Orleans,  La. 

(24)  net  price  and  time  for  2  turbine 
driven  Are  pumps  at  the  Naval  Station, 
New  Orleans,   La.,  from 

Alberger  Pump  &  Condenser  Co.,  140 
Cedar  St.,  New  York  City.  (1)  $1(U447 
(l.-.O  davs)  :  (2)  $14,750  (90  days):  (3) 
$21,004  (120  days)  :  (4)  $19,652  (90  days)  : 
(5)  $21,112  (120  days)  :  (6)  $19,754  (90 
davs):  (7)  $47,045  (150  days):  (8)  $20.- 
4li  (150  days)  :  (9)  $25,230  (180  days)  : 
(10)  $3662  (90  days)  :  (11)  $8847  (90 
davs)  ;  (12)  $8916  (90  d^js)  :  (13)  $3573 
(120  davs)  :  (14)  $21,312  (150  days)  : 
(15)  $13,480  (120  davs)  :  (16)  $5049  (120 
davs)  :  (17)  $1684  (90  days)  :  (18)  $1414 
(90)  davs):  (19)  $1447  (90  days):  (20) 
$11,325  "  (150  days)  :  (21)  $4019  (120 
davs):  (22)  $2512  (120  days):  (23)  $5296 
(120   days) :    (24)    $8025    (120    days). 

TVestinehouse  Electric  &  Mfg.  Co..  805 
Hibbs  BIdg.,  W^ashington,  D.  C.  (1)  $10.- 
984  (150  days):  (2)  $16,867  (90  days): 
(3)  $22,252  (120  davs):  (4)  $18,838  (90 
davs):  (5)  $22,358  (120  days):  (6)  $18.- 
941  (90  davs)  :  (7)  $57,695  (150  days)  : 
(8)  $21,585  (150  days):  (9)  $31,470  (150 
davs):  (14)  $25,428  (120  days):  (15) 
$18,677  (120  days)  :  (16)  $6341  (120 
days). 

DeLaval  Steam  Turbine  Co.,  Trenton.  N. 
J..  (14)  $15,766  (180  days)  :  (15)  $12,180 
(180  days)  :  (16)  $4530  (160  days)  :  (17) 
$1105  (150  davs)  :  (IS)  $1116  (140  days)  : 
(19)  $1155  (150  days)  :  (20)  $10,144  (180 
davs)  :  (21)  $2634  (180  days)  :  (22)  $5520 
(ISO  days)  :  (23)  $3716  (180  days)  :  (24) 
§7992     (ISO    days). 


Wheeler  CoiidinHir  K  T'liKlnm.-lnif  Co.. 
5:'S  Woiiilwaiil  IIIiIk.,  \Vii»lilnKt(in.  I).  *".. 
(1)  )11.7:tr>  (I.MI  duyH)  :  (2)  $15..'>00  (120 
■  layH)  :  (.-I)  |2l)..Mr>  (i:iO  ihiyn)  :  (I)  $19.- 
2.10  (120  ilayH)  :  (5)  120. .'.80  (130  ilavN): 
(6)  $19,290  (120  dayii)  ;  (7)  »,'..'..« 1 .'.  (180 
dayn):  (S)  J2U.820  (150  dnys)  ;  ( !M  $29.- 
040  (160  day«)  ;  (H)  »21,«:)0  (135  dayM)  : 
(15)  $20,510  (inOilayH):  (IG)  $7655  (120 
dayH)  :  (17)  $1450  (120  dayM);  (18)  $1380 
(120   day.M)  :    (19)    $1380    (120   dny.s). 

UosK  Heater  &  Mfg.  Co..  1407  Went  Ave., 
HufTalo.  N.  Y..  (1)  $10,835.  $11,145.  $12.- 
205  (150  day.M)  ;  (2)  $16,310,  $16,960  and 
$17,170  (90  dayH)  :  (3)  $18,860.  $19,710  and 
$19. 920  (i;;o  davH)  :  (4)  $17,925,  $18. 650 
nml  $18,860  (90  davB)  ;  (6)  $18,010.  $19,765 
and  $19,970  (120  days);  (6)  $18,025.  $18.- 
7511  and  $18,960  (90  days);  (7)  $17,150. 
$1S,9oo  and  $49,350  (150  days);  (8)  $19.- 
710.  $20,360  and  $20,565  (150  days).  (ThiH 
party  bid  as  given,  with  3  amount.s  to  each 
Item.) 

Buftalo  Steam  Pump  Co.,  490  Broadway, 
Buffalo,  N.  Y.  (these  prices  for  delivery 
only,  not  erection),  (1)  $6962  (150  to  180 
days):  (7)  $40,186  (180  days):  (8)  $16.- 
715  (180  days):  (17)  $1073  (120  day.s)  ; 
(18)  $1009  (120  days);  (19)  $1009  (12(» 
days)  :  (20)  $7074  (150  to  ISO  days)  : 
(21)  $3298  (200  days);  (22)  $1894  (200 
days)  ;  (23)  $3408  (120  to  150  days)  ; 
(24)    $6436    (165  days). 

Ga.,  Savannah — The  Reliance  Fertilizer 
Co..  106  Bay.  will  install  a  steam  heating 
plant  in  the  fertilizer  factory  which  it  plans 
to  build.  Total  estimated  cost.  $100,000. 
Lockwood  Greene,  Healey  BIdg.,  Atlanta, 
Engr. 

Fla..  Fernandina — N.  B.  Borden.  Chn.  of 
City  Council  will  .soon  receive  bids  for  en- 
larging  the   ice   plant. 

Fla.,  JarkNoiiville — The  city  plans  to  pur- 
cha.se  a  turbo-generator  of  10.000  kw.  and 
a  condenser  of  32,000  sq.ft.  capacity.  Es- 
timated   cost,    $226,764. 

Ohio.  Akron — The  Hippodrome  Arcade 
Co..  434  Akron  Savings  &  Loan  BIdg..  will 
install  heating  equipment,  consisting  of  2 
boilers.  2  vacuum  pumps,  air  washers,  etc.; 
in  the  2-story.  99  x  136  ft.  theater  and 
arcade  which  it  plans  to  build.  Total  es- 
timated cost.  $100,000.  C.  H.  Crane  &  E. 
O.  Kiehler.  2325  Dime  Bank  BIdg.,  Detroit. 
Mich.,  Arch. 

Oliio,  Cleveland — J.  L.  Free  Co..  1004 
Prospect  Ave.,  will  install  a  steam  heating 
plant  in  the  garage  which  it  plans  to  build 
on  East  9th  St.  and  Bolivar  Rd.  Total 
estimated  cost,  $100,000.  M.  Dunning,  304 
South   Wabash    Ave..   Chicago,    111.,    Engr. 

Mich.,  Lansing — The  Board  of  State  Au- 
ditors will  install  a  steam  heating  plant, 
consisting  of  boilers,  pumps,  etc..  in  the  6- 
story  offlce  and  library  building  which  it 
plans  to  build.  Total  estimated  cost,  $800.- 
000.  E.  A.  Bowd,  127  Allegan  St.,  West, 
Arch. 

Mich.,  Wakefield — The  Board  of  Educa- 
tion will  install  steam  heating  and  me- 
chanical ventilation  systems  in  the  2-story. 
65  X  150  ft.  .school  building  which  it  plans 
to  build.  Total  estimated  cost.  $100,000. 
Nystrom  &  Olsen.  Palladio  BIdg.,  Duluth. 
Minn..   Arch. 

Mich.,  Wakefield— The  Board  of  Educa- 
tion will  install  steam  heating  and  me- 
chanical ventilating  systems  in  the  2-story. 
80  X  175  ft.  manual  training  and  recreation 
building  which  it  plans  to  build  Total 
estimated  cost.  $150,000.  Nvstrom  &  Olsen. 
Palladio  BIdg..  Duluth.  Minn..  Arch. 

Kan.,  Oswego — The  city  plans  election 
April  1  to  vote  on  $50,000  bond  issue  for 
the  construction  of  a  new  lighting  plant. 

Kan.,  rniontown — The  city  plans  to  in- 
stall  an   electric   lighting  plant. 

Bio..  St.  Louis — The  McQuay  Norris  Man- 
ufacturing Co..  2808  Locust  St..  plans  to 
build  a  power  house,  in  connection  with  the 
factory  which  it  plans  to  build  on  Cooper 
St.  and  Oak  Hill  R.  R.  A.  J.  Mummert, 
2808  Locust  St..  Engr. 

COXTRACTS   AW.\RDED 

N.  Y.,  ThieUs— L.  F.  Pilcher.  State  Arch., 
Capitol.  Albany,  has  awarded  the  contract 
for  installing  steam  and  heating  plant 
equipment  in  the  Central  Heating  plant  at 
Letchworth  Village,  to  the  Merrill  Co..  98 
Granite  St..  Boston.  Mass.  Estimated  cost. 
S46.984.     Noted  Jan.   21. 

Ohio,  Norwood — The  Board  of  Education 
has  awarded  the  contract  for  installing 
steam  heating  and  ventilating  systems  ijj 
the  2-story.  80  x  139  ft.  sciiool  on  Allison 
St..  to  the  Stanton  Heater  Co.  Estimated 
cost.    $15,170.      Noted  Jan.    28. 


[tIIE    coal    IMAHKKT       | 


Itd.sroN      Ciiir 
Viiik  IiiikIiuii  piirtn 


»7  80(.-.7  9» 
7  •>'>(••  6  \i 
H   0',(.'8.3i 


Carnl.riaii 

niid 

Clinrrii'liln       HoiiiiTM'lK 

$2    l5(</2  7S   »2  80("  3   50 

4   20('-  4  ';0      'j   00(11  i.5i 

4   iOC,  25     5  35("  5.95 


I"  o  li.  niini'ii,  nr-l  tonn 

Philadi'lphiii.  tiroHh  toriH 

Xi'W  \'i>rk,  KroMM  toliH   ,    . 

AloriKHidc     HoMt'iii    (wiitcr 

ciml),Kri.»«loim     .6    10{r/6  85     6.90(",7  80 
Po(■Illl(ln^ll^  iihd   Ni-w   Uivir  iirr  iiuotcd  nt    $4  70 

(<n5.25  fob     Norfolk  iin.l    .N.wport   N.w».   Vu  .   for 

npot  ronl.  iiiid   )7.20(/i,8  60  iiloiiKxidp   Uoatoii,  tlii-iu- 

prii'CH  bciiiK  on  ii  KroHH  ton  buniji. 

NF,W    YORK— Curnnt    <|uotationii,    Wliite    Anil, 

per  leroHH  tonn,  f.o.b.  Tiilfwiilcr,  at  the  lower  portu* 

arc  an  IoIIuwh: 

Company  Company 

Mine     Circular  Mine     Circular 

Broken   $5  95       »7  80        Pea 4.80         6  55 

Ekk  5  85         7  70        Buck- 

Stove        6   10         7  95  whcot      3  40         5    15 

Chest-  Hi(<-.  2  90  4  65 

nut..        6   20  8  05         D.irliy       2  40  4.15 

Bituminous 

.■^pot  Contract 

.South  Forks $2  90  @  $3  50    $3    10®  »3  50 

Cambria    County 

(Rood  grades) 2  SO 

Clearfield  County...    2.65 

Reynoldsvillc   2.65 

QuomahoninK 2.85 

Somcract  County 

(best  grades) 2.80 

Somerset  County 

(poorer  (trades) 2.50 

Western  Maryland.  .    2.  50 

Fairmont   2.10 

Latrobe    2.25 

GrPonsburK 2.  35 

Westmoreland 2.  60 

Westmoreland     run- 

of-minc 2  40 


2.95( 


2.851 
2.95( 


3  00 


3.00 
3.10 


2.95©    3 


2.6S( 


2  75 


2.65       2.40®  2  65 

Quotations  at  the  upper  ports  for  both  bituminous 

and    anthracite    are    5c.    higher   on    account   of    the 

difference  in  freight  rates,  and  are  exclusive  of  the 

3%  war  freight  tax. 

PHIL.\pELPHL\— The  price  per  gross  ton  f.o.b. 
cars  at  mines  for  line  shipment  and  f.o.b.  Port 
Richmond  for  tide  are  as  follows: 

Line     Tide  Line     Tide 

.$5.95  $7  30     Buckwheat....$3.40  $4.45 

20     Rice 2  90     3.80 

Boiler 2.70     3.70 


Broken , 

Egg 5  85 

Stove 6   10 

Nut 6  20 

Pia    4.80 


7 
7  55 

6  05 


Barley 2  40     3.30 

Culm 1.25     2.15 


CHICAGO — Current   prices  per  ton   for   Illinois 
and  Indiana  coal  are  as  follows: 

Illinois 

Southern  Northern 

Williamson,  Saline  and        Illinois  Illinois 

Williamson  Counties       Fob.  Mines   F.o.b.  Mines 

Prepared  sizes $2  75  $3   25 

Mine-run 2   35(«.$2.50  3   OO 

.Srrcenings 2.05  2.75 

BIRMINGHAM — Current  prices  per  net  ton  f.o.b. 
mines  are  as  follows: 

Slack  and 
Mine-Run       Prepared      Screenings 

Big  seam $2  45  $2  75  $2.40 

Black  Creek  and 

Cahaba 3.45  3  75  3.05 

Jagger    -    Pratt 

Corona 2.85  3.05  2.45 

Blacksmith 5.25  

Domestic    quoations,    slightly     increased,     are    as 
follows: 

Lump  and  Nut 

Black  Creek  and  Cahaba 3. 85® $4  50 

Corona 3  40 

.laeeer 3.50 

Montvallo 5. 00 

ST.  LOUIS — The  prevailing  circular  per  net  ton 
f.o.b.  mines  is  as  follows: 

Mt.   Olive 
and 

Franklin  County  Staunton         Standard 

Prepared  sizes,  lump. 

egg,  Nos.    1  and  2 

nut $2,75      

Williamson  County 
Prepared  sizes,  lump, 

egg.  nut $2  55       $2  55         $I.90(g225 

Mine-run  2  20  2   20  1    60®  I    70 

Screenings 2.05  2  05  .95@1    10 

3-in.  lump 2  30  

2-in.  lump I    75®  1    90 

Williamson-Franklin   rate  to  St.    Louis   is  $1.10 
other  rates  92lc. 
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A  COMPLETE  installation  using  the 
1 :  1  gearless-traction  type  elevator 
machine  is  shown  on  this  page.  For 
a  duty  of  2500  lb.  at  700  ft.  per  min.  the 
machine  weighs  about  16,000  lb.,  which  is 
considerably  less  than  the  total  load  on 
the  hoisting  ropes,  due  to  the  weight  of 
the  counterweight,  car,  hoisting  and  com- 
pensating ropes.  When  the  machine  is 
placed  on  the  overhead  beams,  as  shown, 
the  load  on  the  building  is  equal  to  the 
weight  of  the  machine  plus  the  load  on 
the  hoisting  ropes.  If  the  machine  was 
placed  below,  as  in  Fig.  3,  the  load  on  the 
overhead  sheaves  would  be  twice  the  total 
load  on  the  hoisting  ropes,  consequently 
as  the  weight  of  the  machine  is  less  than 
the  hoisting-rope  loads  it  is  desirable  to 
place  the  machine  overhead.  Locating  the 
machine  overhead  also  obviates  the  neces- 
sity for  extra  sheaves,  consequently  a  lon- 
ger rope  life  is  obtained  and  much  less 
roping  is  required,  as  will  be  apparent  from 
a  comparison  of  Figs.  1  and  3.  Also  the 
over-all  efficiency  of  the  installation  is 
higher.  Therefore  it  is  always  best  to 
locate  gearless-traction  machines  overhead. 
The  particular  feature  that  characterizes 
this  type  of  installation  is  that  the  driving 
sheave  and  brake  wheel  are  pressed  directly 
on  the  armature  shaft  of  the  motor,  as 
indicated  in  Figs.  1  and  5,  and  hence  rotate 
at  the  motor's  speeed.  The  motor  there- 
fore must  be  built  for  verj'  slow  speeds, 
and  generally  has  six  or  eight  poles  wound 
with  shunt  field  only.  The  armature  is 
series  wound  with  rectangular  conductors 
to  get  the  maximum  amount  of  copper 
in  the  armature  slots.  With  a  36-in.  sheave 
a  car  speed  of  600  ft.  per  min.  corresponds 
to  63.6  revolutions  per  minute  of  the  arma- 
ture. To  handle  a  2500-lb.  carload  at 
this  speed  requires  about  a  38-hp.  motor. 
The  dimensions  of  the  motor  are  several 
times  larger  than  those  of  a  machine  of  this  horsepower 
built  for  600  revolutions  per  minute.    With  the  standard 


type  of  traction  machine  it  is  necessary 
to  use  a  secondary  or  idler  sheave  F,  Figs. 

1,  2  and  5,  so  that  the  hoisting  ropes  can 
be  given  approximately  two  half-wraps 
around  the  driving  sheave  to  obtain  the 
necessary  traction.  In  general  six  §-in. 
extra-flexible  steel  ropes  are  used  for 
hoisting.  As  shown  in  the  illustration  on 
this  page  and  also  in  Fig.  1,  these  ropes 
are  led  from  the  car  to  the  driving  sheave, 
where  they  make  one  half-turn,  then  to 
the  idler  or  secondary  sheave  and  back  to 
the  driving  sheave  for  another  half-turn, 
and  then  to  the  counterweight.  In  cases 
where  the  driving  sheave  does  not  span 
the  center-to-center  distance  between  the 
car  and  counterweight,  as  shown  in  Fig.  1, 
the  secondary  sheave  F  must  be  offset,  as 

ta|  i    J  I  shown  in  Fig.  2,  and  used  also  to  lead  the 

11  '^^l  ropes    from    the    driving    sheave    to    the 

I      |W  counterweight.     Consequently,  in  practice 

I      11  both  the  driving  and  secondary  sheaves 

*  have  12  grooves  cut  in  them.     With  the 

two  half-turns  around  the  driving  sheave, 
slippage  will  not  occur  between  the  ropes 
and  the  sheave  until  the  load  on  the  car 
side  is  about  twice  that  of  the  counter- 
weight size,  or  vice  versa. 

The  counterweight,  which  includes  the 
counterweight  buffer,  is  adjusted  so  that 
it  equals  the  total  weight  of  the  car  and 
sling,  plus  40  per  cent,  of  the  car  load. 
Thus,  for  a  duty  of  2500  lb.  the  counter- 
.-D  weight  would  weigh  1000  lb.  more  than 
the  car  and  sling.  With  compensation  as 
obtained  by  compensating  ropes,  showm  in 
the  complete  installation  and  Figs.  1  and 

2,  the  maximum  difference  between  the 
tension  on  the  counterweight  and  the  car 
side  of  the  hoisting  ropes  is  1500  lb.  As 
the  total  load  on  both  sides  exceeds  16,000 
lb.,  as  mentioned  previously,  and  as 
slippage  will  not  occur  until  the  load 
on  one  side  is  twice  that  of  the  other, 

it  can  be  readily  seen  that  the  traction  is  positive  and 
that  there  is  no  danger  of  slippage.     In  fact,  the  trac- 
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tion  is  as  positive  as  if  the  ropes  were  wound  on  a 
spirally  grooved  drum,  which  would  be  impossible  on 
recount  of  the  large  amount  of  rope  required,  due  to 
the  high  rise. 

The  adjustment  of  the  hoisting  ropes  must  always  be 
maintained  so  that,  if  the  car  should  overrun  the  bot- 
tom landing,  the  counterweights  will  not  run  into  the 
overhead  work,  even  after  the  combination  oil  and 
spring  bumper.  Figs.  1  and  2,  in  the  pit  is  fully  com- 
pressed, or  if  the  car  should  overrun  the  top  terminal 
landing,  the  counterweight  bumper  will  strike  its 
bumper  blocks  in  the  pit.  If  either  the  car  or  counter- 
weight bottoms   in  the  pit,  the  traction  between   the 


come  into  action  after  a  normal  overrun  is  exceeded, 
and  cause  sufficient  unequal  loading  on  the  hoisting 
cables  at  the  driving  sheave  to  create  slippage  and  stop 
further  motion. 

In  the  complete  installation  and  Figs.  1  and  2  com- 
pensating ropes  are  shown  attached  to  the  bottom  of  the 
counterweight  and  to  the  bottom  of  the  car  sling.  It 
will  be  noticed  that  these  ropes  travel  around  a  com- 
pensating sheave  located  in  the  pit  at  the  bottom  of  the 
elevator  shaft.  This  compensating  sheave  is  free  to 
move  vertically,  its  housing  being  designed  so  that  it 
can  move  up  and  down  between  guides  in  the  pit.  The 
compensating   sheave   and   the    housing   are   of   heavy 


SWy£l  HfTCH 


COUNT£RWEI6Hl 


COUNTERWEIGHT- 


a?MP£NS/^T/NS—\— 
SME/JVE 


FIG.  1.     INSTALLATION  WHERE 

DRIVING     SHEAVE     SPANS 

HALF   THE   CAR 

WIDTH 


COMPENSATme 
SHEAVE 


FIG.  2.     INSTALLATION  WHERE 

DRIVING   SHEAVE   DOES   NOT 

SPAN  H.\LF  THE  CAR 

WIDTH 


T/?/)CT/ON 
SHE/JKE-'^, 


FIG.    3.      INSTALLATION   IN 

WHICH  THE  MACHINE  IS 

LOCATED    IN    THE 

BASEMENT 


driving  sheaves  and  ropes  is  lost.  This  makes  the  trac- 
tion tj'pe  of  machine  the  safest  of  all  modern  elevators, 
as  there  is  no  danger  of  the  car  or  the  counterweights 
being  drawn  into  the  overhead  work,  even  if  the  ma- 
chine continues  to  run.  An  exception,  however,  occurs 
in  very  high  rises  when  the  great  weight  of  the  hoisting 
rope  will  cause  considerable  traction,  even  after  the  car 
or  counterweight  has  landed  on  its  bumper.  This  trac- 
tion, together  with  the  momentum  of  the  car  or  coun- 
terweight, might  cause  either  of  them  to  run  into  the 
overhead  work,  especially  where  the  overhead  clearance 
is  small.  To  prevent  this,  some  of  the  high-rise  in- 
stallations are  equipped  with  retarding  devices,  which 


construction,  so  as  to  keep  the  compensating  ropes 
under  proper  tension.  This  sheave  also  acts  as  a  safety 
device,  since,  if  either  car  or  counterweight  bottoms, 
further  motion  lifts  the  sheave  and  housing  and  thus 
tends  to  stop  the  car  or  counterweight  from  running 
into  the  overhead  work.  In  addition,  a  switch  is  gen- 
erally provided,  which  is  opened  when  the  sheave  is 
lifted  up  a  short  distance.  This  switch  in  turn  opens 
the  main  contactor  M  on  the  control  board,  Fig.  5,  and 
stops  the  motor. 

The  hoisting  and  compensating  ropes  are  each  pro- 
vided with  self-adjusting  swivel  hitches  of  the  ball-and- 
socket  type,  as  indicated  in  Figs.  1  and  2.   This  permits 
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of  a  Knulual  twistinfj  or  creeping  of  the  ropes  imd  ]mv- 
vents  twistiiiK  strains  af  the  hitches.  In  practice  the 
ropes  creep,  owiiijj  to  vihratioii  and  travel  around  the 
sheaves. 

The  compeiKsatiuK  ropes  conipen.sate  for  the  variation 
in  the  not  load  on  the  drivinjr  sheave,  due  to  the  shift- 
inK  of  the  weipht  of  the  hoisting  ropes  from  one  side  to 
the  other  thai  occurs  during  motion  of  the  car  up  and 
down  the  hoistway.  The  weight  of  the  compensating 
ropes  must  he  such  per  foot  that  they  will,  with  the 
electric  cables  leading  to  the  car.  compensate  for  the 
iiet  shifting  of  load  due  to  the  weight  of  the  hoisting 
ropes,  regardless  of  the  posi- 
tion of  the  car  in  the  hoist- 
way.  F'ig.  4  gives  a  sectional 
view  of  the  oil-spring  buffer 
used,  as  previously  described, 
in  the  hoistway  under  the  car 
and  counterweight  to  assist 
in  bringing  them  to  rest  in 
case  the  car  overtravels  the 
top  or  bottom  landings.  The 
retardation  of  the  car  or 
counterweight  is  brought 
about  when  either  comes 
down  on  its  buffe;  by  the  es- 
cape of  oil  from  one  chamber 
into  the  other  of  the  buffer, 
through  holes  in  the  inner 
chamber  indicated  in  the 
figure.  When  the  buffer  is 
unloaded,  its  piston  is  re- 
turned to  its  normal  position 
by  a  spiral  spring.  The 
buffer  is  so  constructed  that  it  will  bring  the  car  to 
rest  from  full  speed,  when  loaded,  without  discomfort. 
The  brake  wheel  is  generally  of  the  same  diameter 
as  the  driving  sheave.  The  brake  B  is  operated  by  a 
solenoid  S,  Fig.  5,  so  arranged  that  when  the  motor  is 
energized  the  solenoid  is  also  energized,  and  lifts  the 


FIG.     4.      COMBIN'ATION 
OIL-SPRING  BUFFER 


FIG.    5.      GEARI.ESS-TRACTION    ELEV.\TOR   MACHINE 


FIG.    6.      TRACTION   MASHINE  WITH   TWO   BRAKES 

brake  shoes  off  the  brake  wheel,  against  the  tension  of 
the  brake  springs  T,  by  means  of  levers  attached  to  the 
brake  shoes  and  solenoid's  cores.  Inasmuch  as,  when 
the  brake  shoes  are  once  lifted  less  current  is  required 
to  hold  them  off  the  brake  wheel,  the  solenoid's  core 
levers  operate  a  small  switch  W  on  top  of  the  brake, 
which  inserts  a  resistance  in  series  with  the  solenoid  to 
cut  down  the  amount  of  current  after  the  brake  has 
been  opened.  The  brake-shoe  springs  T  are  adjusted 
so  that  when  the  brake  solenoid  is  not  energized  the 
pressure  of  the  brake  will  hold  full-load  motor  torque. 
With  the  slow-speed  motor  of  60  r.p.m.  this  torque  is 
ten  times  as  much  as  for  a  600-r.p.m.  motor  of  equal 
horsepower.  Consequently,  the  brake  must  be  of  very 
heavy  construction.  Safe-lift  machines  for  lifting  heavy 
safes,  etc.,  have  two  brakes,  as  shovni  in  Fig.  6. 

In  the  most  modern  elevator  installations  an  electro- 
mechanical type  of  safety  is  used  on  the  car  and  a 
mechanical  type  of  safety  on  the  counterweights.  The 
details  of  these  safeties  are  shown  in  Figs.  7,  8  and  9. 
Fig.  7  gives  the  general  scheme  of  roping  up  the  gov- 
ernor to  the  car  and  counterweight  safeties.  Fig.  8  the 
details  of  the  electro-mechanical  safety  on  the  car,  and 
Fig.  9  the  counterweight-safety  details.  A  description 
of  the  operation  of  the  safeties  is  as  follows: 

Starting  from  the  governor  G,  Fig.  7,  the  governor 
rope  R  is  deflected  by  the  two  small  sheaves  at  the  top 
of  the  counterweight  so  that  it  leads  straight  down  and 
around  the  counterweight-safety  sheaves  S,  Fig.  9^  mak- 
ing two  full  turns,  then  it  is  deflected  off  the  counter- 
weight by  the  two  small  sheaves  at  the  bottom  of  the 
counterweight  to  the  governor-tension  sheave  B,  Fig. 
7.  The  governor-tension  sheave  at  the  bottom  of  the 
pit  is  counterweighted,  as  shown  at  B  in  the  complete 
installation,  to  keep  the  proper  tension  on  the  rope. 
This  sheave  is  free  to  move  vertically,  the  movement 
being  controlled  by  guides  in  the  pit.  After  leaving  the 
tension  sheave,  the  rope  runs  up  to  the  car  and  is  de- 
flected by  small  idlers  under  the  car,  Fig.  7,  to  the  car- 
safety  sheave.  After  making  two  full  turns  around 
the  safety  sheave  S,  Fig.  8,  the  rope  is  led  by  idler 
sheaves  to  a  releasing  carrier  on  top  the  car  and  thence 
back  to  the  governor  G,  Fig.  7. 
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During  normal  operating  conditions  the  safety 
sheaves  S  remain  stationary  and  the  governo-  rope  also 
remains  stationary  with  respect  to  the  car  and  counter- 
weight. The  motion  of  the  car  and  counterweights 
causes  the  governor  rope  to  rotate  the  governor  G  and 
the  tension  sheave  B.  A  releasing  carrier  on  the  car 
prevents  motion  of  the  sheaves  S  until  a  heavy  pull  on 
the  governor  rope  releases  the  carrier.  When  the  gov- 
ernor is  rotated  above  a  predetermined  speed,  the  balls 
of  the  governor  open  a  switch  which  controls  a  magnet 
whose  contacts  are  in  series  with  the  magnet  under 
the  car,  shown  at  A,  Fig.  8.  When  this  magnet  is  de- 
energized,  the  spring  C  causes  the  jaws  D  to  apply  a 
light  retarding  force  on  the  rails  E  and  thus  brings 
the  car  gradually  to  a  stop. 

In  case,  however,  the  hoisting  ropes  part,  the  down- 
ward motion  of  the  car  and  counterweight  causes  the 
governor  rope  to  rotate  the  safety  sheaves  S,  Figs.  8 
and  9,  and  this   in  turn  causes   the  safety  jaws  D 


trol.  In  starting  a  gearless-traction  elevator,  the  mini- 
mum bypass  resistance  is  connected  across  the  arma- 
ture, and  the  maximum  resistance  in  series  with  the 
armature  and  bypass  resistance.  The  bypass  resist- 
ance is  increased  in  steps  by  the  closing  of  contactors 
1,  2,  3  and  4,  Fig.  5.  When  contactor  4  operates,  the 
bypass  resistance  is  opened,  leaving  only  the  series 
resistance  in  circuit.  Contactors  5,  6,  7,  8  and  9  are 
operated  automatically  by  a  single  magnet  A  con- 
nected across  the  motor's  armature,  which  is  energized 
by  the  closing  of  an  auxiliary  contact  on  contactor  4. 
As  the  armature  comes  up  to  speed,  the  voltage  across 
it  increases;  this  increases  the  pull  of  the  magnet,  and 
as  the  pull  increases,  contactors  5,  6,  7,  8  and  9  operate 
successively,  each  cutting  out  of  circuit  a  section  of  the 
series  resistance.  When  contactor  9  closes,  the  motor  is 
placed  directly  across  the  line.  The  speed  is  still  fur- 
ther increased  by  the  opening  of  the  fast-speed  magnet 
F,  which  puts  a  resistance  in  scries  with  the  motor's 
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to  clamp  the  rails  and  stop  the  car,  and  the  safety 
jaws  J  to  clamp  to  the  counterweight  guide  rail  and 
stop  the  counterweight. 

The  controller  panel  for  the  motor  is  operated  by  a 
car  switch  in  the  car,  under  control  of  the  elevator 
operator.  The  control-circuit  conductors  are  placed  in 
conduit  between  the  controller  and  a  junction  box  J 
at  the  center  of  the  hatch,  shown  in  the  complete  in- 
stallation, and  flexible  cables  containing  the  conductors 
are  provided  from  this  junction  box  to  the  bottom  of  the 
car  platform,  where  they  are  led  in  conduit  to  the  car 
switch. 

The  gearless-traction  elevator-machine  motor  is  shunt- 
wound,  and  its  field  winding  is  always  excited  as  long  as 
the  line  switch  is  closed.  The  field  connections  are  made 
direct  to  the  line  so  as  to  eliminate  possible  opening 
of  the  field  circuit  and  overspeeding  the  motor. 

To  secure  proper  control,  it  is  necessary  to  provide 
for  slow  speed  and  for  acceleration  to  be  gradual.  For 
slow  speeds  it  is  necessary  not  only  to  use  resistance 
in  series  with  the  armature,  but  to  use  a  resistance 
across  the  armature,  so  as  to  obtain  proper  speed  con- 


field.  Contactor  M  is  the  main  potential 
switch  and,  when  closed,  connects  the 
line  to  the  contactor  panel.  When  the 
potential  switch  is  open,  its  bottom  con- 
tacts connect  a  resistance  across  the 
motor's  armature,  which  acts  as  an  elec- 
trical brake,  if  the  car  is  in  motion, 
and  brings  the  motor  to  a  dead  stop. 
The  hatchway-limit  switches  H  in  the  installation  on 
the  first  page,  and  the  car-safety  switch  are  in  series 
with  the  main  potential-switch  coil  and  also  the  magnet 
controlling  the  solenoid  on  the  electro-mechanical  safety 
under  the  car.  Opening  of  the  hatchway-limit  switches 
or  of  the  car-safety  switch  therefore  causes  a  light  re- 
tarding force  to  be  applied  between  the  car-safety  jaws 
and  the  rails  and  also  connects  a  resistance  across  the 
armature,  consequently  the  car  is  quickly  brought  to  rest. 
The  up-and-down  contactors  U  and  D,  Fig.  5,  are 
mechanically  interlocked  and  arranged  so  that  they 
pass  the  current  through  the  armature  to  give  proper 
direction  of  rotation  of  the  motor.  The  car  switch  con- 
trols the  solenoids  on  the  up-and-dovni  contactors  U 
and  D,  the  slow-speed  magnets  1,  2,  3  and  4  and  the  fast- 
speed  magnet.  The  operator  is  consequently  able  to 
run  the  car  at  any  desired  speed. 

On  the  top  of  the  car  is  an  automatic  stopping  switch 
A,  shown  in  the  complete  installation.  This  switch 
has  a  number  of  contacts  which  are  successively  opened 
by  movement  of  the  switch  arm  coming  in  contact 
with  bent  angle  irons  D  at  the  top  and  bottom  of  the 
hatchway,  called  slowdowns.  When  the  car  approaches 
near  to  the  terminal  landing,  the  roller  on  the  stopping 
arm  comes  into  contact  with  the  slowdowns  and 
continued  motion  of  the  car  causes  movement  of  the 
stopping  arm  and  opening  of  the  contacts  in  switch  A. 
The  first  contact  closes  the  fast-speed  magnet  and  slows 
the  car  down;  the  second,  third  and  fourth  gradually 
reduce  the  motor's  speed  by  opening  the  magnets  4,  3 
and  1 ;  and  the  last  contact  opens  the  up  or  down  re- 
versing switch,  as  the  case  may  be.     Further  details 
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of  KPi'rlcas-trnrtion  elevator  control  will  be  (riven   in  a 
later  article. 

Summing  up,  the  safety  devices  of  the  Kearles.><-trac- 
lioM  elevator  arc  as  foilinv.-*: 

1.  Automatic  return  of  the  car  switch  to  an  o(T  posi- 
tion. 

2.  The  automatic-stopping  switch  Rraduaily  brings 
the  car  to  a  stop  as  the  top  or  bottom  landings  are  ap- 
proached. 

:\.  The  hatchway-limit  swlchcs  operate  if  the  car 
(ontinnos  to  move  after  the  automatic  stoppinK  switch 
opens  the  reversing  switches. 

4.  The  switch  operated  by  the  centrifugal  governor 
stops  the  car  in  ca.so  of  ovcrspeeding,  by  causing  a  light 
retarding  force  to  be  applied  between  the  car-safety  jaws 
and  rails  and  opening  the  main  potential  switch. 

5.  The  oil  buffers  are  capable  of  stopping  the  car  or 
counterweight  at  50  per  cent,  excess  speed  without  dis- 
comfort to  passengers. 

6.  After  the  car  or  counterweight  strikes  the  bump- 
ers, the  traction  between  the  hoisting  cables  and  driv- 
ing sheave  is  either  lost  or  greatly  reduced. 

7.  Overtravel  beyond  the  top  terminal  landing  lifts 
the  compensating  sheaves  and  housing,  and  this  in  turn 
helps  to  decrease  the  traction  and  also  operates  a  switch 
to  stop  the  motor. 

8.  Opening  of  the  car-safety  switch  stops  the  motor 
and  applies  a  light  retarding  force  between  the  car 
safety  jaws  and  rails,  thus  stopping  the  car. 

9.  For  high-lift  elevators  a  mechanical  retarding  and 
latching  device  is  provided  to  stop  the  car  from  over- 
run beyond  the  top-terminal  landing. 

10.  Breaking  of  the  hoisting  ropes  causes  the  ap- 
plication of  a  heavy  retarding  force  on  the  car  and 
counterweight  safeties. 

Proper  Packings  Produced  Savings 

By  Waldo  We.a.ver 

My  experience  in  paper  mills  and  rubber  plants  has 
made  it  apparent  that  too  many  engineers  are  penny 
wise  and  dollar  foolish  in  the  purchase  of  packings. 

The  following  will  demonstrate  my  contention:  The 
engines  driving  the  heaters  and  jordans  were  invariably 
:hut  dowm  two  or  three  times  weekly  to  pack  the  cutoff- 
valve  stems.  As  a  ten-minute  shutdown  in  a  paper  mill 
means  a  loss  of  one  hour  on  the  paper  machines,  it  is 
obvious  that  such  shutdo\\Tis  result  in  a  drop  in  pro- 
duction, amounting  in  this  case  to  from  $100  to  $200 
weekly.  After  trying  out  several  packings,  one  was  se- 
cured that  made  it  certain  that  the  engines  would  not 
have  to  be  shut  down  from  this  cause. 

It  was  also  necessary  to  pack  the  piston  rods  every 
second  week  so  that  the  engines  could  be  operated 
continuously  from  Monday  morning  to  the  next  Sunday 
morning.  It  was  a  regular  Sunday  job  in  our  case 
to  slaughter  about  three  boxes  of  soft  coil  packing, 
costing  about  $21.  Metallic  packings  were  applied, 
which  saved  the  company  over  $500  the  first  year.  A 
similar  condition  existed  in  a  rubber  mill  with  the  ad- 
dition that  a  shutdown  of  the  main  engine  resulted  in 
a  much  greater  loss  in  production  and  profits.  The 
kind  of  packings  which  had  been  found  so  satisfactory 
in  the  paper  mill  were  purchased  and  applied. 

In  this  rubber  mill  there  was  no  end  of  trouble  with 
the  outside-packed  power  and  hydraulic  pumps.-  It  was 
an  every  Cunday  job  to  pack  these  pumps,  and  it  cost 


the  company  con.sidcrable  for  labor  as  well  an  for  pack- 
ing. Variou.H  combinations  of  cut  rings  were  experi- 
mented with  and  finally  such  combinations  Helected  a.s 
Kave  the  longest  wear  without  repacking  and  did  not 
l>roduce  a  detrimental  wear  on  the  plungers.  Some  of 
these  pumps  were  operated  for  more  than  a  year  with- 
out repacking.  In  one  instance  the  pump  was  not 
repacked  in  three  years.  The  life  of  packings  depends 
on  the  construction  and  workmanship  of  the  pump, 
dust  in  the  surrounding  air,  etc. 

Some  years  ago  I  suffered  a  shutdown  in  a  small 
central-station  plant  because  of  a  broken  hurd-rubber 
valve  in  the  large  boiler-feed  pump.  As  the  s  nailer 
pump  would  not  hold  the  water  up  in  the  boilers  on 
the  peak  load  and  as  the  large  pump  could  not  be  put 
back  into  service  at  once  becau.se  the  repairman  broke 
the  stud  off  in  removing  it,  it  was  necessary  to  drop 
nearly  half  the  service.  This  cured  me  of  that  kind 
of  pump  valve.  I  use  nothing  but  special  composi- 
tion valves  which,  although  expensive,  are  worth  the 
money,  as  they  will  outwear  four  to  five  sets  of  the 
ordinary  rubber  valves,  and  besides  do  not  require  re- 
placing so  often.  I  have  not  found  brass  valves  satis- 
factory. 

Care  should  also  be  exercised  in  the  .selection  of  pump 
valves  used  with  condensers.  The  first  cost  of  such 
valves  can  Vje  considerably  reduced  by  using  thinner 
ones;  besides,  thin  valves  will  wear  longer  than  thick 
ones  as  the  lift  can  be  made  less,  also  the  spring 
tension. 

Considerable  slippage  results  in  high-pres.sure  pumps 
and  fire  pumps  because  the  valves  are  too  hard.  Inside- 
packed  pumps  will  give  much  less  trouble  and  the 
slippage  will  be  less  if  special  solid  or  uncut  duck  rings 
are  used.  Rock-hard  duck  should  be  used  on  hot  water. 
Valve-stem  packings  should  likewise  be  given  special 
attention.  Shredded  metal  gives  the  best  results  When 
used  in  combination  with  a  good  grade  of  feoft  twist 
packing.  Certain  brands  of  twist  packings  are  far 
superior  to  others  that  are  said  to  be  of  the  same  com- 
bination. This  is  especially  true  where  superheated 
.steam   is   encountered. 

Many  engineers  seem  to  think  the  packing  on  centrif- 
ugal pumps  requires  little  attention,  yet  last  winter 
I  witnessed  a  tremendous  loss  in  a  large  rubber  mill 
due  to  this  oversight,  resulting  in  the  destruction  of 
many  quite  expensive  brass  sleeves.  Naturally,  the 
labor  expense  for  replacing  these  sleeves  was  of  far 
greater  importance  than  the  cost  of  the  sleeves.  One 
centrifugal  handling  12,000  gal.  per  min.  to  a  condenser 
had  been  in  operation  about  a  year,  yet  the  sleeves  had 
grooves  worn  in  them  over  one-half  inch  deep.  This 
was  also  true  of  a  new  boiler-feed  centrifugal.  It  was 
all  uncalled  for,  but  the  engineers  passed  it  by  as  only 
a  small  thing 

Special  attention  should  be  given  to  the  packing 
of  centrifugals  used  in  connection  with  condensers 
where  the  pump  lifts  its  water.  This  is  true  even 
though  the  glands  are  water-sealed.  In  one  case  the 
vacuum  was  increased  1.7  in.  by  keeping  these  glands 
tight  on  the  circulating  water  pump.  The  rise  in 
vacuum  resulted  from  increasing  the  water  circulated. 
The  speed  of  the  pump  was  not  augmented. 

Packings  are  only  one  of  the  many  things  that  re- 
quire special  thought  and  intelligence  and  serve  to  make 
the  engineer  eitlier  a  success  or  a  failure,  and  will  pay 
the  owner  good  dividends  in  several  ways  if  given 
proper  attention. 
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Fusibility  of  Ash  from  Great  Lakes  and 
Mississippi  Valley  Coals* 

By  W.  a.  SELVIG,  W.  C.  RATLIFF,  and  A.  C.  FIELDNER 


Some  of  the  most  valuable  of  the  articles  on  clinkers  and  the  fusion  tempera- 
tures of  ash  appearing  in  "Power"  are:  "Fusion  Temperatures  of  Ash,"  by 
Bailey  and  Calkins,  Nov.  8,  1910;  "Fusion  Temperatures  of  Ash,"  by  Wing 
(discussion  of  the  previously  mentioned  article),  Dec.  27,  1910;  Reply  to  Wing 
by  Bailey,  Feb.  7,  1911;  "Fusing  Temperatures  of  Coal  Ash,"  Bailey,  Nov.  28, 
1911;  "Clinkering  Properties  of  Coal,"  Hubley,  Dec.  1,  19H;  "The  Clinkering 
of  Coal,"  Professor  Marks,  Dec.  29,  19H;  "Cause  and  Prevention  bf  Clinker," 
Bureau  of  Mines,  Aug.  31,  1915;  "Clinkering  of  Bitumino^is  Coal,"  Hubley,  a 
series  of  four  unusually  valuable  articles,  Oct.  10,  17,  2i  and  Nov.  7,  1916. 
"Fusibility  of  Coal  Ash  from  West  Virginia  Coals,"  W.  A.  Selvig,  Oct.  15,  1918. 


THE  In- 
teriorcoal 
province 
which  i  n  - 
eludes  all  of 
the  bitumin- 
ous coal  fields 
near  the 
Great  Lakes, 
in  the  Mis- 
sissippi Val- 
ley, and  in 
Texas,  c  o  n  - 
tains  a  vast 
amount  of 
coal  which  is 
e  X  t  e  n  sively 
mined  and 
has  been  an 
important 
factor  in  the 
d  e  velopment 
of  the  manu- 
facturing cen- 
ters of  this 
region.  While 
there  is a  large 
amount  of  an- 
alytical data 
available  as  to 
the  composi- 
tion of  these 
coals',  there 
has  been  no 
general  s  u  r  - 
vey  of  the 
fusibility  of 
the  ash  from 
the  various 
coal  beds  com- 
prising this 
coal  province. 
The  Bureau 
of  Mines  is 
making  fusi- 
bility tests  on 

the  well-known  American  coals,  and  this  paper  gives  a 
summary  of  such   tests  on  the  coals   of  the  Interior 


FURNACES   USED  TO  DETERMINE  FUSION   XEMPBRATUKES   OP   ASH 


•Abstract  of  a  paper  on  Fusibility  of  Coal  Ash  from  the  Interior 
Province  Coals  as  compared  with  West  Virginia  Coals.  Published 
by  permission  of  the  Director,  United  States  Bureau  of  Mines. 

'Lord,  N.  W..  and  others,  "Analyses  of  Coals  in  the  United  States, 
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1200  pp.      (In  two  parts). 

Fieldner,  A.  C,  and  others  :  "Anaivses  of  Mine  and  Car  Samples 
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Mines.   1914,  444  pp. 

Fieldner.  A.  C.  and  others;  "Analyses  of  Mine  and  Car  Samples 
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Mines,  1917,  456  pp. 

Parr,  S.  W.  ;  'Chemical  study  of  Illinois  Coals;  Illinois  State 
Geological  Survey,  Coal  Mining  Investigations"  ;  Bull.  3,  191G, 
8C   pp. 


province, 
A  previous 
paper  of  the 
Bureau  o  f 
Mines  gave  a 
description  of 
the  standard 
gas  -  furnace 
method  used 
by  the  Bu- 
reau of  Mines 
in  making  ash 
f  u  s  i  b  i  lity 
tests,  to- 
gether with  a 
summary  of 
such  tests  on 
West  Vir- 
g  i  n  i  a  coals. 
Analyses  of 
clinkers  from 
boiler  fur- 
naces indi- 
cated that  the 
c  0  n  d  i  tions 
were  such  as 
to  form  clink- 
ers in  which 
the  iron  is 
present  prin- 
cipally in  the 
ferrous  state, 
c  0  nsequently 
the  values  ob- 
tained in  the 
2  a  b  0  r  a  tory 
tests  are  in 
this  respect 
comparable  to 
the  actual 
fuel-bed  con- 
ditions, and 
give  the  low- 
est tempera- 
tures at  which 
the  intimately 
mixed  ash  softens  with  the  formation  of  clinker. 
The  tables  of  fusibility  of  coal-ash  tests  give  the  av- 
erage values  for  all  mines  tested  in  each  coal  bed.  Av- 
erage values  for  each  mine  were  computed  from  the 
individual  samples,  which  in  practically  all  cases  are 
standard  mine  samples  collected  by  representatives  of 
the  Bureau  of  Mines,  the  United  States  Geological  Sur- 
vey, or  by  the  various  state  geological  surveys,  accord- 


^Selvig,  W.  A.  ;  "Fusibility  of  Coal  Ash  from  W'est  Virginia 
Coals:  Poiver,  Oct.  15,  1918,  p.  566;  Chemical  and  M<  falluryiral 
Engineering,  Vol.  19,  No.  12,  1918,  p.  826.  For  a  complete  table 
giving  results  obtained  for  each  mine  tested,  see:  Selvig,  W.  A.; 
"Fusibility  of  Coal  A?.\\  from  West  Virginia  Coals"  ;  Coal  Age, 
Vol.  15,  No.  1,  1919,  pp.  12-16. 
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inK  to  the  methods  used  by  the  Bureau  of  Mines.  A 
small  luimbor  of  ear  samples  that  were  considered  rep- 
resentative of  the  outjjut  of  the  various  mines  are 
also  included. 

The  point  taken  as  the  softening  temperature  is  that 
at  which  the  ash  when  molded  into  solid  trianjruiar 
pyramids  i  in.  high  and  l  in.  wide  at  the  aide  of  the 
base,   and   mounted   in   a  vertical  position,   has    fused 

TAULE  I.     nslBILITY  OK  COAL  ASH  1  UOM  THE 
INTEUIOR  I'UOVINCE  COALS 

Number     Total  Avcrogo  Ash   in  Sulphur  in 

of  NuiiilKT    Softciiinjj  Dry  Coul.  Dry  Coiil, 

Mimil  o(       Ti'in|>«riiturc,     Avcrftiir  Avi  riiKi- 

Region.  SUte,  Bt-d    Smiiplwl  Sttiiipleu      Ucgf.  VerCcut.  IVr  Ciiit. 

I                           2  }  4  5  6 

EiuitcrD  Kegion: 

lllinuin  .   ,  ,  „, 

No.  IBod I  2110  1174  4  86 

No.  2Bcd     6  IS  2010  9  97  3  58 

No.  5Bed 9  27  1990  10  84  3  28 

No  6  Bed  36  IbO  2160  10  27  2  30 

No.  7  Bed 2  13  2050.  10  62  2  69 

Indiana  _  .   , , 

No.3Bed  3  U  2090  10  61  4  34 

No.  4  Bed  7  30  2390  8  17  1  62 

No.  5  Bed 9  29  2130  10  23  3  54 

No.  6  Bod   1  5  2040  9  91  2  65 

MinshallBod 1  1  2120  9  00  2  99 

Western  Kentucky  .  ., 

No.  6  Bed 1  2130  8  81  2  97 

No.  9  Bed    20  78  2030  10  53  3  67 

No.  lOBed 2  2  1990  1!    99  4    18 

No.  11  Bed 7  39  2030  9  57  4  08 

No.  l2Bcd 3  17  2150  10  20  2  30 

Western  Tie^on: 

Kansas  .,  .   _, 

Be\-icrBed 2  6  1980  14  83  4  71 

CherokeeBed 3  8  2110  9  42  3   18 

Leaveuworth  Bed...      I  3  2020  18  26  5  46 

Weir-Pittsburgh  Bed     3  7  2010  1168  5  31 

Missouri 

Bevi.rRpd 16  42  1960  13  47  4  90 

BowenBed   I  3  '     1940  13    18  4  61 

CainsviUc  Bed I  3  1980  12  71  5  78 

Cherokee  Bed 1  3  2150  7   51  1   97 

JordanBed 4  12  2010  12  74  4  42 

Lexinctnn  Bed   14  39  2000  13  48  4  04 

Lower  Rich  Hill  Bed     3  8  1940  15  39  5  43 

PinsburBh  Bed...  2  6  1940  10  78  4  45 

MulberrvBed 2  5  1?90  14  58  3   18 

MulkvBed 4  9  1940  1128  5  25 

RiehHillBed I  3  1970  15  47  6   12 

Teho  Bed      8  23  2040  1 1    64  4  66 

WaverlyBed 1  2  2020  17.43  8  29 

Oklahoma 

Da«-sonBed   3  3  1920  8  95  3  91 

Henri-etta  Bed 2  2  1980  8  03  1    59 

Lehigh  Coiil  Bed....  3  15  2150  1146  4   17 
Lower  Hartshorne 

Bed 9  27  2020  6  03  1    43 

Me.Mester  Bed   6  28  2180  6  94  167 

McCurtainBed I  6  2110  6  92  0  84 

P.inama  Bed 2  4  2160  6  81  1    46 

StisrlcrBed 5  5  2050  5   13  1   91 

L'pner     Hartshorne 

Bed 3  7  2170  6   15  1    51 

Arkansf>9 

Denning  Bed    1  3  2200  7  ^8  2   45 

Hartshorne  Bed 5  9  2120  11    59  I    40 

Paris  Bed 1  3  2140  10   12  3   78 

Shinn  Basin  Bed....  I  1  2180  10  36  2  23 
Southwestern  Region: 

Texps 

Panto  Tomas 2  2  2580  19  21  198 

dovm  to  a  spherical  lump.  Points  at  which  the  tips  of 
the  cones  first  fuse  and  at  which  the  ash  has  become 
very  fluid  are  also  taken  and  serve  mainly  as  an 
indication  of  the  viscosity  of  the  melting-  ash ;  however, 
these  values  are  not  given  in  the  tables.  The  aver- 
age percentage  of  ash  and  sulphur,  on  the  dry  coal 
basis,  is  given  as  a  basis  of  comparison  of  the  dif- 
ferent beds. 

What  a  Broken  Wedge  Bolt  Did 

Broken  wedge  bolts  are  not  uncommon  in  recipro- 
cating-engine practice,  and  sometimes  the  result  is 
somewhat  curious.  One  recent  instance  was  that  of 
an  18  X  36-in.  Corliss  engine  running  at  106  r.p.m. 
24  hours  per  daj',  with  the  exception  of  Sunday,  when 


a  wmall  engine  was  used   for  the   necc-sary   light  and 
power  during  the  week-end  shutdown. 

One  morning  the  chief  engineer  in  making  his  round 
noticed  that  there  was  an  accumulation  of  bra.ss  in 
the  oil  pan  underneath  the  crankpin,  but  the  night 
engineer,  on  being  que.stioned,  disclaimed  having  hud 
any  trouble  with  a  hot  bra.ss,  and  that  the  engine  was 
running  all  right  was  evident.  On  Sunday,  when  the 
engine  was  shut  down,  the  chief  had  the  crankpin 
brasses  removed.  He  was  surprised  to  find  that  two 
depressions  on  the  back  of  the  brass  next  to  the 
wedge  had  been  worn,  also  on  either  side  of  the  brass 
flanges.       These     are     shown     in     the     illustration, 


*Holmes,  J.  A.  ;  "The  Sampling  of  Coal  in  the  Mine" 
Paper  1,   Bureau  of  Mines.  1911.   18  pp. 


CRANKPIN  BRASS  WORN  BY  BROKEN  WEDGE  BOLT 

also  the  broken  adjusting  bolt;  the  egg-shaped  portion 
is  what  is  left  of  the  broken-off  end  of  the  same  bolt. 

During  the  night  shift  the  top  wedge  bolt  broke. 
The  engineer  took  out  the  longer  section  of  the  bolt 
and  managed  to  remove  the  broken  end  from  the  wedge^ 
but  neglected  to  remove  it  from  the  space  between  the 
wedge  and  the  top  of  the  crankrod.  As  there  was 
nothing  to  prevent  putting  in  a  new  wedge  bolt  and 
adjusting  the  bearing,  this  was  done  and  the  engine 
was  started  up  and  ran  along  as  usual.  The  piece  of 
adjusting  bolt  that  was  left  in  the  space  between  the 
adjusting  wedge  and  the  crankrod  was  about  I  in.  long, 
and  in  bouncing  back  and  forth  with  the  throw  of  the 
crank  it  w-as  worn  egg-shaped,  the  threads  entirely  dis- 
appeared and  the  bearing  brass  was  worn  as  shown. 

Although  there  is  nothing  peculiar  in  the  action  of 
this  broken  wedge  bolt,  it  is  a  very  good  example  of 
what  constant  pounding  will  do  even  with  a  light  stroke. 
The  time  the  broken  piece  of  bolt  was  being  knocked 
back  and  forth  was  about  one  month. 
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Plate  Valves  for  Sullivan  Straight-Line 
Compressors 

During  the  last  year  a  radical  improvement  has  been 
made  in  the  design  of  the  Sullivan  straight-line  steam- 
driven  two-stage  air  compressor.  For  the  semirotary 
or  Corliss  mechanically  driven  air  inlet  valves,  formerly 
applied  on  these  machines,  the  new  type  of  Sullivan 
plate  valves  has  been  substituted.  These  valves,  which 
are  similar  in  design  to  those  in  successful  use  for  the 
last  two  years  on  Sullivan  angle-compound  compressors, 
are  shown  in  the  illustrations.     They  are  designed  to 


lifting,  under  air  pressure,  the  fingers  exercise  a  rolling 
or  rocking  action  against  the  guard,  opening  first  at 
their  outer  end.  When  closing,  the  fingers  roll  back 
to  their  seats,  the  fixed  end  closing  first  and  the  free 
outer  points  last.  This  action  eliminates  hammering 
and  insures  noiseless  operation.  The  valves  seat  over 
rectangular  ports  in  the  face  of  the  cylinder  heads. 
The  inlet  valves  are  situated  in  the  upper  half  of  the 
head,  and  the  discharge  valves,  which  are  of  the  same 
design,  in  the  lower  half. 

Other  improvements  in  the  compressor  are  a  simpli- 
fied   steam    valve    mechanism    controlled    by    a    Meyer 


SHOWING  SULLIVAN  STRAIGHT-LINE,  TWO-STAGE  AIR  COMPRESSOR:  INSIDE  FACE  OF  CYLINDER  HEAD.  CYLINDER 
HEAD  WITH  VALVE  COVERS  AND  SOME  OF  VALVES  REMOVED,  AND  COMBINED  SPEED  AND  PRESSURE 

REGULATOR    WITH    SAFETY    STOP 


secure  rapidity  of  action,  wide  port  opening  with  mini- 
mum wiredrawing  effect  and  a  reduction  in  the  power 
required  to  operate  them.  The  loss  from  clearance  and 
leakage  in  this  design  is  comparatively  low,  so  that  high 
volumetric   efficiency   is   secured. 

The  finger  valve,  as  it  is  called,  is  of  a  distinctive 
grid  form,  shaped  like  a  group  of  thin  flat  fingers 
or  blades  and  made  from  sheet  spring  steel.  It  is 
bolted  at  one  end  only  to  a  steel  guard  plate,  the  other 
end  being  free.  This  guard  plate  is  curved  to  form 
a  rest  for  the  entire  length  of  each  b'.ade,  when  it  is 
bent  or  lifted  by  the   incoming   or   outgoing   air.      In 


adjustable  cutoff  and  the  Judson  type  of  combined  speed 
and  pressure  regulator  fitted  with  a  safety  stop.  The 
speed-controlling  element  is  located  at  the  end  of  tha 
horizontal  shaft  shown  in  the  illustration.  For  protec- 
tion against  dirt  it  is  inclosed  in  a  casing.  Three 
adjustments  are  provided — maximum  speed,  minimum 
speed  and  air  pressure — each  of  these  being  independent 
of  the  other.  Where  the  demand  for  air  is  intermittent, 
an  automatic  unloading  valve  is  provided  to  supplement 
the  action  of  the  governor. 

The  compressor  is  built  in  capacities   ranging  from 
400  to  950  cu.ft.  cf  air  per  minute. 
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lliiiU  (1  Slal<  s  Nilrah*  Plant  No.  2  at  Muscle 
Shoals — ^IVlaiii  and  llousc^   riirhiiies 

By  CHARLKS  H.  BROMLEY 


This  is  the  first  complete  description  of  the 
triple-cylinder,  pure-rraction  parallcl-flniv  tur- 
bine to  be  published.  The  Muscle  Shoals  ma- 
chive,  which  is  the  nwst  interesting  of  this  new 
tijpe,  is  of  60,000-kw.  continuous  capacity.  Its 
fJexibility  of  control  is  one  of  its  paramount 
f''atures.  Performance  data  are  given  and  the 
sequences  of  operations  of  control  and  signal 
'iystcms  are  explained. 


THIS  is  the  second  of  a  number  of  articles  treating 
of  this  interesting  power  plant.  The  main  tur- 
bine unit  is  of  the  reaction,  cross-compound, 
triple-cylinder  parallell-flow  type.  While  there  is  simi- 
larity between  this  70,000-kw.  maximum  unit  and  the 
latest  machine  installed  in  the  Seventy-Fourth  Street 
Station,  New  York  City,  the  former  is  perhaps  the 
most  interesting  turbine.  As  the  triple-cylinder  or 
compound-type  unit  has  had  to  date  only  meager  de- 
scription, it  is  fitting  that  the  machine  be  quite  fully 
described  here.  The  writer  is  appreciative  of  the  co- 
operation of  the  purchasers,  the  Air  Nitrates  Corpora- 
tion, and  the  builders,  the  Westinghouse  Electric  and 
Manufacturing  Co. 

The  turbine  installation  consists  of  a  single  unit  hav- 
ing a  capacity  of  60,000  kw.  continuous  and  a  maximum 
of  70,000  kw.  for  short  periods.  It  consists  of  a  single- 
flow  high-pressure  turbine  operating  at  1800  r.p.m.,  and 
two  semi-double-flow  low-pressure  turbines  operating  at 
1200  r.p.m.,  and  three  generators  of  equal  capacity. 
The  turbine  is  of  the  pure-reaction  three-cylinder  88- 
stage  type.  It  is  designed  to  divide  the  load  equally 
between  the  three  generators  at  60,000  kw.  The  over- 
all dimensions  are:  Length,  53  ft.  8  in.;  width,  56  ft. 
2  in.;  height,  19  ft.  3  in.  The  shipping  weight  is  2,- 
600,000  lb.,  and  the  heaviest  piece  for  the  crane  is 
142,000  lb.  Fig.  1  shows  an  end  elevation  of  the  ma- 
chine. 

Steam  at  275-lb.  pressure  and  175  deg.  F.  superheat 
is  admitted  to  the  single-flow  high-pressure  element 
through  two  18-in.  steam  headers,  each  equipped  with 
an  18-in.  combination  throttle  valve.  These  are  united 
into  a  26-in.  inlet,  entering  the  turbine  through  a  gov- 
ernor-controlled, oil-relay-operated,  double-balanced  pop- 
pet valve.  Steam  strainers  are  provided  in  each  of  the 
18-in.  headers.  In  emergency  either  one  of  these  head- 
ers may  be  taken  out  of  service  without  affecting  the 
operation  of  the  unit  except  to  reduce  its  maximum  ca- 
pacity to  about  50,000  kw.  The  exhaust  from  the 
high-pressure  turbine  is  divided  equally  between  the 
two  low-pressure  turbines.  The  receiver  pressure, 
which  varies  almost  directly  with  the  load,  is  62  lb. 
abs.  at  60.000  kw.  The  inlet  to  each  low-pressure  is 
32  in.  in  diameter  and  is  provided  with  a  gate  valve 
and  an  automatically  controlled  butterfly  valve  so  ar- 
ranged that  when  the  valves  are  closed  either  high- 
pressure  or  low-pressure  turbine  may  be  entirely  dis- 
mantled while  the  other  is  in  operation.  These  receiver 
pipes  are  supported   on   springs,   a  detail  of  which   is 


shown  in  Fig.  1,  thus  relieving  the  turbines  of  stresses 
other  than  those  caused  by  temperature  changes,  though 
most  of  these  latter  are  cared  for  by  the  expansion 
joint.  The  butterfly  valves  may  be  operated  auto- 
matically or  manually. 

There  is  an  atmospheric  relief  connection  to  the  bot- 
tom of  the  high-pressure  turbine  adjusted  to  open  when 
the  receiver  pressure  reaches  aproximateiy  80  lb.  abs. 
This  valve  protects  the  receiver  pipe  against  excessive 
back  pressure  in  case  of  one  or  both  of  the  automatic 
butterfly  valves  on  the  low-pressure  turbines  closing.  It 
also  protects  the  low-pre.ssure  turbines  against  excesive 
load  in  case  the  high-pressure  turbine  is  automatically 
cut  out  of  service  and  the  low-pressure  turbines  oper- 
ated on  high-pressure  .steam.  There  is  also  an  atmos- 
pheric relief  valve  on  the  exhaust  from  each  of  the  low- 
pressure  turbines  to  protect  the  condensers  and  exhaust 
piping  against  excessive  pressure  should  the  condensers, 
for  any  reason,  fail. 

Each  low-pre.ssure  turbine  is  provided  with  a  14-in. 
high-pressure  steam  supply  under  governor  control.  It 
is,  therefore,  practicable  to  operate  either  of  the  three 
turbine  elements  alone  on  high-pressure  steam  or  to 
operate  the  high-pressure  turbine  together  with  either 
one  of  the  two  low-pressure  turbines. 

The  high-pressure  turbine  is  provided  with  an  over- 
speed  governor  to  close  the  two  18-in.  main  throttle 
valves  and  the  governor  controlled  inlet  valve  in  case  of 
overspeed.  Each  low-pressure  turbine  is  similarly 
equipped  with  an  overspeed  governor  which  closes  the 
butterfly  valve  in  the  32-in.  low-pressure  steam-supply 
line  and  also  the  14-in.  throttle  valve  in  the  high-pres- 
sure steam  supply.  Either  of  these  overspeed  mechan- 
isms may  be  quickly  tripped  by  hand.  This  provides  a 
means  of  almost  instantly  shutting  off  all  steam  sup- 
plied to  either  turbine  element. 

The  high-pressure  element  is  small  and  made  almost 
entirely  of  steel  on  account  of  the  high  temperatures 
and  pressures  involved.  The  blades  are  large  and  strong 
and  their  velocities  low.  The  steam  velocities  are  only 
about  one-third  higher  than  those  of  the  blades,  thus 
reducing  the  steam-friction  losses  to  a  minimum  and 
preventing  erosion.  In  the  high-pressure  element  the 
smallest  blades  are  4  in.  high  by  1  in.  nominal  width 
while  the  largest  are  9  in.  high  by  I4  in.  in  width. 
In  the  low-pressure  elements  the  shortest  blades  are  4 
in.  high  by  *  in.  nominal  width,  and  the  largest  18 
in.  high  by  li}  in.  in  width.  The  low-pressure  blading 
is  relatively  lighter  than  the  high-pressure  because  of 
the  lesser  steam  densities. 

The  total  expansion  from  throttle  pressure  to  con- 
denser pressure  is  divided  into  88  stages  or  pressure 
drops,  44  of  the.se  taking  place  in  the  high-pressure 
element  and  an  equal  number  in  the  low-pressure  ele- 
ments. The  turbine  is  designed  for  highest  efficiency  at 
50,000  kw.,  which  load  is  carried  on  the  primary  valve. 
Overload  capacities  of  60,000  kw.  and  70,000  kw.  are 
obtained  by  means  of  bypassing  a  few  of  the  high- 
pressure  stages  by  means  of  secondary  and  tertiary 
overload  valves,  showm  in  Fig.  3.  At  50,000  kw.  the 
secondary'  valve  begins  to  open;  and  at  60,000  the  ter- 
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tiiiry  hoK'iiis  to  leave  it.s  seat; 
the  primary  valve  i.s  wide  o|)oii 
at  about  r^:\.(WO  k\v.,  while  at 
70.000  kw.  all  valve.s  are  wiili* 
open.  The  turbine  cyliiuiers 
are  carried  on  .separate  .sup- 
ports or  chairs,  as  nearly  as 
possible  on  a  level  with  the 
horizontal  center  line.  To 
maintain  proper  aliprnment  in- 
dependent of  cylinder  temper- 
atures, such  as  occasioned  by 
varying  loads  and  vacuum,  and 
to  permit  free  expansion  of 
the  cylinder  without  distor- 
tion, the  large  exhaust  cham- 
bers of  the  low-pressure  tur- 
bines particularly  are  heavily 
ribbed  and  braced  to  secure 
adequate  rigidity  and  main- 
tain proper  clearances  and 
alignment  under  extreme  fluc- 
tuations of  temperature  and 
vacuum.  The  turbine  founda- 
tion during  construction  is 
shown  in  Fig.  2. 

Clean   and   tight   seals   be- 


\\in  t'trtme  /fef/' 
U       Chseri 


^  Dram 


//  'D!n 


I 


J.  Floor 


Oashat 
Lower  Seat  Sk.  Sea' 
of  Secondary  A. 
Tertiary  Valves 


FIG.   3.     ARRAXGEMEXT  OF  SECONDARY  AND  TERTIARY    VAT.,VES 

At  50,000  kw.  the  secondary  begins  to  open  and  at  60.000  kw.  the  tertiary  leaves  its  seat ; 
the  primary  is  full  open  at  53.000  kw.  and  at  70,000  kw.  all  three  valves  are  wide  open. 


FIG.   2.     VIEW  OP  TURBINE  FCJUXPATIOXS   IirRIXG   COXSTRUCTi' .X 

Locate  the  man  at  the  left  to  get  an  idea  of  the  magnitude  of  this  work.     A.,  electrical  galleries 
B,  bedplate ;  C,  house-turbine  foundation  :  D,  exhaust  connection ;  E,  60-in.  pipe. 


tween  turbine  cylinder  and  ro- 
tating shaft  are  secured  by 
means  of  combination  steam 
labyrinth  and  water  glands.  In 
the  high  -  pressure  turbine, 
where  the  steam  pressure  on 
the  inside  of  the  cylinder  is 
high,  the  steam  labyrinth  is 
continually  in  service;  a  leak- 
off  to  the  low-pressure  being 
provided  between  the  steam 
labyrinth  and  the  water  gland, 
the  water  gland  simply  pre- 
venting leakage  of  steam  to 
the  atmosphere  or  leakage  of 
air  into  the  leak-off.  On  the 
low  -  pressure  turbine  the 
glands  seal  only  against 
vacuum.  The  water  glands 
only  are  normally  in  service. 
The  steam  labyrinth  is  em- 
ployed to  permit  establishing 
vacuum  on  the  condensers 
while  starting.  An  essential 
feature  is  that  with  both  the 
steam  labyrinth  and  water 
glands  there  is  no  mechanical 
contact  between  the  rotating 
and  stationary-  elements,  and 
consequently  practically  no 
deterioration. 

Each  turbine  element  is 
equipped  with  a  reciprocat- 
ing-type  oil  pump,  Fig.  4, 
geared  from  the  main  rotor. 
Each  pump  is  provided  with 
doubled  opposed  plungers  and 
delivers  oil  from  two  dis- 
charge    openings     at     differ- 
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ent  pressures.  The  high-pressure  side  has  a  plunger  3i 
in.  in  diameter  and  pumps  against  60  lb.  pressure 
with  a  capacity  of  29*  gal.  per  min.  The  low-pressure 
side  has  a  4-in.  diameter  plunger  pumping  against  5 
to  8  lb.  pressure,  with  a  capacity  of  44.8  gal.  per  min. 
The  oiling  system,  Fig.  5,  is  arranged  so  that  normally 
the  three  pumps  discharge  into  common  high-pressure 
and  low-pressure  systems.  Provision  is  made,  however, 
for  easily  cutting  out  of  service  either  pump,  or  the 
oil  supply  to  either  turbine  element.  The  high-pressure 
discharge  leads  directly  into  the  surge  tank  from  which 
all  the  oil-operated  governor  valves  are  supplied.  The 
low-pressure  discharges  lead  directly  into  the  oil  coolers, 
together  with  the  high-pressure  oil  which  has  either 
passed  through  the  oil  relay  operating  cylinders,  or  the 
spring-loaded  bypass  valves.     From  the  coolers  the  oil 


1490  Tubes 


5  D>'ameter OH      ■■1,-1 
Inlst  en  Each  S/'de     '  •< 


FIG.   4.     OIL  PUMP  AND  COOLER,   60,000-KW.   TURBINE 

Each  turbine  element  has  one  of  these  reciprocating  pumps  in 
parallel  discharg-ing  into  common  high-  and  low-pressure  systems 
Each  high -pressure  plunger  delivers  29.5  gal.  per  min.  against 
60  lb.  pressure;  each  low-pressure  plunger,  44.8  gal.  per  min. 
against  5  to  8  lb.  Oil  coolers  :  Two  used  ;  totaling  cooling  surface 
sq.  ft,  1200.  Each  cooler  has  490  brass,  0.75-in  tubes  in  10 
groups  of  25  each  and  10  groups  of  24  each,  baffled  to  give  5 
passes;  water  passes  serially  through  tubes,  making  total  of  20 
passes. 

is    distributed   to    the   bearings,    thence    back    to    the 
reservoir  through  the  strainer. 

A  diagrammatic  layout  of  the  oiling  system  is  shown 
in  Fig.  5;  it  is  quite  self-explanatory.  The  oil  strainer 
or  filter  has  capacity  for  1500  gal.  per  hr.  and  the 
reservoir  a  much  larger  capacity.  The  oil  cooler,  shown 
in  section  in  Fig.  4,  has  been  designed  with  a  view 
to  giving  excellent  performance  even  after  having  been 
in  service  for  a  long  period  without  cleaning;  that  is, 
there  is  a  liberal  cooling  area.  There  are  490  brass 
tubes  l-m.  diameter  No.  18  B.w.g.,  6  ft.  3  in.  long  be- 
tween tube  sheets,  giving  600  sq.ft.  total  cooling  sur- 
face, baffled  to  give  five  passes  and  assembled  in  10 
groups  of  25  tubes  each,  and  10  groups  of  24  each.  The 
cooling  water  passes  serially  through  each  group,  mak- 
ing a  total  of  20  passes.  There  are  two  such  coolers. 
The  oil  overflow  and  vent  box,  shown  in  section 
in  Fig.  6,  indicate  the  quantity  of  oil  in  the  system 
and  provide  an  automatic  means  of  discharging 
from  the  system  oil  taken  from  the  bottom  of  the 
reservoir  equal  in  quantity  to  the  fresh  oil  added,  thus 
enabling    continuous    operation    of    a    partial    filtra- 


tion system  without  dependence  of  operation  of  the  tur- 
bine on  the  satisfactory  operation  of  the  filtering  sys- 
tem with  respect  to  the  quantity  of  the  oil  supply.  There 
are  two  oil  coolers.  Fig.  4,  normally  operated  in  paral- 
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FIG.  5.     DIAGRAM  OF  THE  OILING  SYSTEM 

Filter  capacity  1500  gal.  per  hr.  ;  normal  circulation  of  oil 
through  each  bearing  of  main  turbine,  in  gal,  per  min.  ;  high- 
Piessure,  10  ;  low-pressure,  12.5  ;  thrust  bearing,  20.  Total  o'il- 
cooler  surface,  1200  sq.ft.  Hotwell  water  used  to  cool  the  oil. 
I 'nit  load  on  bearings,  lb.  per  sq.in. :  High-pressure,  80;  low-pres- 
sure, 124. 

lei,  but  so  piped  that  either  one  may  be  taken  out  of 
.service  for  cleaning  without  disturbing  the  operation  of 
the  system,  the  arangement  of  valves  being  such  that  it 
is  impossible  to  shut 
off  the  oil  supply  to 
the  bearings  by  im- 
proper manipulation 
of  the  valves.  The  hot- 
well  water,  of  which 
there  is  about  200,000 
lb.  per  hour  and  which 
is  at  a  temperature 
varying  from  68  deg. 
F.  to  100  deg.  F.,  as- 
sists in  cooling  the 
oil  supply.  The  oil 
imparts  heat  enough 
to  the  water  to  in- 
crease its  temperature 
to  about  130  deg.  F. 
The  automatic  control 
system  permits  either 
turbine  element  being 
automatically  or  man- 
ually cut  out  of  serv- 
ice without  disturbing 
the  operation  of  the 
other  two  elements. 
The  main  generator 
busses  are  divided  in- 
1 0  three  sections, 
joined  only  by  react- 
ance coils.  Each  sec- 
tion of  bus  is  ener- 
gized by  one  of  the 
three  generators,  cir- 
cuit -  breakers  being 
provided  between  the 
generator  and  the 
bus  section.  In  case 
of  a  heavy  short-cir- 
cuit on  a  section  of 
the  bus  or  the  feeders 
leading  from  it,  the 
circuit  -  breaker  be- 
tween that  section  and 
the  generator  supply- 
ing it  will  open.  In 
case  the  circuit-break- 


FIG.    6.      ASSEMBLY   SECTION,   OIL 
OVERFLOW    AND    VENT     BOX 


Indicates  the  amount  of  oil  in  the 
system  and  provides  automatic  means 
of  discharging  from  the  system  oil 
taken  from  the  bottom  of  the  reser- 
voir equal  in  quantity  to  fresh  oil 
added,  making  possible  continuous 
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ilu'  low-prossuii'  turhim-s.  tlu-  turhiiii'  will  (|iiifkl.v  in- 
cronse  in  speed  nppioxininloly  :{  to  5  pei  cent.,  at  which 
point  the  Kovernor  will  close  the  automatic  butter- 
lly  valve  in  the  low-pressure  steam-suppiv  line  The 
turbine  will  then  slow  down  until  a  speed  2  to 
•">  per  cent,  below  normal  is  reached,  at  which 
point  the  governor  will  open  the  high-pressure  inlet 
valve  and  admit  suflicient  high-pressure  steam  direct 


opens.  ,t  will  increase  in  speed  appro.xin.atolv  2  per 
cent,  and  remain  there  under  control  of  its  governor 
The  two  low-pressure  turbines,  being  deprived  of  steam' 
w-ill  cease  to  carry  load.  The  speed  and  frequency  wili 
therefore  dro,,  appro.ximately  11  to  5  per  cent.,  at  which 
point  the  high-pre.ssure  governr)r  valves  on  the  low- 
pre-s.sure  turbines  will  open,  and  the  low-pressure  tur- 
bines  will   carry    their    full    rated    load    on    the   high- 


FIG.    7 


IXTERIOR    AND   EXTERIOR   VIEWS   OF   THE    BUS   TIXNEL 
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from  the  boilers  to  keep  the  turbine  operating  at  that 
speed.  As  soon  as  the  trouble  is  remedied,  the  switch- 
board operator,  by  means  of  the  electric  speed  changer 
can  bring  the  turbine  up  to  normal  speed,  synchronize 
It  and  close  the  circuit-breaker.  The  operating  engi- 
neer must,  however,  manually  close  the  gate  valve  in 
the  receiver  hne,  open  and  reset  the  automatic  butterfly 
valve  and  then  open  the  gate  valve  to  put  load  on  the 
turbine.      If  the   circuit-breaker   on   the   high-pressure 


pressure  steam.  The  switchboard  operator  can  imme- 
diately readjust  his  governors  to  give  normal  fre- 
quency. As  soon  as  the  electrical  trouble  has  been  cor- 
rected, the  high-pressure  turbine  can  be  synchronized. 
Its  circuit-breaker  closed  and,  by  adjustment  of  the 
speed  changers  on  the  three  governors,  the  whole  unit 
restored  to  normal  operation  without  any  assistance 
from  the  operating  engineer  or  the  manipulation  of  any 
valves. 
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If  the  automatic  governing  mechanism  on  either  low- 
pressure  turbine  operates  either  manually  or  auto- 
matically, the  butterfly  valve  supplying  it  with  steam 
from  the  high-pressure  turbine  and  the  14-in.  throttle 
valve  supplying  it  with  high-pressure  steam  will  both 
close,  and  the  circuit-breaker  between  the  generator  and 
its  bus  section  will  open,  permitting  the  turbine  to  come 
to  rest.  If  the  automatic  on  the  high-pressure  turbine 
is  tripped,  only  the  two  18-in.  high-pressure  throttle 
valves  and  the  main  governor-controlled  inlet  valve  will 
be  closed,  and  the  turbine  will  come  to  rest.  The  low- 
pressure  turbines  will  reduce  in  speed  about  3  to  5  per 
cent.,  and  then  will  automatically  take  high-pressure 
steam  sufficient  to  carry  the  load,  the  governors  being 
quickly  adjusted  to  bring  the  speed  and  frequency  up 
to  normal. 

The  automatic  signal  system  keeps  the  switchboard 
operator  fully  informed  as  to  the  conditions  under  which 
each  element  is  operating  and  enables  him  to  maintain 
the  proper  adjustment  of  each  of  the  three  governors. 

The  floating  lever  of  each  low-pressure  governor  has 
a  projecting  arm  which  moves  across  12  electric  con- 
tacts closing  lamp  circuits,  the  lamps  indicating  the 
position  of  each  low-pressure  governor.  A  diagram  of 
these  connections  is  shown  in  Fig.  1.  The  operation 
of  these  throttles  will  close  these  switches  and  open 
the  main  circuit-breaker.  But  should  the  circuit- 
breaker  on  any  one  element  open,  the  control  system 
will  maintain  control  of  this  element  and  keep  the  other 
two  elements  in  service.  In  the  event  of  injury  to  one 
of  the  three  elements  and  the  release  of  the  automatic 
stop — each  element  has  a  safety  stop — the  circuit- 
breaker  of  the  particular  element  will  be  opened  and 
the  element  cut  out,  the  other  elements  remaining  in 
service.  The  safety  stop  on  each  machine  is  capable  of 
closing  its  own  automatic  throttle  valve  and  other  steam 
admissions  to  that  element. 

During  normal  operation  the  switchboard  operator 
maintains  both  low-pressure  turbine  governors  in  ap- 
proximately central  position.  The  high-pressure  tur- 
bine governor  is  adjusted  to  fine  regulation ;  but  the 
low-pressure  governors  are  to  have  not  less  than  three 
times  the  speed  variation  of  the  high-pressure  governor 
because  the  governors  have  three  operating  conditions, 
explained  a  few  paragraphs  farther  on. 

This  installation  is  provided  with  a  double  set  of 
busses,  a  sectionalized  bus  as  previously  referred  to,  and 
also  a  solid  bus.  With  the  sectionalized  bus  connected 
to  the  system,  which  may  already  be  energized  by  other 
units,  the  circuit-breakers  connecting  the  three  gen- 
erators to  the  solid  bus  are  closed;  the  condensing 
equipment  put  into  operation;  steam  seals  turned  on 
to  the  low-pressure  glands;  and  a  vacuum  established 
on  the  low-pressure  turbines;  the  auxiliary  oil  pumps 
started;  the  fields  of  the  main  generators  excited;  and 
either  one  of  the  two  high-pressure  throttles  opened 
sufficiently  to  start  reduction  of  the  high-pressure 
element.  The  two  low-pressure  elements  will  immedi- 
ately rotate  in  synchronism  by  reason  of  the  field 
charges.  After  suitable  warming  up  at  slow  speed,  the 
unit  is  gradually  brought  up  to  speed  and  the  solid 
bus  synchronized  with  the  sectionalized  bus.  The  three 
circuit-breakers  between  the  generators  and  the  sec- 
tionalized bus  are  then  closed  and  the  breakers  between 
the  solid  bus  and  the  generators  opened.  The  second 
high-pressure  throttle  valve  may  be  opened  at  any  time 
after  the  unit  has  been  brought  up  to  normal  speed, 
and  before  the  load  exceeds  approximately  40,000  kw. 


The  governors  on  the  two  low-pressure  elements  dif- 
fer somewhat  from  that  on  the  high-pressure  element, 
although  in  mechanical  construction  the  three  are  almost 
identical.  The  high-pressure  governor  has  but  one 
function  to  perform:  that  is,  to  control  the  opening  of 
the  valves  admitting  steam  to  the  high-pressure  tur- 
bine. It  is  therefore  arranged  to  operate  throughout 
its  whole  travel  on  a  speed  variation  of  approximately 
4  per  cent. 

Each  low-pressure  governor  has  its  travel  divided  into 
three  parts  and  is  adjusted  to  require  a  12  per  cent, 
change  in  speed  to  operate  it  over  its  full  range  of 
travel.  The  lower  third  of  this  travel  is  employed  to 
control  the  opening  of  the  high-pressure  steam  valve. 
The  middle  third  is  a  neutral  zone  in  which  the  governor 
operates  idly  when  all  three  turbine  elements  are  op- 
erating as  a  combined  unit.  The  upper  third  is  em- 
ployed to  close  the  butterfly  valve  controlling  the  low- 
pressure  steam  supply  to  this  element  in  case  its  circuit- 
breaker  opens. 

The  operating  conditions  are  275  lb.  gage  steam  pres- 
sure, 200  deg.  superheat  and  29  in.  vacuum.  These 
figures  are  higher  than  those  upon  which  the  original 
guarantee  was  based,  as  they  were  predicated  upon 
275  lb.  gage  pressure,  175  deg.  F.  superheat  and  28.5 
in.  vacuum.  For  these  latter  conditions  the  following 
performance  is  guaranteed. 


Load  inj  Kilowatts 

30,000 
40,000 
50.000 
60,000 


29-Im.    ^'acuiirt  28.5    In.    Vacuum 

. Pounds  Steam  per  Kw.-Hr.  . 

11.05  11.55 

10  75  II    15 

10   55  10  90 

10   75  11    10 


Vv'lirn  operating  the  high-  and  one  low-pressure  side: 

30.000  12.1  12.45 

When  operating  one  low-pressure  elomrnt  or  high-presEure  steam; 
20.000  14.0  14  45 

Should  the  steam  pressure  be  increased  at  the  throttle 
to  300  lb.  abs.  (285  lb.  gage)  with  185  deg.  F.  super- 
heat, the  performance  guarantees  will  be  reduced  1.2 
per  cent.;  increasing  the  pressure  to  315  lb.  abs.  (300 
lb.  gage)  with  185  deg.  F.  superheat,  the  guarantees 
will  be  reduced  1]  per  cent. 

The  peripheral  speed  of  the  last  row  of  blades  in 
each  low-pressure  element  is  513  ft.  per  sec.  mean,  555 
ft.  per  sec.  tip. 

Excitation  for  the  high-pressure  generator  is  fur- 
nished by  a  90-kw.  generator  and  for  the  low-pressure 
machines  by  a  115-kw.  generator;  the  voltage  for  each 
is  240. 

Four  25,000-sq.ft.  condensers,  each  having  5285  one- 
inch  Muntz  metal  tubes  18  ft.  Si  in.  long,  are  used. 
The  steam-inlet  openings  of  the  condensers  are  30.5  ft. 
below  the  exhaust  openings  of  the  turbines.  Particulars 
relative  to  these  condensers,  their  supports,  pumps,  in- 
takes, etc.,  are  treated  of  in  another  article  following 
this  one. 

There  are  four  44,000  gal.  per  min.  circulating  pumps, 
four  dry  vacuum  pumps,  four  condensate  pumps,  water 
pump  for  cooling  the  oil,  and  three  blowers  for  cooling 
the  generators.     The  above  include  spares. 

A  table  giving  all  the  important  weights,  dimensions, 
speeds,  pressures,  areas,  volumes,  loads,  velocities  and 
capacities  relative  to  the  turbine  and  condensers — the 
whole  station,  in  fact — appeared  in  the  first  article  deal- 
ing with  this  station  published  in  Power,  Mar.  25,  1919. 

For  furnishing  current  for  auxiliaries  and  other 
uses  in  the  station  two  2000-kw.  pure-reaction  single- 
flow  turbines  have  been  installed ;  the  high-pressure 
ends  of  the  cylinders  are  of  cast   steel.     These  ma- 
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chinos  are  each  of  2r>00  kv.-a.  at  80  per  rent,  power 
factor,  GO  cycle  threo-plia.se  '2'M)Q  volt.  Thoy  will  oper- 
ate at  27r»  lb.  pre.s.sure.  I?.")  dejr.  V.  .superheat,  iion- 
condoii.siiijr,  uKain.st  a  back  pre.s.sure  of  5  lb.  K"Ke- 
Their  over-all  leuRth  is  24  ft.  5  in.,  width  9  ft.  10  in., 
heiKht  G  ft.  10  in.;  the  total  weiRht  is  81.000  lb.,  the 
heavie.st  piece  for  the  crane  beinp  9000  lb. 

Their  performance   t80  per  cent,  power  factor)   is  as 
follows : 


I.iiftil,  Kw. 
1.200 
1, 600 
2,000 


WntiT  Unto  iwT  K«  llr 
28    I 

25  i 

26  6 


One  air  washer  with  a  capacity  of  8000  cu.ft.  per  min. 
is  provided  for  each  machine,  the  washers  each  being 


driven  by  a  R-hp.  motor  and  havinj?  a  pumpinj^'  caiiacity 
of  GO  Kal.  per  niin. 

To  obtain  hiKh  thermal  efOciency  of  the  station  the 
noncondensiiiK  house  turbines  drive  all  auxiliaries, 
which  are  motor-driven  (except  the  boiler  feed  pumps), 
the  amount  of  exhaust  steam  used  for  heating  feed- 
water  beinK   regulated   to  suit  station   load   conditions. 

Heat  balance  studies  of  the  station  form  the  subject 
of  another  article  which  will  appear  in  an  early  issue. 

Vig.  7  shows  an  interior  and  exterior  view  of  the  bus 
tunnel  used  to  contain  the  copper  transmission  busses 
connecting  the  power  station  with  the  switchhouse  4000 
ft.  away.  An  open  transmission  .system  would  be  too 
.seriously  alTectcd   by   the  carbide  dust  and   lime  dust. 


Boiler  Explosion  at  Paso  Robles,  California 


By  p.  HANSEN 


A  HORIZONTAL  return-tubular  boiler  but  two  years 
L\  old  and  tested  when  new  to  a  pressure  of  187  lb. 
X  A.  exploded  recently  at  the  Natural  Soda  Products 
Co.  at  Keeler  on  Owens  Lake,  Calif.  The  boiler  was  18  ft. 
long  and  about  6  ft.  in  diameter.  Oil  was  used  for  fuel. 
The  usual  pressure  carried  was   100  to   115  lb.     The 


The  boiler  was  operated  24  hours  a  day  and  7  days 
a  week.  The  feed  water  contained  a  large  amount  of 
inorganic  impurities  and  was  fed  cold  to  the  boiler. 
It  was  the  practice  to  blow  some  water  out  twice 
each  twelve-hour  shift. 

The  explosion  occurred  at  1  a.m.     The  fireman  had 


-  ■  J^ 

i4^5l 

*r 

SHOWING  THE  REAR  PLATE  AND  END 
OF  THE  BOILER 


CENTER  PLATE  AFTER 
490-FT.  FLIGHT 


FIG.  3.   ANOTHER 
VIEW  OF  FIG.  1 


safety  valve  was  set  to  blow  off  at  123  lb.  pressure 
and  operated  with  a  blowdown  to  about  110  pounds. 

Steam  was  used  for  heating  water  in  the  carbonat- 
ing  tanks,  blowing  out  clogged  valves,  etc.  The  quantity 
used  was  very  irregular;  for  an  hour  or  more  at  times 
practically  none  was  required,  and  then  again  all  the 
steam  that  the  boiler  could  possibly  produce  was  used. 


come  on  duty  at  midnight.     He  was  badly  injured  and 
died  a  few  hours  later. 

The  boiler  consisted  of  three  plates,  each  6  ft.  in 
length.  The  center  one,  at  a  point  over  the  furnac3, 
was  torn  lengthwise  of  the  boiler.  The  plate  was  also 
torn  away  from  the  rest  of  the  boiler,  straightened  out 
and  thrown  a  distance  of  490  ft.     At  some  parts  the 


FIG.    i.      TUBES    AND    FRONT    HEAD 


FIG.   5.     WHERE  THE  BOILER  HOUSE  ONCE  STOOD 
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plate  was  torn  close  to  the  girth  seam,  elsewhere  the 
tear  was  in  the  seam,  the  rivets  being  pulled  apart. 
The  edges  of  the  plate  in  the  tear  which  was  over  the 
fire  were  drawn  very  thin  and  smooth,  showing  that 
the  plate  had  been  very  hot.  After  the  explosion  the 
hard  scale  adhering  to  the  plate,  about  two  feet  up  from 
the  rupture,  was  fully  one-eighth  in.  thick;  the  scale 
farther  down  and  over  the  furnace  had  doubtless  been 
much  thicker,  but  it  was  broken  off  by  the  explosions. 
The  explosions  were  heard  with  an  interval  of  about 
one-half  minute,  the  second  explosion  being  the  louder. 

It  is  the  opinion  of  some  that  the  scale  prevented 
the  water  from  coming  in  contact  with  the  boiler 
plates  over  the  furnace;  the  plates  therefore  became 
overheated  and  gave  way  under  the  high  pressure. 
Another  reason  may  have  been  that  with  the  plate 
sagging  the  scale  loosened  and  the  water  reaching  the 
overheated  plate  and  suddenly  cooling  it  caused  the 
rupture,  and  this  sudden  opening  reacted  with  excessive 
pressure  on  all  parts  of  the  boiler,  tearing  it  to  pieces. 

Fig.  1  shows  the  rear  plate  and  the  back  end  of  the 
boiler  with  stays,  etc. ;  this  was  thrown  470  ft.  This 
plate  was  also  torn  at  the  bottom  with   sharp  edges 


similar  to  those  that  were  found  on  the  center  plate. 
All  other  tears  have  rough  edges,  showing  the  grain 
of  the  steel.  Fig.  2  shows  the  center  plate  as  it  lay 
after  its  flight  of  490  ft. 

Fig.  3  is  another  view  of  the  head  and  plate  shown 
in  Fig.  1,  but  from  a  different  point  and  shows  the 
head  and  braces.  The  front  plate  and  head  with  all 
the  tubes  were  blown  150  ft.  and  are  shown  in  Fig.  4. 
The  boiler  house  stood  three  feet  behind  the  coke 
pile   shown   in   the   background. 

Fig.  5  shows  the  ground  occupied  by  the  boiler  house. 
The  brickwork  in  the  center  marks  the  remains  of  the 
boiler  setting.  The  building  was  about  26  ft.  long,  24 
ft.  wide,  25  ft.  high  and  was  built  of  heavy  timbers  and 
corrugated  iron.  Fortunately,  the  force  of  the  explosion 
was  away  from  the  main  plant,  otherwise  there  might 
have  been  considerable  loss  of  life  and  much  more  dam- 
age to  the  plant.  The  timbers  of  the  boiler  house  were 
smashed  to  matchwood  and  scattered  over  a  wide  area. 
Bricks  were  thrown  about  600  ft.  in  all  directions,  going 
through  the  roofs  of  buildings,  etc.  Luckily  very  few 
men  were  at  work  that  night,  and  excepting  the  fireman 
but  one  man  was  injured. 


The  Electrical  Study  Course — Fundamental 
Principle  of  Three- Wire  Generators 


Gives  a  brief  description  of  the  actvM  connec- 
tions of  a  three-it'ire  generator  and  its  acces- 
ories,  and  then  goes  on  to  a  discussion  of  the 
fundamentals  underlying  the  theory  of  operation, 
in  preparation  for  a  more  extended  description. 


BALANCER  sets  are  the  most  convenient  means  of 
providing  a  three-wire  system  where  a  source  of 
voltage  for  the  outside  wires  is  available  from  a 
separate  service  or  when  the  unbalanced  current  re- 
quired for  the  system  is  small.  However,  there  are 
conditions  where  it  is  preferable  to  use  a  so-called 
three-wire  generator.     This  type  of  machine  has  come 


the  same  manner  as  would  be  those  of  an  alternating- 
current  generator.  The  connections  oetween  the  wind- 
ings, commutator  and  the  slip  rings  and  the  connectio-js 
of  the  machine  to  a  three-wire  system  may  be  repre- 
sented as  in  Fig.  1.  The  armature  winding  is  repre- 
sented by  A,  the  commutator  by  C,  and  the  slip  rings 


FIG.    1.      SCHEMATIC   DIAGRAM   OP   THREE-WIBE 
GENERATOR 

to  supplant  the  combination  of  two  generators  in  series 
that  was  originally  used  in  three-wire  installations. 

The  three-wire  generator  is  an  ordinary  direct-current 
generator,  excepting  that  in  addition  to  having  a 
commutator  its  armature  is  also  provided  with  slip 
rings  that  are  connected  to  the  armature  winding  in 


FIG.   2.      THREE-WIRE   .'SYSTEM  WITH  UNBALANCED  LOAD 

by  B.  The  brushes  a  6  on  the  commutator  are  connected 
to  the  outside  wires  M,  and  Af,  of  the  three-wire  system, 
and  the  brushes  c  d  on  the  slip  rings  are  connected  to 
the  ends  e  f  of  two  equal  inductances  L,  and  L,  con- 
nected in  series.  The  mid-point  g  of  these  inductances 
is  connected  to  the  neutral  N  of  the  three-wire  system. 
This  diagram  is  rather  involved,  therefore  we  shall  not 
attempt  to  base  the  explanation  on  it,  but  use  the 
simpler  diagrams,  Figs.  2  and  3.  Such  a  treatment  will 
also  give  us  an  opportunity  of  investigating  what  in- 
ductances are  and  the  reason  for  their  application  in  the 
present  case. 

First  of  all,  suppose  we  have  a  system  such  as  that 
represented  in  Fig.  2.  It  will  be  seen  that  it  is  like 
that  of  a  three-wire  system  using  a  balancer  set  except 
for  the  fact  that  the  balancer  machines  have  been 
supplanted  by  the  resistances  J?,  and  R^.  Assume  that  G 
is  a  220-volt  generator  and  the  resistance  of  /?,  and  i?, 
is  equal  but  of  very  low  value,  for  example,  0.1  ohm. 
Consider  what  the  voltages  E,  and  E.,  across  A  N  and 
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.V  /),  respectively,  will  be  for  various  condition.s  of 
ioaiiinur  represented  by  the  groups  of  Innip.H  A'  and  Y. 
Suppo.sinK  that  the  lamps  u.sed  have  each  a  resistance 
of  100  ohms,  what  would  be  the  value  of  h\  and  of  E, 
if  there  were  five  lamps  lighted  at  A'  and  two  at  y? 

The  joint  resistance  /i  v  of  the  five  lamps  in  ^rroup  X 
is  eiiual  to  the  resistance  of  one  lamp  divided  by  the 

number  of  lamps,  or  in  this  case  /i.v  —~    e 

The  joint  resistance  A')  of  proup  Y  is  Rr—     g 

ohms.    Let  R  i  equal  the  joint  resistance  of  the  group  of 

lamps   A'   and   the   resistance   R,   then     Ra    ^  -j t- 

R^  ^'  R^ 
-     =  0.0995  ohm;  that  is,  the  joint  resi.st- 


=  20  ohms. 


=  50 


1 

o:i  "^  20 

ance  of  all  circuits  connected  between  A  and  N  is  equal 
to  0.0995  ohm.   If  we  let  Rb  equal  the  joint  resistance  of 

1  ^    1^ 

/?:  Ry         0.1         50 

^=  0.0998  ohm.     Then  the  total  resistance  between  A 
and  B  equals  R  =  R.\  +  Rb  =  0.0995  +  0.0998  =  0.1993 


+ 


R  and  lamp  group  Y,  then  Rb  = 


ohm,   and  the  total  current  /  = 


E 


220 


=   1103.9 


R        0.1993 

amperes.  Then  the  volts  across  A  and  N  are  E,  =  R\I 
—  0.0995  X  1103.C  109.8,  and  the  volts  across  N  and  B 
are  E,  =  RsI  =  '"  >98  X  1103.9  =  110.2.  From  this 
it  is  seen  that  the  value  of  £",  and  E..  is  quite  close  to 
what  they  should  be  in  a  three-wire  system,  namely,  110 
volts. 

Let  us  take  a  case  where  the  unbalancing  is  more 
serious;  for  example,  one  in  which  there  are  100  lamps 

at  X  an4  none  at  Y,    Fig.  "     '" 


1  ohm  and  R.\  = 


1 


We  now  have  Rx 
1 


100 
0.09091  ohm. 


1    ^  J_        J_  _  1 
R^       Rx       0.1       1 
Also  since  there  are  no  lamps  at  Y  we  have  Rb  =  R,  = 
0.1  ohm.    The  total  resistance  R  =^  Ra-^  Rb=  0.09091 

E  220 

R 


+  0.1  =  0.19091  ohm.     Then  /  =  d  = 


1152.4 


0.19091 

amperes,  which  gives  E,  =  RaI  =  0.09091  X  1152.4  = 
104.76  volts  and  E,  =  RbI  =^  0.1  X  1152.37  =  115.24 
volts. 

In  this  case  the  voltages  E,  and  E„  are  about  five 
volts  lower  and  higher  than  they  should  be,  but  even 
that  difference  is  not  very  serious.  It  will  be  found 
that  it  is  only  when  the  difference  between  the  number 
of  lamps  across  X  and  Y  is  great  that  the  discrepancy 
in  the  voltages  E,  and  E.  becomes  objectionable.  That 
is,  if  the  resistance  of  X  is  low — as  it  will  be  if  it 
contains  many  lamps  in  multiple — as  compared  to  Y, 
then  E,  will  be  considerably  lower  than  E,.  Just  how 
much  lower  depends  upon  the  resistance  of  R,  and  i?,. 
If  these  are  very  low,  the  difference  will  not  be  very 
great,  but  the  nearer  the  value  of  7?,  and  R,  approaches 
that  of  X  or  y  the  greater  will  be  the  difference  be- 
tween E,  and  E  .  It  should  be  understood  that  when  the 
number  of  lamps  in  Y  exceeds  that  in  X  the  same  rea- 
soning holds  true  except  that  E,  will  in  that  case  be  the 
lower  voltage. 

From  the  foregoing  it  is  evident  that  Fig.  2  really 


represents  a  three-wire  .system  wnere  the  re.si.stanco  of 
R,  and  R,  is  low  as  compared  with  that  of  the  load  on 
the  .system.  Such  an  arrangement  would,  however, 
never  be  used,  since  it  would  be  enormously  wasteful  of 
energy.  The  current  through  R,  and  R^  alone,  without 
any     lamp.s     being     turned     on,     would     be     equal     to 

220  220 

/?~  4   ff~  ~  n~F+ 0  1       1100  amperes,  which  is  of  course 

prohibitive.  If,  however,  .some  means  could  be  devised 
by  which  A',  and  R^  would  throttle  down  the  current  that 
the  generator  C  tries  to  send  through  them  and  yet 
provide  a  path  of  low  resistance  for  any  unbalanced 
current  that  might  tend  to  flow  from  A'  through  R,  or  R^ 
to  A  or  B  respectively,  it  would  be  possible  to  u.se  it  in 
place  of  a  balancer  .set. 

Considering  again  the  conditions  in  Fig.  3,  the  cur- 


E 

rent  through  A',  is  /,  =^  3^ 

and  the  current  in  R,  is  /-    _ 


104.76 
0.1 
E, 
R2   ' 


=  1047.6  amperes 
y|f  ^  1152.4 


amperes. 

The  difference  between  the  current  through  R^  and  R, 
is  1152.4  —  1047.6  =  104.8  amperes,  which  is  the  value 
of  the  current  in  the  neutral.  That  is,  R^  carries  the 
unbalanced  current,  which  is,  however,  only  a  small 
part  of  the  current  that  it  takes  itself.  Consequently, 
if  we  could  throttle  the  latter  without  impeding  the 


;x°icM-» 


FIG.   3.      THREE-WIRE   SYSTEM   LOADED  ON  OXE 
SIDE   ONLY 

former,  we  would,  as  before  stated,  have  the  same  re- 
sult as  with  a  balancer  set. 

By  using  inductances  such  as  L,  and  L,  in  Fig.  1  in 
place  of  the  resistances  R,  and  R,  as  in  Fig.  2  and  by 
connecting  the  inductances  to  the  brushes  c  d  instead  of 
to  a  6  as  the  resistances  are  connected,  we  are  able  to 
accomplish  the  apparently  impossible  proposal  of  limit- 
ing one  current  while  allowing  free  passage  to  the 
other.  The  explanation  of  this  method  will  follow  in 
the  subsequent  lessons. 

In  the  preceding  problem  it  was  stated  that  a  220- 
volt  generator  rated  at  455  amperes  was  used  to  supply 
current  to  a  110-  to  220-volt  system.  It  was  required 
to  find  how  many  40-watt  lamps  could  be  operated  on 
the  system  under  these  conditions.  Since  the  generator 
is  rated  at  220  volts  and  455  amperes,  its  capacity  is 
220  X  455  =  100,100  watts.  If  each  lamp  takes  40 
watts,  the  number  of  lamps  that  can  be  operated  will 
100,100 


be 


40 


2502.     It  was  further   required   to   de- 


termine the  number  of  lamps  that  could  be  operated 
if  the  system  had  to  carry  a  motor  load  amounting  to 
60  hp.  The  motor  load  in  horsepower  multiplied  by  746 
would  be  its  equivalent  in  watts,  or  power  required 
for  motors  equals  60  X  746  =  44,760  watts.  This 
subtracted  from  the  generator  capacity  would  give 
the     amount     of     power     available     for     lighting,     or 
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power  for  lamps   equals   100,100  —  44,760   =   55,340 

watts.      The    number    of    40-watt    lamps    that    could 

55  340 
be  used  would  therefore  be  ^^q^  =  1384.    In  addition 

to  the  foregoing  it  was  also  required  to  determine  the 
size  of  the  neutral  wire  required  in  the  latter  case.  As- 
suming that  the  system  might  be  entirely  unbalanced, 
we  know  that  the  neutral  wire  must  be  capable  of 
carrying  as  much  current  as  the  outside  wires.  The 
current  in  the  outside  wires  is  that  required  by 
the  lamps  connected  between  them  and  the  neutral, 
and  the  number  of  lamps  on  each  side  is  half  the  total 
number  on  the  system.  In  the  present  example  the 
total  number  is  1384,  hence  the  number  of  lamps  on 
each  side  of  the  system  is  1384  X  i  =  692.  Each  of 
these  takes  40  watts  at  110  volts,  making  the  maximum 
load  per  side  40  X  692  =  27,680  watts,  which,  divided 
by  the  voltage,  gives  the  current  for  each  outside  wire, 

97  65^0 
namely,       '  »     =  252  amperes.     Since  the  neutral  is 

to  be  of  a  capacity  to  carry  the  current  taken  by  the 
lamps  on  one  side  of  the  line,  it  must  be  large  enough 
to  take  care  of  252  amperes.  From  the  table  of  carrying 
capacity  of  wires  we  find  that  if  rubber-covered  wire  is 
to  be  used,  the  size  conductor  required  is  300,000  circu- 
lar mils  and  that  if  the  other  insulation  is  used  the 
wire  must  be  No.  000. 

In  Fig.  2  if  there  are  50  lamps  across  X  and  30  across 
Y  and  each  has  a  resistance  of  150  ohms,  and  the  rheo- 
stats i?,  and  i2,  each  has  a  resistance  of  0.5  ohm,  what 
will  be  the  values  of  £",  and  £^,?  What  capacity  would  the 
generator  G  have  to  be  to  carry  such  a  load? 

Test  of  Liberty  Engine 

Some  remarkably  interesting  results  were  obtained  in 
a  heat-balance  test  on  a  standard  high-compression 
Army-tj'pe  engine  as  recently  conducted  at  McCook's 
Field,  Dayton,  Ohio.  During  the  test  the  engine  was 
run  at  a  constant  speed  of  1600  r.p.m.,  with  the  throttle 
wide  open.  The  average  horsepower  developed  under 
these  conditions  was  372.5.  The  conditions  through- 
out the  test  w-ere  maintained  constant  and  the  length 
of  the  test  was  one  hour. 

The  gasoline  used  had  a  gravity  of  68  deg.  Baume  and 
the  average  consumption  of  fuel  was  0.492  lb.  per  hp.- 
hr.  The  amount  of  jacket  water  pumped  was  90  gal. 
per  min.,  the  inlet  and  outlet  temperatures  being  150 
deg.  and  170  deg.  F.  respectively. 

Taking  the  heat  value  of  the  fuel  as  19,000  B.t.u.  per 

lb.  and  assuming  100  per  cent,  efficiency  of  the  engine, 

the  183  lb.  of  gasoline  per  hour  required  to  produce 

the  average  horsepower  developed  would  theoretically 

have  produced  1365  hp.     From  the  results  of  the  test 

this  power  was  distributed  as  shown  in  the  acompany- 

ing  table.    The  table  indicates  that  27.3  per  cent,  of  the 

heat   balance   of  standard  twelve-cylinder   liberty 
engint; 

Per  Cent. 

of  Brake  Per   Cent. 

Horsepower         Horsepower  of  Total 

Averape  brake  horsepower 372                        100  27.3 

Average  heat  absorbed  by  jacket  water         339                         91  24  8 

Average  friction  horsepower 48                           13  3  5 

Carried  oiT  by  exhaust  gases 606                         ...  44.4 

Total 1.365  100  0 

theoretical  horsepower  was  transformed  into  useful 
power  for  the  engine,  and  that  3.5  per  cent,  was  lost 
in  friction.  The  loss  of  heat  through  the  exhaust 
gases  was  44.4  per  cent,  which  is  unusually  high,  while 
the  heat  absorbed  by  the  jacket  water  is  lower  than 
usual,  being  only  24.8  per  cent. 


The  Value  of  Yard  Screenings 

By  W.  H.  Wakeman 

The  following  figures  are  the  results  of  a  test  made 
with  a  return-tubular  boiler  to  determine  the  value  of 
yard  screenings  of  anthracite  mixed  with  a  small  pro- 
portion of  bituminous  coal: 

Diameter  of  she)!,  in 66 

Length  of  shell,  ft    15 

.Number  of  tubes 96 

Diameter  of  tubes,  in 3 

Length  of  tubes,  ft 15 

Total  length  of  tubes,  ft 1,440 

Heating  surface  in  one-half  of  shell,  sq.ft 1 29 

Heating  surface  in  tubes,  sq.ft.  (1440  -;-  1.37) 1,051 

Heating  surface  in  one  head,  sq.ft 26 

Total  heating  surface,  sq.ft 1,206 

Nominal  horsepower 100 

Grate  surface,  sq.<t.  (5$  x  5i) 30  20 

Ratio  of  grate  to  heating  surface I  to  40 

Grate  i-in.  air  space,  f-in.  iron. 

Estimated  air  space,  per  cent 40 

Balanced  draft  supplied  by  blower. 
Steam  supplied  through  \-\n.  steam  pipe. 

Power  used  to  operate  blower,  hp 3 

Draft  observed  from  0.18  to  0.4  inch  of  water. 
Latest  improved  tjTje  of  draft  gage. 

Duration  of  test,  hours 16 

.^tcam  pressure,  lb ... 75 

Temperature  of  feedwater,  deg.  F 200 

Quality  of  steam Dry 

Yard  screenings,  lb 6,210 

Bituminous  coal,  lb 1,555 

Total,  lb 7.765 

Less  4  per  cent,  moisture,  lb 310 

Net  weight,  lb 7,455 

Proportion 4  to  1 

Coal  per  hour,  lb ,    466 

Coal  per  hour,  sq.ft.  grate  surface  per  hour,  lb 15.4 

Coal  per  horsepower-hour,  lb 3. 67 

Weight  of  ash  and  unbumed  coal,  lb 1,559 

Weight  of  combustible,  lb 5,896 

Proportion,  per  cent 21 

Water  by  meter,  cu.ft 1,061 

Plus  2  per  cent.,  cu.ft 21 

Weight  per  cubic  foot  (203  deg.) ,  lb 60 

Total  weight,  lb 64,920 

Water  evaporated  per  pound  of  dr>'  coal,  lb 8.71 

Water  evaporated  per  pound  of  combustible,  lb 11 

Water  evaporated  per  hour.  1 6  hours,  lb 4,058 

Water  per  horsepower,  lb 32 

Power  developed  for  16  hours,  hp 126.  8 

Water  evaporated  in  1 5  hours,  lb 63,342 

Water  evaparated  per  hour,  lb 4,223 

Power  developed  for  1 5  hours,  hp 132 

The  bituminous  coal  was  screened  and  nothing  larger 
than  about  I  in.  was  used.  Care  was  taken  to  mix  it 
thoroughly  with  the  screenings.  It  was  well  wet  down 
before  using.  This  mixture  of  coal  cost  $5  per  gross 
ton,  whereas  bituminous  coal  was  $10  per  gross  ton  at 
the  time  of  the  test. 

The  water  meter  was  calibrated  by  running  5  cu.ft. 
through  it  into  a  barrel.  Temperature  200  deg.  F. 
Weight  per  cubic  foot,  60  lb.  The  meter  was  adjusted 
until  5  cu.ft.  weighed  293  lb.,  therefore  the  meter  was 
2  per  cent,  light. 

It  will  be  noticed  that  the  water  evaporated  in  16 
hours  is  4058  lb.  per  hour  and  the  amount  evaporated 
in  15  hours  is  4223  lb.  per  hour,  also  that  the  power 
developed  in  16  hours  was  126.8  hp.  as  compared  with 
132  hp.  for  15  hours.  The  following  explanation  will 
make  this  apparent  discrepancy  in  coal  consumption  and 
boiler  horsepower  developed  plain. 

During  the  test  readings  of  the  meter  were  taken 
every  hour  approximately.  These  readings  showed  a 
considerable  variation  in  the  power  developed.  At  the 
end  of  15  hours  the  boiler  had  averaged  132  hp.  There 
was  a  considerable  heat  in  the  furnace  at  that  time, 
more  than  there  was  at  the  beginning  of  the  test.  In 
order  to  utilize  this  heat  and  make  a  fair  test,  the  fire 
was  allowed  to  burn  for  another  hour,  thus  raising  the 
evaporation  per  pound  of  coal  burned,  although  there 
was  no  way  of  telling  how  much  coal  was  burned 
during  the  last  hour,  therefore  only  the  average 
per  hour  could  be  given.  Of  course  the  power  developed 
during  the  last  hour  fell  off  sharply,  thus  lowering  the 
average  from  132  hp.  for  15  hours,  to  126.8  hp.  for  the 
16-hour  run. 
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XII — After  a  day  of  trouble  with  the  fuel  pump, 
the  chief's  talk  naturally  turns  to  the  con- 
st rurlinn    nf    fuel    pumps    and    their    operation. 

THE  DAY  had  been  full  of  bad  luck  and  hard  work 
at  the  Diesel  plant,  and  so  the  chief  was  rather 
surprised  when  all  the  day  force  showed  up  for 
the  night's  meeting. 

"Our  talk  tonight  will  be  pretty  pat,  after  the  trouble 
we  had  today  with  the  fuel  pump,"  he  remarked. 

The  men  smiled  sig- 
nificantly, for  the 
trouble  had  been  a 
poser  for  Egan,  with 
all  his  years  of  experi- 
ence. 

"There  are  two 
classes  of  fuel-injec- 
tion pumps  for  Dies- 
els," he  began.  "In 
one  the  amount  of  fuel 
injected  is  regulated 
by  controlling  the 
closing  of  the  suction 
valve  of  the  pump.  In 
the  other  the  stroke  of 
the  pump  is  changed 
to  alter  the  fuel 
charge." 

A  puzzled  frown 
had  appeared  on 
Woods'  face  as  the 
chief  proceeded.  Now 
he  spoke  up. 

"But  it  seems  to  me 
I've  seen  a  sort  of  by- 
pass   arrangement    to 


regulate  the  amount  of  the  charge  and  others  use  a 
hollow  plunger  with  a  sleeve  cutoff  valve;  but  both  are 
simply  variations  of  the  controlled  suction  valve  type. 
"Since  you  all  were  broken  in  on  the  old  American 
Diesel,  we'll  take  up  its  fuel  pump  first.     Fig.  1  shows  a 


Oovemor  Collar:^ 
in  Lowest 
Position 
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FIG.    2.      FT"KI^   rrMP   OF   BT'SCH-STTLZER   DIESEL.  EXGIXE 

cross-section  of  the  pump.  The  pump  plunger  is  driven 
by  the  eccentric,  which  also  gives  motion  through  the 
rod  A  to  the  lever  B.     This  lever  is  fulcrumed  on  the 


FIG.      1.        FUEL      PfMP      OF 

AlIERICAX  DIESEL 

EXGIXE 

govern  the  fuel  charge." 
"You're  right,"  smiled  Egan. 
"My  classification  was  a  bit 
narrow,  perhaps.  Some  mak- 
ers b^'pass  a  part  of  the  oil  to 


In  the  next  article  the  chief  Mill  talk  about 
governors  and  governor  troubles  after  announ 
cing  the  cheering  news  of  an  increase  of  pay. 


FUEL  PUMP   OF  McIXTOSH  &  SEYMOUR   DIESEL 
EXGIXE 


eccentric  C,  which  may  be  turned  by  the  rise  or  fall  of 
the  governor  balls.  The  turning  of  the  eccentric  C 
alters  the  height  of  the  roller  D  that  bears  against  the 
.^_^^^^^_^^_^___^  suction-valve  stem  and  so  de- 
termines the  point  at  which 
the  suction  valve  will  close 
when  the  lever  A  is  moving 
upward.     This  upward  move- 
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ment   is   made   on   the   discharge   stroke   of   the   pump 
plunger. 

"This  pump  is  not  positively  geared  to  the  crankshaft 
of  the  engine,  but  between  the  pump  and  the  engine  is  a 
clutch  pinion  that  allows  the  pump  to  be  operated  by 
hand  in  starting.  The  disadvantage  is  that  the  pump 
may  be  stopped  at  the  wrong  point.  It  should  always 
be  in  such  a  position  that  the  plunger  delivers  oil  when 


FIG.  1. 


FUEL    PUMP    OF    ALLIS-CHALMERS    DIESEL. 
ENGINE 


governor  from  hunting,  the  suction  valve  should  open 
when  the  pump  plunger  is  at  the  middle  of  its  suction 
stroke,  and  the*  suction  valve  should  close  when  the 
plunger  is  at  its  midposition  on  the  delivery  stroke, 
This  is  when  the  governor  is  blocked  to  its  full-load 
position. 

"A  sectional  view  of  the  pump  used  on  the  Busch- 
Sulzer  engine  is  shown  in  Fig.  2.  The  fuel  plunger  A 
is  driven  by  an  eccentric  B  on  the  vertical  shaft  C, 
which  is  driven  by  the  crankshaft  and  gives  motion  to 
the  camshaft.  The  plunger  D  is  driven  by  the  eccentric 
E  on  the  shaft  C  and  opens  the  suction  valve  through 
the  bell-crank  F  carried  by  the  eccentric  G  on  the  shaft 
H.  The  shaft  H  is  connected  by  levers  /  and  J  to  a 
collar  K  that  is  under  control  of  the  governor. 

"The  plunger  A  is  timed  to  discharge  oil  into  the 
needle-valve  cage  when  the  engine  piston  is  on  the  suc- 
tion stroke.  The  plunger  D  is  arranged  to  open  the  suc- 
tion valve  when  the  plunger  A  is  at  about  midposition 
on  its  suction  stroke  and  to  close  the  suction  valve  when 
the  plunger  A  is  at  about  midposition  on  its  discharge 
stroke,  with  the  engine  under  full  load. 

"If  the  engine  speeds  up,  the  governor  moves  the 
collar  K  upward,  and,  as  shown  by  the  dotted  positions 
of  the  levers  /  and  J,  turns  the  shaft  H  and  swings  the 
eccentric  G  to  a  higher  position.  As  a  result,  the  bell- 
crank  lever  F  strikes  the  suction-valve  stem  sooner  and 
gives  earlier  opening  of  this  valve.  When  the  engine 
is  to  be  stopped,  the  cam  L  is  turned  until  it  forces  the 


Position  ofliMge 
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the  piston  is  on  its  suction  stroke.    This  gives  the  fuel 
time  to  reach  the  atomizer  before  injection  begins. 

"The  discharge  valves  are  ball  valves  and  the  smallest 
particle  under  the  ball  will  cause  it  to  leak.  If  a  leak 
occurs,  ream  the  valve  seat  very  carefully  and  put  in  a 
new  ball.  In  regrinding  the  suction  valve  only  the 
slightest  pressure  should  be  put  on  the  stem.  In  using 
this  pump  you  may  find  the  discharge  valve  leaking  even 
when  the  seat  is  perfect.  This  is  due  to  the  lag  of  the 
valve.  If  the  valve  guard  allows  it  to  lift  more  than 
/o  in.,  the  valve  cannot  return  quick  enough  to  cut  off 
the  oil  flow.  When  using  distillate  oil,  a  spring  placed 
over  the  ball  will  increase  the  closing  speed  and  decrease 
the  leaking. 

"Another  point  that  often  puzzles  the  operator  is  the 
leaking  that  shows  up  on  a  change  of  oil,  especially  from  ' 
a  heavy  to  a  light  oil.  It  does  not  require  a  very  good 
valve  to  seal  when  a  Pieavy  oil  is  used ;  but  as  soon  as 
distillate  is  substituted  it  is  impossible  to  operate  with- 
out regrinding  the  valves. 

"The  links  that  move  the  suction  valve  are  adjustable. 
To  equalize  the  fuel  charges  delivered  by  the  several 
pumps  to  their  respective  cylinders,  block  up  the  gov- 
ernor to  its  highest  point  and  turn  the  pumps  by  hand, 
and  see  that  the  suction-valve  stems  are  depressed  equal 
amounts.  Then,  with  the  governor  in  its  lowest  position 
see  that  the  clearances  between  the  stems  and  the  rollers 
are  the  same — this  should  be  1/100  in.    To  prevent  the 


FIG.    5.      FUEL  PUMP  OF  McEWEN  DIESEL  ENGINE 

suction  valve  off  its  seat  and  holds  it  there  during  the 
whole  discharge  stroke.  To  fill  the  fuel  line,  prepara- 
tory to  starting,  a  further  movement  of  the  cam  causes 
the  dog  to  raise  both  the  suction  and  the  discharge  valve. 
"This  pump  probably  regulates  closer  than  any  other 
type.  The  governor  has  no  great  frictional  resistance 
to  overcome,  and  so  its  smallest  movement  is  communi- 
cated to  the  pump. 
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"III  this  pump  there  nre  hut  tnroe  things  that  cau.se 
trouble.  The  first  is  the  phiiiKor  packing;.  It's  im- 
portant that  tho  phiiijrers  ho  lan-fully  packi'd  to  jirc- 
vent  U'akinjr;  novorlholess  don't  put  too  much  pressure 
on  the  parkitiK  <>r  the  plunder  will  score.  The  .second 
is  the  suction  valve.  This  valve  will  leak  if  Rritty  oil  is 
used,  and  if  the  oil  carries  much  sulphur,  pittinjr  on 
the  valve  faces  will  occur.  The  third  source  of  troui)le 
is  the  discharge  valve.  Its  springs  often  break  and  the 
valve  itself  will  not  seat  (juick  enouRh  to  keep  the  oil 
from  flowintr  back.  In  making  up  valve  springs  I've 
found  it  is  best  to  anneal  the  spring  wire  before  wind- 
ing it  to  size  and  then  harden  it.  In  this  wa.v  .vou  don't 
get  the  surface  fractures  that  will  occur  when  the 
spring  is  wound  without  annealing." 

"Chief,  how  often  ought  the  pump  valves  to  be 
ground?"  Woods  inquired,  seeing  that  Egan  was  about 
ready  to  take  up  another  pump. 

"That  depends  on  the  kind  of  fuel  oil.  With  brdinary 
Diesel  engine  oil  that  has  been  filtered,  I  should  say 
once  every  three  months.  With  a  heavy  grade  of  oil,  such 
as  we  receive  at  times,  you'll  find  them  cut  bad  enough 
to  warrant  regrinding  in  thirty  days. 

"There's  one  other  little  kink."  Egan  continued,  "that 
you  mustn't  forget.  Each  time  the  suction  valve  is 
ground,  the  valve  is  lowered  and  this  lowering  will  cause 
the  bell-crank  lever  to  strike  the  stem  earlier  in  the 
stroke  and  hold  the  valve  open  longer.  The  consequence 
is  that  this  particular  engine  cylinder  will  not  carry 
its  proper  share  of  the  load. 

"The  Mcintosh  &  Seymour  engine  uses  a  variable- 
stroke  type  of  fuel  pump,  and  Fig.  3  shows  a  section 
of  it.  There  are  two  outside-packed  plungers  A  that 
move  in  unison  and  that  are  given  a  reciprocating 
motion  by  the  eccentric  B  keyed  to  the  shaft  C.  A  sec- 
ond eccentric  D  fits  over  the  eccentric  B  and  is  connected 
by  links  to  the  governor  on  the  upper  end  of  the  shaft 
C.  Thus,  with  a  variation  in  speed,  the  governor 
rotates  the  outer  eccentric  D  somewhat  and  so  alters 
the  stroke  of  the  pump  plungers,  since  they  are  driven 
by  a  strap  E  on  the  eccentric  D  and  an  eccentric  rod  F. 
The  oil  is  discharged  through  the  pipes  G  to  the  engine 
cylinders.  As  the  pump  stroke  is  changed,  the  amount 
of  the  fuel  charge  is  correspondingly  altered.  This 
pump  needs  little  attention  beyond  an  occasional  re- 
packing of  the  stuffing-boxes  and  regrinding  of  the 
valves." 

"Mr.  Egan,"  Woods  interjected,  "you  say  that  the 
pump  dossn't  govern  the  fuel  charge  by  opening  the 
suction  valves  H.  If  that's  the  case,  what's  the  use 
of  the  cam  and  those  two  levers  above  the  suction 
valves?" 

"They're  used  when  the  engine  is  stopped,"  explained 
the  chief.  "The  cam  is  turned,  forcing  the  suction 
valves  open,  and  so  no  oil  is  pumped.  A  further  move- 
ment of  the  cam  raises  the  suction  valves  higher  still 
and  holds  the  discharge  valves  open.  This  is  the  posi- 
tion when  the  fuel  lines  are  filled  prior  to  starting. 

"The  pump  used  by  the  Allis-Chalmers  Co.  also  regu- 
lates the  amount  of  fuel  delivered  to  the  engine  by 
changing  the  length  of  stroke  of  the  plunger.  Fig.  4 
shows  a  cross-section  of  the  pump.  The  plunger  A  is 
given  a  reciprocating  motion  by  the  action  of  the  ec- 
centric B  through  the  drive  rod  C  and  the  lever  D. 
The  levsr  D  is  fulcrumed  on  a  pin  E  carried  by  the 


short  arm  of  a  bell-crank  lever  F,  the  long  arm  of  which 
is  connected  to  the  gcvrornor  mechanism  by  the  rod  (1. 
If  the  speed  of  the  engine  decreaseH,  the  rod  (!  is  drawn 
upward,  causing  the  pin  h'  to  be  lowered.  The  rod  C 
then  receives  an  increased  lift  from  the  cam  and  the 
pump  plunger  makes  a  longer  stroke,  delivering  morn 
oil." 

Woods  broke  into  Egan's  discourse. 

"It  looks  to  me  as  if  there  would  be  a  big  load  on 
the  governor  when  the  plunger  began  to  pump  the  oil." 

"So  there  would,  my  boy,  if  the  pump  was  handling 
the  oil  against  a  high  pressure;  but  in  the  Alli.s- 
('halmers  engine  an  open  nozzle  is  u.sed.  Oil  is  deliv- 
ered during  the  suction  stroke  ot  the  engine,  and  so 
there  is  only  the  friction  of  the  oil  in  the  fuel  line  to 
be  overcome. 

"To  keep  this  pump  in  condition  a  little  regrinding 
and  attention  to  the  fulcrum  pins  is  required.  Among 
engineers  there  is  a  tendency  to  allow  pins  to  wear 
badly  before  renewing.  You  can  see  that  a  small  amount 
of  wear  would  affect  the  governing.  Don't  be  afraid  to 
true  up  worn  pins  or  to  reream  the  bearings  and  insert 
new  brass  bushings. 

"The  next  illustration.  Fig.  5,  is  a  cross-section  of 
the  pump  used  on  the  McEwen  engine.  This  pump  regu- 
lates by  the  governor  altering  the  length  of  the  suction 
stroke  of  the  pump  plunger.  As  shown  in  the  section 
-4.4.  the  plunger  has  a  slot  B  in  which  is  a  wedce  C 
under  control  of  the  governor.  A  movement  of  the 
sleeve  causes  the  wedge  to  move,  increasing  or  decreas- 
ing the  length  of  the  suction  stroke  of  the  pump,  and 
so  altering  the  fuel  charge.  No  packing  is  used,  depend- 
ence being  placed  on  the  oil  sealing  the  plunger.  Since 
the  nozzle  used  is  an  open  one,  the  discharge  pressure  is 
negligible.  The  oil  seal  usually  is  found  satisfactory. 
If  you  ever  run  an  engine  having  this  type  of  pump  and 
have  to  renew  the  plunger  spring,  make  it  of  larger  size 
wire.  It  will  make  the  plunger  snappier  in  action.  The 
Snow  engine  employs  a  pump  with  a  wedge  adjustment 
quite  like  this  one. 

"Outside  of  the  little  details  that  require  attention  on 
all  pumps,  you  can  say  that  the  fuel  pump  is  about  the 
least  troublesome  of  all  the  Diesel-engine  parts.  Of 
course,  when  you  use  heavy,  tarry  or  dirty  oil,  the 
valve  of  any  make  of  pump  will  cause  trouble,  but  that 
happens  only  when  a  good  filter  is  not  used.  However, 
we'll  talk  of  filters  another  time." 


Unnecessary  engine  friction  can  be  overcome  by  thor- 
oughly lubricating  the  valve  seats  and  walls  of  the 
cylinder,  but  no  hard  and  fast  rule  can  be  given  re- 
garding the  amount  of  oil  to  be  fed  to  steam  engines. 
It  is  necessary  to  take  into  consideration  the  kind  of 
valves,  whether  rotative  or  slide  valves,  balanced  or  not ; 
the  speed  of  the  engine,  whether  high  or  low;  whether 
low-pressure  and  moist  steam,  or  high-pressure  and 
comparatively  dry  steam  is  being  used. 


As  soon  as  steam  leaves  a  boiler,  the  tendency  is  to 
condense  or  to  return  to  water,  due  to  the  radiation 
of  heat.  A  bare  pipe  containing  steam,  when  exposed 
to  still  air  will  condense  less  steam  than  when  the 
pipe  is  exposed  to  air  in  motion. 
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An  Improved  Form 
THROTTLING  CALORIMETER 

By 
W,  R..  Woolrich  * 


When  using  the  throttling;  calorimeter,  the  data  of  the  test  are 
substituted  in  a  formula  or  are  used  in  connection  with  a  curve 
sheet  to  find  the  quality  of  the  steam.  This  article  explains  how 
the  instrument  may  be  made  self-contained  by  having  the  neces- 
sary curves  drawn  on  a  metal  plate  fastened  to  the  barrel  of  the 
calorimeter.  Thus,  having  observed  the  initial  pressure  of  the 
steam  and  the  temperature  in  the  calorimeter,  the  quality  can 
at  once  be  found  from  the  curves  on  the  plate. 


ENGINEERS  k"ow  very  well  that  the  steam  fur- 
nished by  the  average  boiler  is  not  dry  saturated 
steam,  but  that  it  contains  more  or  less  moisture. 
Then,  100  minus  the  percentage  of  this  moisture,  by 
weight,  is  called  the  quality  of  the  steam,  and  a  common 
way  of  finding  the  qu-^lity  is  by  the  use  of  the  instru- 
ment called  the  throttling  calorimeter,  one  form  of  which 
is  shown  in  section  in  Fig.  1. 

The  steam  to  be  tested  flows  from  the  steam  main 
through  the  .sampling  pipe  A  and  the  valve  B  and  then 
passes  through  the  small  throttling  orifice  C,  escaping 
into  the  interior  of  the  barrel  D  of  the  calorimeter. 
From  this  chamber  it  flows  out  into  the  open  air  by 
way  of  the  exhaust  opening  E  at  the  bottom.  The 
U-gage  F  is  connected  to  the  interior  of  the  calorimeter 
by  the  pipe  G  and  is  used  to  measure  the  slight  pres- 
sure existing  inside.  A  thermometer  H  is  inserted  in 
a  well  extending  down  into,  and  is  used  to  find  the 
temperature  of  the  steam  in  the  calorimeter. 

In  making  an  accurate  test  for  the  quality  of  steam, 
the  pressure  of  the  steam  in  the  main  is  observed,  the 
temperature  of  the  steam  in  the  calorimeter  is  read 
from  tl->e  thermometer,  and  the  pressure  inside  the 
calorimeter,  above  the  pressure  of  the  atmosphere,  is 
read  from  the  U-gage  in  inches  of  mercury.  Then,  by 
the  use  of  a  somewhat  lengthy  formula,'  the  quality 
of  the  steam   may   be  calculated. 

The  use  of  the  U-gage,  while  desirable  in  extremely 
accurate  performance  tests,  is  not  necessary  for  or- 
dinary work.  All  that  it  does  is  to  make  correction 
for  the  slight  pressure  existing  inside  the  calorimeter, 
above   atmospheric   pressure,   and   this   correction   does 


not  affect  the  quality  of  the  steam  by  more  than  a 
few  hundredths  of  one  per  cent.  The  operating  engi- 
neer is  justified  in  omitting  this  correction,  therefore, 
and  by  so  doing  he  simplifies  the  matter  of  finding  the 
quality  of  the  steam. 

Neglecting  the  U-gage  reading  simply  means  that  the 
pressure  inside  the  calorimeter  is  assumed  to  be  equal 
to  that  of  the  a-l^mosphere,  or  14.7  per  sq.in.  Under 
these  conditions,  the  quality  of  the  steam  may  be  found 
by  the  formula' 

1050.8  ^  0.476  T  -h 


Z  = 


I 


•Assl.stant    profe.'s.'sor    of    mechanical    engineering.    Unlversitv    of 
Tennessee. 

'The  formula  ordinarily  used  for  finding  the  quality  of  steam  Is 

„    _      L    +    H    +    0.476   (T  —  t)  —  h 
X    -     ^ 

in  which 

X    =    Quality   of  steam  : 

/.    =    Latent  heat  of  steam  at  absolute  pressure  In  calorimeter 

H    —    Heat   of   liquid   at  absolute   pressure   in   calorimeter  • 

T    =    Temperature    Indicated    by    thermometer    in    calorimeter 

in   deg.    F.  ; 
t    =   Temperature  of  dry  .saturated  steam  at  absolute  pressure 

m   calorimeter  ; 
J    —    Heat   of  liquid   at   absolute   pressure   in   steam   main  • 
1    =   Latent  heat  of  steam  at  absolute  pressure  in  steam  main. 


in  which  the  various  letters  have  the  meanings  given 
in  the  first  footnote.  Thus,  for  ary  given  test,  T 
becomes  the  temperature  indicated  by  the  thermometer 
in  the  calorimeter  and  h  and  /  the  heat  of  the  liquid 
and  the  latent  heat  at  the  absolute  pressure  in  the 
steam  main,  as  found  from  the  steam  tables. 

The  trouble  with  this  method,  however,  is  that  it 
requires  the  finding  of  certain  values  from  the  steam 
tables  and  then  a  number  of  calculations  as  indicated 
by  the  formula.  As  a  result,  technically  trained  men 
are  practically  the  only  ones  that  use  it.  Few  oper- 
ating engineers  have  mastered  the  use  of  the  throttli.ig 
calorimeter  for  finding  the  quality  of  steam.  This 
statement  is  no  reflection  on  stationary  engineers,  but 
rather  emphasizes  the  failure  of  the  makers  of 
calorimeters  to  put  on  the  market  an  instrument  that 
required  no  knowledge  of  thermodynamics  in  its  oper- 
ation. 

Some  calorimeter  manufacturers  have  tried  to  get 
around  this  objection  by  sending  out  with  their  instru- 
ments curve  sheets  from  which  the  quality  of  the  steam 
can  be  read  off  when  the  steam  pressure  and  the  reading 
of  the  calorimeter  thermometer  are  known.     This  is  a 

'Since  the  pressure  In  the  calorimeter  is  taken  as  14  7  lb  the 
^"7^%^^  ^'fi?  ''"^  0,0"  "le  formula  given  in  the  first  footnote 
are  971.7.  180  and  212.  and  the  formula  then  becomes  X  — 
"71.7     +     180     +     0.476    (T  —   212>   —   h 

I which  reduces   to  X    = 

1151.7  +  0.476r  — 100.9  — A.  or.  finally.  X  -  1050.8  +  0  476  T  — ft 
/  » 
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.stt'|)  in  the  iMK'Ht  (liri'ition,  hut  it  rci|uii»>.><  tlu'  ciirvf 
sheot  to  he  kept  at  hand  to  intctpn't  the  results  from 
the  lalorimeter.  Now,  the  operatinjj  eiiKinecr  is  only 
human,  and  he  will  always  look  with  disfavor  on  any 
tit'viie  that  reijuires  the  use  of  a  book  or  a  curve  sheet 
to  enahle  him  to  interpret  the  information  he  has 
ohtuined.  He  will  demand  an  instrument  that  he  can 
demonstrate  to  friend  or  boss  without  having  to  apol- 
ojri/e  for  not  havinjr  the  i\ecessary  tables  or  curves 
with  him. 

Numerous  attempts  have  been  made  at  the  University 
of  Tennessee  to  train  practical  operating  engineers 
to  use  the  throttlinjr  calorimeter  in  connection  with 
both  tables  and  curve  sheets;  but  the  instrument 
lacked  completeness  in  that  it  would  not  give  results 
by  looking  at  it  or  studying  it  alone.  It  reciuired 
too  much  auxiliary  information  and  computation.  This 
obstacle  has  been  overcome  by  preparing  a  set  of  curves 
to  interpret  the  readings  of  the  calorimeter  and  mount- 
ing these  curves  directly  on  the  outside  of  the  barrel 
of  the  instrument.  The  simplest  way  is  to  make  a 
flat  metal  plate  with  the  curves  and  values  marked 
thereon,  bend  it  to  fit  the  cylindrical  barrel  of  the 
instrument  and  fasten  it  with  screws. 

Fig.  2  shows  such  a  plate  with  the  curves  drawn 
thereon  for  pressures  between  40  and  250  lb.  gage. 
The.-:e  curves  have  been  plotted  from  the  values  given 
in  Goodenough's  steam  tables,  and  the  method  of  using 
them  is  very  simple.  To  illustrate,  suppose  that  the 
steam   pressure   in   a  certain   test   is   80   lb.   gage  and 


FIG.   1.      GENER.\L,   ARRAXGE.ME.XT    OF   THROTTI.I.NC. 
CALORIMETER 

that  the  calorimeter  thermometer  shows  a  temperature 
of  250  deg.  F.  To  find  the  quality  of  the  steam  under 
such  conditions,  the  engineer  puts  the  point  of  his 
pencil  at  250  on  the  horizontal  scale,  moves  it  vertically 
upward  till  it  strikes  the  diagonal  marked  80  and  then 
moves  horizontally  to  the  scale  at  the  left,  where  the 
value  98  is  found.  Then  the  quality  of  the  steam  is 
98  per  cent. ;  or,  the  steam  contains  2  per  cent,  of 
moisture. 

If  the  observed  pressure  and  temperature  lie  between 
the   values   marked   on   the   plate,    the   position    of   the 


points  can  ix'  judged  closely  enough  to  give  the  <iuality 
of  the  .steam  to  within  one-tenth  of  one  per  cent,  of 
the  true  value.  The  lines  on  the  plate  may  be  engraved, 
etched  or  die-stamix-d. 

This  improvement  makes  the  calorimeter  self-con- 
tained and  by  its  use  it  has  been  possible  to  train 
men  in  a  very  .short  time  to  make  tests  for  quality  of 
steam.     It  is  no  longer  an  in.strument  that  needs  outside 
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Fir;.  2.     CHART  FOR  FINDING  QUALITY  OP  STEAM 

assistance.  The  engineer  takes  a  kindly  interest  in  it, 
for  it  tells  him  at  once  what  he  wants  to  know  without 
his  consulting  anybody  or  anything  else. 

The  barrel  of  the  average  throttling  calorimeter  is 
about  3  in.  in  diameter  and  6  in.  long.  Therefore,  if 
the  plate  containing  the  curves  is  made  5  or  6  in.  square, 
it  will  doubtless  fit  the  outside  of  the  barrel  when  it 
has  been  bent  to  t"he  proper  curvature. 


Central-station  service  or  isolated  plant,  and  if  cen- 
tral station  shall  it  be  municipally  or  privately  owned, 
A\as  the  subject  of  a  discussion  between  L.  W.  E.  Kim- 
ball, representing  the  Brotherhood  of  Electrical  Work- 
ers, and  W.  Rodman  Peabody,  counsel  for  the  Turners 
Falls  (Massachusetts)  Power  and  filectric  Company. 
The  occasion  was  a  hearing  on  a  bill  before  the  ifassa- 
chusetts  legislature  providing  for  the  e.stablishrnent  of 
a  state  commission  to  investigate  the  power  resources 
of  Massachusetts  and  to  establish  data  bearing  upon 
the  public-ownership  policy.  Mr.  Peabody,  was  legal 
adviser  of  the  Massachusetts  Fuel  Administration  dur- 
ing the  war  and  has  been  identified  with  the  Turners 
Falls  hydro-electric  and  steam  developments  since  their 
inauguration  under  the  direction  of  Philip  Cabot,  of 
Boston.  It  is  hardly  necessary  to  say  who  took  the 
pro  and  who  the  con  of  the  argument,  and  our  advices 
fail  to  show  that  any  determinative  thought  or  sugge.s- 
tion  was  evolved.  It  is  interesting  to  know  that  the 
subject  is  still  a  matter  of  public  discussion  in  the 
Old  Bay  State. 


The  friction  of  superheated  steam  is  much  less  than 
that  for  saturated  steam  in  passing  through  the  en- 
gine steam  ports  and  passages,  and  the  sectional  area 
of  the  steam  pipe  can  be  made  smaller  than  that  re- 
quired for  saturated  steam. 
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Vlarking  Time  in  the  Coal  Industry 

STUDENTS  of  political  economy  sagely  advise  us 
that  the  prices  of  commodities  are  dependent  on 
he  relation  of  supply  to  demand,  leaving  out  of  con- 
lideration,  of  course,  such  artificial  conditions  as  may 
)e  created  by  Governmental  price-fixing  or  other 
nethods  of  interference.  Inasmuch  as  the  control 
jxercised  by  the  Fuel  Administration  over  the  coal 
ndustry  of  the  nation  has  been  discontinued  and  all 
•estrictions  removed,  it  would  seem  as  though  the  law 
)f  supply  and  demand  ought  to  be  functioning  in 
-•plendid  form ;  but  it  is  not,  and  no  one  seems  to  un- 
lerstand  just  why. 

The  latest  bulletin  of  the  Fuel  Administration  an- 
lounces  that  coal  is  more  plentiful  now  than  it  is 
ikely  to  be  for  a  good  while  to  come  and  advises 
•etail  purchasers  to  place  orders  at  once  for  their  next 
vinter's  requirements.  Taking  this  announcement  at 
ts  face  value,  the  combination  of  a  plentiful  supply 
ind  a  low  demand  ought  to  produce  low  prices.  Instead, 
;he  very  opposite  has  occurred.  Not  only  have  prices 
failed  to  fall,  but  the  anthracite  operators  have  declared 
in  increase  of  ten  cents  a  ton,  effective  April  first,  and 
:here  is  no  April-fool  joke  intended,  either. 

In  all  the  tumult  of  conflicting  testimony  one  fact 
stands  out  clearly.  To  go  through  a  normal  winter 
Without  discomfort,  this  country  requires  a  definitely 
known  amount  of  coal,  so  that  the  mining  industry  is 
fully  aware  of  the  minimum  yearly  demand.  Fuel  is 
a  necessity,  not  a  luxury.  It  cannot  be  dispensed  with 
for  any  length  of  time  without  causing  suffering. 
Therefore,  the  operators  know  that  an  amount  of  coal 
equal  to  the  consumption  in  a  normal  year  is  bound 
to  be  absorbed  by  the  domestic  and  manufacturing  in- 
terests every  twelve  months. 

What  is  to  prevent  the  operator  from  anticipating 
this  certain  market  by  storing  coal  against  the  time  of 
increased  demand?  Coal — ^particularly  anthracite — does 
not  deteriorate  in  storage,  so  there  can  be  no  objection 
to  the  practice  from  that  angle.  True,  there  is  some 
breakage  due  to  rehandling,  causing  degradation  of 
size,  and  the  expense  of  rehandling  will  add  to  the  cost 
of  the  coal.  But  the  practice  of  storing  would  keep 
the  mines  working  continuously  throughout  the  year, 
do  away  with  part-time  labor  and  insure  a  sufficient 
supply  to  meet  the  demand  when  cold  weather  arrived, 
to  stimulate  the  market. 

Coal  operators  seem  to  be  unanimously  of  the  opinion 
that  the  wages  of  the  miners  will  not  be  reduced.  Many 
predict  increases — or,  what  amounts  to  the  same  thing, 
a  shorter  working  day  without  a  corresponding  reduc- 
tion of  wages.  If  this  is  assumed,  it  is  apparent  that 
the  cost  of  production  will  not  be  decreased  by  waiting 
for  more  auspicious  labor  conditions. 

To  the  man  in  the  street  the  whole  situation  takes 
on  the  appearance  of  a  freeze-out.  The  operator  con- 
tinues to  run  his  mines  on  short  time,  content  with 
producing  just  enough  to  fill  the  relatively  small  orders 
that  come  in.  The  mine  worker  submits  to  this  state 
of  affairs  with  as  good  grace  as  may  be  expected,  but 


looks  forward  to  improved  conditions  in  the  near  fu- 
ture, his  outlook  having  been  considerably  brightened 
by  the  adoption  of  the  demands  of  British  miners  for 
a  five-day  thirty-hour  week.  The  consumer,  numbered 
by  the  millions,  looks  on  with  anger  and  dismay,  un- 
decided whether  to  put  in  his  order  now  or  not.  And 
so  the  three  sit  tight,  waiting,  watching,  hoping. 

The  distressing  part  of  the  situation  is  that  the  con- 
sumer has  no  chance  to  win.  Whatever  may  be  the 
outcome,  he  will  be  the  victim.  If  the  wages  of  miners 
remain  unchanged,  he  will  still  pay  increasing  prices 
for  coal,  according  to  the  schedule  announced;  if  the 
wages  of  miners  are  raised,  he  will  pay  the  increase, 
and  then  some;  if  he  puts  in  his  orders  now,  and  coal 
prices  should  unexpectedly  drop,  he  will  be  the  loser; 
and  if  he  holds  off  until  cold  weather  compels  him  to 
order,  he  will  be  mulcted  by  the  high  prices  that  always 
prevail  when  coal  must  be  had  and  the  available  supply 
is  almost  invisible.  Confronted  by  such  a  hopeless 
situation,  there  can  be  little  fault  found  with  him  if  he 
does  what  the  others  are  doing — marks  time. 

The  70,000  Kflowatt  Turbine 
at  Muscle  Shoals 

FEW  steam  turbines  of  greater  than  five  hundred 
kilowatts  had  been  built  up  to  1900.  In  this  issue 
is  described  one  of  seventy  thousand  kilowatts,  maxi- 
mum. Such  has  been  the  sweeping  progress  in  the 
interval. 

The  machine  described  is  the  one  installed  in  United 
States  Nitrate  Plant  Number  Two,  at  Muscle  Shoals, 
Alabama.  It  is  of  the  compound,  triple-cylinder,  pure- 
reaction,  parallel-flow  type,  consisting  of  a  high- 
pressure  turbine  running  at  eighteen  hundred  revolu- 
tions per  minute  and  two  low-pressure,  semi-double 
flow  machines  operating  at  twelve  hundred  revolutions 
per  minute.     Each  turbine  drives  a  generator. 

The  demand  for  greater  capacity  in  one  unit  has  led 
to  the  use  of  three  cylinders,  as  exemplified  in  the 
seventy  thousand-kilowatt,  maximum,  turbines,  one  in 
the  Seventy-fourth  Street  Station,  New  York  City, 
the  other  in  the  nitrate  plant  at  Muscle  Shoals,  Alabama. 
In  Power  of  September  15,  1914,  Francis  Hodgkinson, 
designer  of  the  multicylinder  reaction  turbines  in  use 
in  the  United  States,  stated  the  advantages  of  such 
design  to  be  as  follows,  saying  that  the  reasons  were 
more  forcible  the  larger  the  capacity  of  the  machine: 
Smaller  cylinder  structure;  smaller  temperature  range 
within  a  cylinder;  no  limitations  to  the  design  prevent- 
ing the  attainment  of  the  highest  efficiency;  possibility 
of  separating  moisture  midway  of  the  steam  expansion. 

The  design  permits  also  of  low  blade  speeds,  compara- 
tively. In  the  machine  described  in  this  issue  the  mean 
blade  speed  in  the  last  row  of  each  low-pressure  element 
is  514  feet  per  second.  The  water  rate  is  best  at 
fifty  thousand  kilowatts,  at  which  load  it  is  10.55  pounds 
per  kilowatt-hour  at  290  pounds  pressure  absolute  at 
the  throttle,  175  degrees  Fahrenheit  superheat  and  29 
inches   of  vacuum. 


408 


row  K  U 


Vol.  4'.),  N. 


The  lU'xihility  of  this  unit  is  of  interest,  particu- 
larly lu'cnuso  it  is  the  only  main  unit  in  tlio  station 
now  that  plans  for  usintr  a  thirty-thousand-kilowatt 
machine  have,  for  the  time  heinjr,  heon  ali.mdoned. 
Thcro  arc  hi^h-pressure  steam  connections  to  the  low- 
IMwasuii-  olomonts,  and  should  one  or  the  other  fail,  or 
should  the  high-  and  one  low-pressure  element  fail, 
the  elements  or  element  not  incapacitated  would  con- 
tinue to  run.  The  reader  will  he  interested  in  the 
automatic  and  manual  control  of  the  unit  as  told  in  the 
article. 

Power-Fat  lor  CorrtTlitm 

IN  SELECTING  induction  motors  for  a  piven  drive 
it  is  of  vital  importance  that  the  motors  be  chosen 
so  that  they  will  operate  as  near  full  load  as  c:nsistent 
with  standard-size  machines.  If  a  dir.ect-current  motor 
is  only  partly  loaded,  it  results,  in  a  slightly  lower  effi- 
ciency and  a  hijrher  cost  of  installation,  which  in  many 
cases  is  offset  by  lower  maintenance  charges.  However, 
when  induction  motors  that  are  too  large  for  the  load 
they  are  to  drive  are  installed,  the  cost  of  installation 
is  not  only  higher  and  the  efficiency  of  the  motor  lower, 
but  the  power  factor  is  very  materially  decreased  with- 
out   any    reduction    in   maintenance    charges. 

It  is  a  well-knowMi  engineering  fact  that  induction 
motors  never,  even  when  fully  loaded,  can  operate  at 
unity  power  factor.  The  best  power  factor  that  can  be 
expected  is  approximately  eighty-five  per  cent,  lagging. 
However,  when  lightly  loaded,  the  power  factor  is  very 
low,  resulting  in  low  efficiency  of  the  motor,  distribu- 
tion and  transmission  systems  and  generating  equip- 
ment. 

As  the  power  factor  decreases  in  a  system,  the  cur- 
rent must  increase  in  almost  direct  proportion  to 
transmit  the  same  power.  With  fifty  per  cent,  power 
factor,  to  deliver  the  same  power  at  the  end  of  the 
line  requires  more  than  double  the  current  flowing  in 
the  system  as  for  unity  power  factor,  which  will  in- 
crease the  line  and  generator  losses  more  than  four 
times  and  reduce  the  available  generator  capacity  at 
least  fifty  per  cent.,  not  considering  the  bad  effects  upon 
voltage  regulation. 

During  the  last  three  or  four  years  the  size  of  motors 
installed  to  do  a  given  work  has  in  many  cases  been 
dictated  by  the  size  that  could  be  obtained  and  not 
what  good  engineering  practice  prescribed.  If  a  five- 
horsepower  was  the  proper  size  and  earlier  deliveries 
could  be  obtained  on  a  ten-horsepower,  the  latter  was 
not  infrequently  installed.  Large  manufacturing  plants 
sprang  into  existence  over  night,  the  motors  had  to 
be  obtained  from  somewhere,  and  practically  the  only 
consideration  given  was  that  they  would  operate  on 
the  power  voltage  available  and  large  enough  to  carry 
the  load.  Consequently  there  are  in  operation  many 
industries  in  which  the  motors  are  carrying  only  a 
small  percentage  of  their  rated  load.  This  has  resulted 
in  a  lowering  of  the  power  factor  of  a  great  many  of 
the  power  systems  all  over  the  country,  with  its  attend- 
ing bad  effects. 

For  some  time  past  some  of  the  larger  central  sta- 
tions have  offered  inducements  to  their  customers  for 
maintaining  their  power  factor  above  a  certain  pre- 
scribed value.  However,  owing  to  the  conditions  that 
have  been  brought  about  by  the  perfunctory  installation 
of  induction  motors  during  the  war  period,  this  move- 
ment on  the  part  of  the  power  companies  has  become 
practically  nation  wide.     Of  course  much  can  be  done 


t(»wnrd  correcting  the  power-factor  systom  by   ; 
lion   of  synchronous  api):iratUH   in   the  variou 
tioii.s  on  the  .system  of  the  power  companies,   i   r    Ui 
place  to  correct  the  power  f:ictor  to  obtain  the  ri'^itei' 
advantage  is  where  low  power  factor  occurs,  which  i 
most   c  sea   is   in   the   plants   that   have   lightly    loade 
induction    motors.      In    almost    every    large    in'!     'r- 
plmt  there  are  some  large  drives  that  reciuire  < 
speed  motors  and  not  excessive  starting  torque,   » 
can   be   just   as   successfully   driven   by   large   .syncl. 
nous  motors  as  by  induction  motors.     It  is  such  dr: 
that  can   be  taken  advantage  of   for  power-factor  < 
rection,    the    synchronous    motor    being    selected    l.i: 
enough    not   only    to   supply    the   power   component 
the   load,   but   also   to   supply   a   leading   wattless   cj 
ponent  to  neutralize  at  least  part  of  the  lagging  wa'' 
less  components  due  to  the  induction  motor  load. 

There  has  been  a  tendency  in  the  past  by  man> 
the    industries    that    purchase    power    to    consider 
power  factor  of  the  system   something  for  the  po'. 
company  to  worry  about.     But  one  has    only   to  (■< 
sider  the  result  cf  low  power  factor  to  see  that  sue 
an   attitude   is  erroneous.      First,    if   induction   motor 
are  installed   too  large  for  the  work  they  are  to  dc 
the   cost   of   installation    is   higher   than    it   should   b;' 
If  the  voltage  regulation  is  poor  the  speed   regulatioij 
of  the  motor  is  also  poor,   resulting  in  a  decrease  ii| 
production  and  in  some  cases  an  inferior  product.     Th 
excessive  losses  in  the  distribution  system  and  in  th 
transformers,  the  latter  where  primary  power  is  pur 
chased,   must   be   supplied   from    the   generator   in   thi 
power  house  and  therefore  passes  through  the  meter  | 
at  the  manufacturing  plant  and  appears  as  power  u.se( 
by  the  purchaser  at  the  end  of  the  month,  consequentl; 
this  is  not  quite  so  much  a  one-sided   question   as  a 
first  might  appear.     This  is  especially  the  case  in  iso 
lated  plants,   for  the  total   losses  due   to   lower   powei 
factor   are    chargeable   to   the   cost   of   manufacturing 
whether  it  is  or  not  when  power  is  purchased.   However 
somebody  has  to  pay  the  bills. 

Reliable  Refrigeration  Data 

IN  ANOTHER  column  of  this  issue  is  an  appeal  on  th( 
part  of  a  contributor  for  cooperation  among  engi 
neers,  especially  on  subjects  pertaining  to  refrigeration 
Information  is  desired  particularly  on  ammonia  con 
densers  and  on  the  new  designs  of  amimonia  compress- 
ors, especially  the  high-speed  type. 

Poicer  has  always  taken  a  stand  in  favor  of  mutua' 
service.  Its  aim  has  been  to  be  the  means  of  spreading 
information  on  steam  and  other  allied  engineering  sub- 
jects. In  its  study  courses,  its  specially  prepared  article? 
and  its  correspondence  columns  it  attempts  to  make  i1 
possible  to  keep  the  operating  and  designing  engineer 
thoroughly  up  to  date. 

In  the  matter  of  refrigerating  data  it  seems  espe- 
cially necessary  to  ask  our  readers  to  send  in  their  in- 
formation. For  some  reason  or  other  it  appears  thai 
engineers  are  not  progressing  as  satisfactorily  in  thf 
refrigerating  field  as  in  other  branches  of  engineering 
so  far  as  gaining  reliable  facts  is  conceined.  The  re 
frigerating  companies  are  too  busy  or  are  not  properly 
equipped  to  obtain  test  data.  Enthusiastic  claims  art 
sometimes  made  on  special  designs  or  new  machines 
which  are  not  substantiated  in  practice.  It  is  clear 
then,  that  reliable  data  can  be  obtained  best  ffom  the 
field— by  the  owners  or  the  operating  engineers. 
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'  Correspondence 


Water-Column  BlowofF  Valve 

Having  numerous  high-pressure  boilers  in  my  charge, 
have  had  considerable  experience  with  water-column 
)Woff  valves.  The  letter  by  R.  A.  Williams  on  page 
0  of  the  Jan.  28  issue  of  Power  brought  to  mind 
my  of  the  troubles  I  have  had  from  these  valves 
king.  Mr.  Williams  says  that  he  extended  the  pipe 
fjm  the  bottom  of  the  gage-glass  and  put  the  blowoff 
\We  on  the  lower  end  of  the  pipe.  On  all  large  boilers 
^ese  valves  are  located  as  he  states,  but  the  valves 
o  our  boilers  continued  to  leak. 

After  looking  into  this  matter  to  find  out  why  these 

'         should  give  so  much  trouble,   I  discovered  that 

■  globe  valves  were  .^o  placed  that  the  pressure, 

i  closed,  came  under  the  disk,  Fig.  1,  so  that  the 


Overheating  Hot  Water  Wasteful 

I  have  been  interested  in  the  articles  that  have 
appeared  in  Poicer  regarding  the  overheating  of  hot 
water,  and  while  the  contentions  brought  out  by  various 
engineers  are  correct  as  far  as  they  go,  it  seems  to  me 
that  there  is  one  point  that  they  have  overlooked,  and 
this  applies  e^^pscially  to  office  buildings  and  factories 
where  a  large  quantity  of  water  is  used  by  the  people 
in  the  washrooms. 

The  common  practice  in  many  instances  is  to  have  a 
combination  hot-  and  cold-water  valve,  and  by  turning 
the  valve  handle  a  certain  extent  various  degrees  of 
temperature  of  the  water  coming,  from  it  may  be 
obtained.     If  the  hot  water  is  at  a  high  temperature. 
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FIG.    !.•    PRESSURE    UNDER   THE   VAI.,VE    DISK 

:.lve  stem  might  be  packed  while  the  boiler  was  under 
'assure. 

It  was  then  decided  to  pipe  all  water-column  blowoff 
lives  so  that  when  closed  the  pressure  would  be  on  the 
p  of  the  seat.  The  reason  for  doing  this  was  that 
hen  blowing  down  the  water  column  with  a  valve  set 

that  the  pressure  came  under  the  disk,  the  stem 
ould  be  heated  to  the  temperature  of  the  steam  in  the 
)iler,  and  the  expansion  of  the  stem  would  be  gov- 
ned  by  its  temperature.  Then  after  the  valve  had 
!en  closed  long  enough  for  condensation  to  take  place, 
:e  stem  would  contract  and  allow  the  valve  disk  to 
ave  its  seat.  This  would  cause  the  valve  to  leak  unless 
le  attendant  turned  the  valve  wheel  to  take  up  the  con- 
action  that  had  taken  place. 

But  when  placed  so  that  the  pressure  comes  on  the 
■p  of  the  disk  when  closed.  Fig.  2,  the  disk  will  be 
;ld  in  place  without  being  forced  to  the  seat  by  the 
live  stem.  With  this  method  of  piping,  our  valves 
ive  given  many  times  the  service  they  did  before  the 
lange  was  made.  Thomas  J.  Pascoe. 

Norway,  Mich. 


FIG.   2.      PRESSURE  ABOVE  THE  VAI.VE   DISK 

the  user  will  generally  be  obliged  to  turn  the  valve 
wide  open  in  order  to  get  enough  cold  water  to  temper 
the  flow  so  that  it  can  be  used  without  scalding.  Under 
such  circumstances  much  water  goes  to  waste,  in  fact 
three  or  four  times  as  much  as  would  be  used  in  case 
a  lower  temperature  of  hot  water  were  carried. 

This  same  thing  can  happen  in  the  case  of  wash 
basins,  where  the  custom  is  to  open  both  the  hot-  and 
cold-water  faucets,  and  if  the  water  is  at  a  high 
temperature  the  water  in  the  bowl  is  too  hot  to  use, 
and  consequently  more  cold  water  is  run  into  it  to 
bring  the  temperature  down;  so  much  so  that  a  large 
quantity  generally  will  escape  through  the  overflow. 
Of  course  this  is  a  waste  of  water,  both  hot  and  cold, 
and  such  waste  will  bring  the  cost  of  the  raw  water 
up  considerably   in  the  course  of  the  year. 

Not  only  is  cold  water  wasted  in  quantity,  but  the 
heat  used  in  bringing  the  hot  water  up  to  a  high 
temperature  is  lost  in  part,  as  more  hot  water  is  used 
than  is  necessary,  and  it  goes  to  the  waste  pipe. 

Paterson,  N.  J.  L   A.  Higgins. 
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Why    Do   <HI    HiiijjH    W  rar   (grooves 

in    Shafl? 

I  havo  had  coiisidrrablp  tiDublo  with  n  moto!-(lriveii 
Kriiuliii^'  machiiio  used  for  KiindinK-  stocl  tiistiiiRS. 
This  troublo  is  confined  to  the  bearinps,  which  are  of 
the  rinjj-luhricatod  t.vi)o,  and  the  rinjrs  wear  a  Kroove 
in   the  steel  shaft,  although  the  bearings  are  supplied 


COPPER    Hl.\«;s    WnuK    SHAFT 

with  plenty  of  oil.  They  arc  in  line  and  run  cool.  So 
far  the  only  remedy  has  been  to  put  in  a  nev;  shaft, 
but  in  a  short  time  the  grooves  are  worn  the  same  as 
before. 

The  shaft  runs  at  960  r.p.m.  and  is  3  in.  diam- 
eter. The  oil  rings  are  of  copper.  Can  anyone  who  has 
had  a  similar  experience  suggest  a  remedy  for  the 
difficulty?  William  H.  Roberts. 

Lima,  Ohio 

A  Convenient  Arrangement  of  Plug-Fuse 
Test  Board 

I  have  been  interested  in  the  articles  on  electrical  test- 
ing outfits  appearing  in  Potcer  and  have  constructed  a 
test  board  of  an  arrangement  somewhat  different 
from  any  other  I  have  seen,  which  has  proved  to  be  a 
very  useful  device  about  the  shop.  The  figure  indicates 
the  construction  of  the  board.  Plug  fuses  are  tested 
by  placing  them  at  P  and  closing  switch  S  to  A,  and 
cartridge  fuses  are  tested  by  placing  them  so  that  their 
ferrules  rest  on  the  brass  strip  C.  These  strips  are  con- 
nected to  the  terminals  of  a  receptacle  R  from  which 


ARR.A^NGEMENT   OF   DEVICES   OX   TEST 

an  extension  cord  may  be  taken  for  testing  equipment 
on  the  bench  or  shop  floor.  The  receptacle  may  be  re- 
placed by  binding  posts  E,  as  shown.  Terminals  T  are 
for  supplying  power,  by  closing  switch  D,  to  any  small 
equipment  that  comes  within  the  capacity  of  the  fuses 
mounted  on  the  board.  By  closing  the  switch  S  to  B 
the  lamp  L  will  burn  continuously  and  may  be  used  fcr 
lighting  around  the  bench.  W.  W.  Parker. 

Electrical  Division.  U.   S.   S.  "Texas." 


Wcw  DeMijiii   of  <]raiik-l{<>(l   W  »'<l«»r 
A<ljiiHling   Boll*^ 

The  fre(|UPnt  reforences  to  break  iii^  wedge  bolts  m 
the  correspondence  column  of  Power  are  of  speclHl 
interest  to  me,  as  I  have  had  numerous  experiences  with 
this  troublesome  occurrence  and  have  been  called  upon 
to  replace  these  bolts  when  the  connecting-rod  had 
to  be  removed  to  let  the  new  bolts  in.  I  have  also  seen 
wrecks  caused  by  pieces  of  broken  bolts  becoming 
wedged  in  some  part  of  the  engine. 

Some  causes  of  breakage  may  be  eliminated,  such  . 
holes   out   of   line,    poorly    fitting   wedges,    etc.,    but 
have  had  engines  that  would   break  the  bolts   in   ti' 
no  matter  how  carefully  they  were  fitted.     I  had  chai ; 
of  a  large  gas  engine  that  gave  considerable  trouble  i; 
this  way,  and  after  many  shutdowns  and  various  ev 
periments  I  developed  a  design  of  wedge  bolt  and  I'l 
which  seem  to  be  immune  from  destructive  forces, 
have  tri3d  this  bolt  out  thoroughly  on  gas  and  steai 
engines  and  can  guarantee  it  to  stand  the  strain  pu 
upon  it. 

Fig.  1  shows  the  original  bolt,  which  is  provided  with 
a  hole  for  a  key  wrench,  also  a  cross-section  showi 
the  lock  setscrews  with  copper  shoes  on  the  thread 
ends.    Fig.  2  is  a  modified  form  using  a  common  head 


Flc;,     1.       OKICIXAI, 
BOLT 


MODIFIED    FORI 
OF    FIG.    1 


bolt.  This  works  well  in  practice  except  that  the  wedg< 
cannot  be  loosened  by  turning  the  bolt. 

It  may  appear  that  the  wedge  would  jump,  but  il 
actual  practice  on  high-speed  engines  I  have  found  i' 
is  entirely  satisfactory.  In  applying  this  bolt  I  pluf 
the  bottom  hole  in  the  strap  of  the  ordinary  design  o: 
rod  and  dress  it  off  evenly.  The  outstanding  featun 
of  this  bolt  is  that  it  is  subject  to  compression  onlj 
and  it  is  free  to  fioat  with  the  wedge,  and  the  lonj 
thread  through  the  wedge  makes  a  powerful  jackscrev 
that  is  easily  locked  and  will  not  break. 

I  have  adopted  the  bolt  shown  in  Fig.  1  and  conside 
it  to  be  more  practical,  though  a  little  harder  to  mak' 
and  apply.  The  bolt  must  strip  the  long  thread  o 
be  crushed  before  the  wedge  can  get  loose,  and  I  hav' 
not  yet  seen  the  engine  that  will  do  it.  After  usinj 
this  bolt  for  about  two  years  with  heavy-duty  and  high 
speed  gas  and  steam  engines  that  were  in  the  habi 
of  breaking  bolts  made  from  special  materials,  I  hav 
satisfied  myself  that  my  arrangement  will  stand  th 
test. 

A  wedge  bolt  is  an  insignificant  part  of  an  enginf 
and  as  long  as  it  holds  it  is  seldom  thought  of;  bu 
when  it  breaks  and  the  brasses  get  the  full  play  of  th 
strap  an  engineer  is  out  of  luck.  I  know  from  experi 
ence  that  it  is  a  mighty  consoling  feeling  to  know  tha 
the  bolt  will  not  break  and  especially  so  when  ther 
are  hundreds  of  workmen  depending  on  the  engine  fc 
power,  to  say  nothing  of  the  loss  of  production. 

Oil  City,  Penn.  Lloyd  R.  Hoffman. 


'Patent   applied   for. 
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Using  Charts  Over  Again 

The  accompanying  chart  is  for  the  sanae  date  of  last 
year  and  this  year  where  the  operating  conditions  were 
practically  the  same,  and  shows  two  chart  records. 

A  red  line  A  is  for  Feb.  3,  1919,  with  an  average 
feed-water  temperature  of  193  deg.  F.,  and  a  green 
line  B  is  for  Feb.  3,  1919,  with  an  approximate  average 
temperature  of  209  deg.  F.     The  operating  conditions 


TWO    TE.MPEKA'I'I    Kl<:    HKi'UKU.S    O.V    ONK    CHART 

on  both  days  were  practically  the  same,  but  on  Feb.  3, 
1919,  3600  lb.  less  coal  was  burned  than  on  the  same 
date  last  year.  The  outside  temperature  on  Feb.  3 
last  year  was  22  deg.  F. ;  the  average  outside  tempera- 
ture on  Feb.  3  this  year  was  31  deg.  F.,  taking  it  for  the 
entire  24  hours. 

I  mention  the  temperature  because  it  nas  an  impor- 
tant bearing  on  the  operation  of  the  plant.  This  com- 
parison shows  very  plainly  to  me  what  a  fireman  can 
do  if  he  feels  like  it.  Of  course  the  higher  temperature 
this  year  would  account  for  some  saving  in  coal,  were 
it  not  for  the  fact  that  the  coal  burned  was  very  much 
poorer  than  what  we  had  last  year,  and  would,  I  am 
sure,  offset  any  saving  due  to  higher  outside  tempera- 
ture. W.  R.  Groom. 

New  York  City. 

What  Makes  the  Exciter's  VoUage 
Slow  To  Build  Up? 

In  our  plant  we  have  two  steam-engine  driven  110- 
kv.-a.  2300-volt  alternators,  with  a  7.5-kw.  direct- 
connected  compound-wound  exciter  on  each.  The 
machines  are  not  operated  in  parallel  since  the  power 
requirements  are  such  as  to  make  this  unnecessary. 
The  voltage  of  each  machine  is  controlled  from  the 
same  regulator. 

One  of  the  machines  will  respond  quickly  to  load 
changes  and  the  other  is  sluggish.  The  exciter  on  the 
sluggish  machine  is  slow  to  build  up  its  voltage,  conse- 
quently the  alternator  is  slow  in  coming  up  to  full 
potential.     It  sometimes  requires  10  to  15  minutes  for 


the  exciter  to  come  up  to  its  full  rated  volts  when  first 
started.  If  the  series-  and  shunt-field  windings  are  in 
opposition,  would  this  cause  the  trouble?  I  would  like 
to  hear  the  opinion  of  Power  readers  as  to  the  cause 
of  the  difficulty.  I  might  add  that  the  alternators  are 
supplying  power  to  mine  motors  and  at  times  there 
is  a  swing  from  practically  no  load  to  full  lo^d.  What 
is  the  answer?  C.  S.  HARRISON. 

Courtland,  Ariz. 

Boiler  Patch  Welded  In 

To  those  interested  in  welding  of  boiler  plates  by  the 
oxyacetylene  method,  a  weld  made  on  a  boiler  in  the 
Western  Commercial  plant  at  Wayne,  Alberta,  may  be 
of  interest. 

This  is  a  plain  return-tubular  boiler  and  was  sup- 
plied with  water  by  an  injector  from  a  stream  carrying 
considerable  mud.  Mud  collected  over  the  fire  sheet, 
and  a  bulge  formed  about  the  size  of  a  man's  head.  This 
bag  was  close  to  the  head  so  that  the  plate  was  cut 
out  from  the  head  back  far  enough  to  take  out  all  dam- 
aged material,  and  a  patch  was  riveted  on  in  the  ordinary 
manner. 

Much  trouble  was  experienced  with  this  patch  leak- 
ing, and  the  inspector  finally  gave  his  consent  to  ti-y 
a  weld.  The  shell  was  again  cut  out  from  the  head  back, 
taking  out  all  rivet  holes,  and  a  patch  was  cut  to  fit 
the  opening  and  placed  inside  the  boiler  plate  and 
welded  so  that  the  two  plates  are  on  the  sam.e  plane 
and  not  lapped.  The  boiler  was  tested  up  to  200  lb. 
gage    with    hydraulic    pressure    and    is    now    working 


I'ATCH   WELDED    TO    FIK.^T    SHEET    OI'    KETI'RN-TUBULAR 
BOIEER 

under  a  steam  pressure  of  125  lb.  So  far  it  has  proved 
a  good  piece  of  work  and  no  further  trouble  has  been 
experienced.  H.  E.  WIGHT. 

Drumheller,  Alta.,  Canada. 

(The  Code  of  the  American  Society  of  Mechanical 
Engineers  does  not  allow  the  use  of  a  weld  under 
pressure  unless  the  stress  is  taken  up  independently  of 
the  weld. — Editor.) 
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Throlllo   Iliul  Too  Much   Play 

I  vva.s  ri'iontly  called  to  a  plant  that  ha.s  a  ir>00-hp. 
cross-compouml  Corlis.s  "11^1110  driving  toxtilc  ma- 
ihiiiery.  The  eiiKine  .suddenly  .showed  dilliciilty  in  tak- 
injr  eare  of  the  regular  load  (^f  about  lOOO  hp.  Indicator 
diagram  A,  Vig.  1,  had  been  taken  a  few  day.s  pre- 
viou.sly,  but  card  U  wa.s  the  he.st  that  could  be  obtained 


A  B 

V\n     1       TWO   SETS   OF    DIAi^RAM.S    KHO.M    S.\MR    KNiilNB 

when  I  arrived.  The  dropping  steam  line  showed  wire- 
drawinp,  a  throttling  effect  on  the  steam,  or  the  piston 
leaking  badly. 

Notes  of  the  water  u.sed  in  the  conden.ser  showed  no 
increase  over  previous  day?,  and  equally  good  vacuum 
eliminated  the  possibility  of  a  faulty  piston.  A  steam 
page  at  the  receiver  .separator  near  the  throttle  showed 
practically  full  boiler  pressure,  so  the  trouble  evidently 
was  at  or  near  the  throttle  valve.  This  valve  was  one 
that  opened  away  from  the  operating  wheel,  having  a 
left-hand  thread  on  the  stem,  Fig.  2.  The  stem  also 
actuated  the  bypass. 

The  cover  was  removed  from  the  valve  after  work 
hours,  and  it  was  found  that  the  nut  holding  the  valve 
disk  in  place  had  moved  back  to  such  an  extent  that 
the  main  disk  remained  on  the  seat  when  the  stem  had 
reached  its  limit,  allowing  only  the  steam  that  passed 


FIG.   i.      VYPE   OF  ^'.\LVE   THAT   G.WE   TROUBI^E 

through  the  bypass  to  operate  the  engine,  which  was 
carrying  about  66  per  cent,  of  full  load.  After  replac- 
ing the  nut,  allowing  only  }  in.  play  for  the  bypass 
opening,  a  new  card  was  taken,  showing  a  return  to 
normal  conditions.  John  F.  Hurst. 

Louisville,  Ky. 

Reliable  Refrigation  Data 

Refrigeration  is  one  of  the  growing  branches  of  engi- 
neering as  one  can  see  by  the  yearly  reports  of  sales 
of  refrigerating  apparatus  or  by  the  recent  increase 
in  the  American  Society  of  Refrigerating  Enofineers. 
On  every  hand  we  see  new  applications  where  its  use- 
fulness was  unknown  or  neglected  a  few  years  ago. 

This  being  the  case,  I  want  to  appeal  to  Pover  and 
Power  readers  to  assist  in  developing  the  art.  Mechan- 
ical refrigeration  is  new;  it  's  a  growing  subject  and  one 
relatively  neglected.  Very  little  reliable  information  is 
published,  for  in  almost  every  case  there  is  som,e  per- 
sonal motive  in  circulating  the  information,  as  in  the 
L-elebrated  horsepower  per  ton  of  refrigeration  data. 
\Vhat  the  art  requires  is  unbiased,  up-to-date  informa- 
tion on  condensers,  compressors,  pumps  and  piping.     It 


seems  strange  that  such  n  simple  piece  of  apparatus  as 
an  ammonia  condenser  should  be  so  shrouded  with 
secrecy  as  is  at  present  apparent. 

I  therefore  api)eal  to  the  operating  and  de.o.igning 
engineer  to  come  forward  and  help  those  of  us  who 
would  like  to  learn  and  cannot  because  of  lack  of  avail- 
able information.  And  I  ask  Pincr.r  to  make  this  pos- 
sible by  hearty  cooperation  in  throwing  open  fts  col- 
umns to  a  general  di.scu.ssion  on  this  very  important 
branch  of  engineering.  H.  J.  Macintire. 

Seattle,  Wash. 

Eliminating  Cylinder  Oil  from 
Exhaust  Stc;am 

The  manner  in  which  W.  H.  Wakeman  described  the 
method  employed  in  reducing  the  speed  velocity  of  steam 
in  the  oil  separator,  page  365  of  the  Mar.  11  issue  of 
Poirrr,  will  probably  be  of  assistance  to  others  in  elimi- 
nating oil  troubles  in  their  feed-water  due  to  similar 
causes,  but  it  would  appear  that  the  suggestions  made 
to  the  engineer  in  charge,  to  the  effect  that  the  .sepa- 
rator was  not  properly  located,  were  correct. 

According  to  most  engineers  the  separator,  in  regu- 
lar practice,  should  be  placed  between  the  engine  and 
Ihe  heater  so  as  to  prevent  oil  from  getting  into  the 
heater  and  coating  the  tube-heating  surface  and  thus 
reducing  the  heat  transfer  of  the  exhaust  steam  to  the 
water  in  the  heater.  The  12-in.  connection  between  the 
heater  and  the  separator  could  have  been  made  between 
the  8-in.  ell  on  the  exhaust  pipe  and  the  separator  ju.st  as 
well,  and  .would  probably  have  given  just  as  .satis- 
factory results  and  at  the  same  time  have  prevented 
oil  from  entering  the  heater.  L.  A.  HiGGlNS. 

Des  Moines,  Iowa. 

Steam-Gage-Glass  Marker 

A  marker  of  some  kind  is  usually  placed  on  steam 
gages,  etc.,  when  they  are  to  be  read  from  a  distance 
or  when  it  is  desired  to  read  them  readily  without 
going  close  up  to  see  if  the  pointer  is  where  it  should 
be.  Generally,  an  arrow  or  some  such  mark  is  painted 
on  the  gage,  but  a  better  plan  is  to  paint  the  marker 
on  the  glass  of  the  gage  and  then  if  at  any  time  it  is 
desired  to  change  the  point  of  reading,  it  will  not  be 
necessary  to  paint  a  new  marker.  Shifting  the  glass 
to  the  new  position  answers  the  purpose. 

Norristown,  Penn.  William  H.  Watson. 

Simple  Tempering  Method 

Tempering  a  drill,  cold  chisel  or  other  tool  properly 
requires  quite  a  knack,  but  there  is  a  sure  method  that 
requires  no  skill.  First  heat  the  point  of  the  tool  to 
be  tempered  to  a  cherry  red  and  then  force  it  into  a 
bar  of  lead,  keeping  it  there  fdr  about  half  a  minute. 
Then  cool  it  in  water.    That  is  all  there  is  to  it. 

To  save  the  temper  of  a  tool,  as  for  instance  an  ax 
in  which  the  handle  has  been  broken  off  and  the  stub 
end  cannot  be  driven  out  easily,  drive  the  cutting  edge 
of  the  ax  into  moist  ground  and  then  place  live  coals 
around  the  head.  When  the  wood  becomes  charred,  it 
can  be  driven  out  and  the  temper  in  the  cutting  edge 
will  have  been  preserved.  James  E.  Noble. 

Kingston,  Ont.,  Canada. 


Prepare  for  Prosperity  through  the  Victorj'  Liberty 
Loan. 
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Delta  to  Star  Connected  Transformers — When  three 
single-phase  2300-  to  115-volt  50-kv.-a.  transformers  are 
connected  delta  in  the  primary  and  star  in  the  secondary, 
what  will  the  voltage  and  current  values  be  in  the  system 
when  the  transformers   are  fully  loaded  ?  J.   G.   B. 

Since  the  primaries  of  the  three  transformers  are  con- 
nected delta,  the  voltage  E'  across  the  terminals  of  each 
transformer  will  be  that  of  the  line,  or  2300  volts,  and  the 
secondary  volts  E"  of  each  transformer  will  be  the  pi-imary 
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volts  divided  by  the  ratio.  The  ratio  in  this  case 
is  2300   :  115,  or  20   :   1.     Then  the  secondary  volts  across 

each    transformer    =  =    115.      Since    the    secondary 

windings  are  connected  in  star,  the  voltage  E^  between 
terminals  is  that  of  one  transformer  times  a'3  =  (1.732), 
or  115  X  1.732  =  199  volts.  The  full-load  primary  current 
/'  of  one  transformer  will  equal  its  full-load  kv.-a.  times 
1000  livided  by  its  primary  voltage,  or  50  X  1000  h-  2300 
=  21.7  amperes.  The  primary  windings  are  connected 
delta,  therefore  the  current  /,,  per  terminal  will  equal  the 
primary  current  /'  of  one  transformer  times  \'3,  or  21.7 
X  1.732  =:  37.6  amperes.  In  the  secondary  winding  of  each 
transformer  the  current  1"  will  equal  that  in  the  primary 
windings  times  the  ratio,  hence  /"  =  21.7  x  20  =  434 
amperes.  With  the  secondaries  connected  in  star  the  cur- 
rent /;,  per  terminal  is  the  same  value  as  in  the  windings; 
that  is,  /.,  =  /"  =  434  amperes.  The  kv.-a.  of  the  bank 
is  the  total  capacity  of  the  three  transformers,  or  50  x  3 
=  150.  The  distribution  of  the  current  and  volts  is  indi- 
cated in  the  figure.  Of  course  these  values  are  only  theo- 
retical; the  loss  of  about  3  per  cent,  in  the  transformers 
will  change  the  figures  slightly. 

Determining  Belt  Slippage — How  can  we  tell  when  belts 
are  slipping,  and  what  instruments  should  be  used  to  de- 
termine the  percentage  of  slippage?  A.  B. 

Serious  slippage  of  a  belt  on  a  pulley  usually  is  accom- 
panied by  1-  noise  varying  from  a  dull  swishing  to  a  sharp 
screeching.  The  only  time  that  no  slippage  takes  place  is 
when  the  angular  velocity  of  the  belt,  in  passing  around 
with  the  pulley,  is  the  same  as  the  angular  velocity  of 
the  pulley.  Assuming  that  the  average  lineal  velocity  of 
the  belt  is  the  velocity  at  the  center  of  its  thickness,  normal 
belt  velocity  without  slippage  should  be  estimated  as  equiv- 
alent to  the  peripheral  speed  the  pulley  would  have  if  its 
radius  were  equal  to  the  actual  radius  plus  one-half  the  belt 
thickness,  or  as  if  the  diameter  were  equal  to  the  actual 
diameter  plus  the  belt  thickness.  Thei-e  are  excellent 
revolution  counters  on  the  market  by  which  the  r.p.m.  is 
shown  at  sight.  For  determining  the  actual  speed  of  a 
belt,  use  an  instrument  like  a  cyclometer,  operated  by  a 
projecting    finger    attached    to    the    belt,    for    counting    the 


number  of  times  per  minute  a  point  on  the  belt  passes  a 
stationary  point  to  which  the  cyclometer  is  attached.  The 
length  of  belt  multiplied  by  the  number  of  revolutions  made 
by  the  belt  per  minute  will  give  the  actual  belt  speed  per 
minute.  This,  divided  by  the  peripheral  speed  that  would 
be  due  to  a  driving  pulley  whose  diameter  is  equal  to  the 
actual  diameter  plus  the  belt  thickness  will  give  the  per- 
centage of  efficiency.  The  efficiency  of  the  belt  drive  on 
the  receiving  pulley  would  be  the  peripheral  speed  due 
to  the  pulley  diameter  plus  belt  thickness,  divided  by  the 
actual  speed  of  the  belt.  For  obtaining  the  total  efficiency, 
multiply  the  r.p.m.  of  the  follower  by  its  diameter  plus  the 
belt  thickness  and  divide  by  the  product  of  the  r.p.m.  of 
the  follower  pulley  and  its  diameter  plus  the  belt  thickhess. 
In  any  case  the  percentage  of  slippage  would  be  1  minus 
the  percentage  of  efficiency. 

Action  of  Bourdon  Pressure-Gage  Spring — What  causes 
the  bent  tube  spring  of  a  Bourdon  pressure  gage  to 
straighten  out  for  pressure  and  become  more  curved  for  a 
vacuum  connection?  C.  W. 

Suppose  ahcd  to  be  a  bent  pipe  of  any  cross-section, 
made  of  elastic  material  and  having  a  free  end  ah  stopped 


off,  and  subjected  to  internal  pressure  of  steam  or  air 
introduced  at  the  supported  end  cd.  When  inflated,  the 
pipe  would  expand  in  diameter,  and  by  sufficient  pressure  a 
point  like  A  would  have  a  tendency  to  move  outward  radially 
to  a  position  A^  and  a  point  at  B  would  have  a  tendency 
to  move  radially  to  a  position  B^.  In  the  same  manner  there 
would  be  a  tendency  to  carry  the  point  C  to  C,  and  D  to  D,. 
But  for  actual  radial  movement  the  distance  C  to  A  would 
need  to  be  greater  than  CA,  and  Z?,B,  would  be  less  than  DB, 
and  if  the  material  around  the  outer  curve  of  the  bend  was 
not  sufficiently  elongated,  or  the  material  along  the  inner 
curve  was  not  sufficiently  compressed,  the  material  originally 
located  along  the  section  CD  would  assume  a  sloped  posi- 
tion like  C J) ,.  Hence  for  increase  of  internal  pressure 
the  free  end  of  the  tube  would  be  carried  upward  in  the 
direction  of  the  arrow  R  by  the  cumulative  action  of  suc- 
ceeding sections,  or  in  other  words,  it  would  become 
straighter;  while  for  a  vacuum  or  collapsing  pressure  of 
the  atmosphere,  the  curvature  would  be  increased  because 
the  bending  forces  would  be  the  reverse  from  those  result- 
ing from  inflation.  For  greater  sensitiveness  the  spring 
tubes  of  Bourdon  pressure  gages  are  flattened  or  elliptical 
in  cross-section,  with  their  shorter  axis  normal  to  the 
curvature  of  bend. 
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Fusion  in  Arr  Wielding* 


Bv  O.  H.  KSCIIIIOI.Z 


Calls  to  attnitioti  ftitcli  characteristics  as  pene- 
tration and  overlap,  peculiar  to  the  metallic- 
electrode  arc-wehlinc/  jnocexs,  ii'hich  facilitate 
visual  inspection,  and  discusses  brie  flu  the  effect 
of  arc  lenpth,  weldi'ig  procedure,  electrode  ma- 
terial, arc  current  and  electrode  diameter  upon 
th esc  characteristics. 


THK  physical  characteristics  of  a  weld  are  admittedly 
determined  chiefly  by  the  depree  of  fusion  secured 
b'-'twceii  adjacent  metals.  In  the  production  of  welds 
by  the  metallic-electrode  process,  a  fair  estimate  of  the 
fusion  n.ay  be  obtained  by  an  examination  of  the  sur- 
face of  the  deposited  metal  and  the  depth  of  the  arc 
crater  formed  when  welding  at  normal  speed.  These  obser- 
vations Rive  an  adequate  indication  of  the  two  prime  char- 
acteristics of  fusion — penetration  and  overlap — which,  how- 
ever, are  definitely  revealed  only  on  exposing  a  section 
through  the  zone  fusion. 

Figs.  1  and  7  illustrate  the  union  between  a  layer  of 
metal  deposited  from  a  low-carbon  steel  electrode  upon  a 
low-carbon  steel  plate.  The  line  of  demarcation  between 
the  plate  and  deposit  indicates  the  zone  of  fusion,  the  pol- 
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ished  and  etched  surface  of  the  deposited  niutcriui  prc- 
Benting  a  different  appearance,  due  to  its  cryatnlline  atrur 
ture,  from  that  of  the  plate  material.  Two  characteristic 
are  at  once  apparent — a  penetration  of  the  deposited 
metal  into  the  plate  metal  over  almost  the  entire  width 
of  the  layer,  and  a  slight  overlapping  upon  the  plates  with- 
out fusion  of  the  extreme  edges  of  the  deposit.  The  penc 
tration  is  due  to  liquefying  of  the  plate  metal  by  thi 
energy  absorbed  from  the  arc  as  well  as  that  absorhcil 
from  the  molten  deposit. 

At  the  center  of  the  deposit,  where  both  effects  are  prcs 
ent,  the  penetration  is  greatest;  at  the  extreme  edg<s. 
however,  where  the  deposit  has  overflowed  the  area  in- 
cluded by  the  arc  crater,  the  energy  liberated  on  cooling 
is  insufficient  to  melt  the  plate  metal  and  the  deposit  con- 
geals without  fusing  to  it.  It  is  typical  of  such  over- 
lapping that  the  edges  of  the  deposit  are  well  rounded, 
a  distinct  gap  often  existing  between  the  plate  and  edge 
of  deposit.  The  convex  of  the  deposit  thus  forms  a  re- 
entrant angle  with  the  plate  edge.  To  insure  satisfactory 
fusion  a  proper  degree  of  penetration  should  be  obtained 
with  no  overlap. 

Figs.  2  and  8  show  a  section  through  the  crater  obtained 
on  breaking  an  arc  during  the  process  of  depositing  a 
layer  of  metal  on  a  steel  plate.  It  may  be  observed  that 
the  depth  of  the  crater  depression  is  comparable  to  the 
depth  of  penetration  of  the  deposited  metal  below  the 
plate  surface.  A  simple  visual  indication  is,  therefore, 
available  during  the  welding  operation  for  gaging  the 
penetration. 

The  convex  edges  of  the  deposit  shown  in   Fig.   2,  par- 


FIGS.   1   TO   6       PHOTOGRAPHS   OF  SECTIONS   THROUGH   ELECTRIC-ARC   WELDS 

Fig.  1 — Section  through  a  layer  of  metal  deposited  on  a  mild  steel  plate,  when  using  a  short  arc  and  a  proper  welding  current 
Fig.  2 — Section  through  the  crater  remaining  on  interrupting  the  arc  current.  Fig.  3 — Section  of  deposit  obtained  with  a  long 
arc,  indicating  excessive  overlap  and  practically  no  penetration.  Fig.  4 — Absence  of  overlap  when  depositing  metal  of  a  high- 
melting  point  on  a  plate  of  low-melting  point.     Fig.   5 — (a)   Long    arc,    (b)    sho>-t    arc.      Fig.    6 — Section    through    the   center   of   a 

deposited   layei'   in   the   direction   of   forming  the  deposit. 
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ticularly  evident  at  the  right  of  both  Figs.  1  and  2,  would 
lead  one  to  expect  an  appreciable  overlap.  This  is  dis- 
closed on  a  careful  inspection  of  the  sections,  Figs.  7  and 
8.  A  surface  contour  with  no  overlap  is  shown  in  Fig.  4. 
This  condition  is  usually  typified  by  the  absence  of  even 
the  smallest  reentrant  angle,  an  intimate  contact  between 
plate  and  deposit  being  secured,  the  junction  between  the 
two  metals  often  forming  a  concave  surface. 

A  condition  of  extreme  overlap  is  shown  in  Fig.  9.  This 
I's  typical  of  a  low-melting  point  electrode  or  of  too 
great  speed  of  arc  travel.  The  convex  deposit  edge  and  the 
reentrant  angle  between  it  and  the  plate  ai"e  pronounced. 

The  effect  of  fusion  of  arc  length  has  been  discussed  at 
considerable  length  by  welding  engineers.  Some  assert 
that  better  fusion  is  secured  for  a  given  are  current  with 
a  long  arc  than  with  a  short  arc,  owing  to  the  greater 
amount  of  energy  absorbed  by  the  arc;  others  have  stated 
that  the  degree  of  fusion  is  dependent  solely  on  the  arc 
current  and,  of  course,  the  thermal  characteristics  of  the 
metal  welded.  For  a  given  arc  current  it  has  been  the 
author's  experience  that  fusion  is  not  improved  with  in- 
crease in  arc  length,  that  the  best  weld  characteristics 
are  obtained  when  holding  a  short  arc,  not  longer  than  J  in. 
and  preferably  about  A  in.  With  a  given  arc  length  the 
ease  of  securing  complete  fusion  increases  with  arc  current 
until  a  maximum  value  is  reached  beyond  which  further 
increase  results  in  a  weakened  weld  stiticture. 

Figs.  1  and  3  are  typical  of  sections  through  deposits 
formed  with   a  short  and  a  long  arc  respectively,  the  arc 
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FIGS.    7    TO    11.      .'^ECTIOXS    THROUGH    METAL    DEPOSITED 
BY    THE    .METALLIC    ELECTRODE    PROCESS 

current  being  approximately  the  same  in  each  instance 
With  a  short  arc  the  plate  metal  is  liquefied  by  the  energy 
required  to  maintain  the  arc  crater,  by  that  conducted 
from  the  arc  flame  in  constant  intimate  contact  with  the 
plate  and  by  the  energy  radiated  from  the  arc  stream 
and  electrode  terminals,  as  well  as  by  that  absorbed  from 
the  molten-electrode  deposit.  When  the  molten  material 
passes  through  a  short  arc  it  is  quite  completely  envel- 
oped by  hot  gases  and  suffers  but  slight  loss  in  temperature 
before  being  deposited.  Upon  drawing  a  long  arc  the  air 
currents  in  its  vicinity  blow  the  arc  stream  and  arc 
flame  about  violently,  so  that  it  is  difficult  to  maintain 
the  plate  terminal  of  the  arc  in  a  given  position  long 
enough  to  effect  sufficient  penetration.  Moreover,  the 
energy  absorbed  from  the  ai-c  stream  and  electrode  termi- 
nal becomes  practically  negligible,  due  to  the  gi-eater  dif- 
fusion of  the  radiation  in  the  region  of  the  arc  plate 
terminal,  while  the  energy  absorbed  from  the  molten  metal 
is  decreased  because  of  the  loss  in  temperature  the  de- 
posit has  sustained  in  transition.  Some  conception  of  the 
appearance  of  short-  and  long-arc  lengths  may  be  obtained 
from  Fig.  5. 

The  exti-eme  condition  of  no  overlap  is  difficult  to  secure 
when  depositing  a  single  layer  of  electrode  metal  upon 
the  usual  low-carbon  steel  plate.  For  most  purposes  a 
slight  overlap,  such  as  indicated  in  Figs.  1  and  7,  is  per- 
missible in  single  layers  as  a  simple  procedure  of  depositing 
the  subsequent  layers  will  fuse  the  overlapped  areas. 

Fig.  10  illustrates  the  characteristic  penetration  and 
overlap  when  parallel  abutting  layers  are  formed.  The 
minimum   overlap   for    this   condition   will   approach    A    in. 


per  layer.  If  the  width  of  a  layer  is  increased  by  weaving 
the  electrode  back  and  forth,  the  percentage  overlap  will 
be  decreased.  However,  it  may  be  eliminated  by  the 
simple  expedient  of  always  overlapping  adjacent  layers  as 
shown  in  Fig.  11.  On  forming  the  second  tier  of  deposits, 
the  same  precaution  should  be  taken  to  prevent  unfused 
zones.  Fig.  6  shows  a  typical  section  through  the  center 
of  a  layer.  It  may  be  noted  that  although  the  depth  of 
penetration   varies    somewhat,   owing   to   the    speed    of   arc 
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travel  and  unavoidable  variation  in  arc  length,  good  fusion 
has  been  secured  between  the  plate  and  deposit  along  the 
entire  length  of  the  deposit. 

Since  the  choice  of  electrode  material,  arc  current  and 
electrode  diameter  largely  determine,  with  a  given  manipu- 
lative skill  and  welding  procedure,  the  depth  of  arc  crater 
and  deposit  contour,  a  brief  discussion  follows  of  such 
characteristics,  which  affect  fusion  between  the  deposit 
and  plate  metals. 

To  minimize  the  occurrence  of  unfused  areas,  the  melting 
point  of  the  electrode  metal  should  exceed  that  of  the  plate 
metal.  Fig.  1  illustrates  the  fusion  obtained  with  the 
melting  points  approximately  equal  (0.18  per  cent,  car- 
bon, 1510  deg.  C.  approx.).  Fig.  4  that  secured  with  a 
greater  melting  point  for  the  electrode  (0.18  per  cent, 
carbon,  1510  deg.  C.  approx.)  than  for  the  plate  (3  per 
cent,  carbon,  1280  deg.  C.  approx.),  and  Fig.  9  that  ob- 
tained with  a  lower  electrode  melting  point  (1.1  per  cent, 
carbon,  1440  deg.  C.  approx.).  The  melting  point  of  most 
weldable  steels  may  be  gaged  with  sufficient  accuracy  for 
welding  purposes  by  the  carbon  content,  as  shown  in  Fig. 
12.  The  usual  additions  of  other  alloying  ingredients  re- 
duce the  melting  point   a  negligible   amount. 

While  pure  iron  possesses  the  highest  melting  point,  its 
use  is  not  advisable  since  excessive  oxidation  of  the  vapor- 
ized metal  occurs.  However,  a  commercially  pure  iron 
alloyed  with  about  0.18  per  cent,  carbon  and  0.5  per  cent. 
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FIG.    13.      APPROXIM.A.TE   VALUES   OF   ARC   CURRENT   AND 
DIA.METER  OF  ETI^ECTRODES 

manganese  greatly  reduces  the  oxidation  and  improves  the 
ease  of  manipulation  without  an  appreciable  sacrifice  in 
melting  point.  For  most  purposes  the  use  of  this  electrode 
gives   a   reasonable   minimum    overlap. 

Under  exceptional  conditions  such  as  high  thermal  ca- 
pacity of  weld,  or  overhead  welding  with  a  low  current, 
the  overlap  may  be   excessive   even   when   using  this   elec- 
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tro<lo;  it  is  customary  then  to  prchont  the  object  to  !»■ 
wclilcil  or  to  ndopt  a  woldinjr  procctlure  which  utilizes 
the  thermal  energy  from  prelim ituiry  welding  operutionu 
to  raise  the  temperature  of  the  object  welded. 

For  a  jrivcii  plate  thickness  the  welding  current  will  vary 
with  the  type  of  weld  scarf,  cleatdiness  of  snrface,  thermal 
capacity  and  conductivity  of  the  metal,  ami  position  of 
plate  with  r.'spcct  to  the  welder.  The  values  shown  in 
Fip.   13  apply  only  to  clean,  butt-welded   plates,  sinKlu   V, 


WITH    TOO    1,0\V    AHC 
iTltKKNT 


ri<;.   i.'i.     I'l'sioN   sErruiiD 

WITH    TOO    HIGH    AUG 
CliKUENT 


scarfed  to  90  dcfj.,  supported  in  a  horizontiil  position  below 
the  weliler,  in  poor  thermal  contact  with  any  metal  of 
hijrh  thermal  capacity.  The  fusion  obtained  with  too  lov 
and  too  hijrh  arc  currents  is  shown  in  Figs.  14  and  15 
respectively.  In  Fig.  14  the  overlap  is  excessive  and  the 
penetration  unsatisfactoi->'  because  of  the  small  amount  of 
energy  applied  at  the  arc  crater.  In  Fig.  15  the  excessive 
energy  consumption  at  the  plate  arc  terminal  produces 
excessive  penetration,  a  further  increase  in  current  per- 
mitting cutting  through  the  plate. 

Fig.  16  indicates  approximately  the  effect  of  variation 
of  arc  current  on  fusion  and  therefore  on  weld  strength 
for  (curve  .4)  skilled  and  (curve  i?)  unskilled  welders.  Weld 
structures  are  occasionally  encountered  in  which  variations 
in  thermal  capacity  and  plate  temperature  necessitate 
changes  in  arc  current  if  complete  fusion  is  to  be  secured. 
Observations  of  the  deposit  contour  and  crater  depth  us- 
ually serve  to  indicate  to  the  operator  when  such  changes 
are  advisable. 

A  close  adjustment  of  electrode  diameter  to  arc  current 
is  not  essential.  For  miscellaneous  direct-current  welding 
the  densities  usually  fall  within  a  range  of  7000  to  10,000 
amperes  per  sq.in.  if  an  0.18  per  cent,  carbon-steel  elec- 
ti-ode  is  used.  However,  whenever  practicable,  the  author 
prefers  a  closer  range  of  8000  to  9000  amperes  per  scj.in. 
With  too  great  an  electrode  diameter  for  a  given  current, 
lOOr 
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FIG.  16.  CHANGE  IN  WELD  STRENGTH  WITH  CHANGE  IN 
ARC  CURRENT 

the  arc  becomes  more  unstable,  increasing  the  manipula- 
tive skill  required  and  decreasing  the  rate  of  depositing 
electrode  material.  Too  small  a  diameter  causes  a  deposi- 
tion of  electrode  material  before  the  plate  has  been 
properly  liquefied;  it  also  results  in  overheating  and  soft- 
ening of  the  electrode,  which  increases  the  skill  required 
to  prevent  the  electrode  from  "freezing"  to  the  plate. 
With  the  correct  diameter  the  electrode  material  is  sprayed 
in  a  regular  stream  at  a  rate  that  will  insure  maximum 
welding  speed  consistent  with   good  fusion. 


For  example,  the  characteristics  of  fusion  and  the  effect 
of  a  control  of  the  conditions  that  govern  them  may  he 
sumniari/.ed  in  comparing  the  procedure  for  making  butt 
and  lap  welds. 

In  butt-welding  i-in.  low-carbon  steel  plates,  scarfed  as 
shown  in  Fig.  17,  a  ii-'\\\.  diameter  welding  electrode  con- 
taining approximately  O.IK  per  cent,  carbon,  0.5  per  cent, 
manganese,  would  preferably  be  used  with  an  arc  current 
t)f  approximately  150  amperes.  With  moderate  skill  the 
strength  of  weld  should  a))proximate  90  per  cent,  that 
of  the  plate.  If  the  same  current  and  electrode  diameter 
arc  used  in  welding  the  lap  joint  formed  from  -i-in.  plates 
shown  in  Fig.  18,  poor  fusion  will  be  obtained  owing  to 
the  increased  thermal  capacity  of  the  abutting  sections. 
As  shown  in  Fig.  18  the  i)enetration  will  be  too  slight  and 
the  overlap  excessive,  similar  to  the  case  shown  in  I'ig. 
11.  In  fact,  sections  lhrou>rh  completed  lap  joints  most 
invariably  show  that  in  forming  the  first  deposit,  which 
is  the  most  imjjoitant,  even  expert  welders  tend  to  pene- 
trate only  one  side  of  the  weld  scarf  with  resultant  overlap 
on  the  other.  Breakdown  tests  of  lap  joints  have  plainly 
shown  failure   due   to  this  cause. 

To  secure  complete  fusion  on  both  faces  of  the  joint, 
it  is  necessary  to  iiurease  the  arc  current  and  with  it  the 


FIG.S.    17   TO    i;i.      .SKCTIOXS   THROUGH   BUTT   AND   LAP 
WELDS    .^LVDE    LW'DER    DIUFERE.NT   CONDITIONS 

electrode  diameter.  For  the  condition  shown  in  Fig.  19  an 
arc  current  of  225  amperes  and  an  electrode  diameter  of 
/;.  in.  was  found  to  produce  complete  fusion,  facilitate  elec- 
trode manipulation  and  increase  rate  of  electrode  deposi- 
tion. 

In  conclusion  it  may  be  said  that  the  fusion  obtained  in 
arc-welded  joints  between  the  plate  and  deposit  metal 
is  determined  by  the  penetration  of  the  deposit  metal  into 
the  plate  metal  and  the  overlap  of  the  edge  of  the  de- 
posit layer  on  the  plate.  The  penetration  is  comparable 
to  the  depth  of  arc  crater  as  observed  by  the  welder  when 
moving  the  arc  terminal  over  the  plate  with  uniform  veloc- 
ity, and  the  overlap  is  indicated  by  the  contour  of  the 
surface  of  the  congealed  deposit  in  the  region  adjacent  to 
the  material  welded.  For  most  welds  a  crater  depression 
of  Iff  in.  will  give  the  desired  penetration,  while  a  con- 
tour that  does  not  show  a  reentrant  angle  between  plate 
and  deposit  indicates  an  overlap  per  layer  of  approximately 
i>  in.  or  less. 

The  Engineer  as  a  Citizen 

Under  the  auspices  of  the  local  sections  of  the  several 
national  engineering  societies  a  symposium  was  held  on 
Wednesday  evening,  Mar.  26,  in  the  Engineering  Societies 
Building,  New  York,  to  discuss  how  engineers  individually 
and  collectively  might  take  a  more  active  part  in  public 
affairs.  The  program  included  addresses  by  half  a  dozen 
engineers  prominent  in  the  fields  of  electrical,  mechanical, 
mining  and  municipal  engineering,  and  was  followed  by 
discussion  of  a  profitable  nature. 

Gano  Dunn,  past  president  and  fellow  of  the  American 
Institute  of  Electrical  Engineers,  presided  and  after  a 
short  introductory  address  touching  upon  the  need  for 
engineering  council  in  these  times,  called  upon  Philip  N. 
Moore,  past  president  of  the  American  Institute  of  Min- 
ing Engineers,  whose  topic  was  "The  Civic   Responsibility 
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of  the  Engineer."  "Present  conditions  as  regards  the  en- 
gineer's relation  to  public  affairs,"  said  the  speaker,  "are 
traceable  largely  to  past  indifference  to  political  activities 
and  civic  duties."  This  indifference  he  attributed  to  several 
causes,  among  which  were  lack  of  local  attachments,  busi- 
ness connections  sometimes  adverse  to  public  interests,  too 
technical  training,  and  the  habit  of  keeping  aloof.  The 
remedy  for  this  isolation  lay  primarily  within  the  engineer 
himself  and  secondly  within  the  societies.  Touching  upon 
present  economic  conditions  the  speaker  urged  that  brains 
must  always  rule  brawn;  that  labor,  if  it  would  share  in 
profits,  must  also  be  ready  to  share  in  losses;  and  that  at 
no  time  has  there  been  greater  need  for  engineering  thought 
and  clear  reasoning  to  offset  unsound  reform. 

The  next  speaker,  Calvert  Townley,  discussed  "The  Ee- 
lation  of  the  Engineer  to  Legislation."  He  referred  to  the 
American  Institute  of  Electrical  Engineers  having  been 
called  upon  for  technical  advice  on  water  pov/ers  by  Congress 
on  several  occasions;  the  effective  work  of  the  engineering 
societies  in  blocking  dangerous  license  legislation  at  Albany 
in  1911;  and  finally  activities  that  led  up  to  the  formation  of 
the  Engineering  Council. 

Nelson  P.  Lewis  next  spoke,  on  "The  Relation  of  the 
Engineer  to  Administration."  Positions  requiring  admin- 
istrative ability,  he  observed,  were  once  filled  only  by  busi- 
ness men  and  lawyers,  but  in  recent  years  the  technically 
trained  man  is  coming  more  and  more  into  these  positions. 
Commission  form  of  government  and  the  growing  popu- 
larity of  the  city-manager  idea  has  also  opened  a  field  for 
the  engineer  with  executive  ability.  There  are  now  124 
cities  or  towns  in  the  United  States  that  have  city  man- 
agers. The  speaker  was  able  to  give  pai'ticulars  concern- 
ing eighty-eight  of  these  and  out  of  the  eighty-eight  the 
managers  of  fifty  were  professional  engineers. 

Spencer  Miller,  speaking  for  the  mechanical  engineers, 
was  of  the  opinion  that  men  of  technical  training  are  occu- 
pying positions  of  evei'-increasing  responsibility  in  public 
life;  that  public  opinion,  while  not  always  right,  is  always 
autocratic;  and  that  there  is  great  opportunity  for  engi- 
neers as  a  class  to  help  mold  public  opinion  in  the  right 
direction.  "Morale,"  said  the  speaker,  "is  as  essential  as 
technical  training."  Therefore  the  engineering  societies 
should  encourage  the  establishing  of  morale  and  should  be- 
gin with  a  simple  code  of  ethics,  which  should  be  rigidly 
enforced  and  which  should  be  a  requisite  for  admission  to 
membership  in  the  societies. 

The  last  speaker  on  the  program.  Prof.  Comfort  A. 
Adams,  prefaced  his  address  by  reference  to  engineering 
education,  in  which  he  em.phasized  that  the  subjects  taught 
were  secondary  to  how  they  were  taught  and  by  whom 
taught,  and  that  this  had  great  influence  upon  the  success 
of  the  student  in  later  life.  Touching  upon  present  eco- 
nomic conditions,  he  expressed  the  belief  that  there  is  too 
much  destructive  competition  and  pleaded  for  greater 
cooperation  in  the  various  industries. 

Industrial  Personnel  Relations 

On  Mar.  24  the  Chicago  sections  of  the  American  Society 
of  Mechanical  Engineers  and  the  American  Institute  of 
Electrical  Engineers  and  the  Western  Society  of  Engineers 
held  a  joint  meeting  at  the  rooms  of  the  society  last  named. 
The  attendance  was  the  best  of  the  season  and  the  topic 
"Industrial  Personnel  Relations"  one  of  particular  interest 
at  the  present  tmie.  Introductory  to  the  paper  of  the 
evenmg  a  moving  picture,  "The  Outlaw,"  depicted  to  the 
audience  the  various  causes  of  injuries  to  employees  in 
industrial  establishments  and  the  methods  employed  to 
reduce  the  number  of  these  accidents. 

A.  H.  Young,  manager  of  the  Industrial  Relations  De- 
partment of  the  International  Harvester  Co.,  traced  briefly 
the  development  of  safety  engineering  and  spoke  of  his 
former  work  with  the  Illinois  Steel  Co.  along  these  lines. 
He  said  that  the  remarkable  success  of  their  efforts  had 
really  instigated  the  great  safety  movement  of  today,  that 
;cidental  deaths  of  employees,  ranging  from  47  to  56  per 
year,  had  been  reduced  to  7  in  1913  and  minor  accidents  in 
proportion;  that  through  it  all,  including  all  expense  at- 
tached to  the  safety  movement,  the  company  had  been  the 
gainer  financially. 


On  the  topic  of  the  evening  Mr.  Young  was  intensely 
interesting.  He  compared  the  old  haphazard  methods  of 
employing  men  with  the  centralized  employment  office,  re- 
viewing in  particular  methods  used  by  his  company.  They 
now  take  three  to  three  and  one-half  days  to  put  men  on 
the  payroll  as  compared  to  three  minutes  in  the  old  days. 
The  employee  is  made  to  feel  that  he  is  a  real  part  of  the 
organization,  hired  to  do  the  particular  job  for  which  he 
is  best  adapted.  Moving  pictures  instruct  him  as  to  how 
the  work  is  to  be  done.  He  is  also  instructed  specifically 
by  the  foreman  and  is  warned  of  the  various  dangers  con- 
nected with  the  work.  He  is  shown  the  best,  entrance  to 
the  plant  for  his  department  and  is  helped  to  find  a  home 
convenient  to  his  woi'k. 

The  threat  of  Bolshevism  is  due  largely  to  not  letting 
the  men  in  on  the  "know."  When  the  men  fully  understand 
the  trade  conditions  in  the  field,  the  policy  of  the  company 
and  the  reasons  for  doing  certain  things,  the  likelihood  of 
a  misunderstanding  has  been  reduced. 

An  interesting  experiment  is  the  new  arrangement  the 
company  is  nowi  making  by  which  all  matters  of  mutual 
interest  are  passed  on  by  a  works  council,  of  which  50  per 
cent,  are  employees  and  the  other  half  representatives  of 
the  employer,  such  as  superintendents.  This  council  de- 
termines the  policy  and  the  management  carries  it  out. 
In  this  way  the  men  are  educated  in  the  problems  of  man- 
agement, they  see  and  understand  the  difficulties,  and  have 
already ,  shown  signs  of  being  fair  and  reasonable  in  the 
problems  they  have  had  a  part  in  solving. 

Progressive  plans  that  have  been  adopted  by  Montgom- 
ery Ward  and  the  Republic  Flow  Meters  Co.,  were  outlined 
in  the  discussion  following  the  paper.  Numerous  other 
speakers  indicated  the  interest  that  engineers  are  taking 
in  one  of  the  greatest  world  questions  of  the  day. 

Babbitt  Metals  and  Solders^ 

By  Alfred  A.  Greene 

What  is  babbitt  metal?  You  may  be  surprised  to 
know  that  tbere  is  only  one  babbitt  metal  and  that  is 
the  formula  compounded  by  Isaac  Babbitt  about  sixty 
years  ago,  for  which  Congress  gave  him  a  gold  medal 
and  $50,000.  It  is  composed  of  88.9  per  cent,  of  tin,  3.7 
per  cent,  of  copper  and  7.4  per  cent,  of  antimony.  The  fact 
that  he  died  in  an  insane  asylum  does  not  detract  from  the 
merits  of  his  formula,  because  it  has  been  the  standard 
for  high-grade  antifriction  metal  for  many  years.  All 
other  lining  alloys  have  been  attempts  to  improve  this 
formula  in  its  physical  characteristics  or  reduce  its  price. 
By  custom  these  have  been  called  babbitt  metals,  even 
though  they  contain  no  tin  or  copper,  but,  like  No.  4  bab- 
bitt, consist  of  lead  and  antimony. 

What  are  the  physical  characteristics  of  the  elements 
that  compose  a  lining  alloy?  Let  us  take  genuine  babbitt 
Jor  our  illustration.  Tin  is  a  crystalline  metal,  is  very 
malleable  and  takes  a  high  polish,  but  it  would  be  too 
soft  to  use  as  a  bearing.  The  addition  of  7  per  cent,  of 
antimony  makes  it  harder  and  gives  it  compressive  strength, 
but  also  increases  its  brittleness,  so  copper  must  be  added 
to  give  it  toughness  and  tensile  strength.  The  addition  of 
7  per  cent,  of  antimony  and  4  per  cent,  of  copper  to  89  per 
cent,  of  tin  brings  up  the  Brinell  hardness  to  about  28  or 
over  three  times  as  hard  as  pure  tin. 

Lead  as  an  Antifrk  rioN  Metal 

Now,  while  tin  and  antimony  are  antifrictional,  yet  they 
are  not  the  best  antifrictional  metals.  Nature  has  given 
us  lead,  which  is  oily  and  greasy  and  is  the  best  metal  for 
antifrictional  purposes;  but  unfortunately  pure  lead  is  very 
soft  and  by  itself  has  no  value  as  an  antifriction  metal. 
Unfortunately  again,  it  is  very  hard  to  alloy  other  metals 
with  lead.  For  instance,  it  is  impossible  to  make  a  true 
alloy  of  lead  and  copper.  I  fully  appreciate  the  claims  that 
are  made  for  the  leaded  bronzes,  but  I  have  yet  to  see  an 
alloy  of  lead  and  copper,  no  matter  how  carefully  made, 
that    will    stand    remelting    without    segregation.      This    is 
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liecHUHO  there  is  no  ufflnity  in  the  mctnli.  On  remcltin;; 
thi.H  metnl,  the  lead  sweatx  out  ami  settles  to  the  Ixitloni. 
This  is  what   prevents  its  use  as  a  lining  alloy. 

Linintr-ailoy  manufacturers,  reeojrnizinK  the  value  of  lend 
as  an  anlifrietiDn  metal,  have  tried  to  use  as  much  lead 
as  they  eould,  whieli  has  hrouiiht  about  a  series  of  alloys 
ranjrinK  from  l)"J  per  cent,  of  tin  and  no  lead,  down  to  95 
per  eent.  of  lead  and  no  tin.  It  is  u  well-known  faet  that 
u  purehasinjr  ajrent  ean  always  buy  a  b.ihbitt  metal  at  his 
own  price.  This  ean  be  readily  understoixl  when  the  prices 
of  the  metals  are  taken  into  consideration.  With  tin  sell- 
ing at  75c.  a  pound  and  lead  at  .'ic.  a  jjound,  it  is  only 
necessary  to  take  out  2  per  cent,  of  tin  and  add  2  per  cent, 
of  lead  to  make  a  difference  of  1  \c.  a  pound,  and  it  is  almost 
impos.sible  to  tell  from  examination  of  the  metal  that  it 
contains  the  2  per  cent,  of  lead.  This  may  not  work  any 
I'/irm  from  a  service  standpoint,  because  it  is  a  fact  that 
in  the  use  of  most  of  the  lining'  alloys  there  is  a  jrroat  fac- 
tor of  safety,  but  it  is  not  the  proper  way  to  do  business. 

FUNDAMENTAI,    RECJIIS'TES   OK   A   BE.\RING    METAL 

There  are  four  fundamental  requisites  in  a  lininp  alloy: 
Compressive  strength,  tensile  strength,  heat  resistance  and 
antifrictional  qualities.  You  will  notice  that  I  have  placed 
antifrictional  qualities  last.  It  is  generally  understood 
that  antifrictional  qualities  are  the  most  important,  but 
this  is  not  so.  A  lining  alloy  to  be  of  value  must  first 
have  compressive  strength;  that  is,  it  must  be  able  to  hold 
up  the  maximum  load  per  square  inch  that  is  liable  to  be 
put  on  the  bearings  without  squashing  out.  It  must  have 
sufficient  tensile  strength  so  that  if  the  bearings  are  sub- 
jected to  vibration  or  pounding  it  will  not  break  apart.  It 
must  have  sufficient  heat  resistance  so  that  the  alloy  will 
stand  the  greatest  possible  heat  before  beginning  to  flow. 
Without  these  three  qualities,  the  quality  of  antifriction 
has  no  great  value.  As  a  matter  of  fact,  under  ideal  con- 
ditions the  shaft  never  touches  the  babbitt  metal.  There 
is  supposed  to  be  a  film  of  oil  between  the  babbitt  metal 
and  the  shaft  all  the  time  and  this  is  what  the  shaft 
actually  rides  upon.  It  is  w^hen  the  oil  film  is  not  main- 
tained that  the  antifrictional  qualities  of  the  metal  become 
of  real  importance. 

Genuine  babbitt,  which  has  been  the  standard  for  so 
many  years  as  the  best  metal  that  could  be  produced  for 
the  most  severe  service,  has  certain  physical  character- 
istics. It  is  28  Brinell  hard,  has  an  elastic  limit  of  10,000 
lb.  and  a  tensile  strength  of  about  11,000  lb.  Now,  if  the 
bearing-metal  manufacturer  can  prove  that  it  has  the  same 
physical  characteristics,  it  really  makes  no  difference  to 
you  from  what  the  alloy  is  made,  provided  it  is  sold  to 
you  at  an  attractive  price.  Genuine  babbitt  contains  89 
per  cent,  of  tin  and  no  lead;  yet  there  is  a  concern  in  this 
country  that  has  produced  a  metal  which  is  the  equal  of 
genuine  babbitt  in  tensile  strength,  compressive  strength 
and  Brinell  hardness,  has  greater  heat  resistance  and  much 
better  antifrictional  qualities  and  yet  it  does  not  contain 
any  tin,  copper  or  antimony. 

New  Metal  an  Electrically  Hardened  Lead 

It  is  an  electrically  hardened  lead,  with  a  very  small  per- 
centage of  other  ingredients  added,  which  have  never  be- 
fore been  used  in  babbitt  metals.  The  process  of  manu- 
facture takes  several  days  to  attain  the  desired  result,  and 
while  the  cost  of  manufacture  is  very  much  more  expensive 
than  any  other  babbitt,  there  still  is  an  enormous  saving 
w^hen  compared  with  tin-base  alloys.  The  Bureau  of  Stand- 
ards has  made  a  series  of  tests  and  has  issued  a  report 
showing  that  the  metal  has  a  tensile  strength  of  13,000 
lb.  and  an  elastic  limit  of  11,525  lb.;  and  in  a  running 
test  on  bearings  at  1000  lb.  per  sq.in.,  load  running  at  400 
r.p.m.,  the  final  temperature  was  only  150  deg.  The  fol- 
lowing is  a  quotation  from  the  report:  "This  metal  possesses 
all  the  requisites  of  a  good  bearing;  namely,  hardness,  com- 
pressive strength,  low  friction,  heat  resistance  and  low  cost." 
This  metal  was  born  of  necessity.  Due  to  the  war  tin  be- 
came very  scarce  and  the  Government  requested  that  every 
effort  be  made  to  conserve  it.  As  a  result  of  scientific  re- 
search work  on  original  lines  this  metal  was  adopted. 


The  question  is  often  nsked  if  just  as  good  babbitt  metalB 
can  be  ma<le  from  s<'rap  metals  as  from  new  metals.  The 
answer  is,  goo<l  babbitt  metals  can  be  made  from  scrap 
mctnis;  but  it  is  not  true  that  on  exactly  the  same  formula 
they  are  as  good  as  they  would  be  if  made  from  new  metals. 
Tho  lining  alloys  made  from  scrap  metals  may  do  the  work 
satisfactorily,  because  of  the  usual  factor  of  safety,  but 
although  they  are  sold  at  a  lower  price  they  are  not  any 
cheaper.  This  is  due  to  the  fact  that  every  time  metals 
arc  melted  a  certain  amount  of  oxidation  takes  place.  If 
scrap  metals  are  used,  the  oxi<li'S  ai'c  jjresent  and  in  the 
ordinary  shoj)  practice  they  cannot  all  be  eliminated.  These 
oxides  come  to  the  top  when  the  metal  is  melted  and  are 
skimmed  off  in  the  form  of  dross.  This  means  that  you 
do  not  get  as  many  pounds  of  metal  in  your  bearings  when 
made  fi'om  scrap  as  you  would  of  the  same  formula  made 
from  new  metals.  Again,  the  physical  structure  of  the 
m-jtals  is  weakened  when  scrap  metals  are  used.  For  in- 
stance, old  lead  pipe  may  contain  lime,  potash,  sulphuric 
acid  or  any  number  of  things.  The  impurities  cannot  be 
removed  by  just  melting  the  lead  in  a  pot.  A  chemical 
reaction  has  taken  place  in  the  lead,  and  it  has  lost  it.« 
original  characteristics.  You  cannot  expect  it  to  have  t  .^ 
same  strength  as  pure  lead.  If  scrap  tin  is  used,  the  same 
arguments  apply  as  to  lead.  In  the  process  of  taking  tin 
coating  from  tin  cans,  you  are  likely  to  get  some  iron 
oxide,  and  a  small  amount  of  iron  will  destroy  a  babbitt  metal. 

In  regard  to  solders,  practically  the  same  arguments 
apply  as  in  babbitt  metals.  We  should  be  able  to  tell  you 
the  proper  formula  to  use  when  you  tell  us  what  you  want 
to  do  with  the  solder.  We  know  that  solder  is  made  from 
tin  and  lead.  Certain  combinations  produce  certain  results. 
As  you  cut  down  in  tin  and  increase  lead  you  raise  the 
melting  point  and  lose  fluidity.  Strange  things  happen  in 
combinations  of  metals.  For  instance,  tin  melts  at  450 
deg.  F.  Lead  melts  at  628  deg.  F.  Theoretically,  a  mix- 
ture of  50  per  cent,  of  tin  and  50  per  cent,  of  lead  should 
melt  at  540  deg.  F.  Actually,  it  melts  at  398  deg.,  which 
is  lower  than  the  melting  point  of  either  of  the  metals 
that  compose  it.  This  means  that  with  a  50-50  solder  you 
get  great  fluidity  at  low  temperatures.  Therefore,  a  man 
can  cover  a  greater  surface  in  less  time  and  use  less  solder 
than  if  he  were  compelled  to  use  a  solder  which  was  more 
sluggish,  and  would  have  to  change  his  irons  more  fre- 
quently, and  could  not  make  as  thin  a  seam.  A  purchas- 
ing agent  can  save  money  on  the  cost  of  the  solder  by  buy- 
ing one  that  contains  less  tin,  but  if  by  so  doing  he  increases 
the  time  of  the  job,  and  uses  more  pounds  of  solder,  there 
is  no  real  economy. 

Blowing  Down  Water  Columns 

The  low-water  and  high-water  alarms  on  a  good  many 
of  the  water  columns  at  the  steam  plants  are  operated  by 
floats,  designed  to  withstand  a  high  static  pressure. 

Not  only  has  the  failure  of  these  floats  due  to  collapsing 
been  the  cause  of  a  maintenance  item  of  appreciable  loss, 
but  it  has  caused  the  boiler  to  be  left  without  the  protec- 
tion of  the  water  alarms  from  the  time  of  the  failure,  which 
is  in  most  cases  shortly  after  the  boiler  is  placed  on  the  line, 
until  the  boiler  is  down  for  cleaning  and  repairs.  So  from 
a  safety  as  well  as  a  maintenance  viewpoint  steps  should  be 
taken  to  prevent  the  failure  of  these  floats. 

Floats  will  not  fail  if  the  water  tender  follows  out  the 
following  instructions: 

When  blowing  down  water  columns,  observe  the  follow- 
ing precautions: 

Open  up  the  blowdown  valve  slowly.  If  there  are  two 
valves  in  this  line,  open  the  valve  nearest  the  column — 
wide.     Then  open  the  second  valve  slowly. 

Close  the  blowdown  valve  slowly.  If  there  are  two  valves 
in  this  line,  close  the  valve  farthest  from  the  column,  slowly 
first,  then  close  the  remaining  valve. 

Under  no  conditions  open  and  close  the  blowdown  valves 
quickly  for  the  purpose  of  causing  the  water  in  the  glass 
to  bob  up  and  down.  At  times  of  low  water,  water  tenders 
who  operate  their  blowdown  valves  in  this  manner  so  as  to 
determine  approximately  how  low  the  water  is,  may  cause 
a  collapsed  float. — Au  Sable  News. 
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Personals 


William  B.  Symmes,  Jr..  solicitor  of  the 
United  States  Fuel  Administration,  has  an- 
nounced his  resiKnation,  His  release  was 
executed  by  Fuel  Administrator  Harry  A. 
Garfield  at  Mr.  Symmes'  urgent  request  to 
be  permitted  to  resume  the  practice  of  law 
In  New  York,  where  he  is  a  member  of  the 
firm   of ^  Davis,   Symmes  &   Schreiber. 

F.  R.  Still,  vice-president  and  secretary 
of  the  American  lilower  Co.,  has  left  on 
an  extended  trij)  for  the  Far  East,  where 
he  will  investigate  trade  conditions  in  con- 
nection with  export  work.  Mr.  Still's 
itinerary  includes  Japan.  Cliina.  Australia 
and  most  of  the  European  countries,  and 
he  expects  to  cover  approximately  36,000 
miles  before   returning  home  about   Nov.    1. 

Capt.  .A.  C  Nell,  who  was  in  charge  of 
the  purchase  of  power  and  mechanical 
efiuipment  in  the  construction  division,  U. 
S.  A.,  for  the  period  of  the  war,  has  been 
released  and  has  been  appointed  Chicago 
district  manager  for  the  I,ea-Courtenay  Co 
.ind  the  Schiitte  &  Koerting  Co..  with  of- 
fices at  1466  Conway  Building.  Mr.  Nell 
was  formerly  with  the  AUis-Chalmers  Man- 
ufacturing Co. 


Engineering  Affairs 


The  .Association  of  Iron  and  Steel  Electri- 
cal Engineers,  Philadelphia  Section,  will 
hold  a  meeting  on  Apr.  '>.  H.  B.  "Vincent, 
operating  engineering  with  Day  &  Zimmer- 
man. Inc.,  will  talk  on  "Power  Transmis- 
sion." 

New  York  Engineers'  Protective  Societ.v 
will  give  their  next  lecture.  "Heating  and 
Ventilating,"  in  their  I^odge  Rooms,  Hall 
No.  3.  Bloomingdale  P.uilding.  60th  St.  and 
Third  Ave.,  at  8  o'clock.  Saturday  evening. 
Apr.  .5.  These  lectures  are  given  for  the 
education  and  entertainment  of  the  younger 
members  of  the  trade.  -All  engineers  are 
welcome  whether  members  of  the  organiza- 
tion or  not. 

The  Tenth  .Annual  Engineers'  Dinner  of 
the  American  Society  of  Mechanical  Engi- 
neers. American  Institute  of  Electrical  En- 
gineers and  the  Boston  Society  of  Civil 
Engineers  will  be  held  in  Boston  at  the 
Boston  City  Club  on  Apr.  2.  The  follow- 
ing, as  well  as  other  societies,  will  par- 
ticipate: American  Chemical  Society, 
American  Institute  of  Mining  Engineers, 
American  Society  of  Civil  Engineers,  Engi- 
neers' Club.  Illuininating  Engineering  So- 
ciety, New  Engl,T.nd  Water  Works  Associ- 
ation, Plant  Engineers'  Club,  American  So- 
icety  of  Heating  and  Ventilating  Engineers. 


Miscellaneous  News 


The  Compressed  Gas  >Ianufacturers'  .As- 
sociation, Inc..  has  moved  its  offices  from 
120  Broadwav  to  Rooms  1216.  1217,  23  E. 
26th  St.,   New  York  City. 

Three  Men  Were  .Slightl.v  Burned  and 
others  injured  when  the  furnace  of  a  Scott 
marine-type  boiler  failed  in  the  basement 
of  the  Corbett  Building,  Portland,  Ore., 
on  the  morning  of  Mar.  13.  The  boiler  was 
all  fired,  and  the  burning  oil  scattered  by 
the  explosion  of  the  ste.am  added  to  the 
seriousness  of  the  accident. 

The  Engineering  Advertisers'  Association 
was  organized  recently  at  a  meeting  held 
at  the  LaSalle  Hotel.  Chicago.  Some  of  the 
leading  manufacturers  of  engineering  prod- 
ucts were  represented,  a  constitution  and 
by-laws  adopted  and  officers  and  directors 
elected.  Regular  meetings  of  the  associa- 
tion will  be  held  monthly  excepting  during 
July  and  Aug:ust,  at  which  speakers  of  rec- 
ognized prominence  in  the  field  of  engineer- 
ing advertising  will  give  addresses,  and 
free  discussion  will  be  given  the  various 
problems   that   arise    in    it. 

National  Association  of  Corporation 
Schools  and  the  United  Engineering 
Societ.v,  representing  the  American  Society 
of  Civil  Engineers,  the  American  Institute 
of  Mining  and  Metallurgical  Engineers,  the 
American  Society  of  Mechanical  Engineers 
and  the  American  Institute  of  Electrical 
Engineers,  will  give  employers  a.n3  others 
interested  in  personnel  work  an  opportunity 
to  examine  the  methods  developed  by  the 
Committee  on  Classification  of  Personnel  in 
the  .Army  at  an  exhibit  to  be  shown  on 
the  third  floor  of  the   Engineering  Societies 


Building,  29  West  39th  St.,  New  York  City. 
-April  1-12.  The  exhibit  consists  of  a  col- 
lection of  wall  charts,  forms,  photographs 
•ind  models  showing  liow  Ihe  Army  finds 
out  what  men  can  do  best  and  how  it  uses 
that  information  :  hosv  soldiers  are  trade 
tested  and  how  oflicers  are  rated  and 
fitted  into  place  ;  how  the  work  is  checked 
;ind  supervised  and  its  results  in  the  war. 
It  w.is  on  exhibition  for  .several  weeks  at 
Washington,  where  it  excited  so  much  in- 
terest that  in  response  to  many  requests 
the  Adjutant  General  consented  to  its  dis- 
play in  other  cities;.  Two  commissioned 
officers  accompany  the  exhibit  to  explain 
its   various   features. 


Business  Items 


The  .Arcliiable  Electric  Co.,  Inc.,  has  been 
formed  and  is  now  doing  business  in 
electrical  construction  and  wiring  at  13S 
^\'est  Third  St.,  Cincinnati,  Ohio,  with 
George  W.  Archiable  as  president  and 
manager  and  W.  E.  Retsch  as  secretary 
and  treasurer.  Both  men  are  well  known 
to  the   trade  in   that  territory. 

The  Chicago  Pneumatic  Tool  Co.  an- 
nounces the  following  changes  in  its  per- 
sonnel :  It  has  opened  offices  and  ware- 
houses at  Tulsa.  Okla.  (313  Richards 
P.uilding)  and  at  El  Dorado.  Kan.  ;  The 
Boston  (Mass.)  office  of  the  company  has 
been  removed  to  182  High  St.  with  '^.  S. 
Eggleston,  district  manager  of  sales,  repre- 
senting the  company's  interests  in  this 
territory.  J.  I.  Edw.-irds  has  been  ap- 
pointed manager  of  the  rock  drill  sales 
division,  succeeding  E.  I'^klund,  who  has 
been  appointed  special  foreign  representa- 
tive and  will  leave  shortly  for  Europe  in 
the  interests  of  the  company  ;  Fred  H.  AVal- 
dron.  formerly  Minneapolis  representative 
of  the  company,  has  been  appointed  mana- 
ger of  the  pneumatic  tool  sales  division 
succeeding  J.  G.  Osgood,  resigned.  Mr. 
Waldron's  offices  are  now  at  the  company  s 
headqu.-trters  m  tl>e  Fisher  Building,  Chi- 
cago ;  Nelson  B.  Gatch  was  recently  ap- 
pointed district  manager  of  sales  for  the 
company  at  Minneapolis  with  offices  at 
301  Metropolitan  Bank  Building :  J.  K. 
Haigh  has  been  appointed  assistant  dis- 
trict manager  of  sales  for  the  company's 
San  Francisco  office   at   IT.'j   First   Street. 


New  Construction 


Trade  Catalogs 


Reilly  Multiscreen  Feed  AVater  Filter  and 
Grease  Flxtractor.  The  Griscom-Russell  Co., 
New  York  City.  Bulletin  609.  Fully  de- 
scribing this  type  of  apparatus.  Copy  free 
upon  request. 

The  .Automatic  Keclosing  Circuit  Breaker 
Co,,  of  Columbus.  Ohio,  has  issued  Bulletin 
No.  301  describing  its  new  tvjies  of  break- 
ers. "ARL."  "DRL"  and  "CRL."  A  copy 
may  be  had  upon  application. 

The  Coatesville  Boiler  Works,  of  Coates- 
ville.  Penn.,  has  issued  a  very  instructive 
and  attractive  96-page  cloth-bound  catalog. 
No.  24,  on  steel  tanks,  boilers  and  sta<ks. 
A.  S.  M.  E.  boiler  specifications,  stock  sizes 
of  A.  S.  M.  E.  return-tubular  boilers,  anfl 
other    heavy    steel-plate    work. 

The  Quigley  Furnace  Specialties  Co,,  Inc., 
New  York  City,  has  issued  Bulletin  No.  11. 
which  describes  the  equipment  employed 
in  the  Quigley  system  for  i)reparing  dis- 
tributing and  burning  powdered  fuels.  It 
describes  a  method  which  has  been  in  suc- 
cessful operation  for  many  months  on  a 
variety  of  furnaces  and  was  developed  as 
the  result  of  20  years'  practical  experience 
in  selection  and  application  of  fuels  and  in 
furnace  design  and  operation. 

The  Westingliouse  Electric  and  Manu- 
facturing Co.,  of  East  Pittsburgh.  Penn., 
has  issued  a  complete  catalog  in  which  all 
of  its  electrical  supplies  are  listed.  Every 
effort  was  exercised  to  make  the  catalog 
of  the  greatest  convenience  to  purchasers. 
It  is  made  up  of  1264  pages  of  description 
pertaining  to  the  products  of  the  company 
and  a  score  of  other  pages  containing  a 
complete  cross  index,  an  index  to  style 
numbers,  and  a  table  of  "Approximate 
Cost  Multipliers"  which  en.-ibles  one  to 
figure  the  approximate  cost  of  all  supplies 
listed.  The  book  is  more  than  a  catalog 
in  that  it  contains  much  information  of  a 
technical  and  engineering  nature.  Practi- 
cal suggestions  for  the  use  of  many  kinds 
of  apparatus  for  the  transmission  and 
utilization  of  electric  power  are  given.  It 
is  planned   to   issue   this  catalog  annually. 


PROPO.SED    AA'ORK 

R.  I.,  Westerly — The  city  approved  $300,- 
000  bond  issue  to  purch.ise  or  construct 
a   lighting  plant.     E.  E.   Whipple,  City   Clk. 

Conn.,  New  Haven — A.  L.  and  I.  Adel- 
man,  10  Garden  St.,  will  install  a  steam 
heating  plant  in  the  5-story  apartment 
hotel  which  it  plans  to  build  on  Whalley 
Ave.  Total  estimated  cost,  $165,000.  J. 
Weinstein,   6  Church  St.,  Arch. 

Conn.,  .Stratford — The  Raybestos  Co., 
liostwick  Ave.,  Bridgeport,  will  install  a 
steam  heating  plant  in  the  1 -story,  160  x 
170  ft.  factory  which  it  plans  to  build  on 
East  Main  St.  Total  estimated  cost,  $100,- 
000. 

N.  A'.,  Brooklyn — The  Board  of  Educa- 
tion, 500  Park  Ave.,  New  York  City,  will 
install  a  steam  heating  plant  in  the  4-story. 
100  X  144  ft.  P.  S.  No.  100  which  it  plans  to 
build  on  West  1st  St.  Total  estimated  cost, 
$299,500.  C.  B.  J.  Snyder,  Municipal  Bldg., 
New  Y'ork  City,   Arch. 

N.  v.,  I^yons — The  I^yons  Cold  Storage 
Co.  will  install  artificial  ice  making  ma- 
chinery in  their  Rankert  plant  to  make 
15  tons  of  ice  daily.  Estimated  cost, 
$12,000. 

N.  A'.,  New  A'ork — The  Italian  Savings 
I!ank,  Cleveland  Place  and  Spring  St.,  will 
install  a  steam  heating  plant  in  the  10- 
story.  100  X  150  ft.  bank  which  it  plans 
to  build.  Total  estimated  cost,  $150,000. 
C.    P.    H.   Gilbert,    1123    Bway.,    Arch. 

N.  W,  New  A'ork — Musher  &  Co.,  140 
Liberty  St.,  will  install  a  steam  heating 
plant  in  the  12-story,  49  x  100  ft.  store  and 
loft  building  which  it  plans  to  build  at 
255-257    5th    Ave.  Total    estimated    cost. 

$190,000.  S.  B.  Eisendrath,  IS  East  41st 
St.,    Arch. 

Md..  Middletown — The  Middletown  Pack- 
ing Co.  is  in  the  market  for  boilers,  pumps, 
shafting,  pulleys  and  electric  motors,  to  be 
installed  in  the  factory  and  warehouse 
which  it  plans  to  build.  Total  estimated 
cost,   between   $6500  and   $7000. 

Md.,  Sollers  Station  (Sellers  P.  O.) — The 
Aluminum  Ore  Products  Co.,  Inc.,  SOO  Mary- 
land Trust  Bldg.,  Baltimore,  plans  to  en- 
large its  plant  here.  Project  includes  boiler 
house  equipped  with  cross-drum  and  ma- 
rine type  boilers,  automatic  stokers,  me- 
chanical blowers,  etc.,  and  power  house 
with  four  1000  kw.  steam  engines  and 
generators.  Estimated  cost,  $8,000,000.  J. 
E.  Aldred.  Chn.  Bd.  Dirs.,  Consolidated 
Gas,  Electric  Light  &  Power  Co.,  Baltimore, 
interested. 

A'a..  Front  Ro.val — The  Virginia  Orchard 
Co.  plans  to  build  a  cold  storage  room. 
Estimated    cost,     $13,000. 

Ohio,  .Akron — The  McNeil  Boiler  Co., 
Crosier  and  Sweitzer  Sts.,  is  in  the  market 
for  a  300  to  1000-ton  steam  hydraulic 
forging  press. 

Ohio,  Cleveland — The  Accurate  Machine 
Co.,  1011  Power  Bldg.,  has  awarded  the 
contract  for  the  construction  of  a  2-story, 
40  x  160  x  ISO  ft.  factory  and  office  build- 
ing on  East  134th  St.  and  Court  Rd..  to  the 
Hunkin  Conkey  Co..  601  Century  Bldg.  A 
steam  heating  plant  will  be  installed  in 
same.      Total   estimated   cost,    $250,000. 

Ohio,  Cleveland — The  Board  of  Educa- 
tion, East  r.th  St.  and  Rockwell  Ave.,  will 
install  a  steam  heating  plant  in  the  1 -story 
school  which  it  plans  to  build  on  Miles  Ave. 
Total  estimated  cost,  $100,000.  W.  R.  Mc- 
Cornack,  East  6th  St.  and  Rockwell  Ave., 
Arch. 

Ohio,  Cleveland — The  Ohio  Forge  Co., 
21 S6  East  65th  St.,  is  in  the  market  for  a 
10,000-lb.   double  frame  steam,  ''ammer. 

Ind.,  Bloomington — J.  HoadK .'  &  Sons. 
Co..  Inc.,  is  in  the  market  for  a  125  hp. 
boiler,    100    lb.    pressure. 

Mich.,  Flint — The  National  Bank  of  Flint 
and  the  Genessee  Co.  Savings  Bank  will  in- 
stall steam  heating  equipment  in  the  10  story, 
44  x  120  ft.  bank  and  office  building  which 
it  plans  to  build  on  Kearsley  and  Saginaw 
St.  Hoggson  Bros.,  485  5th  Ave.,  New 
A'ork  City,  Arch. 

Mich.,  Harbor  Beach — The  city  plans  to 
install  pumps,  in  connection  with  sewer  im- 
provements.     B.    W.   Jenks,    Mayor. 

Mich.,  Pontiac — The  Board  of  Education 
will  install  a  low  pressure  he.ating  plant  in 
the  1 -story.  110  x  200  ft.  grade  school 
which  it  plans  to  build.  Total  estimated 
cost.  $100,000.  Perkins.  Fellows  &  Hamil- 
ton.  SI  4   Tower  St..   Chicago.   111..   .Archs. 
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III..  ClilraBii  The  llorniiT  Drop  ForKO 
r.i.  Ih  III  llii-  iimrkol  for  ii  ::i>oii  Hi,  Htciiiii 
huniiiior.  li  HrlRHM  IiIkIi  iliily  inimiii:  iim- 
ohlii.'  iiiul  Ik   3  hp,,   2311   voll.  d.c.  motor. 

III..  C'hIrnKo  Th.>  Iiicl.  i..n.l<i)<-«'  .SlaU' 
rank,  l-.'l".  Soiiili  K.-,I/lr  Av.- .  will  In- 
nlMll  11  v:i>iiiim  IlmMtik  pliml  I"  ll'.''..^" 
Htiiiv,  li.,  X  l:;n  ft  l>:iiik  and  olllor  l.ulldliiK 
wlil."h  11  plikiiH  to  luiil.l  on  r.'ili  •'<'■.''"•' 
K.mIisI.'  AVf.  Total  .•Htlnmtod  c<mt,  $125,. 
mill  n.  I..  NfwhouHc,  4630  I'ralrlo  Ave, 
Ari-li. 

III..  «l>lciiBo— A  K  Whltliick.  c/o  W. 
W.  AhlM.lilaK.i-.  Ar.-li..  Ml  W.-hI  Wa.HhlnR- 
ton  St..  will  liiHtall  a  IiIkIi  prt-.smir.i  steam 
h.'.itini:  iil.int  In  the  ;i-st.ir.v.  Ki'.  x  l.'iO  ft. 
thoutor  an.l  stor.-s  whl.-h  li.'  plan.s  tii  Imllil 
on  WVst  63r<l  St.  an. I  I'lilon  .\vi'.  Total 
CHtimutfd    cost,    JTOO.OOO. 

Wbt..  I»ruv«>r  nam— Th.'  W.-yonli.TK 
Slioi-  Co.  plans  to  liull.l  .-i  pow.-r  hous.-  an.l 
factory.  Kstlinat.'.l  ...st.  Iir.o.ono.  II.  J. 
Ksscr.    S2    Wisconsin   St..    Mlhvaukec,    Engr. 

Win.,  fireen  Boy — C.  llartniann  Co,  will 
Install  12  ilir.M-t  connected  c.-ntrifUK'al 
pumps.  12i>0  gal.  capacity  with  alternating 
current  motors.  16  direct  connected  c.-ipstans 
with  a.c.  motors,  in  the  So  x  t>iMi  ft.  Iloat- 
Ing  drv  .lock  which  it  plans  to  liuild.  Total 
ostima't.'d  cost.  $.'i(in,0O0.  Morrison  &  Reck, 
14(1  South   Dearborn  St.,  Chicago.  III.,  Kngr. 

Win..  8licl>oyBan — The  Standard  Oil  Co.. 
1209  Pcnnsyh-ania  Ave.,  plans  to  build  a 
filling  station  and  is  in  the  market  for 
A  lie.«t  grade  gasoline  pumps,  lighting  ar- 
rangement and  safety  apparatus.  Total 
estimated  cost.  $3000.     R.  11.  John,  Engr. 

Minn.,  Bovej- — The  Board  of  Education 
will  install  steam  heating  and  mechanical 
ventilating  ^y.-^tenis-in  the  3-.«tory.  80  x  140 
ft.  grade  school  which  it  plans  to  build. 
Total  estimated  cost.  $1. SO. 000.  .T.  V.  Cole- 
raine.  Secy.  Bd.  Educ.  W.  T.  Bray.  Fidelity 
Bldg..   Duluth.   Minn..   Arch. 

Kan..  Kansas  City — The  city  will  soon 
receive  bids  for  furnishing  a  5000  kw. 
generator,  turbine  driven,  2400  volt,  60 
cycle.  3  phase,  a!  3600  rev.,  temp,  raise  .SO 
degrees  C.  170  lb.  steam  pressure.  J.  D. 
Donovan.   1132  Cleveland  .\ve.,   Ch.   Engr. 

Neb.,  Lincoln — The  city  will  soon  award 
the  contract  for  a  400  hp.  Diesel  oil  en- 
gine and  generator.     A.  Dobson,   City  Engr. 

Neb..  Omaha — The  Skinnc  Packing  Co.. 
904  1st  National  Bank  Bldg..  plans  to  build 
an  S-story.  fl9  x  132  ft.  cold  storage  plant 
on  12th  and  Douglas  St.  Estimated  cost. 
t.SOO.OOO.  H.  C.  Christianson.  72.")S  Union 
Ave.,  Chicago,  Engr. 

N.  D..  Lakota — The  city  will  soon  award 
the  contract  for  constructing  2  concrete 
wells.  2  motor  driven  pumps.  2  pump 
houses.  1  electric  transmission  line.  1  heat- 
ing system  for  elevated  tank,  two  3  in. 
motors,  etc.     E.  A.   Hughes,  City  Aud. 

N.  T)..  Lisbon — The  Lisbon  Electric  Light 
Co.  plans  to  improve  and  equip  its  plant. 
Estimated  cost,  $15,000.  H.  H.  Weeden. 
Supt. 

•Mont..  Glendire — The  State  Public  Utili- 
ties Commission  has  ordered  the  Eastern 
Montana  Light  &  Power  Co.  to  install 
meters  on  all  services  using  more  than 
120   kw. 

Mont..  Wibaux — The  Eastern  Montana 
Light  &  Power  Co.  plans  to  improve  and 
build  additions  to  its  plant  to  supply 
Wibaux  and  Glendive.  also  Beach,  X.  D. 
H.   Kopf.   Mgr 


Ark..  Helena — The  Helena  Gas  and  Elec- 
ti'ic  Co.  plans  to  build  an  electric  light 
plant.      H.   P.   Roth.   Mgr. 

Okla..  Perry — The  city  plans  to  improve 
the  electric  iight  plant  and  water-works 
system.      Estimated    cost,    $100,000. 

Utah,  Bingham — The  city  voted  $15,000 
bond  issue  for  extending  and  overhauling 
the  electric  distribution  system,  including 
new  street  lighting  equipment  C.  O.  Ros- 
kelly.   Engr. 


r  o  w  I'.  11 


Orp..  KInniulh  Tin-  fHllf.irnlii-Or.Kon 
I'ow.T  <•".  131  Lidil.-ml.irrr  St..  Hun  Kriin- 
.'Ih.mi,  ('ill,  plaiiH  to  bullil  a  .litm  H.-riiMM 
the  Milk  Ulv.T  In  .•oiiiumMIoii  with  uw  of 
till'  liirgi-  iiow.T  plant  lit  iVipi'.i.  I'al.  O.  J. 
Walton.    Klaiiialli    FuIIh.    1>Iv,    Hupl, 

VaU,  <ilrn.liili»  -The  clly  Ih  liavlim  pliinM* 
prepan.l  bv  H.  11.  Lynch,  Kngr.,  716  <Vii-i 
trill  lllilg.,  LoH  AnKeli-H,  for  the  cmiHiru.-- 
Ilon  (if  pow.-r  an.l  eli-iMrl.-  K<-"«rallng  planln 
In  conn. 'Ct  Ion  with  wal.TW.irkH  Improv.-- 
nients.  Total  .■Htlmai.'.l  .-..Ml,  »lSii.oiin. 
lUindH  must  !).■  voteil  and  Hliiir.'.-*  puri'liii».-d 
ill  V.'rdug.)  t'aiiyon  Water  Supply  Co.  J. 
c   Sli.r.r,  City  <Jlk. 


<iil..  Iiiitlewood — The  city  plans  election 
soon  to  vole  on  $217,000  bond  issue  for  tbo 
.-onstru.-tion  of  a  waterworks  syst.'in.  Plans 
include  the  installation  of  wills,  pumps, 
stanii  pilie.  resi'rvoir  and  distribuling  sys- 
tem or  the  purchase  of  pumping  pl.-irit  and 
distributing  system  of  the  Inglewood  Water 
(io.  and  extensions  and  improvements  to 
same.  Olm.sted  &  Oillelen.  1112  Ilollinsrs- 
worth    Bldg.,    Los    Angeles,    Engrs. 

Cnl.,  I.on  AnKelen — The  Bonnie-Heed  Film 
Manufacturing  Co..  Xiles,  plans  to  build  a 
motion  picture  plant  on  Sunset  Hlvd  and 
Bronson  Ave.  Plans  incJude  the  construc- 
tion of  a  power  house,  laboratories,  offices, 
.tc  Total  estimated  cost.  $1,000,000.  Train 
.t   Williams.    225   Exchange  Bldg..   Arch. 
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CI.  ;,rr,.-ldi.  Soii'i. 
F.o.b.  ininm.  ni-ttonit  .  $2  I5f"2  75  $2  MK 
Philnd.'lpliiu,  RrniwlonH.  .  4  20'"  4  90  5  OOi 
Now  V<i.k.(iro»«t.in»  .  .  4  50(u,5.25  5  35' 
AlollKni.li'     Ifonloll     (watiT 

rniil),Kr(ii.»tiiiiii     .  6   IOC' 6  8S     6.90< 

I'ornlioiiliiK  Hiiil    \.-w   Hivir  lire  <|uot/'d  ni 

(.1.5  25  fo.l.     N..r(.ilk   nn.l    N.w|i<.rt  N<-w»,   \ 

spot  roiil,  1111(1   $7  20(''  8.60  aloiiiCHidp  Bcmton. 

prircB  b.>inu  on  a  ktiwh  ton  biinih. 

Ni;\V    YOUK— <;urrent    .piotationB,    Wliit. 


fob.  Tidewot«r,  at  the  lower 


Mine 
Hrokcn  $5  95 
i:«e  5  85 

.siove..      6   10 
Clicst- 
nut..        6  20 


Company 

Circular 

$7  80 

7.70 

7  95 

8.05 


Pea 

Burk- 

whcat 
Uire. . 
Barl(-y. 

Bituminous 


Minp 
4  80 

3  40 
2  75 
2  23 


Que.,  tliiebeo — The  Harbor  Commission- 
ers Poinle  a  Carey,  plans  to  build  a  cold 
storage  plant.  Estimated  cost.  $1.000  000. 
St.  C..  Bo^well.  c'o  Harbor  Comr.s.,  Engr. 

Ont.,  London — The  Holeproof  Hosiery  Co., 
186  King  St..  will  install  a  steam  heating 
plant  in  the  4-story.  150  x  200  ft.  hosiery 
factorv  which  it  plans  to  build  on  Bathurst 
St.     Total  estimated  cost,   $250,000. 


Ont..  Parr.v  Sonnd — The  city  is  having 
plans  prepared  by  G.  Murray.  Engr..  Parry 
Sound,  for  the  construction  of  an  electrical 
plant      Estimated    cost.    $125,000. 

Ont..  Port  .Arthur — The  Ontario  Hydro- 
Electric  Commission.  Toronto,  plans  to 
build  a  1 -story.  100  x  250  ft.  power  plant 
with  50.000  hp.  capacity  on  the  Xipigon 
River.  Cameron  Falls,  near  here.  Work 
will  be  done  by  day  labor.     Noted  Mar.   18. 


COXTKACTS     .\W.VRDED 


P..  I..  Providence — The  U.  S.  Furnishing 
Co.,  Charles  St..  has  awarded  the  contract 
for  the  construction  of  a  2  story.  40  x  55 
ft.  addition  to  its  power  house,  to  Day  & 
Zimmerman,  611  Chestnut  St.,  Philadelphia. 
Penn.      Estimated   cost,    $35,000. 


Conn..  Plainville — Landers,  Frary  & 
Clark.  Commercial  St..  X'ew  Britain,  has 
awarded  the  contract  for  the  construction 
of  a  40  X  40  ft.  boiler  house  on  Woodford 
Ave.,  to  the  Torrington  Building  Co.,  197 
Water  St.,  Torrington.  Estimated  cost, 
$20,000. 


Fla..  .Jacksonville — The  Ward  Engineer- 
ing &  Battery  Co..  239  13th  St..  Miami, 
has  .Twarded  the  contract  for  the  construc- 
tion of  a  1  story.  50  x  105  ft.  battery  sta- 
tion on  Forsvthe  St..  to  O.  P.  Woodcock, 
403    Main    St.       Estimated    •ost,    $10,000. 


N.  Y..  Neiv  York — The  National  Ice  & 
Coal  Co..  103  Park  Ave.,  has  awarded  the 
contract  for  the  construction  of  a  2-story. 
120  X  120  ft.  refrigerating  plant  at  8-10 
Tompkins  St.,  to  J.  Brody.  8-10  Tompkins 
St.      Estimated   cost,    $75,000. 

Neb..  Sterling — The  city  has  awarded  the 
contract  for  the  construction  of  a  trans- 
mission line  from  Sterling  to  Tecumseh. 
to  the  Martz  Construction  Co.,  Seward. 
Estimated  cost,  $46S1.  E.  H.  Johnson. 
City   Clk. 


Spot  Coni 

South  Forks $2  90  @  $3  50  $2  95  <S 

Cambria    County 

(good  eriidos) 2  80  @ 

Cl.arfirld  County    .  .    2  65® 

UcyDoklgvillp 2  65  @ 

Qucnmlioning 2  85  @i 

Somerset  County 

(best  grades) 2  80  (3> 

Somerset  County 

(poorer  grades). ...    2.  50  (^ 
Western  .Maryland .  .    2  50  ® 

Fairmont 2    I0@ 

Latrobe 2  25  @ 

Grcensburg 2  35  (3) 

Westmoreland 2 .  60  (^ 

\Vestmoroland     run- 

of-minc 2  40  @ 

Quotntions  at  the  upper  ports  for  both  bitii 
and  anthracite  are  5c.  higher  on  account 
difference  in  frcicht  rates,  and  are  exclusive 
3%  war  freiKht  tax. 

I'HII,AI)ELPHIA-;-The  price  per  gross  to 
cars    at    mines    for    lino    shipment    and    f.o.l 
Hichmond  for  tide  are  as  follows: 
Lino     Tide 

Broken $5.95  $7.80 

Egg 5  85     7  70 

Stove 6    10     7  95 

Nut 6  20     8  05 

Pea 4  80     6  40 


J  10 
2  95 

2  95 

3  10 

2  95^ 

2  85  fe 
2  95  (a 

)  01 
3   1( 

2.95 

2  95(a 

3   l( 

2  75 
2  75 
2  35 
2  40 
2  40 
2.75 

2  75@ 
2  65(5 
2  35® 

2  35(5 
2  65  (" 

2  9 

2  8 
2  V 

2  U 
J   7 

2  65 


40  (" 


I.in. 

Buckwheat... $3  40  $4  4. 

Rice   2  90  3  81 

Boiler 2  70  3  7i 

Barl.v 2  40  3  J 

Culm 1.25  2   1. 


CHICAGO — Current    prices   per   ton    for    IllinoS 
and  Indiana  coal  are  as  follows; 

Illinois 

Southorn  Nortli'rn 

Williamson,  Saline  end        Illinois  IlliDr)is 

Williamson  Counties      F.otb.  Mines   F.o.b.  Mine 

Prepared  sizes $2  75  $3   25 

Mine-run 2  35(5  $2  50  3" 

Scrceninsrs I    85®   2  20  2   ' 

BIRMINGHAM — Current  prices  per  nut  t'  : 
mines  are  as  follons: 

Slack   an. 
Mine-Run       Prepared      Screening 

Big  seam $2.45  $2  75  $2  40 

Black  Creek  and 

Cahaha 3  45  3  75  3  05 

Jagger    -    Pratt 

Corona 2.85  3.05  2  45 

Blacksmith 5.25 

Domestic    quoations.   slightly    increased,     are  a 
follows: 

Lump  .tikI  Nm 

Black  Creek  and  Cahaba 3  85®  $4  5 

Corona 3   65 

Jagger 3.50 

Montvallo    5  00 

ST.  LOUIS — The  prevailing  circular  per  net  to 
f.o.b.  mines  is  as  follows: 

Mt.  Olive 
and 

Franklin  County  Staunton         Standard 

Prepared  sizes,  lump, 

egg,   Nos.    I  and  2 

nut    $2  75      

Williamson  County 
Prepared  sizes,  lump, 

egg.  nut $2.55       $2.55         $190(52.3 

Mine-run 2.20  2  20  160(3  17 

Screenings 2.05  2.05  95^-1    ' 

}-in   lump 2  30 

2-in.  lump 17^ 

Williamson-Franklin  rate  to  St     Louis    :> 
other  rates  924c. 
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511 


These    are    prices    to    the    power    plant    by    jobbers    in    the    larger    buying    centers   east    of    the 
Mississippi.    Elsewhere  the  prices  will  be  modified  by  increased  freight  charges  and  by  local  conditions. 


HOSE- 


POWER-PLANT  SUPPLIES 


50-Ft.  Lengths 
75c.  per  ft. 
30% 


Third  Grade 
$0  30 


Underwriters'  25-in  

Common,  2i-in ...  

.\ir 
First  Grade        Second  Gradi 

J-in.  perft $0  55  $0  40 

Steam — Discounts  from  List 
First  grade 25%  Second  grade 35%         Third  grade 40% 

RUBBER  BELTING — The  following  discounts  from  list  apply  to  trans- 
mission rubber  and  duck  belting: 

Competition 50%         Best  grade  30% 

Standard 40% 

Note — Above  discounts  applyon  new  list  issued  July^l. 

LEATHER  BELTING — Present  discounts  from  list  in  the  following  cities 
are  as  follows 

New  York  . 
St.  Louis  .  . 
Chicago  .  . 
Birmingham , 
Denver 

RAWHIDE  LACING— 20%  for  cut;>5c.  per  sq.  ft.'for  ordinary. 

PACKING — Prices  per  pound: 

Rubber  and  duck  for  low-pressure  steam ^9'  ^? 

AsbeBtos  for  high-pressure  steam    .  . 
Duck  and  rubber  for  piston  packing 

Flax,  regular 

Flax,  waterproofed 

Compressed  asbestos  sheet 


dium    Grade 

Heavy  Grade 

-10—5% 

35% 

45% 

50% 

45% 

40% 

30% 

35% 

35-5% 

30% 

I  60 
1  00 
I  20 
1.60 
1.00 
I  20 
.60 


Wire  insertion  asbestos  sheet 

Rubber  sheet 

Rubber  sheet,  wire  insertion : . . .  .80 

Rubber  sheet,  duck  insertion .50 

Rubber  sheet,  cloth  insertion .30 

Asbestos  packing,  twisted  or  braided  and  graphited,  for  valve  stems  and 

stuffing  boxes    120 

Asbestos  wick,  J-  and  1-lb.  balls    .85 

PIPE    AND    BOILER    COVERING— Below    are    discounts    and    part    of 
standard  lists: 


PIPE  COVERING 

Standard  List 
Pipe  Si«e  Per  Lin  Ft. 
t-in.  $0.27 
2-in.  .  36 
6-in.  .  80 
4-in.  .  60 
3-in.  45 
8-in.  1  10 
10-in.  I  30 
85%  magnesia  high  pressure 


For  low-pressure  heating  and  return  lines 


GREASES — Prices  arc  a; 
for  barrel  lots: 


folio 


BLOCKS  AND  SHEETS 
Price 
Thickness  per  Sq.Ft. 

Hn.  $0  27 

1  -in.  30 
U-in.                                        45 

2  -in.  60 
2Hn.  75 

3  -in.  90 
3Hn.                                    I   05 

List 

4-ply 58%  off 

3-ply 60%  off 

2-ply 62%  off 

n  the  following  cities  in  cents  per  pound 


Cup 

Fiber  or  sponge 
Transmission .  . 

Axle 

Gear 

Car  journal.    . 


Cin- 
cinnati 
7 


22(gal.) 


Pitts- 
burgh 


Chicago 
5- 


St. 
Louis 


13 

13 

4  75 
7   5 


Bir- 
mingham 


9 

35  to  45 

95 
cents  per  pound 


21  (gal.)  31 

COTTON    WASTE— The    following   prices    are 

" New  York  ~ 

Current  One  Year  Ago     Cleveland  Chicago 

White tl.00toI3   00  13   00  16   50         12   00tol6   50 

Colored  mixed 8. 50  to  12.00  12  00  13   00         Il50tol400 

WIPING  CLOTHS— Jobbers'  price  per  1000  is  as  follows: 

13JxI3}  13}  X  201 

Cleveland $52.00  $58  00 

Chicago 48.00  50.00 

LINSEED  OIL— These  prices  nrc  per  gallon: 

" — New  York — .  '— — Cleveland ^  . Chicago ■ 

Current         One       Current       One       Current       One 

Year  Ago  Year  Ago  Year  Ago 


Raw  in  barrels $155 

5-gaI.  cans 1 .  70 


$1.55 
I   65 


$1   68 
1.85 


$1.65 

i.eo 


$1.65 
1.75 


WHITE  AND  RED  LEAD— Base  price  per  pound: 
. Rcd- 


-White- 


I  Year  Ago         Current  I  Yr.  Ago 


Dry 
13  00 
13  25 


100-lb.  keg 

25-  and  50-lb.  kegs. 

121-lb.  keg 13   50 

I-lb.  cans 15  00 

5-lb.  cans 16  00 


In  Oil 
14  50 

14  75 

15  00 
16.50 
17   50 


Dry 
II  25 
II  50 
II  75 
13  25 
13  25 


In  Oil 
II  50 
11  75 
II  00 
13  00 
13  50 


Dry 
and 
In  Oil 
13  00 
13  25 
13   50 

15  00 

16  00 


Dry 

and 

In    Oil 

10  50 

10  75 

11  00 
13  00 

13  on 


AMMONIA— Price  per  pound  in  St.  Louis  for  26  deg.  U.  S.  P.,  100-lb.  cat 

boys,  is  I  Ic;  in  lOOO-lb.  drums,  9c. 


RIVETS — The  following  quotations 
warehouse: 


allowed  for  fair-sized  orders  fron 
cw  York 


Steel  A  ^^^  smaller 

Tinned    


45" 


Cleveland 

55% 


Chicagc 
50% 

45% 


^tcr  by  2 
$5   00 


55% 
in.  to  5  in.  sell  as  follows  per  100  lb. 
Chicago        $5  47     Pittsburgh...   4 


65 


.  net  ton 


Button  heads,  l,  I,  1  in.  diai 
New  York. ...  $6  37     Cleveland 

Coneheads,    same   sizes: 
New  York $6.25     Cleveland      $5    10     Chicago 

REFRACTORIES — Following  prices  are  f.   . 

Chrome  brick net  ton 

Chrome  cement .         .  .    .  .net  ton 

Clay  brick,  1st  quality  fireclay    net  ton 

Clay  brick,  2nd  quality 
Magncsite,  dead  burned 
Magnesite  brick,  9  x  4^ 
Silica  brick 

Standard  size  fi 
cheaper  per  1000. 

St.  Louis— Fire  Clay,  $35  to  $50. 

Birmingham — Fireclay,  $50;    silica,  $50;  magnesite,  $110;  chrome,  $165. 

Chicago — Second  quality,  $25  per  ton. 

Denver— Silica,  $35  per  1000. 

Baume,  is    lOJc.  per  gal.  in    St 


brick,  9  X  4i 


$5.57     Pittsburgh. $4  73 
o.   b.   works,   Pittsburgh: 
$120  00  at  Chester,  Penn. 
65  00  at  Chester,  Fenn. 
40-30  at  Clearfield,  Ftnn. 
38-48  at  Clearfield,  Pen.i. 
net  ton  32.50-35   50  at  Chcwalah.  Penn. 
net  ton  80-90  at  Chester,  Penn. 

net  ton  45-55  at  Mt.  Union,  Penn. 

X  2\  in.     The  second  quality  is  $4  to  $5 


FUEL  OIL  — Domestic  light,   22-26  deg., 
Louis. 

BABBITT  METAL — Warehouse  prices  in  cents  per  pound: 


Best  grade. . 
Commercial. 


. New  York ■ 

Current  One 

Year  .\go 
87  00         90  00 
.    42  00         50  00 


Cur 


77   00 
18  50 


Cleveland  — — » 
•nt  One 

Year  Ago 

93.00 

30   00 


Current  One 

Year    Ago 
75  00  90  00 

15   00  30  00 


SWEDISH    (NORWAY)    IRON— The    average  price  per  100  lb.,   in  ton 
lots,  is: 

Current  One  Year  Ago 

New  York $25.50-30  $15  00 

Cleveland 20  00  15  00 

Chicago 16.50  15  00 

In  coils  an  advance  of  50c.  usually  is  charged. 

Note — .Stock  very  scarce  generally.  ' 


POLES — Prices  on  Western  red  cedar  poles: 

New  York       Chicago 


Denver  San  Francisco 


$5.17 

$4  55 

$5.17 

6  85 

6    10 

6  85 

10  00 

8  95 

10   00 

11  35 

10   10 

II   35 

11   50 

10  20 

II   50 

16   90 

15  00 

16   90 

20.30 

18  00 

20  30 

6  in.  by  30  ft $5.82 

7  in.  bv  30  ft 7   65 

7  in.  bV  35  ft II    10 

Bin.  bv  35ft 12  65 

7  in.  by  40  ft 12   85 

8  in.  by  45  ft 18  90 

Bin   by  50ft      22.65 

lOc.  higher  freight  rates  on  account  of  double  loads. 

For  plain  pine  poles,  delivered  New  York,  thejprice  is  as  follows: 

10-in.  butts,  5-in.  tops,  length  20-30  ft $9  00 

I  2-in.  butts,  6-in.  tops,  length  30-40  ft 1 1    5C 

I  2-in.  butts,  6-in.  tops,  length  41-50  ft 12  50 

1 4-in.  butts,  6-in.  tops,  length  51-60  ft 21  .CO 

14-in,  butts,  6-in.  tops,  length  61-71  ft 23,50 

PIPE — The  following  discounts  arc  for  carload  lots  f.  o.  b.  Pittsburgh:    basing 
card  of  Jan.  I,  1919,  for  steel  pipe  and  for  iron  pipe: 

BUTT  WELD 


Inches 
,  },  and  I.. . 

io'i^.....  . 


Steel 
Black 
50J  % 
545  % 
57J  % 


Galvanized 

24% 
40% 


Inches 

:  to  u 


Iron 
Black 
.    39',% 


2 325' 

2S  to  6 34;  < 


Galvanized 
235% 


I8i% 
2U% 


i.   }  and  1 46i  % 

i 51J% 

J  to  I J 55!% 


BUTT  WELD,  EXTRA  STRONG  PLAIN  ENDS 
J  to  I! 39;%, 


29% 
39% 

43% 


245% 


500  lb.  lots  le.ss  10%  discount;   2000  lb.  lots  less  10-21'' 


LAP  WELD,  EXTRA  STRONG  PLAIN  ENDS 

2 48%             37;%             2 335%         205% 

25  to  4   51%             40!%             21  to  4 35f  %         23!% 

45  to  6 50%,             39;%             41  to  6 345%         225% 

Stock  discounts  in  cities  named  are  as  follows: 

-New  York-       -Cleveland-       Chicago    

Gal-                       Gal-  Gal- 
Black   vanized   Black   vanized     Black         vanizer" 

J  to  3  in.  steel-butt  .welded.    47%       31%      465%     31    %  575%             44% 

2!  to  3  in.  steel  lap  welded    .    42%       27%      425%     275%  515%             41% 

Malleable  fittings.    Class  B  and  C,  from  >V.V  York  stock  sell  at  list  +  121%. 
Cast  iron,  standard  sizes,  10%,  off. 

Note — Recent  pig-iron  reduction  will  lower  price  of  steel  pipe     New  <liscounts 
"ill  be  given  next  month. 


R12 


IIOII.KH    TIIRRN  —  Thr   (ollnwing   aro   ihr   prirm  (nr  mrliiiKl   IoIk 

riii>iiiiiijii 


POWER 


.W.1.1.-.ISI.-.1 


191 

inirriiil  S'nniln 

Pit  Net  Ton 

tU7 

267 

257 

207 


H  I..  4|  in 

1  t»  M  III 
2»  lo  21  II. 

2  li>  21  III 
l|  I..  11  in 

Colli  Drnwn 


li  in 

2  to  2|  in 

2i  (o  it  in 

4  in 

41  lo  5  in 


IM 


4   Hi 


r.r  N.-lTon 
t207 
177 
167 
l«7 
207 


liin  .  2S7      2i  (o  M  in  167 

l{in 207  4  in  187 

41  lo  5  in  207 

ThctP  priri'i*  iln  not  npply  to  nproial  iiprrifirnlionii  for  loromolivv  Mitiifi  nor  to 
npccial  Kpocitii'itlionn  (or  tiilwn  (or  llir  Nnvy  Drpnrtnii'nt,  whirh  wit'  Im'  mibjert  to 
ipvcial  nrgutintion. 

ELECTRICAL  SUPPLIES 


Ccncril  IV.lim-  I  iij  o.li'il.  To  Hr  Nolod  in  Neit  Imu* 


ARMORED  CABLK 

B  AS    SiK- 


Thrw  Cond. 
M  Ft 
JH8  00 
170  00 
235  00 
325  00 
472  00 


Two  Cond. 

Lead 

M  Ft 

)I64  00 

211    00 

255  00 

345  00 

623  00 


Thrpc  Cond. 
Lead 
M  Ft. 
}222  00 
290  00 
325  00 
450  00 


Two  Cond 
M  Ft 

No.  14  solid $104  00 

No.  l2solid 135  00 

No.  10  solid  185  00 

No   8  stranded 235  00 

No   6  stranded 370  00 

From  the  above  lists  discounts  arc: 

Loss  tlian  roil  lots Net    List 

Coils  to  1,000  (t 10% 

1,000  ft    and  over 15% 

BATTER  I  F,S,   DRY— Regular   No.    6  size  red  seal,   Columbia,    or  Ever 
Ready ; 

Each.  Net 


$0  40 
.38 


Less  than  12  

l2to  50   

50  to  125  (bbl.) 35 

125  (bbl.)  or  over / 32 

CONDUITS.    ELBOWS   AND   COUPLINGS— Following   are   warehouse 
net  prices  per  1000  ft   for  conduit  and  per  100  for  couplings  and  elt>< 


^ize, 
In. 
I... 

1 1 

i|::: 
2  ... 
25... 


Black 
1,000  Ft 
and  Over 


CJalvaniied 
1,000  Ft. 
and  Over 


$76  50 
101  20 
149  60 
202  40 
242  00 
325  60 
514  80 
673  20 
837  20 
1,013  70 
^  cash  10  day 

York  W 


$81  60 
108  10 
159  80 
216  20 
258  50 
347  80 
549  90 
719  10 
892  40 
1,079  10 


100  and 

Ovfr 

$18  24 

18  24 

24  00 

35  52 

45  45 

60  60 

111  II 

181  80 

484  80 

1.070  60 

1,237  25 


Elbows  - 

(jalvanised 

100  and 

Over 

$19  38 

19  38 

25  50 

37  74 

48  15 

64  20 

117  70 

192  60 

513  60 

1.134  20 

1,310  75 


Bl 

1 00  and 
Over 

$5  76 

6  72 

9  60 

12  48 

17  17 

21  21 

28  28 

40  40 

60  60 

80  80 

101  00 


Couplings  -;— 
k   Galvanized 
1 00  and 
Over 
$6  12 


7 

10  20 
13  26 
18  19 
22  47 
29  96 
42  80 
64  20 
85  60 
107.00 


ehouse 


—Less  5%  cash. 
Standard  lengths  rigid,  10  ft.    Standard  lengths  flexible, 
ard  lensths  Hexible,  J  to  2  in..  50  ft. 

CONDUIT  NON-METALLIC.  LOOM— 


in..  1 00  ft.    Stand- 


Size  I.  D. 


,In. 


Coils       55%OfT.. 
Less  coils.  40%  off 


CUT-OUT  S- 


S.  p.  M.  L.. 
D.  P.  M.  L 
T.  P.  M.  L. 
D.  P.  S.  B.. 
D   P.  D.  B. 


Feet  per  Coil 
250 
250 
250 
200 
200 
150 
100 
100 
Odd  lengths 
Odd  lengths 

-Following  are  net  prices  each  in  standard-package  quantities 
CUT-OUTS.  PLUG 


List.  Ft. 
$0  05! 
.06 
.09 
.12 
.  15 
.  18 


.40 
.55 


$0.11 
.  18 


T.  P.  to  D.  P.  S.  B 
T.  P.  to  D.  P.  T.  B 

T.  P.  S.  B 

T.  P.  D.  B 


CUT-OUTS.  N.  E.  C.  FUSE 

0-30  Amp.           '  3 1-60  Amp. 
.      $0.33  


.42 
.81 
.78 
I    35 


$0  84 
1  20 
1.05 

1  80 

2  10 
3.60 
2.52 

,  coils  of  250  ft 


D.  P.  M  L 

T.  P.  M.  L 

DP   SB 

T.  P.  S.  B 

D    P    D    B 

T    P.  D.  B 

T.  P.  to  D.  P.  D.  B      90 

FLEXIBLE  CORD— Price  per  1 000  ft 

No.   1 8  cotton  twisted  

No.   16  cotton  twisted  

No.   1 8  cotton  parallel 

No.   1 6  cotton  parallel .  

No.   1 8  cotton  reinforced  heaA*>*    .  

No.   16  cotton  reinforced  heavy  

No.   1 8  cotton  reinforced  light  

No.   16  cotton  reinforced  lisht 

No.   18  cotton  Canvasite  cord  

No.   16  cotton  Canvasite  cord      

FUSES.  ENCLOSED— 

25D-Volt  Std.  Pkg 

30-amp    100 

60-amp 100 


60-100    A) 
$1    68 


3-amp.  to 
3>-amp  to 
65-amp.  to  lOO-amp 
lO-amp.  to  200-amp 
225-amp.  to  400-amp 
450-arap.  to  bOO-amp 


$22  00 

28  40 
25  00 
32  00 

35  00 
42  00 
30  00 

36  00 

29  00 
35   00 


List 

$0  25 

.35 

.90 

2.00 

3  60 

5  50 


}->nip  I' 
35-anip  ■' 
65-«iiip  I. 
llO-iiniii    I 

225-n.. 

450-iwnp   t. 
Dmroii 


600-Volt 

>0-anip 
f>0-nni|> 

inn  iiinp 
I  2iin^iiMip 

4110  „,u], 
lillO  limp 
lit     I  I'lm  l-5th  iitniiilaril  imckiiKe 
l'5tli  lo  ■tiiniliiril  piirksKe 
.■^tnliilnrd  pn'-knur 


Vol. 

A'.i,  No. 

i:{ 

.s 

'1  rk| 

Ll.t 

100 

.40 

100 

(<0 

50 

\    W 

24 

2  V) 

25 

5    ',!) 

10 

8  '10 

■•i% 


FU.SE  PLUGS.   MICA  CAP— 

0-30  ninpere,  nliiiidnrd  pnckiiKe 

0-30  niii|x>re,  lenn  thiin  standard  packaKe 

LAMPS—  Below    are    present   rjuotations 
•luantities' 

Straiuhl-Hide  Bulbs 


$5   25  ( 
7   00  ( 


li'ns    tlinii    atandard   paekut* 


Mar. 
Watts 
10 
IS 
25 
40 
50 
60 
100 


n 

I'hilll 

$0  35 
3S 
35 
35 
35 
40 


nrkaite 
100 
100 
100 
100 
100 
100 
24 


Standi 
contracts  ri 
li-il 


•d   quantities   are  subject   tf 


Mni 
Walts 
75 

100 

150 

200 

300 

400 

500 

750 
1000 

rliscouilt 


l'eBr-Sliii|»'  Bulbt 


$0  70 
I    10 

1  65 

2  20 

3  25 

4  30 


I'Vosti^ 

$0  75 

I  15 

1  70 

2  27 

3  3$ 

4  45 
4  8S 

6  7S 

7  75 
from  liat. 


No    iir 
PackuKs 

50 

24 

24 

24 

24 

12 

12 
8 
8 
Annual 


nging  from  $150  to  $300,000  net  allow  a  discount  of  17  to  40%  from 


PLICJS,   ATI  ACHMENT— 

Hubbell,  pornliiin  .No    5406,  standard  package  250 

Hubbell  composition  No.  5467,  standard  package     50 

Benjamin  swivel  No.  903.  standard  package  250 

Hubbell  current  taps  No.  5638,  standard  package     SO. 


Etch 
to.  24 

.32 
20 
40 


RUBBER-COVERED  COPPER  WIRE— Per  1000  ft.  in  New  York: 


.Solid 
0.  Single    Braid 

4        $12   00 

2      13  25 

0    18  30 

8     25  54 


Solid 
Double  Braid 
$14  00 
15  70 
21  00 
28  60 


Stranded, 

Double  Braid 

$13  90 

18  05 

23  85 

32  70 

51  40 

70  00 

2      101  80 

1    131  86 

0      160  00 

0        193  50 

0  235  20 

0  288  60 

Prices  per  1000  ft.  for  Rubber-covered  Wire  In  Following  Cltiea: 


Duplex 

$25  00 

30  70 

41    SO 

56  77 


-Denv 


— .     . St.  Louis- 


00 
000 
0000 


Singl. 

Braid    Duplex    Braid 

$14  50  $30  40  $21  00 
25  70  49  00  27  20 
34   25      67   00     38  00 

46   20      

65    15      

96   25  . 

125   20      

164  80      

203  35      

248  40      

302.55      


Double 

Braid    Duplex 

$16  00  $33  00 
31  00  69  GO 
42  00  78  00 
65  00  130  00 
93   00 

140   00 

182  00 

242   00 

290   00 

360   00 

435   00 


Birmingham . 

.Single     Double 
Braid      Braid    Duplex 
$10  95  $15.25  $27.75 

20  25     24.25     46.90 

27  60     32.60      

48  25     54.75     

66  90     73.75     

96.00  104.50      ...    . 

121. 00   136.40     

169.00   174.60     

203   50   214.00      

246.00  257  50     

295   50   358   50      .... 


Pittsburg — 34c.  base;  discount  50% 
SOCKETS.  BRASS  SHELL— 

In.  or  Pendant  Cap. 


Pull. 
Each 
$0  66 


I    In.    Cap 

Key,  Keyless.  Pull,  Key.  Keyless. 

Each  Each  Each  Each  Each 

$0  33  $0  30  $0  60  $0.39  $0.36 

Less  l-5th  standard  package -1-20% 

l-5th  to  standard  package -|-10% 

Standard  package .  —15% 

WIRE.  ANNUNCIATOR  AND  DAMPPROOF  OFFICE— 

No.  18  B.&S.  regular  spools  (approx.  8  lb.) 45c.  lb. 

No.  18  B.&S.  regular  1-lb.  coils 47c.  lb. 

WIRING  SUPPLIES— 

Friction  tape.  ;  in.,  less  100  lb.  >0c.  lb.. 


100  lb.  lots. 
Rubber  tape.  \  in.,  less  100  lb..  65c.  lb.,  100  lb.  lots. 
Wire  solder,  less  100  lb.  50c.  lb.,  100  lb.  lots 
Soldering  paste.  2  ox.  cans  Nokorode 


. .  48c.  lb. 
. .  60c.  lb. 
.  .  46c.  lb. 
$l.20doi. 


SWITCHES,   KNIFE- 


Size, 
Amp. 

30 

60 
100 
200 


30 
60 
100 
200 


Single  Pole, 

Each 

$0  42 

74 

1.50 


I  18 
2.38 
4.40 


TYPE  "C"   NOT  FUSIBLE 

Double  Pole,  Three  Pole, 

Each  Each 

$0  68  $1    02 

I    22  I    84 

2.50  3  76 

4  50  6  76 

FUSIBLE,  TOP  OR  BOTTOM 
1   06  I   60 

1.80  2  70 

3.66  5  50 

6.76  10   14 


Four  Pole 
Each 

$1.36 
2.44 
5.00 
9.00 

2.12 
3.60 
7.30 
13.50 

Discounts: 

Less  than  $10.00  list  value +  5% 

$10  to  $25  list  value ~  ^% 

$25  to  $50  list  value               —15% 

$50  to  $200  list  value               —20% 

$200  list  value  or  over —25% 
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POWER 


New  York,  April  8,  1919 


Number  14 


To  the  Captains  of 
the  Home  Guard 

By  BENJAMIN  O.  WILKINS 


You,  who  were  shouting  for  Peace  and  for  Victory, 
Cheering  the  boys  who  left  home  for  the  fight, 

Don't  let  your  deeds  clash  with  words  contradictory; 
Show  them  a  welcome  that's  royal  and  right. 

Give  them  the  place  that  was  theirs  in  the  shop; 
Just  recollect  who  went  "over  the  top!" 

How  about  Joe,  volunteering,  not  bumptiously. 
Taking  to  seamanship  slicker  than  grease. 

Bunking  and  getting  his  chow  far  from  scrumptiously? 
He  lent  a  hand  and  now  has  his  release. 

Can't  you  find  room  for  the  boys  as  they  come? 
Going,  your  plaudits  outsounded  the  drum. 

There's  that  lad  Tom,  who  enlisted  so  grittily, 
Backed  his  convictions  by  going  across, 

Smothered  a  sob  while  he  said  "good-by"  wittily — 
He  deserves  work  again.   Were  you  his  boss? 

Show  what  your  patriotism  can  do. 

All  that  you've  hoped  for  is  now  coming  true. 

Prove  to  the  world  by  your  whole-hearted  readiness 
What  you  will  do  for  the  men  who  have  shown 

How  a  firm  faith,  joined  with  courage  and  steadiness. 
Conquered  the  tyrant  who  praised  Might  alone. 

Welcome  the  men  who  faced  death  without  fear; 
Lend  them  a  strong,  helping  hand  while  you  cheer. 

Many  there  are  who  will  trudge  along  shabbily, 
Hungrily  seeking  the  work  that  they  need. 

Don't  look  askance  at  them — don't  treat  them  crabbily. 
Welcome  them — back  up  the  will  with  the  deed! 

If  you  could  not  go  across  as  a  "gob," 

Now  is  your  chance — come  across  with  a  job! 


an 
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FIG.  1.     EXTERIOR  OP  THE  NEW  A.  S.  &  R.  CO.  BOILER 
PLANT  AT  OMAHA 

EARLY  in  1916  the  increasing  demands  for  power 
and  for  steam  for  process  work  made  it  apparent 
that  additional  boiler  capacity  would  shortly  be 
needed  at  the  Omaha  Plant  of  the  American  Smelting 
and  Refining  Co.  Because  of  threatened  shortage  of  la- 
bor and  the  lack  of  avilable  ground  space,  only  two 
courses  seemed  to  be  open — to  remodel  the 
old  boiler  plant  into  a  relatively  modern 
one  or  to  install  a  new  and  thoroughly  up- 
to-date  plant  designed  for  high  operating 
capacity.  After  a  careful  study  of  condi- 
tions it  was  decided  to  install  the  first  unit 
of  a  four-unit  new  boiler  plant  to  relieve 
the  immediate  acute  demand  for  steam. 
In  the  design  of  this  plant  the  following 
considerations  were  used  as  a  basis  and 
all  details  were  worked  out  in  consonance 
with  them: 

1.  The  demand  for  steam  is  continuous 
24  hours  per  day,  365  days  per  year. 

2.  The  labor  required  for  coal  and  ash 
handling  and  the  operation  of  the  plant 
must  be  a  minimum. 

3.  The  mechanical  equipment  for  han- 
dling the  coal  and  ash  must  be  of  the  sim- 
plest mechanical  nature  consistent  with 
the  service  to  be   rendered. 

4.  All  equipment  must  be  of  such  char- 
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Underfre<l  slokcr  plant  burning  Iowa 
coal  at  higli  inaiiilain<-d  efTiciencics  and 
with  a  minimum  of  operating  troubles. 
Two  boiler.s,  interconnected  and  placed 
in  one  netting,  are  baflled  to  full)  utilize 
the  radiant  energy  from  the  fire,  and  for 
the  sani<^  reason  th«"  superheater  is  placed 
behind  the  brige-wall.  Large  furnace 
volume  is  provided.  The  construction 
in  the  walls  of  the  setting  is  unusual. 
General  features  of  the  plant  are  simplic- 
ity, low  initial  cost,  accessibility  and 
minimum  labor  requirements. 


acter  as  to  render  repair  and  replacement  easy, 
simple  and  cheap,  and  as  far  as  possible  must 
be  of  such  character  and  so  installed  as  to  ren- 
der running  repairs  possible  Consequently,  it 
must  be  readily  accessible  at  all  times  and  under 
all  conditions. 

5.  The  capacity  obtainable  from  the  boilers 
and  the  other  equipment  should  be  a  maximum  on  ac- 
count of  the  limited  ground  space  available  for  future 
extensions. 

6.  The  design  of  the  plant  should  be  such  that  new 
units  can  be  added  at  any  time  without  the  necessity 
for  making  any  except  minor  changes  in  arrangement 


•Chief    engineer,    American    Smelting    and    Re- 
tining    Company. 
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to  meet  the  requirements  of  the  most  modem  equip- 
ment at  the  time  the  new  units  are  installed. 

Figs.  1  and  3  show  the  arrangement  finally  decided 
upon  as  most  nearly  fulfilling  the  requirements  pre- 
viously set  forth.  It  will  be  seen  that  no  basement  has 
been  provided,  the  first  floor  resting  on  concrete  col- 
umns, so  that  coal  and  ash  cars  can  pass  underneath. 
The  building  itself  is  of  simple,  cheap  construction, 
providing  plenty  of  light  and  ventilation.  The  plant 
is  without  frills  of  any  kind,  and  all  expenditures  were 
considered  from  the  viewT)oints  of  reliability,  economy 
and  accessibility. 

The  fuel  available,  and  on  which  the  designs  of  the 
boilers,  furnace  and  the  setting  were  based,  is  Iowa 
steam  coal  running  about  14  per  cent,  moisture,  31  per 
cent,  volatile  matter,  35  per  cent,  fixed  carbon  and  20 
per  cent,  ash  as  fired.     This  coal  has  a  heat  value  of 


i r- 


face.  The  forced-blast  fan  is  geared  to  a  65-hp.  steam 
turbine,  controlled  by  a  compensated  damper  regulator 
for  varying  the  speed  of  the  fan  to  meet  the  steam 
requirements.  A  6-ton  monorail  crane  fitted  with  a 
13 -yd.  clamshell  bucket  transfers  the  coal  from  the 
railroad  cars  to  the  overhead  bunker.  On  its  way  to 
the  stoker  the  coal  is  weighed  by  a  manually  operated 
traveling-hopper  coal  scale. 

The  instrument  equipment  for  the  boiler  room  con- 
sists of  an  indicating,  recording  and  integrating  steam- 
flow  meter;  a  continuous  recording  throttling  steam 
calorimeter  between  the  boilers  and  the  superheater; 
recording  thermometers  on  the  superheater,  stack  and 
feed  water;  recording  steam-pressure  gage,  a  recording 
water-level  gage,  a  recording  CO,  meter,  a  revolution 
counter  for  the  stoker  plungers,  a  recording  gage  for 
the  blast  pressure  in  the  windbox,  indicating  draft  gages 
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FIG.  3.  SECTIONAL  ELEVATION  OF  THE  BOILER  ROOM  AT  THE  OMAHA  PLANT 


about  9000  B.t.u.  and  a  sulphur  content  of  about  6  per 
cent,  as  fired.  The  ash  from  this  fuel  forms  large, 
sticky  and  in  some  cases  fluid  clinkers,  extremely  hard 
to  handle,  very  tough  when  hot  and  of  a  stony  hard- 
ness when  cold.  This  condition,  coupled  with  the  neces- 
sity for  obtaining  high  continuous  capacity  and  economy, 
led  to  the  decision  to  install  inclined  underfeed  stokers 
of  large  retort  capacity  per  boiler  horsepower  of  rat- 
ing, so  that  high  capacity  could  be  obtained  with 
moderate  rates  of  combustion. 

The  major  equipment  of  the  new  boiler  plant  con- 
sists of  two  406-hp.  water-tube  boilers,  interconnected, 
provided  with  steam  purifiers  and  set  over  one  11- 
retort  17-tuyereplate  inclined  underfeed  stoker,  Fig. 
2,  equipped  with  steam-operated  power  ash-dump  plates 
and  a  vertical  engine  on  the  first  floor  for  drrung.  The 
superheater  contains  approximately   100  sq.ft.   of  sur- 


for  obsening  the  stack  and  the  furnace  drafts  and 
permanent  weighing  tanks  for  boiler  testing.  The  unit 
is  also  provided  with  a  nonreturn  stop  valve  in  the  steam 
line,  graduated  feed  type  of  feed-water  regulator  in 
duplicate,  the  usual  equipment  of  pop  safety  valves  and 
manually  operated  blowoff  and  feed-water  valves. 

It  will  be  seen  that  the  equipment  installed  is  standard 
in  every  respect.  The  arrangement  and  the  proportions 
of  the  installation  are,  however,  rather  unusual,  but 
have  proved  their  value  in  operation. 

The  designer  of  this  plant  believed  that  the  develop- 
ment of  the  inclined  underfeed  stoker  must  necessarily 
soon  cause  a  decided  change  in  the  general  standard  of 
boiler  units,  tending  toward  larger  areas  exposed  to 
the  radiant  energy  of  the  furnace  and  comparatively 
smaller  tube  areas  exposed  to  the  gases  of  completed 
combustion,  and  that  for  this   class   of  service  large 
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furmu'c  Jireii.s  and  coinlxistioii  volumes  were  e.ssential 
to  economy  niid  capncity.  p-or  example,  it  waH  believed 
that  a  horizontal  water-tube  boiler  conaistinp  of  462 
tubes  arranged  33  wide  and  14  high  and  horizontally 
hatllod  to  expo.se  the  lower  throe  row.s  of  tulx's  to  the 
radiant  energy  of  the  lire  would  give  better  capacity 
and  economy  than  would  the  .same  boiler  arranged  22 
wide  and  21  high,  and  vertically  ballled  to  expo.se  only 


FIG.    4.      TRANSVERSE    SRCTIOX    THROT'OH    SETTING 

one-half  the  bottom  row  of  tubes  to  the  radiant  energy 
of  the  fire. 

The  former  arrangement  was  used  in  this  case  and 
produced  a  furnace  19  ft.  6  in.  wide,  14  ft.  high  from 
the  boiler-room  floor  to  the  bottom  of  the  front  water- 
leg  and  9  ft.  6  in.  from  the  front  wall  of  the  boiler  to 
the  low  bridge-wall,  which  was  originally  built  2  ft. 
high  with  7-ft.  flame  space  over  it,  but  later  increased 
in  height  to  3  ft.  6  in.  in  order  to  shadow  the  super- 
heater a  little  and  thus  reduce  the  superheat.  The 
baffle  tiles  were  originally  installed  on  the  third  row 
of  tubes  from  the  bottom,  but  were  later  moved  to  the 
fifth  row  of  tubes  after  refiguring  the  gas  velocities 
through  the  boiler. 

Experience  in  the  old  boiler  room  indicated  that  much 
trouble  might  be  expected  from  clinker  adhesions  to 
the  bridge  and  side  walls  of  the  furnace.  To  pro- 
vide against  this,  waterbacks  were  installed  along  both 
side  walls  and  across  the  bridge-wall.  They  have  pre- 
vented trouble  from  clinker  adhesions  to  either  the 
side  walls  or  the  bridge-wall.  The  water  from  these 
waterbacks  goes  to  a  softener  and  comprises  the  greater 
part  of  the  makeup  required  for  the  boiler  feed.  It 
seems  probable  that  the  number  of  pipes  in  the  bridge- 
"•hII  waterback  might  safely  be  reduced  to  two  or  pos- 
.'ibly  to  one  with  a  reduction  in  the  amount  of  water 
required  for  cooling. 

This  plant  has  frequently  handled  successfully  and 
disposed  of  clinkers  4  ft.  square  and  18  in.  thick  with- 
out diflSculty  and  without  unusual  effort  on  the  part 
of  the  fireroom  attendants.  Frequently,  also,  coal  has 
been  burned  that  produced  liquid  ash  that  ran  through 
the  dump  plates  in  streams.  This  condition  neither 
reduced  the  capacity  of  the  plant  nor  added  to  the  labor 
of  the  fireman. 


The  unit  jh  provided  with  an  ash  hopper  approxi- 
mately 20  ft.  long  by  O  ft.  deep  by  5  ft.  wide,  divided 
into  three  compartments,  each  compartment  having  an 
opening  at  the  bottom  30  in.  wide  and  GO  in.  long. 
Each  of  these  openings  is  closed  normally  by  a  pan 
about  6  in.  deep  arranged  to  form,  when  clo.sed,  with 
the  bottom  of  the  hopi)cr,  a  water  .seal  to  prevent  the 
inflow  of  air  behind  the  (ire,  and  thus  reduce  the  excess 
air  from  this  source.  Each  pan  is  power-operated  to 
deliver  the  ashes  from  the  hopper  to  a  railroad  car 
placed  directly  below  the  setting  of  the  boiler. 

Combustion  ash  hoppers  are  provided  beneath  the 
superheater  to  catch  the  combustion  ash  and  dust  blown 
over  from  the  fire.  These  hoppers  can  be  cleaned  out 
while  the  boiler  is  in  operation,  discharging  the  com- 
bustion dust  into  the  same  ash  car  as  the  main  hoppers. 

With  the  idea  of  making  all  possible  use  of  the  radiant 
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FIG.    5.      SECTIONAL   PLAN   AND     LONGITUDINAL.     ELEVA- 
TION.  SHOWING    SETTING-  WALL  CONSTRUCTION 

energy  of  the  fire  in  the  furnace,  which  energy  should 
vary  almost  directly  with  the  total  heat  released  in 
the  furnace  and  consequently  with  the  steam  produced 
by  the  unit,  it  was  decided  to  install  the  superheater 
in  the  opposite  end  of  the  setting  from  that  occupied 
by  the  stoker,  and  to  incline  the  loops  of  the  elements 
downward  toward  the  bridge-wall.  With  this  arrange- 
ment, no  hot  gases  pass  through  the  superheater  ele- 
ments and  all  the  superheat  obtained   is  direct  from 
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the  radiant  energy  of  the  fire  bed  and  the  burning  gases 
in  the  furnace.  Due  to  the  position  of  the  headers  the 
superheater  is  automatically  self-flooding.  This  ar- 
rangement has  worked  out  in  a  very  satisfactory  man- 
ner, giving  nearly  uniform  superheat  under  all  condi- 
tions of  load  and  delivering  properly  superheated  steam 
to  th2  header  both  when  going  onto  the  line  after  a 
shutdown  and  when  sudden  demands  for  steam  are 
made  upon  the  unit.  The  superheating  is  done  entirely 
by  the  radiant  energy  of  the  fire,  which  in  most  settings 
tends  to  melt  the  firebrick  and  raise  the  furnace 
temperatures  to  an  abnormal  point. 

The  setting  for  this  unit.  Figs.  4  and  5,  consists  of 
a  monolithic  outer  coating  of  concrete  about  9  in.  thick, 
heavily  reinforced.  To  this  concrete  shell  are  bolted 
all  the  access  doors  to  the  interior  of  the  setting,  and 
it  is  designed  to  carry  the  weight  of  the  stack  directly 
to  the  building  members  without  throwing  any  stresses 
on  the  boiler  or  its  supports.  The  concrete  outer  shell 
is  lined  with  4  in.  of  heat-insulating  brick  and  13  in. 
of  firebrick.     Each  of  the  brick  linings  is  laid  up  inde- 


In  passing  it  may  be  noted  that  although  this  unit 
has  been  operated  continuously  except  for  cleaning 
periods  at  from  150  to  200  per  cent,  of  rating,  with 
occasional  peaks  as  high  as  300  per  cent.,  the  brick- 
work has  not  yet  been  hot  enough  to  vitrify  the  high- 
temperature  cement  in  which  it  was  laid  up.  In  fact 
door  liners  cast  from  cement  supposed  to  vitrify  at 
1600  deg.  F.  had  to  be  discarded  because  there  was 
not  sufficient  temperature  to  harden  them  and  prevent 
their  crumbling. 

Two  406-hp.  water-tube  boilers,  entirely  independent 
of  each  other  except  for  the  steam,  feed-water  and 
equalizer  connections  between  them,  are  hung  from  the 
steelwork  of  the  building  and  from  the  unit  now  in 
operation.  Being  suspended  independent  of  the  setting, 
they  are  free  to  expand  and  contract  without  throwing 
any  stresses  into  the  brickwork  or  the  concrete. 

One  of  the  points  of  interest  in  this  installation  is 
the  6-in.  water-equalizer  connection  between  the  boilers, 
Fig.  6.  This  was  intended  to  assist  in  keeping  the 
water  lines  at  the  same  height  in  the  two  boilers  when 
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FIG.    6.      THE    SIX-INCH    WATER-EQUALIZER    CONNECTION  BETWEEN  THE  BOILERS 


pendent  of  the  other  and  of  the  concrete  shell,  not  even 
an  occasional  tie  being  used  to  bind  them  all  together. 
The  brickwork  is  laid  against  a  spherical  surface  mold- 
ed on  the  inner  face  of  the  concrete  when  it  was  poured. 
The  chord  circle  of  the  sphere  is  inclined  with  the  verti- 
cal so  that  the  top  of  the  inside  of  the  concrete  wall  leans 
away  from  the  boiler.  This  gives  a  concave  arched 
surface  standing  almost  vertically,  against  which  the 
brickwork  of  the  lining  tends  to  lean  heavily,  and  the 
concave  side  of  a  spherical  dome  toward  the  fire.  The 
brick  linings  are  free  to  expand  both  horizontally  and 
vertically,  expansion  joints  being  provided  in  the  cor- 
ners of  the  setting  and  at  the  top  of  the  walls. 

After  nearly  a  year  of  hard  service  this  setting  shows 
almost  no  cracks  in  the  concrete,  and  the  brick  walls, 
with  the  exception  of  the  front  wall  over  the  stoker 
retorts,  are  in  as  good  condition  as  when  first  put  in. 
Trouble  has  been  experienced  in  holding  the  front  wall 
over  the  stoker  retorts.  This  has  been  due  to  a  faulty 
dust  seal,  which  allowed  dust  to  work  down  between  the 
brick  wall  and  the  concrete  wall,  wedging  the  former 
out  and  overthrowing  it  into  the  fire. 


both  were  fed  from  one  feed  valve.  It  has  fully  met  this 
condition  as  it  has  maintained  the  water  levels  in  the 
two  boilers  within  two  inches  of  each  other  when  operat- 
ing at  200  per  cent,  of  rating,  and  with  the  feed  shut 
oflf  from  both  drums  of  one  boiler. 

Another  point  of  interest  is  the  inclination  of  the 
boiler  tubes,  which  is  IJ  in.  per  ft.  instead  of  1  in.,  the 
standard  pitch  of  tube  generally  used  with  this  type 
of  boiler.  The  greater  pitch  was  adopted  because  it 
was  believed  that  under  severe  firing  and  sudden  changes 
in  steam  demand  a  splitting  or  interruption  of  the  circu- 
lation of  the  water  in  the  lower  rows  of  tubes  might 
occur  with  the  standard  pitch.  Two  tubes  recently  re- 
moved from  this  boiler  seem  to  confirm  the  soundness 
of  this  reasoning.  They  were  bowed  up  away  from  the 
fire  over  seven  inches  in  their  length,  thus  indicating 
that  the  top  of  the  tube  had  been  at  considerably  higher 
temperature  than  the  bottom,  due  doubtless  to  sluggish 
circulation  caused  by  rapid  formation  of  steam  bubbles 
that  accumulated  at  the  top  of  the  tube.  It  would  ap- 
pear that  a  tube  pitch  even  greater  than  lA  in.  per  ft. 
might  be  desirable  to  accelerate  the  circulation. 
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The.'»o  hoilors  aro  hori/.ontHlly  hiifllod  thnniKhmil  with 
a.'^t-iron  hafllo  tilo,  which,  cDiitrary  to  prediction,  does 
not  warp,  burn,  crack  <>r  fall  out.  These  tile  were 
I'ritfinally  placed  on  the  third  row  from  the  bottom, 
but  have  been  removed  recently  to  the  fifth  row  to 
liotter  equalize  the  k"s  velocities  in  the  settiuK- 

To  facilitate  the  cotitrol  of  the  operating  conditions 
in  the  furnace,  there  are  mounted  on  a  control  board. 
Fig.  7,  convenient  to  the  stoker-driving  enKine  and  in 
front  of  the  boiler,  a  steam-Mow  meter,  blast-pressure 
recorder,  water-level  recorder,  steam-pressure  recorder, 
illuminated-dial  pressure  pape,  CO.  recorder  and  a 
boiler-ethciency  meter.  These  instruments  provide  the 
fireroom  attendant  with  practically  all  the  operating 
data  required  for  the  efficient  operation  of  the  unit. 
Hand-operated  stack-damper  control  is  provided  for 
maintaining  not  over  0.05  in.  water  draft  over  the  fire. 
As  is  frequently  the  case  with  hand-operated  installa- 
tions, this  arrangement  is  not  entifely  successful,  and 
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FIG.   7.     CONTROL  BOARD   IX  BOILER   ROOM 

automatic  means  for  controlling  the  stack  damper  are 
under  consideration. 

The  old  boiler  room  was  provided  with  a  2000-hp. 
open  feed-water  heater,  a  V-notch  meter  of  100,000  lb. 
per  hour  capacity,  and  a  continuous  water  softener  rated 
at  4000  gal.  per  hour,  of  the  lime-and-soda  type.  This 
equipment  treats,  heats  and  meters  the  feed  water,  which 
is  reduced  to  about  two  grains  per  gallon  of  hardness, 
and  delivered  to  the  boiler  at  a  temperature  of  from 
190  to  220  degrees. 

Of  the  new  unit  the  performance  has  been  uniformly 
good.  The  superheat  is  quite  constant,  seldom  varying 
50  deg.  from  one  day's  end  to  another,  and  frequently 
running  for  days  at  a  time  with  less  than  10  deg.  varia- 
tion. Considering  that  there  is  no  automatic  means 
for  regulating  the  superheat,  but  that  the  radiant  energy 
of  the  fire  and  the  amount  of  steam  passing  are  the 
only  controlling  factors,  this  performance  seems  quite 
remarkable.  The  variation  in  the  average  superheat 
due  to  a  change  in  load  equal  to  100  per  cent,  of  the 
rating  of  the  boiler  causes  little  change  in  the  super- 
heat. In  fact,  this  change  in  load  could  not  be  detected 
with  certainty  from  the  readings  pf  the  recording 
thermometer.     Tests  recently  run  on  this  unit  at  ap- 


proximately 180  per  cent,  of  the  boiler  rating  showed 
a  combined  efficiency  of  74.8  per  cent,  with  coal  of 
9050  B.t.u.  as  fired,  14  per  cent.  moiHture  and  20  per 
cent.  ash.  The  refuse  produced  in  this  tcHt  showed 
only  7  per  cent,  of  combustible. 

Recently,  some  very  poor  coal  wa»  received  and 
burned  at  thi.s  plant.  An  analy.sis  showed  16  per  cent, 
moisture,  45  per  cent,  ash  and  a  heat  value  of  4900 
B.t.u.  per  lb.  as  fired.  With  this  fuel  the  unit  pro- 
duced 950  boiler  horsepower,  103  deg.  superheat  and 
showed  a  combined  efficiency  of  about  80  per  cent.  These 
results  were  not  obtained  in  a  test,  but  were  figured 
on  the  face  of  the  flow-meter  returns  for  24  hours. 
This  flow  meter  has  been  checked  again.st  weighed  test 
results  and  has  been  found  to  be  about  1  per  cent.  slow. 
A  greater  output  could  have  been  obtained  with  this 
fuel  had  it  been  possible  to  dispose  of  the  ash  as  rapidly 
as  it  was  formed,  but  the  limitations  impo.sed  by  the 
ash-handling  end  of  the  stoker,  when  called  upon  to 
handle  nearly  300  per  cent,  more  a.sh  than  it  was  de- 
signed for,  limited  the  output  to  the  figure  given. 

Economies  figured  on  the  basis  of  the  flow-meter 
readings  have  run  for  28  days  at  70  per  cent,  or  better 
combined  efficiency.  Sufficient  tests  have  not  been  made, 
as  yet,  to  determine  at  what  output  the  maximum 
economy  will  be  reached  for  this  setting,  but  it  seems 
likely  that  it  lies  near  or  beyond  200  per  cent,  of  rating. 

The  labor  required  to  operate  this  plant  for  24  hours 
is  three  firemen  and  three  helpers,  or  two  men  per  shift. 
On  one  shift  there  are  also  one  coal  passer  (crane  man) 
and  one  car  trimmer.  This  force  is  sufficient  to  handle 
all  the  coal  required  and  the  a.shes  produced  by  the  unit. 
Indications  are  that  no  greater  force  will  be  necessary 
when  the  four  units  have  been  installed.  The  economies 
effected  by  the  coal-handling  apparatus  alone  on  this 
unit  approximate  $1300  per  month.  When  operating, 
the  new  unit  displaces  six  300-hp.  boilers  burning  the 
same  fuel  in  the  old  boiler  room  and  has  increased  a 
two  weeks'  average  evaporation  by  0.9  lb.  at  the  end 
of  a  second  period  of  two  weeks.  The  labor  required 
for  the  old  boiler  room  is  nine  firemen  and  six  ashmen 
each  24  hours,  from  one  to  three  coal  passers  and  from 
six  to  10  coal  .shovelers  for  12  hours  out  of  the  24. 

The  performance  of  the  unit  has  justified  the  judg- 
ment on  which  the  design  was  based.  There  remain, 
however,  some  details  to  be  worked  out  before  the 
mechanical  operation  will  be  entirely  satisfactory. 
These  details  are  of  minor  moment,  wholly  mechanical 
in  nature,  and  present  no  unusual  features. 


From  general  reports  France  is  poor  in  coal  but  not 
in  water  power.  The  best  estimate  places  the  hydro- 
electric resources  of  the  countrj^  at  five  million  primary 
horsepower  and  from  four  million  to  five  million  second- 
ary, the  first  of  these  being  available  the  year  round  and 
the  second  for  six  months  of  the  year.  Of  this  total  only 
750,000  horsepower  had  been  developed  in  1913.  During 
the  war,  on  the  initiative  of  the  government,  415,000  ad- 
ditional horsepower  was  developed,  and  other  projects  are 
now  under  way  from  which  125,000  hp.  should  be  realized 
in  1919  and  225,000  hp.  by  1921.  This  will  carry  the 
total  water-power  development  to  some  1,600,000  horse- 
power. 


Production  of  gasoline  from  natural  gas  increased 
from  7  million  gallons  in  1911  to  104  million  gallons 
in  1916. 
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Causes   of  Direct -Current   Generators   Failing  To 
Build  Up  Their  Voltage 

By  robin  beach 

Associate  Professor.  Department  of  Elei  trkal  Engineering,   Polytechnic   Institute.   Brooklyn,   New   York 


Tells  how  a  direct-current  generator  builds  up 
its  voltage,  gives  a  number  of  causes  vhij  a  ma- 
chine may  fail  to  come  up  to  voltage  and  explains 
how  to  locate  these  faults. 


THE  two  common  types  of  direct-current  gener- 
ators now  found  in  practical  operation  are  shunt- 
excited  machines  and  compound-excited  machines. 
The  latter  may  have  the  shunt  field  connected  directly 
across  the  brushes — short  shunt — as  in  Fig.  1,  or 
connected  across  the  armature  and  series  field — long 
shunt — as  in  Fig.  2.  When  operating  at  no  load,  that 
is,  with  the  generator  switch  open,  ::  compound-wound 
generator  is  virtually  a  shunt-excited  machine  because 
the  series  fields  do  not  function  except  under  load 
conditions.     Consequently,  any  discussion  based  on  the 


FIG.  1.  COMPOUND-WOrXD  DIRECT-CURREXT  GENERATOR 
CON.VECTED    SHORT-SHUNT 

no-load  conditions  of  a  shunt-wound  generator  will 
apply  unconditionally  to  the  compound-wound  generator. 

The  establishment  of  potential  difference  at  the  ter- 
minals of  a  generator  is  affected  by  virtue  of  the 
revolving  conductors  on  the  armature  cutting  the 
magnetic  field  of  the  polepieces.  This  voltage  varies 
as  the  number  of  lines  of  force  cut  per  second.  That 
is,  for  a  given  value  of  magnetism,  doubling  the  rota- 
tional speed  of  the  armature  will  exactly  double  the 
voltage  generated,  or  for  a  given  constant  speed  the 
voltage  generated  will  be  doubled  if  the  magnetic-field 
strength  is  doubled. 

A  direct-current  generator  is  self-exciting  only  by 
virtue  of  the  fact  that  the  iron  polepieces  retain  a 
certain  amount  of  magnetism  when  the  field  coils  are 
not  carrying  current,  so  that  as  the  armature  rotates 
and  reaches  normal  speed,  a  small  voltage  is  generated 
and  becomes  available  at  the  terminals  of  the  machine. 
This  small  potential  impressed  across  the  field  coils  will 
cause  a  small  current  to  flow  through  the  field  circuit. 
The  magnetism  which  is  produced  due  to  the  magneto- 
motive force  of  this  current  through  the  field  turns 
adds  to  that  of  the  residual  magnetism  and  more  volt- 
age is  produced,  which  in  turn  sends  more  current 
through  the  field  coils.     This  process  of  "building-up" 


voltage  would  increase  indefinitely,  but  for  the  fact 
that  the  field  flux  does  not  increase  indefinitely,  as 
shown  in  the  curve.  Fig.  3.  It  will  be  seen  from  this 
curve  that  at  first  the  volts  increase  very  rapidly,  but 
gradually  reach  a  point  where  there  is  practically 
no  charge.  This  zone  is  known  as  the  point  of  satura- 
tion; that  is,  the  iron  in  the  magnetic  circuit  is  mag- 
netized to  a  strength  where  the  flux  cannot  be  increased. 
It  is  somevi^here  near  the  point  of  saturation  that  the 
voltage  of  a  generator  reaches  its  maximum  value. 
Values  below  this  are  obtained  by  connecting  an  ad- 
.iustable-resistance — field  rheostat — in  series  with  the 
field  winding,  as  in  Figs.  1  and  2. 

If  a  shunt-  or  compound-wound  machine!  fails  to 
build  up,  the  effect  may  be  traced  to  one  or  more  of 
several  causes.  Following  are  a  number  of  causes  why 
direct-current  generators  may  fail  to  come  up  to  volt- 
age:    (1)    Loss  of  residual  magnetism;    (2)    magneto- 


PIG.  2.  COMPOUND-WOUND  DIRECT-CURRENT  GENERATOR 
CONNECTED  LONG-SHUNT 

motive  force  produced  by  the  field  coils  opposed  to  the 
residual  magnetism  of  the  polepieces;  (3)  external 
resistance  connected  in  the  field  circuit  too  high  (such 
as  a  rheostat  all  cut  in) ;  (4)  brush-contact  resistance 
unduly  high  because  of  dirt  and  grease  accumulation; 
(5)  poor  fit  of  the  brushes  on  the  commutator;  (6) 
vibration  of  machine  due  to  unstable  foundation,  worn 
bearings,  high  commutator  bars  or  high  mica;  (7) 
external  circuit  closed  through  a  low  resistance;  (8') 
too  low  rotational  speed;  (9)  open  in  the  shunt-field 
circuit;  (10)  brushes  off  the  neutral  position;  (11) 
loose  connections  of  brush  pigtails  or  armature  circuit 
to  the  machine  terminals. 

1.  The  generator  switch  should  in  every  case  be  open 
preliminary  to  the  starting  of  the  machine.  When  the 
generator  is  running  at  its  norm.al  rated  speed,  with 
the  field  circuit  open,  a  voltmeter  placed  across  the 
armature  terminals  should  read  a  .small  voltage  of  the 
order  of  5  to  15  or  20  volts,  depending  on  the  normal 
voltage  of  the  machine.  If  a  very  low  voltage  or  no 
voltage  reading  is  obtained,  the  polepieces  have  lost 
their  residual  magnetism.  The  field  coils  must  then 
be  separately  excited  from  another  generator  or  from 
a  battery  source.  If  the  machine  is  operating  in  paral- 
lel with  another  generator,  the  field  can  be  excited  the 
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proper  polarity  by  opcninp  the  nrmaturc  circuit  and 
do.MiiiK  the  .switch,  a.s  on  mnchiiio  A  in  KiK.  4.  In 
doinp  this  care  must  lu'  exercised  to  be  sure  that  the 
armature  circu.t  is  open  before  closing  the  switch  or 
the  machine  mijrht    l)e  seriously   damaged. 

2.  If  the  generator  is  operating  at  normal  speed  with 
the  voltmeter  acro.ss  its  terminals  showing  a  residual 
voltage,  but  when  the  tield  circuit  is  closed  this  voltage 
i.s  reduced,  the  current  is  then  flowing  through  the 
field  coils  in  the  wrong  direction  .so  that  their  magneto- 
motive force  bucks  the  residual  magnetism.  To  remedy 
this  condition  the  field  terminals  must  be  reversed. 

3.  The  field-rheostat  resistance  should  all  be  cut  out 
of  circuit  when  starting  the  generator  so  that  the  small 
residual  voltage  will  send  the  largest  possible  current 
through  the  field  windings. 

4.  Frequently,  a  machine  will  collect  oil  and  dust  par- 
ticles to  form  a  thin  film  under  the  brushes,  so  that 
when  the  residual  voltage  tends  to  send  a  current 
through  the  field  coils  the  resistance  at  the  brush  con- 
tact surface  is  so  high  that  the  process  of  building  up 
is  rendered  impossible.  The  commutator,  brushes  and 
brush-holders  may  be  cleaned  with  gasoline. 

5.  Many  times  it  is  found  that  the  brushes  are  mak- 
ing contact  on  only  a  limited  portion  of  the  surface, 
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Amperes  in  Field  Coils 

FIG.    3.    VOLTAGE    OR    SATURATION    CURVE    OF    A 
''^      DIRECT-CURRENT  GENERATOR 

owing  to  a  poor  fit  to  the  commutator,  collection  of 
dirt  or  to  picking  up  copper  particles  from  the  commu- 
tator. In  this  case  strips  of  sandpaper  should  be  pre- 
pared a  little  wider  than  the  brushes  and  a  good  fit 
procured  by  sandpapering  each  brush  only  in  the  direc- 
tion of  rotation,  lifting  it  on  the  return. 

6.  Not  infrequently  is  it  found  that  the  brush-contact 
resistance  is  made  critically  high  because  of  vibration 
of  the  armature  from  one  or  more  of  various  reasons. 
This  mechanical  difficulty  may  be  observed  and  corrected 
if  it  is  caused  by  the  foundation  or  badly  worn  bearings. 
Sometimes  the  brushes  are  made  to  vibrate  because  of 
high  commutator  bars  or  mica-insulation  projection. 
Wlien  this  is  the  case  the  commutator  must  be  turned 
dowTi  on  a  lathe  or  ground  by  using  a  stone.  Pressing 
on  the  brushes  will  usually  affect  the  voltage  in  case 
of  vibration  difficulties. 

7.  If  the  external  circuit  is  left  closed  through  a 
low  resistance,  the  residual  voltage  at  the  terminals 
of  the  machine  will  not  be  maintained,  because  of  the 
internal  voltage  drop  in  the  armature,  and  the  machine 
■will  not  build  up.  The  machine  must  always  be  dis- 
connected from  its  load  before  starting. 


8.  When  the  speed   in  low,   the  voltage  generated 
proportionately    low,    which    is   Hubstantially   equivalent 
to   an    IncreaHod    resistance    in    the   shunt-field    circuit 
That  is,  a  machine  may  build  up  with  a  given  rheostat 
setting  at  a  high  speed     but  when  the  speed  is  reduced, 
it  may   not  build   up  until  the  resistance   is  decrease! 
below   the  critical   value   for  this  speed.     The   remed 
is  to  get  the  machine  up  to  normal  speed. 

9.  An  open-circuit  in   the  shunt-field  circuit  may  be 
located  by  connecting  the  field  coils  to  a  source  of  power 


It 
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FIG.    4.      EXCITI.NG    FIELD    COILS    WHEN    TWO    MACHINES 
ARE    CONNECTED    IN    PARALLEL 

and  taking  voltage  reading  acro.ss  the  coil  terminals 
until  the  open-circuit  is  found,  as  in  Fig.  5.  The 
voltmeter  will  read  practically  full  voltage  when  con- 
nected across  the  terminals  of  the  defective  coil.  A 
lamp  may  be  used  for  the  same  purpose,  and  will 
light  up  when  connected  across  the  defective  coil's 
terminals;  its  brilliancy  will  depend  upon  the  resistance 
of  the  coils. 

10.  When  the  brushes  are  moved  off  the  neutral  posi- 
tion, the  voltage  available  at  the  machine  terminals 
is  less  than  when  the  brushes  are  located  on  the  neutral. 
The  farther  off  the  neutral  they  are  the  less  the  volt- 
age will  be  until  at  90  electrical  degrees  the  voltage  is 
zero.  The  brushes  should  be  set  on  the  commutator 
where  the  maximum  voltage  occurs. 

11.  Sometimes  when  the  foregoing  remedies  do  not 
clear  the  trouble,  it  may  be  traced  to  poor  connections 


FIG.    5.      METHOD    OP   TESTING   FOR   DEFECTIVE    FIELD 
COILS   WITH    A   VOLTMETER 

in  the  brush  circuits  due  to  brush  pigtails  loosening  or 
to  faulty  connection  to  rocker-arm  studs. 

An  attempt  to  separately  excite  the  machine  at  the 
early  stage  of  the  investigation  will  very  often  elimi- 
nate many  of  the  foregoing  factors  at  once  and  make 
the  solution  quite  simple. 

Very  recently,  the  author  was  called  upon  to  investi- 
gate the  failure  of  a  machine  to  build  up.     It  was  a 
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1400  r.p.ni.  Speeds  above  700  r.p.m.  are  obtained  by 
600-ampere  6-volt  machine  for  electrolytic  purposes. 
The  difficulties  found  were:  First,  the  machine 
vibrated  badly  because  of  poor  foundation;  second,  the 
brushes  were  considerably  off  neutral;  third,  the  brush 
fit  was  very  poor.  After  remedying  these  defects,  the 
machine  came  up  to  voltage;  however,  as  soon  as  a  load 
of  15  amperes  was  put  on  it,  the  voltage  immediately 
fell  to  zero.  The  series  fields  were  reversed,  but  the 
same  thing  happened.  The  brushes  were  moved  to 
observe  the  effect  on  the  voltage,  but  this  did  not 
improve  matters.  It  was  finally  concluded  that  a  very 
large  drop  occurred  at  the  brush-contact  surface.  This 
was  taken  up  with  the  company  from  whom  the  ma- 
chine was  purchased,  and  it  was  found  that  through 
an  error  carbon  brushes  had  been  sent  out  with  it. 
The  substitution  of  metal-graphite  brushes  immediately 
solved  the  whole  problem.  For  carbon  brushes  a  drop 
of  two  volts  is  a  fair  average  per  set  of  brushes  while 
for  metal-graphite  it  is  only  about  0.2  volt.  Brush- 
contact  drop  is  a  point  of  vital  concern  on  a  low-voltage 
mpchine. 

Reliance  Automatic  Coal  Scale 

A  coal  scale  for  power-plant  use  has  been  developed 
recently  by  the  James  A.  Brady  Foundry  Co.,  of  Chi- 
cago.    It  is  known  as  the  Reliance  automatic  coal  scale 


desired.  The  second  part  of  the  downward  travel  of 
the  weigh  hopper  trips  the  balanced  gate  serving  as  a 
hopper  bottom,  and  the  coal  is  all  dumped  out.  When 
the  last  piece  of  coal  clears  the  hopper  bottom,  the 
weigh  hopper  starts  to  return  to  its  original  position. 
The  slightly  overbalanced  bottom  first  closes,  and  then 
the  driving  clutch  is  thrown  in  and  the  coal  feed  is  re- 
sumed. It  is  possible  to  adjust  the  compensating  weight 
at  the  second  trial  weighment,  and  when  this  is  once 
adjusted  the  scale  will  continue  to  operate  accurately  as 
long  as  coal  is  delivered  to  it. 

Should  the  chute  or  hopper  below  the  scale  become 
filled,  the  weigh  hopper  will  not  completely  discharge 
and  the  hopper  bottom  will  remain  open  as  long  as  there 
is  any  coal  resting  on  it.  As  the  fireman  removes  the 
coal  from  the  bottom  of  the  chute,  the  coal  will  gradu- 
ally work  out  of  the  hopper  and  when  the  last  particle  is 
out,  the  bottom  will  close  as  previously  described.  It 
takes  about  ten  seconds  for  a  dump  to  be  made,  so  that 
it  is  readily  possible  to  make  100  weighments  an  hour, 
including  the  filling  of  the  hopper.  In  ordinary  oper- 
ation the  number  of  weighments  will  depend  upon  the 
rate  of  feed  to  the  stokers,  and  this  is  automatically 
controlled  as  previously  described. 

The  scale  is  all  cast-iron  construction  and  has  a 
straight-sided  hopper.  Hardened-steel  knife-edges  are 
housed  in  a  cast-iron  box  with  a  felt  washer  so  placed 


PIG'.   1.      SCALE  SHOWING  ROTATING 

DISK.  SCRAPER  AND  TOP  OF 

AVEIGH   HOPPER 


FIG.    2.      FRONT  VIEW   OF  SC.A.LE 

SHOWING  DRIVING  GEARS 

AND  MOTOR 


FIG.  3.   SIDE  VIEW  OF  SCALE 

SHOWING  HOPPER  BOTTOM 

AND  COUNTER 


and  for  continuous  weighing  is  claimed  to  be  accurate 
within  one  per  cent.  Coal  comes  to  the  scale  from  the 
overhead  bunker  through  a  pipe  that  is  attached  to  a 
casting  forming  a  part  of  the  scale  frame.  This  casting 
stands  about  five  inches  above  a  horizontal  circular 
rotating  disk  which  supports  the  coal  in  the  form  of  a 
conical  pile  (see  Fig.  1).  Above  the  disk  there  is  a 
stationary  casting  which  serves  to  scrape  off  a  certain 
amount  of  coal  as  the  disk  is  revolved  on  its  axis  by  a 
motor  or  through  a  belt  connection  to  a  lineshaft.  From 
the  disk  the  coal  falls  into  a  cast-iron  weigh  hopper 
having  vertical  sides  and  rounded  corners,  as  shown. 

As  the  unit  weighment  is  approximated,  the  balanced 
scale  beam  begins  to  tip  down.  The  first  part  of  this 
motion  throws  out  the  clutch  driving  the  speed  disk  and 
stops  the  discharge  of  coal  into  the  hopper.  A  sliding 
weight  serves  to  compensate  for  the  amount  of  coal 
momentarily  in  suspension  and  makes  the  net  weight 
of  coal  actually  delivered  to  the  hopper  the  exact  amount 


as  to  exclude  the  dust  from  the  coal.  From  the  illus- 
trations it  will  be  apparent  that  the  apparatus  has  a 
heavy  frame  of  box  section  to  prevent  distortion  of  the 
weighing  element  should  the  scale  happen  to  be  un- 
evenly supported-  To  reduce  the  amount  of  counter- 
weight necessary  and  lighten  the  stress  on  the  wear- 
ing parts,  the  ratio  of  the  two  arms  of  the  balanced 
lever  is  four  to  one.  The  operating  shaft  is  inclosed 
in  a  dustproof  case  and  it  is  carried  in  ball  bearings. 
Upon  request  a  set  of  flanged  wheels  are  attached  to  the 
scale  frame,  making  it  possible  to  roll  the  scale  out 
from  under  the  coal  chute  should  it  be  desired  to  use 
it  in  more  than  one  locality.  An  automatic  counter  is 
furni.sh3d  with  each  scale,  and  this  may  be  attached 
diBectly  to  the  frame,  as  shown  in  Fig.  3,  or  it  may  be 
located  on  the  boiler-room  wall  where  it  can  be  seen 
easilv  and  read  by  the  boiler  attendant. 


Furnish  the  finish — the  Victory   Liberty   Loan. 


522 


?  O  W  T^  R 


Vol.  49,  No.  14 


Refrigerating  Equipment 

o/^  the 

Pennsi/lvania  Note  I 


A  FEW  years  ukc  the 
story  of  making  ar- 
.  tificial  ice  sounded 
to  the  layman  very  much 
like  a  tale  by  Jules  Verne 
or  some  other  equally  great 
romancer  in  natural  laws. 
Yet  today  artificial  ice  and 
refrigeration  have  become 
.such  important  factors  in 
our  existence  as  to  rank 
with  sanitation,  pure-water 
supply,  etc.,  and  are  ac- 
cepted in  the  same  common- 
place way  as  all  other 
necessities  for  human 
existence.  Probably  one  of 
the  best  examples  of  the 
importance  of  artificial  re- 
frigeration is  found  in  a 
modern  hostelry  such  as  the 
Hotel  Pennsylvania,  New 
York  City.  One  has  only  to 
consider  that  if  the  total 
capacity  of  the  refrigera- 
tion plant  in  this  hotel  was 
utilized  for  ice  making,  100 
tons  of  ice  could  be  pro- 
duced everj'  24  hours,  suffi- 
cient to  supply  a  city  of  50,- 
000  population  with  ice  for 

family  use.  As  pointed  out  in  the  article,  "Mechanical 
Equipment  of  a  Modern  Hotel,"  in  the  Feb.  18,  issue, 
the    decision 

on    how   the  f^'fee<^. 

power  -  plant  .•-■■"'> 

equ  i  p  m  e  n  t 
should  be 
driven  was 
made  only 
after  a  very 
careful  study 
of  the  hotel's 
exhaust-steam 
requirements, 
by  the  con- 
sulting engi- 
neers, Messrs. 
T  e  n  n  y  and 
0  h  m  e  s,  on 
heating,  venti- 
lating and  re- 
f  riger  a  t  i  n  g 
equi  p  m  e  n  t, 

and  by  Charles  E.  Knox  on  the  electrical  equipment,  for 
the  architects,  McKim,  Mead  &  White.  As  a  result 
of  these  investigations  it  was  found  that  the  refrigera- 
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FIG. 


tion  machinery  could  be 
most  economically  driven  by 
steam  engines,  since  all  the 
exhaust  steam  can  be  used 
through  the  year  for  heat- 
ing and  cooking  purpo.ses. 
The  refrigeration  ma- 
chines are  three  in  number, 
each  having  a  capacity  of 
65  tons  of  refrigeration  at 
normal  speed.  Each  unit 
consists  of  two  vertical 
single-acting  ammonia  com- 
pressors directly  connected 
to  each  end  of  the  crank- 
shaft of  a  horizontal  Corliss 
engine  (see  headpiece)  op- 
erating on  a  steam  pressure 
of  150  lb.  per  sq.in.  The 
condenser  is  of  the  double- 
pipe  countercurrent  type, 
having  a  capacity  of  200 
tons.  Two  receivers  are 
used,  each  20  in.  diameter 
by  15  ft.  long,  built  of  steel, 
with  welded  heads  tested  to 
a  hydrostatic  pressure  of 
500  lb.  per  square  inch. 
There  are  three  brine  cool- 
ers— one  for  the  low-pres- 
sure brine  system,  one  for 
the  high-pressure  brine  system  and  one  for  the  ice-cream 
freezers — having  a  total  of  14  sections.    The  coolers  are 

of  the  double- 
pipe  counter- 
current  type, 
each  section 
being  10  pipes 
high  by  20  ft. 
long,  made  up 
of  li  in.  x  2A- 
in.  pipe.  For 
circul  a  t  i  n  g 
thebrinethere 
are  sixpumps, 
three  steam- 
driven  e  n  d- 
Dacked  plun- 
ger type  and 
three  motor- 
driven  centri- 
fugal pumps. 
The  h  i  g  h- 
pressure  cen- 
trifugal pump  is  provided  with  a  cast-steel  casing  that 
will  withstand  a  static-head  pressure  of  500  ft. 
All    the    centrifugal    pumps    run    at    a    maximum    of 
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1400  r.p.m.  Speeds  above  700  r.p.m.  are  obtained  by 
shunt-field  control  of  the  motors. 

The  plunger  pumps  are  full  brass  fitted,  with  brass- 
lined  water  cylinders,  seat  valves  and  water  pistons  and 
bronze  piston  rods.  The  centrifugal  pumps  have  bronze 
impellers  mounted  on  bronze-covered  steel  shafts. 

There  are  approximately  100  refrigerating  boxes 
throughout  the  building,  totaling  35,000  cu.ft.  contents. 
They  contain  coils,  made  up  of  11-in.  extra-strong  gal- 
vanized pipe,  sufficient  to  maintain  the  specified  tem- 
perature in  the  boxes.  Typical  refrigerators  are  shown 
in  Fig.  1.  The  ice-cream  boxes  are  designed  to  main- 
tain a  temperature  of  10  deg.  F. ;  others  are  for  tem- 
peratures suitable  for  the  material  they  are  to  contain. 
The  pastry  cooks'  refrigerator,  for  example,  does  not 
require  a  temperature  lower  than  50  or  40  deg.  F.  Brine 
is  the  cooling  medium  for  these  boxes  (no  ammonia  is 
used  above  the  basement),  and  it  is  circulated  in  three 
systems  of  piping:  The  high-pressure,  for  all  parts  of 
the  building  above  the  first  floor;  the  low-pressure,  for 
the  first  floor  and  below,  including  the  20  x  34-ft.  ice- 
skating  rink  in  the  basement  grillroom ;  and  the  ice- 
cream system,  for  all  boxes  requiring  20  deg.  F.  or 
lower  temparature.  Each  system  has  duplicate  circulating 
pumps;  one  is  steam-  and  the  other  electrically  driven. 

The  ice-making  equipment  is  comparatively  small,  as 
the  demand  for  ice  is  limited  to  a  few  special  uses  in 
dining  rooms,  etc.  The  freezing  tank  is  approximately 
55  ft.  long,  12  ft.  wide  and  4  ft.  deep  and  will  take  200 
cans  of  300  lb.  each.  It  is  fitted  with  800  lin.ft.  of 
li-in.  direct-expansion  ammonia  coils.  An  electric 
traveling  crane   over  the  freezing  tanks   handles   two 
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FIC.   2.      nRI.N'KING-W^ATER  COOLING  SYSTEM 

cans  of  ice  at  once,  conveying  them  to  the  "hot  well" 
for  thawing  the  ice  free  from  the  cans.  The  water  in 
the  hot  well  is  kept  hot  by  submerged  steam  pipes,  and 
two  cans  of  ice  may  be  lowered  into  it  at  once,  but  none 
of  the  hot  water  comes  into  contact  with  the  ice.  The 
cans  are  then  carried  by  the  crane  to  the  "can  dump," 


from    which    the    ice    is    delivered    by    gravity    to    the 
storage  room. 

Air  agitation  for  the  water  in  the  ice  cans  is  sup- 
plied by  a  motor-driven  compressor.  The  air  is  taken 
from  the  fresh-air  duct  of  the  engine  room  and  piped 
through  the  ice-storage  room,  where  it  is  chilled  before 


FIG.    3.      ARRANGEMENT    OF   SAFETY    CONNECTIONS 

entering  the  compressor  so  that  it  is  delivered  to  the 
ice  cans  nearly  moisture  free  and  in  a  condition  to 
secure  the  maximum  amount  of  clear  ice.  The  water 
for  ice  making  is  first  passed  through  a  primary  and 
a  secondary  set  of  filters  of  24  units  each,  thence  to 
the  ice-making  water-supply  tank,  where  it  is  precooled 
to  40  deg.  by  a  direct-expansion  ammonia  coil  before 
being  delivered  to  the  freezing  cans.  A  motor-driven 
centrifugal  pump  is  used  to  agitate  the  brine  in  the 
freezing  tank. 

An  ice-cutting  room  is  located  near  the  storage  room, 
in  which  there  are  two  "cubers"  and  two  crushers.  One 
of  the  cubers  has  a  cutting  capacity  of  6000  H-in.  and 
the  other  5000  2-in.  cubes  per  hour.  The  crushers  have 
an  hourly  capacity  of  five  tons  each. 

The  drinking  water  is  first  passed  through  filters, 
then  cooled  to  40  deg.  F.  in  a  circular  galvanized-iron 
tank  containing  1580  lin.ft.  of  2-in.  direct-expansion 
ammonia  pipe  coils.  These  coils  are  helical  and  four  in 
number,  each  independent  of  the  other,  with  outside 
connections  to  the  ammonia  system,  so  that  any  or  all 
may  be  put  into  service  as  desired.  Fig.  2  shows  the 
pressure  drinking-water  cooling  tank  in  the  basement, 
with  pipe  sizes  indicated,  a  typical  set  of  risers,  and  the 
expansion  tank  at  the  top  of  the  building.  It  will  be 
seen  by  tracing  the  piping  to  and  from  the  circulating 
pumps  that  the  water  may  be  fed  through  the  cooling 
tank  into  the  risers  and  returned  through  a  common 
return  pipe  from  the  expansion  tank,  or  it  may  be  dis- 
charged through  the  cooling  tank  to  the  expansion  tank, 
thence  downward  through  the  service  pipes  as  may  be 
desired.  The  service  pipes  supply  approximately  2300 
taps  with  water  at  about  40  deg.  F.  This  piping  is 
arranged  in  groups  above  the  third  floor  as  shown  and 
valved  top  and  bottom  so  that  any  riser  may  be  shut 


624 


I'O  \V  K  U 


Vol.  4'.).  No.  1-1 


off  independently,  or  the  wholo  .section  may  be  shut  off 
at  the  main  valve.s. 

A  safety  valve  i.s  connected  between  the  ammonia  dis- 
charge or  compression  piping,  near  each  compressor, 
and  the  low-pressure  or  suction  piping,  to  relieve  the 
system  of  overpressure.  Also  there  is  an  arrangement 
of  pipinpr  for  discharKinjr  all  the  ammonia  under  pres- 
sure into  a  mi.xer.  where  sufficient  water  may  be  added 
to  ab.-^orb  all  the  jras  and  can-y  it  off  to  the  .sewer.  This 
piping  is  extended  to  an  emergency  valve  located  out- 
side of  the  building  at  the  sidewalk,  as  .shown  in  Fig.  3, 
and  provided  with  a  standard  fire  department  siame.se 
so  that  the  ammonia  system  may  be  emptied  into  the 
sewer  from  this  point  by  a  fireman  or  police  officer  in 
case  of  emergency,  as  is  required  by  the  New  York  City 
regulations. 

(An  article  describing  the  electrical  and  elevator 
equipment  in  this  hotel  will  appear  in  an  early  issue.) 

Electrical  Recording  of  Boiler-Heat 
Losses 

By  John  B.  C.  Kershaw 

An  interesting  type  of  instrument  for  measuring  and 
recording  the  heat  losses  in  chimney  gases,  depending 
upon  a  new  principle,  has  been  devised  by  a  French 
chemist,  M.  Chopin,  and  was  described  before  a  recent 
meeting  of  the  "Acadetnie  des  Sciences." 

The  working  of  the  instrument  is  based  on  the  meas- 
urement of  two  electric  currents,  the  intensity  of  the 
one  being  dependent  upon  and  varying  with  the  tem- 
perature of  the  waste  gases,  and  the  intensity  of  the 
other  being  dependent  upon  and  varying  with  the  per- 
centage of  CO,  contained  in  the  same  gases. 

The  first  measurement  is  obtained  by  means  of  an 
ordinary  thermocouple  placed  in  the  path  of  the  gases, 
and  the  second  is  obtained  by  measuring  the  electrical 
resistance  of  a  solution  of  caustic  soda  of  known 
strength  and  volume,  through  which  a  definite  volume 
of  the  chimney  gases  is  passed.  The  absorption  of  CO, 
by  the  caustic  soda  and  the  formation  of  sodium  carbon- 
ate cause  an  increase  in  the  electrical  resistance  and 
therefore  a  diminution  in  the  current  that  can  be  passed 
through  the  solution  with  a  constant  electromotive  force, 
for  the  conductivity  of  sodium  carbonate  in  solution  is 
only  one-third  that  of  caustic-soda  solutions. 

The  most  striking  and  original  feature  of  the  instru- 
ment, however,  is  that  by  which  the  results  of  the  two 
measurements  are  automatically  converted  into  per- 
centage heat  losses,  which  can  thus  be  read  off  by  the 
engineer  or  fireman  in  charge  of  the  boilers,  without 
any  necessity  for  complicated  or  involved  calculations. 

The  arrangement  of  the  apparatus  and  mechanism  is 
shown  diagrammatically  in  the  illustration,  where  A  is 
the  indicating  dial,  B  is  the  indicating  finger  that  re- 
cords the  temperature  of  the  gases  on  the  scale  marked 
X,  by  means  of  the  thennocouple  shown  below  it,  and  C 
is  the  indicating  fineer  that  records  the  percentage  by 
volume  of  CO,  in  the  waste  gases,  on  the  scale  marked 
Y  by  means  of  the  electrical-resistance  measurement  of 
the  solution  contained  in  the  vessel  D. 

The  point  where  these  two  indicating  fingers  cross 
each  other  on  the  recording  dial  gives  the  percentage 
of  heat  losses,  since  the  cui-ved  lines  represent  the  re- 
sults of  calculations  for  the  other  fixed  factors  that 
enter  into  the  equation. 


A.s  regards  the  otht-r  parts  of  the  apparatus,  /i'  is 
the  vessel  in  which  the  caustic-.soda  .solution  is  prepared 
and  stored  before  u.se;  J  is  the  pipe  by  means  of  which 
the  waste  gases  are  conducted  into  the  mixing  tube  or 
burette  D,  which  serves  not  only  to  measure  the  volume 
of  chimney  gas,  but  al.so  to  give  a  definite  volume  ami 
length  of  electrolyte  between  the  nickel  electrodes  at  / 
and  G.     After  each   test  the  .solution   of  caustic  .soda, 
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GASES 

containing  more  or  less  carbonate,  is  run  off  from  the 
bottom  of  the  absorbing  and  measuring  burette.  A 
fresh  volume  of  gas  is  then  admitted,  and  this  is  treated 
with  the  caustic-soda  solution,  pumped  over  from  the 
vessel  E  by  aid  of  a  hand  pump. 


It  is  reported  that  the  Missouri  Senate  Committee  on 
Judiciary  recently  submitted  a  favorable  report  on  a  bill 
introduced  by  Senator  Gardner,  of  St.  Louis  County, 
giving  the  State  Public  Service  Commission  the  power 
to  regulate  rates  for  electricity  generated  outside  of 
the  state  and  sold  in  Missouri.  The  object  of  the  bill  is 
to  regulate  the  rates  of  the  Keokuk  Plant,  on  the  Mis- 
sissippi River,  from  which  St.  Louis  and  other  cities  in 
the  eastern  part  of  the  state  obtain  a  large  amount  of 
electric  energy. 
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Combustion  of  Lignites  and  High -Moisture  Fuels 


By  T.  a.  marsh 

Chief  Engineer.   Green   Engineering  Company,  East  Chicago.  lod. 


Types  of  stoker  adaptable  to  the  burning  of 
lignites-  containing  as  high  as  35  per  cent,  mois- 
ture, at  efficiencies  approximating  70  per  cent. 
Pre-drying  is  considered  impractical.  The  dry- 
ing musi  be  done  in  the  furnace  in  which  the 
lignite  is  burned. 


AMONG  the  lowest  grades  of  fuel  with  which 
l\  combustion  engineers  must  work  are  the  lignites 
X  JL  and  high-moisture  coals.  Many  of  these  fuels 
contain  more  than  40  per  cent,  of  moisture  and  less 
than  6000  B.t.u.  per  pound  when  mined.  From  such 
fuel  it  is  evident  that  even  after  obtaining  satisfactory 


Matched  Areas  represent 
Lignite   Deposits 


FIG.    1.      LIGNITE   AREAS  OF  THE   UXITKP   STATES 

combustion,  the  net  heat  delivered  to  the  boiler  is  small, 
due  to  the  low  initial  heat  value  and  the  loss  due  to 
evaporation  of  the  moisture  in  the  coal.  The  problem 
has  presented  such  difficulties  that  there  is  a  prevalent 
opinion  that  lignites  cannot  be  burned  successfully. 
It  is  the  purpose  of  this  article  to  describe  methods  of 
burning  these  fuels  and  to  give  results  obtained  in 
their  combustion. 

The  lignite  deposits  of  North  America  occur  in  five 
main  areas:  North  Territory  and  Alaska,  Alberta  and 
Saskatchewan,  North  Dakota  and  Montana  (Fort  Union 
region),  Texas  region,  Mississippi  and  Southern  Ala- 
bama (Mississippi  River).  The  lignite  areas  of  the 
United  States  are  indicated  on  the  map.  Fig.  1.  There 
are  areas  in  Wyoming  and  Colorado  containing  high- 
moisture  coals,  20  to  30  per  cent.,  that  will  be  discussed 
also  in  this  article. 

Lignites  contain  on  the  average  from  20  to  40  per 
cent,  of  moisture  when  mined.  These  fuels  have  a 
spongy  structure  and  woody  fiber.  They  slack  on  the 
surface  within  a  few  hours  when  exposed,  the  action 
being  similar  to  that  of  lime.  Unfortunately,  the 
drying  process  does  not  penetrate  deeply  into  the  pile, 
but  is  a  surface  action.  On  account  of  the  high  per- 
centage of  moisture  and  the  slacking  property  of  lignite, 
it  cannot  be  transported  successfully  far  from  the  mine, 
so  that  the  development  of  this  fuel  has  been  limited. 

Combustion  of  high-moisture  fuels  divides  itself  into 


two  distinct  processes — the  drying  of  the  fuel  and  the 
burning  of  the  dry  fuel.  There  are  two  methods  of 
approaching  the  problem — by  pre-drying  the  fuel  before 
it  enters  the  furnace  or  drying  it  in  the  furnace. 

Pre-drying  lignite  at  the  rates  desired  in  most  plants 
is  prohibitive  both  on  account  of  the  apparatus  in- 
volved and  on  account  of  the  cost  of  coal  for  the  process. 
Unless,  therefore,  some  waste-heat  method  of  pre- 
drying  is  developed,  there  is  little  to  be  hoped  for 
along  this  line. 

All  furnaces  that  successfully  burn  lignite  have  in 
them  elements  designed  to  dry  the  fuel,  preparing  it 
for  the  later  stages  of  combustion.  Evaporation  can 
occur  only  from  the  surface,  as  the  fuel  burns,  leaving 
exposed  more  moist  fuel  below  to  dry  and  burn.  Com- 
plete combustion  of  all  the  lignite  necessitates  thin  fuel 
beds.  Everyone  having  experience  with  lignites  is 
familiar  with  this  fact.  With  hand  firing  it  is  difficult 
to  keep  the  fire  thin  enough  and  at  the  same  time 
free  from  holes. 

Two  types  of  stoker  are  producing  excellent  results — 
the  plain  chain  grate  and  the  "L"  type  chain  grate  with 
inclined  coking  plates.  On  a  chain  grate  the  volatile 
gases  burn  off  rapidly  after  the  fuel  is  dry,  leaving 
a  bed  of  fuel  burning  with  little  flame,  similar  to 
charcoal.    This  burns  out  to  a  fine,  light,  white  ash. 


FIG.    2.     A   FURNACE    SUCCESSFULLY   BURNING   UGNITE 

The  "L"  type  chain  grate  with  inclined  coking  plates 
at  the  front  has  produced  excellent  results  with  lignites. 
The  coking  plates  tip  up  the  front  part  of  the  fuel 
bed  at  an  angle  to  the  hotter  portion  of  the  fire,  and 
ignition  is  thereby  intensified.  The  incline  serves  as 
a  drying  region  and  the  stirring  action  obtained  by 
the  fuel  cascading  over  the  coking  plates  serves  to 
expose  practically  all  surfaces  of  the  fuel  to  the  drying 
action  of  the  furnace  temperatures.  The  fuel,  therefore, 
reaches  the  grate  ignited  and  ready  for  rapid  combus- 
tion. 

With  these  fuels  extremely  high  draft  is  not  essen- 
tial for  high  combustion  rates,  as  it  is  possible  to 
burn  liberal  amounts  of  "coal  as  fired"  per  square  foot 
of  grate  with  moderate  draft.  Table  I  gives  rough 
estimates  of  the  relation  of  draft  in  the  furnace  to 
the  combustion  rates  of  coal  as  fired. 

In  all  calculations  of  draft  involving  areas  of  boiler 
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passes,  Ihio.s  ami  thimneys,  ullowaiice  must  be  mude 
for  the  hijfh  rute  of  coal  per  horsepower  with  these 
fuels.  For  instaiu-e,  (5.(5  lb.  of  MulakofT  liifnite 
containingr  7124  B.t.u.  and  burned  at  71.3  per  cent, 
elliciency  is  reijuired  per  horsepower  developed.  All 
calculations  should  therefore  be  made  on  pounds  of  coal 
and  not  on  any  predetermined  table  or  rules  based 
on  horsepower  developed. 


Fid      i        FrRNACR    FOR    BURNING    I.IGNITE    UNDER    THE 
.STIRUNG    TV  PR    BOILER 

It  is  only  within  the  last  five  years  that  furnaces 
have  been  developed  to  successfully  burn  these  fuels. 
So  little  has  been  said  regarding  this  development  that 
the  results  obtained  are  not  common  knowledge.  A 
typical  analysis  of  North  Dakota  lignite  is  given  in 
Table  II.  On  account  of  the  high  moisture  content, 
no  successful  commercial  method  has  been  found  for 
burning  this  fuel.  There  are,  therefore,  large  areas 
of  this  lignite  waiting  on  the  further  development  of 

TABLK  I     FVRNACE  DIl.\FT  FOR  VARIOUS  R.\TES  OF  COMBUSTION 
Coal  as  Fired  per  .Sq.  Ft.  Furnace  Draft 


of  Grate  Area,  per  Hr.,  Lb. 
10 
20 
30 
40 


In.  of  Water 
0  06 
0   15 
0  25 
0  37 


the  art  of  combustion.  That  part  of  this  field  which 
extends  beyond  the  Canadian  border,  however,  bears 
lignites  sufficiently  low  in  moisture  to  permit  of  suc- 
cessful combustion.  It  is  called  "Souris  lignite"  and  a 
tJTJical  analysis  is  given  in  Table  III. 

This  fuel  is  being  burned  on  chain  grates  in  many 
plants  with  success.  Large  grate  areas  are,  of  course, 
necessary:   usually  at  least  one  square  foot  of  grate 


FIG.    4.      FURNACE    FOR    BURNING    THE    SOUTHWESTERN 
LIGNITE.'? 

for  each  30  sq.ft.  of  steam-making  surface.  A  type 
of  furnace  successfully  burning  this  fuel  is  shown  in 
Fig.  2.  The  elements  required  in  this  furnace  are  a 
liberal  igniting  arch  and  a  vertical  bridge-wall  or 
preferably  an  arch  at  the  rear,  reflecting  the  heat 
forward  and  deflecting  the  gages  forward  over  the  fuel. 
Such  a  furnace  will  ignite  and  burn  30  lb.  of  the  lignite 
in  Table  III   per  square  foo.t  of  grate  area  per  hour. 


The  lignites  of  Colorado  do  not  contain  as  high  a 
percentage  of  moisture.  30  per  cent,  being  about  the 
maximum.  Tike  View  lignite  of  the  analysis  given  in 
Table  IV  is  typical.  Danville  lignite  contains  a  higher 
percentage  of  ash  and  slightly  lower  moisture  than 
Tike  View.  Both  are  found  in  the  Colorado  Springs 
district. 

Several  years  ago  furnaces  were  developed  that  would 
burn  the.se  fuels  at  good  combustion  rates.  The  figures 
in   Table   V   give   results  obtained  eight  years  ago  on 

TAUI.K  II      TVI'ICAL  ANALYSIS  OF  NOUTM   I)AK(/rA   LIU.NITii 

Mdinturr,  per  cent      41 

Volatile,  per  cent        .• 24 

Filed  eurbon,  piT  ePDt. IJ 

Anh,  per  cent g 

H  t.u,  eomiiieniul 6,241 

B  t  u  ,  dry  biixiM  1 11932 

chain  grates  from  Pike  View  lignite.  Results  from 
modern  furnaces  would  iippreciably  surpass  these  fig- 
ures. 

A  number  of  plants  are  using  this  fuel.  A  typical 
installation  in  connection  with  a  Stirling  boiler  is 
shown  in  Fig.  3.  This  setting  is  giving  high  com- 
bustion rates  and  high  efficiencies  from  the.se  high- 
moisture  fuels. 

In  Texas  the  vast  lignite  fields  are  practically  un- 
developed.    In  this  section  of  the  country  lignite  must 


FIG.   5.     THE  STOKER  HAS   INCLINED  COKING  PLATES 

compete  with  coals  of  Texas,  as  well  as  those  of  Arkan- 
sas, Oklahoma  and  New  Mexico.  In  addition  oil  and 
natural  gas  offer  cheap  fuels,  so  that  the  development 
of  furnaces  for  burning  lignite  naturally  has  been 
retarded.    Many  of  these  lignites  have  been  burned  with 

TABLE  III.     TYPICAL  A.N'ALVSIS  OF  SOURIS  LIGNITE 

Moisture,  per  cent 29  7 

Volatile,  per  cent 30  3 

Fixed  carbon,  per  cent        ;..'....  310 

Ash,  per  cent ' . .  -. 9.0 

B.t.u,  commercial  basis   7,571 

B.t.u,  dry  basis                 10,770 

excellent  results  on  chain  grates.  A  design  of  furnace 
developed  for  these  fuels  is  shown  in  Fig.  4.  In  addi- 
tion to  the  ignition  arch  there  is  a  reversed  arch  from 
the  bridge-wall,  bringing  the  heat  forward  over  the 
fuel  bed.  This  construction  is  to  be  recommended  for 
the  combustion  of  lignites.     An  analysis  of  the  fuel 

TABLE  IV.    ANALYSIS  OF  PIKE  VIEW  LIGNITE 

Moisture,  per  cent 23 .  73 

Volatile,  per  cent 35 .  25 

Fixed  carbon,  per  cent 33 .  23 

.Ash,  per  cent 7 .  79 

B.t.u.,  commercial  basis. .          8,51 1 

B  t  u  ,  dr>- ba.sis             11,160 

burned  and  some  typical  results  with  this  furnace  are 
given  in  Table  VI. 

Some   interesting   results   have   been    obtained   with 
the  coking   type   "L"    chain   grate,    shown   in    Fig.    5. 
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In  addition  to  the  usual  horizontal  chain-grate  surface, 
it  has  an  inclined  coking  plate  approximately  3  ft. 
long.  When  burning  lignites,  this  inclined  surface 
serves  as  an  excellent  drying  zone.  Tipped  up  as  it 
is,  at  an  angle  to  the  hotter  portion  of  the  fire  at  the 
rear,   the   drying  progresses   rapidly,   so   that  by   the 

TABLE  V.     RESULTS  OBTAINED  EIGHT  \'EARS  AGO  FROM  PIKE 
VIEW  LIGNITE 

Type  of  stoker Green  chain  grate 

Type  of  boiler B.  &  W. 

Coal  per  sq.ft.  per  hr.,  lb. 28 

Furnace  draft,  in.  of  water.'  '. 0.  23 

COe  at  danjper,  per  cent 12 

Per  cent,  of  rating  developed 1 28 

Combined  efficiency,  per  cent 69.  7 

time  the  fuel  has  reached  the  horizontal  chain  surface, 
the  moisture  has  been  driven  off  and  the  fuel  has 
become  thoroughly  ignited.  Results  from  this  furnace 
burning  Calvert  (Tex.)  lignite,  are  given  in  Table  VII. 
Considering  the  high  percentages  of  moisture  (24 
to  30  per  cent,  in  the  fuels  previously  discussed)   effi- 

TABLE  VI.     RESULTS  FROM  SPECIAL  FURNACE  DESIGNED  FOR 
BURNING  LIGNITES 

Malakoff  Treadlow 

Moisture,- per  cent 29.93  29.80 

Volatile,  per  cent 30  96  3134 

Fixed  carbon,  per  cent 25  46  23  7 1 

Ash,  per  cent   . ..  ■. 1 1   66  13   15 

B.t.u.,  commercial 7, 1 24  6,906 

B.t.u.,dri' basis. 10,314  9,838 

Green     chain     grate 
B.  &  W. 
12.2 
31.6 
0.24 
69 


Type  of  stoker.  : '. Green  chain    grate 

Type  of  boiler. .-. B.  &  W. 

CO,  at  damper.'.. 11   81 

Coal  per  sq.ft.  per  hr.,  lb 30  6 

Draft  in  furnace,  in  0  32 

Combiiied  efficiency,  per  cent 713 


ciencies  of  67  to  72  per  cent,  are  creditable,  it  being 
impossible  to  develop  the  high  efficiencies  obtained  from 
lovi^-moi&ture  fuels.  Such  fuels  as  Calvert  lignite  with 
30  per  cent  moisture  require  372  B.t.u.  per  pound 
simply  to  evaporate  the  moisture  that  is  in  the  fuel  and 
heat  the  resultant  steam  to  a  temperature  ox  500  deg. 
F.,  assuming  a  temperature  of  80  deg.  F.  m  the  boiler 

TABLE  VII.    RESULTS  FROM  "L"  TYPE  CHAIN  GRATE  BURNING 
CALVERT  LIGNITE 


Name  of  fuel 

Moisture,  per  cent 

Volatile,  per  cent 

Fixed  carbon,  per  cent 
Ash,  per  cent.  .  ^ 
B.t.u.,  commercial  basis 

B.t.u.  dry  basis 

Kind  of  boiler . 


Calvert  (Tex.)  Lignite 

30   17 

38.33 

24.03 

7.48 

7,462 

10,669 

Babcock  &  Wilcox 

Kind  of  stoker Green  "L"  type  chain  grate 

Coal  per  sq.ft.  of  grate  per  hr.,  lb •                36  4 

Furnace  draft,  in 0  34 

CO5  at  damper 11.2 

Comt>ined  efficiency,  per  ix-nt                 67 

room.  The  heat  thus  used  is  5  per  cent,  of  the  total 
heat  in  the  fuel  as  fired,  and  must  detract  directly 
from  the  efficiency  of  steam  generation. 

With  established  results  averaging  about  70  per  cent., 
and  with  many  plants  successfully  burning  lignites  con- 
taining as  high  as  35  per  cent,  moisture  and  only  6800 
B.t.u.,  plant  owners,  engineers  and  designers  in  locali- 
ties where  these  fuels  are  involved  can,  with  assurance, 
base  calculations  and  designs  on  the  use  of  lignites. 


It  is  anticipated  that  construction  work  will  begin 
in  the  course  of  a  few  weeks  on  the  dam  of  the  Georgia- 
Alabama  Power  Co.  on  the  Flint  River,  about  two  miles 
above  Albany,  Ga.  A  concrete  dam  will  be  placed  in 
the  river  at  Porter  Shoals  and  work  will  be  under  way 
by  early  summer.  With  the  damming  of  the  river, 
somethi  -g  like  12,000  additional  horsepower  will  be 
made  available  to  meet  the  increasing  demand  for  elec- 
tric energy. 


Trouble  Caused  by  Faulty  Construction 

By   E.    C.   Parham 

Diagram  A  in  the  figure  shows  one  of  the  iron  lami- 
nations used  as  the  unit  resistance  element  of  a  certain 
type  of  starting  rheostat.  Due  to  the  slots  punched  in 
the  sides,  a  current  entering  at  one  end  must  take  a 
zigzag  path  to  the  other  end,  thereby  traversing  a  con- 
siderable length  of  metal.  In  the  building  of  a  com- 
plete rheostat  these  elements  are  assembled  alternately 
with  thin  unslotted  strips  of  mica  so  placed  as  to  in- 
sulate the  punchings  from  each  other  excepting  at  alter- 
nate ends  as  shown  at  B.  It  is  evident  that  with  this 
construction  a  current  entering  at  one  end  of  a  com- 
pleted rheostat  must  traverse  the  full  length  of  all  lami- 
nations in  order  to  reach  the  other  end  of  the  rheostat. 
An  enlarged  view  of  the  assembly  is  given  at  C. 

A  number  of  motors  were  giving  trouble  by  blowing 
the  fuses  when  started.  When  the  motors  were  first 
installed  they  started  satisfactorily,  but  after  being  in 
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service  for  a  short  time  they  began  to  act  as  if  the 
starter  did  not  have  sufficient  resistance,  and  frequently 
the  fuses  would  blow  owing  to  the  inrush  of  current 
when  the  starter  was  placed  on  the  first  point.  It  was 
finally  decided  to  take  one  of  the  resistances  apart. 

Factory-made  resistance  laminations  are  generally 
rolled  after  being  punched  in  order  to  remove  the  burrs 
due  to  the  punching  operation.  The  laminations  in  the 
starters  in  question  had  the  appearance  of  having  been 
sawed  and  they  certainly  had  never  been  rolled,  because 
the  slots  had  burrs  the  length  of  which  very  much  ex- 
ceeded the  thickness  of  the  mica  separators.  The  re- 
sult was  that  even  the  normal  pressure  incident  to 
firm  asembly  was  sufficient  to  force  some  of  the  pro- 
jecting burrs  through  the  intervening  mica,  and  this 
condition  became  aggravated  when  heat  due  to  usage 
caused  the  laminations  to  expand  and  buckle.  After 
dismantling  each  resistance  and  cleaning  the  burrs 
from  the  laminations  and  assembling  again,  no  more 
trouble  was  experienced. 
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Mcintosh  &  Seymour  Marine  Diesel  Engine 


Some  of  the  details  of  a  four-stroke-cycle  Diesel 
engine  for  marine  service.  It  is  directly  re- 
versible and  uses  no  reversing  gear  between  the 
engine  shaft  and  the  propeller  shaft. 

INCREASED  production  of  marine  Diesel  engines 
both  at  home  and  abroad  has  been  one  of  the  inter- 
esting developments  of  the  war.  A  typical  modern 
engine  of  this  class  is  that  built  by  the  Mcintosh  & 
Seymour  Corporation,  views  of  the  opposite  sides  of 
which  are  shown  in  the  headpiece  and  Fig.  1.  It  is  of 
six-cylinder  construction  and  develops  500  hp.  at  185 
r.p.m.  Each  cylinder  has  a  bore  of  16  in.  and  a  stroke 
of  24  in.  and  the  engine  works  on  the  four-stroke  cycle. 

The  cast-iron  bedplate  is  of  the  box  type  and  is 
strongly  reinforced  with  vertical  ribs.  The  bottom 
forms  an  oil  pan  that  slopes  toward  the  rear  end  and 
receives  the  oil  drippings  from  the  bearings  and  cranks. 
On  the  bedplate  is  bolted  the  frame,  which  is  cast  in 
one  piece,  vertical  ribs  being  provided  in  place  of 
throughbolts  to  take  up  the  working  stresses.  The 
elimination  of  throughbolts  allows  a  narrower  frame  to 
be  used. 

Large  openings  at  the  side  of  the  frame  afford  access 
to  the  cranks;  these  openings  are  fitted  with  sheet-steel 
doors  of  much  lighter  weight  than  the  usual  cast-iron 
covers,  which  reduces  the  labor  of  removal  for  inspection. 
Between  the  doors  are  small  ports  that  enable  the  bear- 
ings to  be  observed  while  the  engine  is  in  operation,  as 
well  as  assist  in  maintaining  the  frame  at  a  low  tem- 
perature by  permitting  a  breathing  action. 

The  main  bearings  follow  the  lines  of  those  employed 
on  the  Mcintosh  &  Seymour  stationary  Diesel,  being 
uf  two-piece  construction,  and  lined  with  white  metal. 


Unlike  the  stationary  engine,  no  oil  well  is  used,  since 
the  oiling  is  accomplished  by  stream  lubrication.  The 
oil  after  passing  through  the  bearing  drips  to  the  bottom 
of  the  bedplate  and  is  drained  to  one  end  of  the  en- 
gine. The  lower  half  of  the  bearing  shell,  seated  in  a 
machined  housing  on  the  bedplate,  is  half-round  and  can 
be  removed  by  lifting  the  shaft  slightly  and  then  ro- 
tating the  shell.  The  upper  half  is  babbitted  at  the  ends 
only,  as  the  end  surfaces  are  amply  strong  to  withstand 
the  lifting  action  of  the  shaft  due  to  the  acceleration 
of  the  rods  and  pistons.  The  shells  are  provided  with  oil 
grooves  and  are  beveled  at  the  side  partings. 

Both  ends  of  the  connecting-rods  are  of  the  marine 
type  and  both  the  bearings  or  pin  boxes  are  of  cast  steel, 
tinned  and  babbitted.  The.  fact  that  this  is  possible  on 
the  gudgeon-pin  box  is  probably  due  to  the  location  of 
the  pin  at  some  distance  from  the  piston  head.  All  Mc- 
intosh &  Seymour  engines  have  this  feature,  and  no 
piston-pin  trouble  has  been  attributed  to  it. 

The  wristpin  is  ground  on  the  pin  bearing  surface 
and  has  both  ends  resting  in  straight  bosses,  being  held 
by  setscrews.  The  pin  is  lubricated  by  means  of  a  V- 
groove  on  the  surface  of  the  piston.  An  oil  line  leads 
from  the  oil  pump  through  the  cylinder  wall,  and 
the  pump  is  timed  with  the  engine  piston  so  that  at 
each  piston  stroke  a  jet  of  oil  is  deposited  in  the  V- 
groove  on  the  piston.  From  the  groove  a  channel  leads 
through  the  pin  boss  and  the  pin,  allowing  the  oil  to 
reach  the  bearing.  This  has  proved  satisfactory  with 
the  stationary  Diesel  and  insures  positive  oiling  of  the 
pin.. 

The  piston  is  of  one-piece  construction  and  is  fitted 
with  eight  rings,  all  of  which  are  located  around  the 
upper  end.  The  head  is  reinforced  by  six  radial  ribs, 
and  the  barrel  is  strengthened  with  four  girth  ribs. 
No  cooling  of  the  piston   is   contemplated   other  than 
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natural  air  circulation.  Experience  seems  to  prove  that 
cooling  is  unnecessary  with  pistons  under  20  in.  in 
diameter.  The  top  of  the  piston  is  concave,  which  fea- 
ture is  claimed  to  assist  in  mixing  the  oil  and  air  charge 
and  to  improve  combustion. 

The  cylinder  is  of  cast  iron  with  a  bolting-down  flange 
at  the  base.  Into  it  is  pressed  a  liner  that  is  machined 
all  over,  as  required  by  the  Marine  Underwriters.  The 
cooling  water  enters  the  jacket  at  the  bottom,  leaves 
through  passages  in  the  top  flange  and  then  flows 
through  the  cylinder  head.  The  joint  between  head  and 
cylinder  is  of  the  usual  male-and-female  type.  As  a 
further  aid  in  keeping  the  joint  water-tight,  rubber  tub- 
ing is  used  to  form  gaskets  around  each  of  the  water 
passages  as  well  as  around  the  cylinder  bore.  With 
this  arrangement  any  leaking  water  betrays  itself  by 
flowing  out  of  the  joint  rather  than  into  the  cylinder 
b(jre. 

The  cylinder  head  is  a  round  casting  provided  with 
openings  on  the  top  for  the  admission,  exhaust,  fuel  and 
air-starting  valves.  The  fuel-valve  cage  is  seated  in 
a  bushing  pressed  into  the  head,  this  design  insuring 
better  cooling  of  the  valve  cage  and  providing  a  better 
cooling  space  in  the  head.  Both  the  admission  and  the 
exhaust  passages  are  on  the  same  side  of  the  engine. 
The  exhaust  header  is  of  cast  iron  and  is  in  six  water- 
cooled  sections.  The  air  header  consists  of  a  flanged 
elbow  to  which  is  connected  a  short  section  of  pipe 
slotted  on  the  sides  and  closed  at  the  bottom. 

The  admission  and  exhaust  valves,  which  are  of  the 
same  dimensions  and  are  interchangeable,  are  mounted 
in  cages,  as  shown  in  the  sectional  views  of  the  engine 
cylinder  in  Fig.  2.  The  cages  are  of  cast  iron  and  have 
no  water-cooling  cavities  or  removable  valve  seats.  The 
valves  rest  in  long  sleeves,  the  valve  springs  being  placed 
between  the  sleeves  and  the  outer  or  free  ends  of  the 
valves.    No  dashpot  or  spring  cap,  as  it  is  at  times  called. 


is  used.  The  valves  have  steel  stems  on  which  the  cast- 
iron  heads  are  cast.  The  fuel  valve  is  of  the  familiar 
Hesselmann  design.  Its  valve  cage  is  in  two  parts. 
The  upper,  containing  the  valve  spring  and  dashpot,  can 


FIG.   1.      SHOWING   THE   CAMSHAFT   SIDE   OF  ENGINE 


FIG.    2.      TRANSVERSE  AND   LONGITUDINAL   SECTIONS 
THROUGH  CYLINDER 

be  removed  without  disturbing  the  lower  half.  The  valve, 
is  actuated  by  a  rocker  A,  Fig.  2,  that  drives  a  short 
rocker  or  dog  B,  one  end  of  which  bears  on  the  valve- 
stem  nut  C.  The  rocker  A  has  hardened  steel  pins  oh 
the  ends  which  can  be  adjusted  to  give  the  required 
roller  clearance,  and  is  driven  from  camshaft  D  through 
the  reach  rod  E. 

Compressed  air,  stored  m  a  steel  tank  at  a  pressure 
of  some  1000  lb.  per  sq.in.,  is  used  in  starting  the  en- 
gine. The  starting  valve  is  controlled  by  a  push-rod 
from  the  camshaft  and  is  provided  with  an  arrange- 
ment whereby  it  will  not  open  in  starting  if  the  cylinder 
contains  a  charge  of  air  or  combustibles  higher  in  pres- 
sure than  the  air  in  the  starting  tank.  The  push-rod 
has  a  spring-loaded  cylinder  A,  Fig.  1,  near  its  lower 
end.  If  the  pressure  in  the  engine  cylinder  is  too  high, 
the  upward  travel  of  the  lower  end  of  the  rod  will  merely 
compress  the  spring  inside  the  cylinder,  without  moving 
the  upper  end  of  the  rod  and  the  valve  will  not  open ;  but 
as  soon  as  the  engine-cylinder  pressure  drops, 
the  upper  end  of  the  rod  begins  to  function.  This  is 
of  special  value  when  the  boat  is  maneuver- 
ing, as  frequently  the  air  starter  is  thrown  in  be- 
fore all  the  cylinders  have  been  cleared.  The  air  from 
the  bottles  is  throttled  to  150  lb.  per  sq.in.  before  en- 
tering the  starting  valve. 

A  relief  valve  F,  Fig.  2,  is  placed  on  each  cylinder 
and  acts  automatically.  It  is  also  used  as  a  compression 
relief  at  starting.  The  lever  B,  Fig.  1,  is  pulled  over, 
thus  turning  the  shaft  C,  which  extends  the  full  length 
of  the  engine.  This  shaft,  as  shown  in  Fig.  2,  carries  an 
eccentric  G  from  which  a  rod  H  leads  to  the  relief  valve 
on  each  cylinder.  Thus,  turning  the  shaft  C,  Fig.  1, 
opens  the  relief  valves  and  decreases  the  resistance  and 
so  facilitates  starting. 

The  valve   rockers   for   the   various   valves   on   each 
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c.vlinilor  fuUruni  on  a  rocker  shaft  .supported  by  two 
|)ode.stals  on  tho  lylindor  head,  a.s  may  ho  seen  in  Fig. 
1.  In  reniovinif  a  valve  eaKe,  the  entire  rocker  a»- 
.sembly  is  unshipped.  Since  the  engine  is  reversed  by 
lifting  the  pusli-rods  off  tho  cams,  moving  the  camshaft 
endwise  to  bring  ;i  second  .set  of  cams  into  position  and 
then  lowering  the  push-rods,  there  is  a  period  during 
the  shifting  when  the  valve-rocker  push-rods  are  no 
longer  in  contact  with  tho  cams.  It  becomes  neces.sary 
to  support  the  rods  during  this  interval,  and  that  is 
accomplished  by  the  arrangement  in  Fig.  3.  which  shows 
details  of  the  valve  rockers,  push-ro<is  and  cams.  A 
lever  -4  is  pivoted  at  the  edge  of  the  cylinder  head  and 
its  upper  end  engages  a  roller  B  on  the  rocker-arm.  A 
spring-loaded  link  C  connects  the  lever  A  to  the  valve 
{uish-rcd  D.  While  the  engine  is  running,  the  lever  A 
is  not  in  contact  with  the  roller  B,  being  held  in  posi- 
tion by  the 
link  C,  which 
causes  the 
lever  to  rock 
slightly  as  the 
rod  D  rises 
and  falls. 
When  the 
cams  are  to  be 
shifted  and 
the  push-rods 
are  raised 
clear  of  the 
cams  by  the 
movement  of 
the  reversing 
gear,  this 
1  .e  V  e  r  A  is 
pulled  into 
contact  with 
the  roller  B 
by  the  action 
of  the  push- 
rod  D,  the 
lower  end  of 
which  is 
swung  to  the 
right  by  the 
turning  of 
the  shaft  E 
carrying  the 
arm  F.  In  re- 
versing, the 
a  d  m  i  s  s  ion, 

fuel  and  exhaust  push-rods  are  all  moved  to  the  right, 
while  the  starting-valve  push-rod  G  is  moved  to  the  left 
by  the  swinging  of  the  arm  H  on  the  shaft  /.  This  is 
done  in  order  to  clear  the  cams  as  the  latter  are  shifted 
iilong  with  the  camshaft  J.  As  soon  as  the  cams  are  in 
the  new  position,  the  push-rods  are  dropped  onto  the 
cams  that  are  then  under  their  respective  rollers.  The 
camshaft  is  driven  from  the  engine  crankshaft  by  a  set 
of  two-to-one  spur  gears. 

Two  sets  of  cams  are  provided  for  each  cylinder  and 
are  arranged  in  the  following  order  on  the  camshaft — 
exhaust,  fuel,  air-starting  and  admission.  They  are 
made  of  cast  iron  chilled  on  the  contact  surfaces.  The 
noses,  or  high  points,  of  the  admission  and  exhaust  cams 
are  finished  to  accurate  measurements,  while  the  fuel 
cam  has  an  adjustable  steel  nose  by  which  the  fuel- 
valve  timing  can  be  altered. 


Tho  reversing  and  control  gears  are  placed  at  the 
forward  end  of  tho  engine,  as  may  be  soon  in  the  fore- 
ground in  Fig.  1.  When  the  reversing  wheel  is  in  neu- 
tral position,  tho  engine  is  set  for  running  ahead  or 
astern  by  rotating  the  wheel  twice.  This  movement 
.shifts  the  valve  push-rods  from  contact  with  their  cams 
and  slides  the  camshaft  horizontally,  bringing  the 
proper  cams  under  the  push-rod  rollers.  The  mechanism 
whereby  this  is  accomplished  is  outlined  in  Fig.  4.  The 
handwheel  A  is  keyed  to  a  short  shaft  B  that  carries  a 
bevel  pinion  C  meshing  with  a  bevel  gear  D.  The  bevel 
gear  is  keyed  to  a  shaft  E  that  carries  a  spur  pinion  F 
which  meshes  with  a  rack  G.  The  shaft  E  also  carries  at 
one  end  a  crank  //  connected  by  a  rod  /  to  an  arm  J  keyed 
to  the  reversing  shaft  K.  Turning  the  wheel  A  therefore 
.•swings  the  arm  J  upward  to  the  left  and  .so  rotates  the 
reversing  shaft  K,  which  is  the  shaft  marked  E  in  Fig. 

3.  This  action 
lifts  the  valve 
push-rods  out 
of  contact 
with  their 
cams.  The 
same  m  o  v  e- 
ment  of  t  h  e 
wheel  A  that 
lifts  the  pash- 
rods  forces 
the  rack  G 
downward  by 
rotating  the 
pinion  F. 
The  upper  end 
of  the  rack 
slides  in 
guides  and  is 
formed  with 
a  slot  L  in 
v/hich  moves 
a  roller  fas- 
tened to  t  h  e 
lower  end  of 
the  lever  M. 
The  upper  end 
of  the  lever, 
which  is  piv- 
oted near  the 
middle  en- 
gages a  collar 
fastened  t  o 
the  camshaft 
N.  As  the  rack  is  lowered,  the  roller  slides  in  the  vertical 
part  of  the  rack  slot  without  any  transverse  motion ;  but 
as  soon  as  it  strikes  the  inclined  part  of  the  slot  it  is 
moved  to  the  right,  throwing  the  upper  end  of  the  lever 
M  to  the  left.  This  movement  slides  the  camshaft  end- 
wise to  the  left,  thus  bringing  the  second  set  of  cams 
under  the  valve  push-rods  for  going  ahead.  This  shift- 
ing occurs  when  the  wheel  A  has  made  one  revolution. 
A  second  turn  of  the  wheel  swings  the  crank  H  through 
the  second  part  of  its  rotation,  thus  bringing  it  and 
the  reversing  shaft  K  back  to  their  original  positions, 
with  the  push-rod  rollers  resting  on  the  go-ahead  cams. 
With  the  go-ahead  cams  in  position  to  act  on  the 
push-rods,  starting  is  accomplished  by  pulling  down  the 
control  lever  0,  which  is  keyed  to  the  shaft  P  and  has  a 
pointer  that  moves  over  the  face  of  the  graduated 
quadrant  Q.    At  the  inner  end  of  the  shaft  P  is  a  short 


FIG.  3.     DETAILS  OF  ROCKER-ARMS,  PUSH-RODS  AXD   CAMS 
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crank  connected  to  the  lower  end  of  the  rod  R,  the 
upper  end  of  which  is  connected  to  a  crank  on  the  shaft 
S.    This  is  the  same  shaft  as  is  designated  by  /  in  Fig. 

3.  When  the  lever  0,  Fig.  4,  is  pulled  down  to  the  bot- 
tom of  the  quadrant,  or  to  the  point  marked  start,  thft 
shaft  /,  Fig.  3,  is  rotated  and  the  lower  end  of  the 
push-rod  leading  to  the  air-starting  valve  is  thrown  into 
engagement  with  the  starting  cam  on  the  camshaft, 
with  the  result  that  air  is  admitted  to  the  cylinders  of 
the  engine,  causing  it  to  start. 

There  is  a  connection  between  the  shaft  /,  Fig.  3,  and 
the  shaft  that  drives  the  fuel  pumps,  so  that  when  the 
^ir-starting  cams  are  thrown  mto  action  the  stroke 
of  the  fuel  pumps  is  reduced  to  zero  and  no  fuel  can 
enter  the  cylinders.  As  soon  as  the  engine  has  turned 
over  a  few  times  with  the  air,  the  control  lever  0,  Fig. 

4,  is  raised  to  the  middle  of  the  quadrant  or  the  full-load 
point.     This  movement  throws  the  starting-valve  push- 


eccentrics  mounted  on  a  short  shaft  geared  to  the 
engine  camshaft  through  a  clutch.  The  eccentrics 
are  set  on  their  shaft  at  an  angle  with  the  shaft  axis, 
so  as  to  allow  the  eccentrics  to  be  moved  to  a  position 
that  gives  zero  throw  to  the  plungers.  The  pump  is 
equipped  with  an  overspeed  governor  of  the  ordinary 
type  mounted  on  an  extension  of  the  pump  shaft.  This 
governor,  acting  through  the  bell  crank  D,  Fig.  1,  moves 
the  shaft  E  through  a  slight  angle.  The  shaft  E 
extends  into  the  pump  casing  below  the  suction  valves, 
and  its  angular  movement  raises  the  suction-valve 
stems  and  thereby  opens  the  suction  valves  during 
the  complete  pump  cycle.  This  governor  acts  only  in 
case  of  overspeed. 

The  air  compressor  is  placed  at  the  front  end  of  the 
engine  and  is  driven  by  an  overhung  crank  on  the 
engine  shaft.  It  is  supplied  with  a  pressure  and 
volume  regulator,  shown  in  the  upper  foreground  in  Fig. 


FIG.    4.     ARRANGEMENT   OF  THE   REVERSING   GEAR  AND    CONTROL,  MECHANISM 


rod  out  of  contact  with  its  cam  and  at  the  same  time 
shifts  the  fuel-pump  shaft  so  that  the  pump  delivers 
a  full-load  oil  charge  to  the  cylinders.  The  control 
lever  is  then  slowly  raised  to  the  proper  running  position 
for  the  load  carried,  this  movement  producing  a  cor- 
responding decrease  in  the  fuel  charges.  When  the 
control  lever  is  moved  to  the  stopping  position,  or  the 
top  of  the  quadrant,  the  fuel  delivered  by  the  pump 
becomes  zero.  The  reversing  wheel  and  the  control 
lever  are  interlocked  so  that  the  reversing  wheel  can- 
not be  shifted  until  the  control  lever  is  raised  to  the 
stopping  position;  furthermore,  the  control  lever  cannot 
be  shifted  to  the  starting  or  running  position  until 
the  reversing  action  is  complete. 

The  stroke  of  the  fuel  pump  is  varied  to  regulate  the 
amount  of  fuel  entering  the  engine  cylinders.  The 
pump  has  six  plungers,  one  for  each  cylinder,  mounted 
in  a  cast-iron  block  that  also  contains  the  discharge 
and  suction  valves.     The  plungers  are  driven  by  six 


1.  The  regulator  is  a  cylinder  connected  to  the  low- 
pressure  air  cylinder  and  contains  a  piston  that  is  raised 
a;nd  lowered  by  turning  a  handwheel.  The  movement  of 
the  handwheel  is  transmitted  to  the  piston  by  the  vertical 
rod  and  the  gears  at  the  top  of  the  regulator.  By  the 
proper  displacement  of  this  piston  the  low-pressure 
cylinder  volume  is  altered  to  give  any  desired  high- 
pressure  discharge  pressure.  Some  such  an  arrange- 
ment is  highly  desirable  on  all  Diesels,  since  the  in- 
jection air  pressure  should  bear  a  constant  ratio  to 
the  fuel  charge  deposited  in  the  fuel  valve. 


The  cooling  of  condensing  water  in  a  pond,  a  spray 
cooler  or  through  a  cooling  tower,  is  obtained  in  three 
ways:  First,  by  radiation,  which  is  practically  neg- 
ligible; second,  by  conduction  of  absorption  of  heat  by 
the  air,  which  may  vary  from  one-fifth  to  one-third  of 
the  entire  effect,  and  third,  by  evaporation,  which  is  the 
chief  factor. 
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Thi*  Elc'clriral  Slii(l>  (]<)iirs(* — lii<liirtan<*('s  Used  on 

a  ThrcHvWire  (icMic^ralor 


Shows  htnv  inductances  used  m  connection  with 
alternating  current  change  the  conditions  that 
ivould  rxiiit  if  resistances  were  used  for  balanc- 
ing. Briefly  reviews  thr  properties  of  inductances 
and  introduces  the  fact  that  direct  and  alternat- 
ing cun'ents  ran  be  transmitted  over  the  same 
conductors  at  the  same  time. 

IN  THE  preceding  lesson  it  was  shown  that,  theo- 
retically, a  three-wire  system  could  be  operated  by 
replacing  the  machines  of  a  balancer  set  with  two 
equal  resistances  whose  value  was  very  low  as  com- 
pared with  the  resistance  of  the  load,  but  that  such  a 


riG.  3  FIG.  4- 

?"IGP.  1  TO   4.      SCHEMATIC  DIAGRAMS  OF  A  RING  ARMATURE   WITH   A    HESISTAXCE 

CONNECTED  TO   OPPOSITE   POINTS   OF  THE  W^INDING 

method  was  impracticable  on  account  of  the  large  loss 
in  the  resistances.  It  was  stated  that  the  use  of  in- 
ductances in  place  of  resistances,  and  their  connection 
to  the  slip  rings  of  a  three-wire  generator  instead  of 
to  its  direct-current  brushes,  would  cut  down  the  large 
waste  found  to  exist  in  the  case  of  the  resistances  and 
yet  allow'  the  unbalanced  current  to  flow  freely  from  the 
neutral  to  either  outside  wire. 

To  understand  the  principle  upon  which  the  appa-  220 

ratus  operates,  refer  to  Fig.  1,  in  which  A  represents     ^'^"^^  "°^  ^^^"'^  ^®  Ol 
the  armature  of  a ,  generator,  C  its  commutator,  and 


/i,  and  R  two  equal  resJHtances  connected  to  the  arma- 
ture winding  at  r  and  d.  For  the  time  being  asHume 
that  these  resistances  revolve  with  the  armature.  In 
the  position  shown  there  will  be  a  voltage  of  220  volts 
across  cd  and  current  will  flow  through  /i,  and  R, 
from  r  to  d.  However,  when  the  armature  has  turned 
through  one-quarter  of  a  revolution  /2,  and  R,  will 
have  assumed  the  position  shown  in  Fig.  2.  A.s  ex- 
plained at  the  time  that  the  principle  of  operation  of 
generators  was  under  discussion,  there  will  be  no  volt- 
age across  cd  when  they  are  in  the  position  shown,  and 
consequently  no  current  will  flow  through  R,  and  R,.. 
When  the  armature  has  turned  through  another  quarter 
revolution,  the  conditions  will  be  those  of  Fig.  3.  It 
will  be  seen  that  220  volts  again  exists  between  c  and 
d,  but  that  c  is  now  negative 
and  d  positive,  and  that  the 
current  through  R,  and  R,  will 
therefore  be  from  d  to  c  in- 
stead of  from  c  to  d,  as  was 
the  case  in  Fig.  1.  When  the 
armature  has  passed  through 
another  quarter  turn  the  re- 
sistances will  have  reached  the 
position  shown  in  Fig.  4,  which 
is  similar  to  Fig.  2,  and  under 
the  conditions  of  which  no 
current  flows  through  i2,  and 
R,.  When  a  complete  revolu- 
tion has  been  made,  we  again 
have  the  conditions  of  Fig.  1. 
From  the  foregoing  it  is 
evident  that  the  direction  of 
the  current  through  R,  and  R, 
is  constantly  reversing  and  the 
voltage  across  cd  continually 
var>-ing  from  220  to  zero  and 
back  to  220  in  the  opposite 
direction.  That  is,  an  alter- 
nating current  flows  through 
R,  and  R,.  If  the  resistances  of 
i?,  and  R,  are  small,  the  cur- 
rent through  them  will  be 
great,  just  as  in  the  case  of 
direct  current;  but  if  in  place 
of  resistances  we  use  induc- 
tances, the  current  may  be 
made  very  small.  This  leads 
to  a  consideration  of  what  an 
inductance  is.  As  a  matter  of 
fact  the  discussion  comes  with- 
in the  province  of  the  subject 
of  alternating  currents,  and  the  fundamental  theory  will 
therefore  not  be  gone  into  at  this  time,  the  discussion 
being  limited  merely  to  the  manifestions  observed  with- 
out giving  the  reasons  therefor. 

Suppose  that  we  have  a  piece  of  copper  wire  whose 
length  is  100  ft.  and  whose  resistance  is  0.1  ohm,  and 
that  it  is  stretched  out  straight.  If  220  volts  direct 
current  were  applied  to  its  terminals,  the  current  that 

2200  amperes.     If  220  volts 
alternating  current  were  applied,  we  would  have  prac- 
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tically  the  same  result;  that  is,  it  would  be  immaterial 
whether  direct  or  alternating  current  were  used.  Sup- 
pose now,  however,  that  the  same  piece  of  wire  is  wound 
into  a  spiral,  such  as  that  shown  in  Fig.  5.  Its  re- 
sistance will  remain  the  same  and  if  connected  to  220 
volts  direct  current  it  will  take  2200  amperes,  as  be- 
fore, but  if  connected  to  220  volts  alternating  current 
it  will  be  found  to  take  a  much  smaller  current.  Just 
how  much  smaller  depends  on  the  number  of  turns, 
their  diameter  and  the  size  of  the  wire.  If  the  wire 
be  wound  on  an  iron  core  as  in  Fig.  6,  the  effect  will 
be  greatly  augmented,  resulting  in  a  much  diminished 
value  of  current.  Thus  a  coil  of  wire  that  would  take 
1000  amperes  direct  current  might  take  only  5  amperes 
when  connected  to  an  alternating-current  source  of  the 
same  voltage.  We  cannot  stop  to  investigate  the  rea- 
sons for  this  behavior,  but  will  have  to  accept  it  as 
being  a  fact.  Any  coil  of  wire  such  as  that  described, 
is  knowm  in  alternating-current  practice  as  an  in- 
ductance and  is  said  to  have  a  certain  number  of  henries 
of  inductance,  in  the  same  way  that  a  resistance  is  said 
to  have  a  certain  number  of  ohms  of  resistance. 

Suppose  now  that  we  replace  the  resistances  R^  and 
R.  of  Figs.  1  to  4  by  inductances  L,  and  L„  as  shown 
in  Fig.  7.     These  inductances  may  have  the  same  re- 


FIQ.  6 
FIGS.   5  AND   6.     TWO  TYPES  OF  INDUCTANCE 

sistance  as  R,  and  R.  had,  and  yet  will  take  only  a 
very  small  fraction  of  the  current  taken  by  them. 
Should  any  source  of  direct  current,  however,  be  con- 
nected across  L^  or  L,,  a  large  current  could  be  made 
to  flow  even  by  a  small  voltage. 

We  now  come  to  a  second  unfamiliar  proposition ; 
namely,  that  an  alternating  current  and  a  direct  cur- 
rent can  flow  through  the  same  conductor  at  the  same 
time.  This  statement  also  will  have  to  be  taken  on 
faith  for  the  present  as  being  so  without  any  explana- 
tion of  it.  The  fact  is  that  if  we  were  to  impress  an 
alternating-current  and  a  direct-current  source  upon 
an  inductance  simultaneously,  the  former  would  be 
limited  by  the  inductance,  but  the  latter  would  be 
limited  by  nothing  except  the  resistance  of  the  in- 
ductance. As  a  matter  of  fact,  this  is  the  condition 
that  exists  in  the  inductances  L.  and  L,  when  they 
are  made  use  of  in  connection  with  a  three-wire  sys- 
tem. 

To  make  this  clear  suppose  the  direct-current  brushes 
a.  and  b  of  the  generator  in  Fig.  7  to  be  connected 
to  the  outside  wires  A/,M,  of  a  three-wire  system  that 
has  the  same  load  on  both  sides,  so  that  the  resistance 
from  M,  to  N  is  the  same  as  that  from  N  to  Af,.  It 
is   evident   that   under    these    conditions   the   voltages 


K,  and  E,  will  be  the  same,  each  being  110  volts.  Since 
the  inductances  L,  and  L,,  Fig.  7,  are  equal,  the  voltage 
from  d  to  g  equals  that  from  g  to  c.  When  the 
armature  is  in  the  position  in  the  figure  the  voltage 
from  d  to  gf  or  fir  to  c  is  one-half  of  220  volts,  or  110. 
If  the  coils  were  in  the  position  of  the  resistances  in 


FIG.   7.      SCHEMATIC   DIAGR.A.M   OF  A   THREE-WIRE 
GENERATOR 

Fig.  2,  there  would  be  no  voltage  cross  cd,  but  there 
would  be  one  of  110  volts  from  a  to  d,  d  to  b,  b  to  c 
and  a  to  c;  consequently  the  voltage  from  a  to  gr  or 
b  to  g  is  again  110  volts.  It  is  a  fact  that  the  voltage 
from  a  to  fif  or  from  6  to  gr  is  always  one-half  that 
from  a  to  6  irrespective  of  the  instantaneous  position 
of  L,  and  L,. 

How  this  fact  is  made  use  of  to  create  a  three-wire 
system  and  how  its  functioning  depends  upon  simul- 
taneously transmitting  both  direct  and  alternating 
currents  through  L,  and  L.  will  be  taken  up  in  the 
following  lessons. 

In  the  preceding  lesson  the  problem  given  consisted 
in  finding  the  value  of  the  voltages  £",  and  E^  in  a 
system  such  as  that  illustrated  in  Fig.  8,  if  the  load 
at  X  consists  of  50  lamps  of  150  ohms  each  and  that 
at  Y  of  30  such  lamps,  if  iJ,  and  R,  each  have  a 
resistance  of  0.5  ohm.  The  resistance  of  the  lamps  in 
multiple  in  load  X  will  be  the  resistance  of  the  indi- 
vidual lamps  divided  by  the  number  in  parallel;  if  Rx 

150 
represents   this   resistance,   we   have   Rs   =    -^k    =   3 

50 


DIAGRAM    OV    THREE-WIRE     SY.STEM     OBTAINED 
FRO.M   TWO    RESISTANCES 


ohms.     In  like  manner  if  the  resistance  of  the  lamps 

150 
in  parallel  in  load   Y  be  Rj  we  have  Ry  =   -^   =  5 

ohms.     The  total  resistance  across  AN  is  the  multiple 
resistance  of  .Y  and  R„  and  if  R,j  be  made  to  represent 

it,  we  have  Ra  =  -j ^  =  :j ^  =  0.4286  ohm. 


i?x 


i?. 


3  "^  0.5 
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Similnrly,   if  the   rosistjince  m-ross  NR  i«   R,,  we  havr 
1  _  1 

1     .      I  I  > 

5;  "^  /?:        5        (l.r> 
total   resistance  of  the  circuit    is   li         K,,   +   ^''  = 
0..J286   -1-  0.4545  -  ^  0.8831  ohm,  and  the  total  current 
E  _      '220 
R    '   6.8831 

drop  across  any  circuit  is  equal  to  the  resistance  of 
the  circuit  times  the  current  in  the  resistance;  this 
gives  E,  =  KJ  ■=  0.4286  X  249  =  106.8  volts  and 
A',       R,.l  -     0.4545  X  249  -^-^  113.2  volts. 

It  was  further  required  in  the  problem  to  determine 
the  capacity  of  the  jrenerator  G  required  to  supply 
the  power  to  the  -system.     The  power  output  of  the 


Ru  = 


will  he  /  = 


0.4545  ohm.     Then  the 


249  amperes.     The  volts 


Rpnerator  would  he  the  current  supplied  by  it  times  the 
volts  at   its  terminals;  that   is,  tho  watts  W  =  E/  = 


220    X    249   =   54780,   or 


54780 
KKK) 


54.78    kw.      The 


generator  would  therefore  have  to  be  of  a  capacity  as 
near  this  valve  as  could  be  secured,  probably  60  kilo- 
watts. 

A  generator  is  to  supply  a  plain  two-wire  system  with 
power.  The  load  consists  of  500  fifty-watt  110-volt 
lamps,  and  is  situated  200  ft.  from  the  generator. 
What  would  have  to  be  the  capacity  of  the  generator? 
What  size  rubber-covered  wire  would  be  required  for 
the  mains?  How  much  would  the  generator  have  to 
be  overcompounded  at  full  load  to  maintain  constant 
voltage  at  the  lamps? 


Geared  Turbines  for  Marine  Propulsion 

By  LIEUT.  CHARLES  H.  CAMP,  U.  S.  N.  R.  F. 


WHEN  the  great  demand  came  for  ships  to  meet 
the  war  emergency,  one  of  the  important  prob- 
lems presented  was  the  prompt  securing  of  pro- 
pulsion machinery.  To  obtain  an  adequate  number  of 
reciprocating  engines  in  any  reasonable  time  was  im- 
possible. In  spite  of  the  fact  that  none  of  the  com- 
panies manufacturing  turbines  for  ship  propulsion  had 
adequate  special  departments  (two  of  them  had  no  such 
departments  at  all)  for  large  production,  or  a  sufficient 
number  of  men  with  the  necessary  specialized  experi- 
ence to  handle  such  production,  the  geared  turbine  of- 
fered the  only  solution  to  the  problem. 

Anyone  with  experience  in  any  line  of  production 
understands  the  multitude  of  problems  presented  by 
the  manufacture  of  any  new  article  or  comparatively 
new  article,  no  matter  how  simple  that  article  may  be 
or  how  adequate  the  force  of  men,  specially  trained  in 
that  line,  who  are  handling  it. 

What,  then,  can  be  said  of  such  an  intricate  problem 
as  the  immediate  production  on  a  large  scale  of  marine 
geared  turbines,  when  there  were  so  few  men  who  had 
any  experience  to  speak  of  in  cither  the  design,  man- 
ufacture, installation  or  operation  of  them?  Each  one 
of  these  elements  is  vital  to  the  success  of  the  ma- 
chine. In  the  beginning  none  of  them  were  present 
completely,  and  individually  only  in  isolated  cases,  if 
at  all.  If  any  person  wishes  to  dispute  this  statement, 
let  him  ask  himself  how  much  he  has  learned  the  past 
year  and  how  much  he  is  still  learning,  or,  if  he  thinks 
himself  proficient  in  his  particular  part,  if  he  had  the 
coordination  of  the  other  elements. 

The  truth  is  that  when  the  demand  came  none  of  the 
companies  had  enough  ships  equipped  or  for  a  long 
enough  time  to  have  formed  any  definite  opinion  re- 
garding what  problems  had  to  be  met  or  how  success- 
fully those  knovsTi  were  being  met.  Doubtless  none  of 
the  companies  relished  the  idea  of  launching  out  on  a 
sea  for  which  it  had  so  few  charts  and  such  an  in- 
adequate force  of  officers  and  crew. 

Naturally,  many  mistakes  were  made  and  a  great 
amount  of  prejudice  has  been  created  against  the  ma- 
rine turbine.  Also,  there  is  a  reactionary  element 
among  marine  engineers,  as  in  all  other  walks  of  life, 
and  this  element  seizes  avidly  on  every  occasion  that 
offers  half  a  chance  to  criticize  the  turbine.    Many  of 


them,  without  ever  having  operated  a  turbine  set,  ex- 
pre.ss  the  opinion,  "Give  me  the  old  reciprocating  en- 
gine; none  of  your  windmills  for  mine." 

Most  of  the  criticism  of  the  marine-turbine  unit  is 
undeserved.  The  engineer  who  has  the  foregoing  opin- 
ion will  soon  suffer  the  fate  that  any  nonprogressive 
must  meet.  Fortunately,  the  marine  engineers  are  a 
highly  intelligent  and  progressive  class  of  men.  For  ■ 
the  marine  turbine  has  come  to  stay.  In  space  occupied,  I 
weight  per  horsepower,  economy  of  fuel  consumption, 
upkeep,  simplicity  and  fiexibility,  the  marine  geared 
turbine  is  now  far  superior  to  a  reciprocating-engine 
installation. 

With  the  problems  that  are  to  be  met  and  the  meth- 
ods of  meeting  them  pretty  well  understood  and  becom- 
ing better  understood  every  day,  there  will  soon  be 
the  same  marked  superiority  of  a  marine  turbine  set 
over  a  marine  reciprocating  unit  as  now  exists  in  a 
turbine  over  a  reciprocating  engine  in  central  stations 
on  land.  Indeed,  considering  the  factors  enumerated, 
an  official  of  one  of  the  large  steamship  companies, 
nearly  all  of  whose  ships  are  turbine  equipped,  makes 
the  assertion  that  even  if  they  had  to  scrap  the  entire 
turbine  set  once  a  year,  it  would  pay  to  use  them  in 
place  of  reciprocating  units. 

There  is  little  to  be  said  when  the  numerous  varia- 
tions of  turbines  aboard  ship  are  considered,  such  as 
compounding,  either  by  one  high-  and  one  low-pressure 
turbine,  or  two  high-  and  one  low-pressure  or  a  multipli- 
cation of  these  combinations  on  one,  two  or  three  pro- 
pellers, or  divided  slow  turbines,  or  electric  drive  with 
current  supplied  by  turbo-generators  in  an  infinite  va- 
riety of  ways  and  all  with  a  flexibility  of  control  and 
manipulation  impossible  with  any  other  present  type 
of  unit.  In  these  matters  the  turbine  has  no  rivals.  In 
economy  the  Diesel  engine  is  the  only  unit  offering  com- 
petition. But  the  superiority  of  the  Diesel  engine  in 
this  respect  is  overcome  by  the  many  difficulties  beset- 
ting its  operation  and  upkeep  in  its  present  state  of  de- 
velopment. 

A  good  many  of  the  problems  in  marine  geared  tur- 
bine sets  have  arisen  from  a  perhaps  unconscious  de- 
sire on  the  part  of  the  builders  to  emphasize  the  pre- 
eminent advantages  of  their  unit — small  weight  and 
space  occupied  per  horsepower.     In  any  event  it  is  a 
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fact  that  foundations,  turbines  and  gears  have  been 
built  too  light  and  too  compact  for  proper  and  necessary 
periodic  inspection.  They  can  be  built  of  ample  strength 
and  size  and  of  a  design  to  permit  inspection  of  all 
parts,  the  obtaining  of  bearing  clearances,  etc.,  and  still 
retain  their  advantages  to  a  marked  degree. 

Foundations  of  insufficient  strength  under  turbines, 
gears  and  main  thrust  bearings  have  led  to  an  endless 
amount  of  trouble  due  to  the  ship's  'Veaving,"  causing 
independent  movements  of  the  different  elements,  the 
gears  taking  a  movement  independent  or  in  excess  of 
the  turbine,  or,  where  an  independent  main  thrust  is 
used,  a  change  in  relative  positions  w^ith  that  element. 
These  movements  result  in  misalignment,  of  course,  and 
not  only  are  excessive  stresses  set  up  in  all  parts,  but 
the  perfect  meshing  of  the  gear  teeth  is  disturbed,  de- 
creasing the  area  of  tooth  contact  (already  too  small) 
and  resulting  in  extreme  tooth  pressure.  Extreme  tooth 
pressure,  whether  due  to  misalignment  or  original  de- 
sign, not  only  forces  out  the  oil,  thereby  eliminating 
lubrication  and  causing  excessive  wear,  but  creates  ad- 
hesion of  the  pinion  and  gear  tooth  surfaces  in  con- 
tact, and  when  separation  of  these  surfaces  occurs  small 
particles  of  the  metal  are  pulled  loose.  This  last  effect 
is  the  so-called  "pitting."  It  is  cumulative,  as  each 
particle  pulled  loose  decreases  the  area  of  effective  tooth 
ccmtact. 

Builders  are  now  installing  very  heavy,  well-braced 
foundations  and  adopting  flexible  construction  to  com- 
pensate far  "weaving"  and  for  the  change  in  alignment 
that  occurs  when  a  ship  is  loaded  or  light. 

Improvement  in  Methods  of  Lubrication 

Methods  of  lubrication  are  being  steadily  improved. 
The  old  direct-pressure  system  was  faulty,  not  only  on 
account  of  the  great  rapidity,  constant  movement  and 
number  of  times  a  given  unit  of  oil  was  whipped 
around  its  circuit  in  a  given  time,  but  because  periodic 
"dry  spells,"  however  brief,  were  constantly  occurring 
over  all  parts  of  the  system,  due  to  air  bubbles  and  the 
pulsations  of  the  pump.  Methods  of  application  of  the 
oil  to  different  parts  have  received  the  attention  their 
importance  demands.  Methods  of  settling,  filtering  and 
heat-treating  of  oil  are  also  provided  in  modern  in- 
stallations. The  manufacturers  of  lubricating  oils  have 
made  exhaustive  studies  and  tests  on  grades  of  oil  best 
suited  to  the  work. 

An  all-important  factor  in  the  success  of  any  ma- 
chinery is  in  its  care  and  operation.  At  the  beginning 
of  the  war  a  very  limited  number  of  marine  engineers 
had  any  experience  with  turbines.  A  tremendous 
amount  of  credit  must  be  given  to  these  engineers,  not 
only  for  their  quick  grasping  of  the  turbine  and  for 
their  adaptability,  but  for  their  great  courage  and 
patriotism  in  taking  assignments  on  turbine-driven 
ships  under  all  the  circumstances — experimental  stage 
of  construction  and  installation,  meager  knowledge  and 
at  that  time  an  almost  total  lack  of  instructive  litera- 
ture or  even  blueprints  to  show  what  made  it  tick — 
when  it  was  a  mighty  dangerous  proposition  and  one 
requiring  high  courage  to  sail  the  seas  with  most  re- 
liable, tried  and  true  and  familiar  machinery. 

The  manufacturers  must  come  to  realize  the  neces- 
sity of  more  instructive  literature.  The  United  States 
Navy,  which  leads  the  world  in  its  instructive  courses 


and  literature  for  its  officers  and  men,  has  entered  with 
its  traditional  spirit  and  efficiency  into  the  undertak- 
ing of  turning  out  more  men  and  more  competr^nt  men 
for  operating  turbine-driven  ships.  An  exceptionally 
fine  course  is  provided  at  the  Carnegie  Institute  in 
Pittsburgh,  combined  with  study  at  various  turbine 
factories.  The  Shipping  Board  is  also  working  along 
educational  lines. 

Accessibility  for  Inspection  Is  Vital 

But  the  most  efficient  operator  is  going  to  be  seriously 
handicapped  and  sudden  serious  breakdovras  will  con- 
tinue to  occur  unless  the  manufacturers  wake  up  to  the 
fact  that  they  must  make  their  units  more  accessible 
for  the  inspection  of  parts  and  the  taking  of  clear- 
ances. As  it  is,  a  turbine  must  be  completely  dis- 
mantled to  inspect  blading,  diaphragms  and  other  in- 
ternal parts ;  the  turbine  bearing  clearances  and  in  most 
cases  the  turbine  thrust  clearances  cannot  be  ascer- 
tained without  a  considerable  job  of  dismantling ;  there 
are  always  six  or  eight  bearings  in  the  gear  case 
that  cannot  be  examined  for  clearances  or  condition 
without  a  prohibitive  amount  of  dismantling;  align- 
ments also  require  a  prohibitive  amount  of  dismantling 
to  check  up,  and  in  many  types  the  same  is  true  of 
flexible  couplings,  emergency  governors,  etc.  A  ma- 
chine hard  to  inspect  or  test  is  seldom  inspected  or 
tested.  In  nothing  more  than  in  machinery  is  it  truer 
that  "a  stitch  in  time  saves  nine."  The  way  marine 
turbine  sets  are  constructed  at  present,  a  complete 
failure  of  a  part  is  usually  the  only  indication  that  it 
is  not  in  perfect  condition.  The  engineer  or  inspector 
from  the  United  States  Navy,  Shipping  Board  or  tur- 
bine factory  makes  inspections  every  time  a  ship  is  in 
port,  but  on  account  of  the  present  type  of  construction 
a  great  many  important  features  that  should  be  in- 
cluded in  a  thorough  inspection  have  to  be  left  to  chance 
or  insufficiently  surmised  from  evidence  shown  by 
other  parts. 

Turbine  manufacturers  must  consider  gains  in  econ- 
omy on  marine  sets  the  same  as  on  land.  There  are 
even  reciprocating-engine  ships  using  a  superheat  of 
200  deg.  F.  This  should  be  used  on  all  turbine  ships. 
Pressures,  vacuum  apparatus  (this  has  reached  a  high 
state  of  achievement),  nozzle  areas,  stages,  efficient 
steam  separators,  maintenance  of  high  feed-water  tem- 
perature, proper  jacketing  and  prevention  of  the  use  of 
excessive  steam  for  steam  seals  are  all  matters  as  easily 
taken  care  of  aboard  ship  as  on  land  and  will  gain  the 
same  marked  superiority  in  economy. 

Insuring  Dependability  and  Economy 

As  a  matter  of  safety  two  turbines  cross-compound 
are  safer  than  the  single  unit  and  make  reaching  a  port 
under  steam  almost  a  certainty.  With  more  substan- 
tially constructed  foundations,  gears  and  turbines, 
proper  safety  devices  and  better-trained  operators  the 
dependability  of  a  marine  turbine  set  is  very  good. 
With  the  elements  affecting  economy  taken  care  of, 
their  economy  is  unapproachable  by  any  other  steam 
unit.  They  are  inherently  the  most  flexible,  and  with 
an  engineer  who  understands  his  turbine,  the  handling 
of  the  ship  is  every  whit  as  good  as,  if  not  better  than, 
with  a  reciprocating  unit.  With  proper  facilities  pro- 
vided   for   an    easy,   thorough    inspection;    with    gears 
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built  with  teeth  of  proper  pitch  nnd  anRlo,  properly 
designed  ami  correctly  cut;  with  the  toofh  pre.s.sure  kept 
in  proper  limits  and  with  proper  oil  and  methods  of 
handling  and  applying'  it,  the  marine  Reared  turbine 
.set  will  show  as  marked  a  superiority  over  reciprocating 
units  in  upkeep  and  delays  due  to  breakdowns  as  they 
do  on  land  in  both  this  feature  and  in  economy.  In 
space  and  we  >rht  per  horsepower  there  is  no  comparison. 
The  turbine  companies,  whether  throuph  lack  of  co- 
ordination, ultra-conservatism  or  lack  of  courage  of 
their  convictions,  are  not  jroinp  ahead  as  fast  as  they 
can  on  lessons  they  have  already  learned  and  prob- 
bms  they  already  know  how  to  meet.  Yet  it  is  a  fact 
that  right  now  they  know  how  and  can  build  and  will 
ultimately  build  a  unit  that  will  rank  head  and  shoul- 
ders above  any  other  type  of  marine  steam  unit,  viewed 
from  any  anple,  except  in  the  multiple-maneuvering  re- 
quirements of  battleships,  for  which  the  electric  drive 
with  current  from  turbo-generators   is  best  suited. 

Care  of  Flue-Gas  Treaters 

By  J.  M.  Wauchope* 

The  system  of  precipitation  of  solids  from  flue  gases 
as  developed  by  Dr.  F.  G.  Cottrell  has  been  described 
in  various  magazines,  therefore  this  article  will  be  de- 
voted to  the  practical  operation  of  such  plants  as  viewed 
from  the  operator's  standpoint. 

As  is  well  known,  the  principle  of  operation  is  the 
passing  of  the  gases  to  be  treated  through  a  strong 
electrostatic  field,  the  field  being  commonly  produced 
by  suspending  wires  in  the  center  of  vertical  iron  pipes 
through  which  the  gases  are  passed.  The  wires  are 
charged  negatively  and  the  pipes  positively  and  grounded. 
The  voltages  in  common  use  run  from  20,000  to  50,000. 
very  seldom  higher,  depending  on  the  distance  between 
the  electrodes  and  the  conditions  of  the  gas. 

The  current  to  produce  the  field  must  be  direct,  as 
alternating  causes  the  field  to  reverse,  resulting  in 
smaller  catch.  The  high-tension  direct  current  is  ob- 
tained by  rectifying  alternating  current  of  suitable 
voltage  by  means  of  a  mechanical  rectifier. 

Of  the  two  systems  of  electrical  equipment  in  use, 
there  is  a  divided  opinion  as  to  which  is  the  better.  The 
individual  motor-generator  set  is  used  to  a  greater  ex- 
tent, but  many  plants  are  being  installed  using  power 
direct  from  the  power  mains.  The  writer  is  at  present 
operating  plants  using  both  systems,  those  using  power 
direct  from  the  mains  giving  far  better  satisfaction ; 
in  fact,  some  units  of  individual  motor-generator  sets 
were  so  unsatisfactory  to  operate  that  they  were 
changed  to  the  direct  system. 

With  the  motor-generator  sets  the  snapping  is  much 
worse  where  the  conditions  in  the  treater  are  not  good, 
as  there  seems  to  be  a  tendency  to  surge,  which  is 
largely  absent  in  the  direct  system..  In  the  direct  sys- 
tem the  power  is  taken  from  the  mains  through  trans- 
formers,, generally  stepping  down  from  2200  to  220  or 
440  volts.  These  transformers  and  the  large  system 
back  of  them  seem  to  act  as  a  cushion  to  smooth  out 
the  high-voltage  surges  caused  by  arcing  or  bad  gas  con- 
ditions in  the  treater.  In  cases  where  a  ver>-  high  re- 
sistance had  to  be  used  in  the  high-tension  leads  to  the 
rectifier  in  order  to  operate  with  the  motor-generator 
sets,  by  changing  to  the  direct  system  this  could  be 
largely  done  away  with  and  much  better  operation  re- 


•Chief  electrician.  International  Smelting  Co.,  Tooele,  Utah. 


suited.  It  is  necessary  in  all  cases,  however,  to  have 
suitable  choke  coils  in  the  alternating-current  leadH  from 
the  high-tension  transformer  for  its  protection. 

It  has  been  feared  by  some  that  in  using  the  direct 
system  there  would  be  danger  from  high-voltage  surgeB 
being  reflected  back  to  the  power  mains,  but  the  writer 
is  of  the  opinion  that  there  is  no  basis  for  this,  since 
the  units  operating  this  way  have  given  ab.solutely  no 
trouble  and  the  operation  is  much  better.  The  low-ten- 
sion circuit  between  the  two  transformers  is  grounded 
through  a  resistance  to  drain  off  any  static  that  might 
accumulate. 

A  suitable  inductance  in  the  direct-current  circuit 
is  a  great  aid  to  smooth  operation  in  many  cases  where 
there  is  a  tendency  to  snap,  and  especially  with  the 
motor-generator  sy.stem.  It  has  been  contended  by  .some 
that  the  inductance  will  lower  the  power  factor,  but  the 
t)enefits  are  so  large  and  the  change  in  power  factor 
so  small  that  the  former  far  outweigh  the  latter.  The 
inductance  is  especially  valuable  in  case  of  broken  wires 
in  the  treater,  or  other  .severe  arcing,  as  it  smooths  out 
the  wave  and  protects  the  transformer  from  the  surges. 
As  the  voltage  in  the  treater  should  be  carried  as  near 
the  arcing  point  as  possible,  anything  that  aids  in 
smoothing  out  the  direct-current  voltage  wave  is  bene- 
ficial. Also,  as  large  a  percentage  of  the  alternating- 
current  wave  as  possible  should  be  rectified.  In  the  form 
of  rectifier  that  has  four  arms  in  a  set,  there  being  two 
sets,  the  inductance  allows  these  arms  to  be  placed  so 
that  a  larger  portion  of  the  wave  can  be  rectified  with-, 
out  snapping,  which  is  conducive  to  more  efficient  op- 
eration. 

A  certain  amount  of  resistance  is  necessary  in  the  low- 
tension  alternating-current  circuit  for  ballast,  in  nearly 
all  cases,  as  it  tends  to  make  smoother  operation.  The 
collecting  brushes  on  the  rectifier  should  be  set  as  close 
to  the  revolving  element  as  possible,  so  that  power  will 
not  be  wasted  due  to  a  large  air  gap.  Operators  should 
at  all  times  see  that  the  voltage  \s  as  high  as  possible 
for  good  operation,  as  it  is  ,'!able  to  vary  quickly  with 
a  change  in  gas  conditions. 

A  gas  that  is  too  dense  is  not  cleaned  as  well  as  one 
of  the  correct  density.  The  pipes  and  wires  should  be 
cleared  of  all  deposits  before  they  become  heavy  enough 
to  interfere  with  good  operation.  Air  leaks  into  the 
treater  should  be  watched  for  and  the  insulators  in- 
spected often.  Of  course  if  an  insulator  breaks  down 
completely  it  is  soon  known.  With  some  gases,  if  they 
become  too  drj',  snapping  will  start,  which  can  often 
be  stopped  by  spraying  water  into  the  gases  where  they 
enter  the  treater,  moisture  being  beneficial  in  some  cases. 

There  is  a  tendency  among  some  operators  to  take 
the  milli-ampere  charging  current  as  an  indication  of 
the  operation  of  the  treater.  However,  this  cannot  be 
depended  on,  as  the  charging  current  will  vary  consid- 
erably, and  yet  the  recoveries  may  be  consistently  good 
or  just  the  opposite.  ,The  absence  of  a  white  snappy 
spark  on  the  rectifier  is  an  indication  of  good  opera- 
tion. The  spark  should  be  of  a  purple  color  and  hiss 
rather  than  crackle. 

Everything  about  the  treater  and  station  should  be 
thoroughly  grounded,  as  static  charges  have  a  way  that 
is  very  surprising  at  times  of  collecting  in  places  on 
ironwork.  A  heavy  sheet-iron  guard  should  be  placed 
around  the  rectifiers,  for  they  have  been  knowTi  to  burst 
with  startling  results  at  times,  and  all  the  high-tension 
wiring  should  be  inclosed  by  heavy  grillwork. 
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Installation  Cost  Versus  Maintenance 
Cost  of  Electric  Equipment 

IT  IS  not  as  generally  recognized  as  it  should  be  that 
the  cost  of  carrying  on  a  suitable  preliminary  engi- 
neering study  prior  to  making  an  electrical  installation, 
with  the  object  of  obtaining  the  electric  equipment  best 
suited  to  the  work  to  be  done,  is  a  good  investment.  The 
p"erfunctory  selection  of  control  and  motor  equipment 
may  lead  to  a  very  unsatisfactory  installation  with  its 
attending  high  maintenance  costs.  It  is  not  enough 
that  a  motor  or  controller  be  of  excellent  construction 
and  workmanship — they  must  also  be  designed  for 
the  duty  they  are  to  perform.  Not  infrequently  instal- 
lations that  have  been  made  at  great  cost  for  high-grade 
equipment  have  been  failures  because  of  improper  appli- 
cation of  the  equipment,  when,  if  a  proper  study  of  con- 
ditions had  been  made,  a  less  expensive  equipment  suited 
to  the  work  to  be  performed  would  have  given  excellent 
result-s.  Improper  applications  of  electric  drives  have 
led  to  expensive  replacements  of  motors  and  control 
equipment,  with  the  attending  increased  cost  of  installa- 
tion, radical  rearrangement  of  drives,  etc.,  not  to  men- 
tion the  loss  in  production  due  to  interruptions. 

On  the  Gthfer  hand,  there  is  the  cost  of  maintenance 
to  be  considered.  The  cost  of  installation  is  a  factor 
that  can  be  determined  with  a  fair  degree  of  accuracy, 
but  maintenance  expense  is  very  difficult  to  determine, 
since  not  only  must  the  expense  of  keeping  the  equip- 
ment in  running  condition  be  considered,  but  also  the 
loss  in  production  due  to  interruptions;  and  in  some 
cases  an  inferior  product  may  result.  An  improper  ap- 
plication of  an  electric  drive  always  leads  to  high  main- 
tenance charges.  If  the  controller  is  too  light  for  the 
service  requirements,  severe  burning  at  the  contacts 
and  excessive  heating  of  the  resistance  are  the  results, 
and  if  not  properly  designed  for  the  duty  to  be  per- 
formed, the  motor  cannot  function  properly  even  if 
suited  to  the  work,  and  thus  the  cost  of  upkeep  of  the 
driving  medium  is  increased.  Overloaded  motors  give 
all  kinds  of  trouble  and  underloaded  motors  are  in- 
efficient. 

There  are  two  methods  of  maintenance:  First,  the 
kind  that  makes  repairs  only  when  forced  to  do  so  by 
a  shutdown,  which  to  say  the  least  is  expensive  and 
unsatisfactory ;  second,  the  kind  that  keeps  the  equip- 
ment in  operation,  that  gives  the  machinery  a  little 
attention  each  day,  and  locates  and  remedies  the  defects 
before  they  have  time  to  develop  trouble.  There  are 
cases  where  the  direct  maintenance  cost  of  the  latter 
may  be  more  expensive  than  the  former,  but  when 
compared  with  the  increase  in  production  obtained  by  the 
latter  method,  there  is  no  comparison  between  the  two. 
The  latter  means  a  practically  continuous  operation  of 
the  equipment,  where  the  former  leads  to  all  kinds  of 
expensive    interruptions    and    dissatisfaction. 

The  installation  of  motor  and  controller  in  inacces- 
sible places  where  they  cannot  be  taken  care  of,  just 
to  economize  in  a  little  floor  space,  is  false  economy. 
If  the  attendant  is  to  be  expected  to  take  care  of  the 


equipment,  it  must  be  placed  where  it  can  be  given 
attention  without  excessive  effort.  If  this  is  not  done, 
it  is  immaterial  how  conscientious  a  workman  may  be, 
he  generally  gets  disgusted  with  having  to  keep  up 
machinery  where  he  has  to  subject  himself  to  all  kinds 
of  inconveniences  to  do  so,  with  the  result  that  the 
equipment  is  neglected. 

In  this  period  of  reconstruction,  when  manufacturers 
are  looking  for  ways  and  means  of  reducing  cost  and  in- 
creasing production,  the  electric  drive  should  be  given 
serious  consideration.  If  it  is  not  properly  selected,  in- 
stalled and  maintained,  it  may  mean  the  difference 
between  a  high  cost  and  a  low  cost  of  production. 

The  Underpinning  of  Faith 

AMERICA  had  only  begun  to  fight  when  the  armistice 
was  signed.  No  one  realized  this  more  than  Fritz 
himself.  His  moral  sense  was  a  minus  quantity  and  his 
understanding  of  psychology  was  ludicrously  inaccurate, 
but  he  still  retained  enough  sense  to  appreciate  that  he 
was  a  beaten  man  and  that  to  prolong  the  conflict  was 
but  to  convert  defeat  into  disaster  and  transform  re- 
verses into  a  rout.  So  he  sent  out  the  white  flag  and 
the  crash  of  cannon  ceased. 

By  that  strategy  he  saved  his  face,  and  he  cheated 
the  Allies  of  the  chance  of  punishing  him  as  he  deserved, 
of  dealing  with  him  as  ungently  as  he  had  dealt  with 
Belgium  and  of  sending  back  to  him  with  compound 
interest  the  devastation  and  death  he  had  loosed  upon  a 
peaceful  earth.  But  the  military  Frankenstein  he  had 
created  was  about  to  turn  and  rend  him. 

For  America  had  more  than  two  millions  of  men  in 
France  and  millions  more  in  training;  ships  were  build- 
ing to  transport  them;  munition  factories  were  just 
beginning  to  hit  their  stride;  chemical  plants  were  pro- 
ducing poison  gases  of  a  deadliness  and  effectiveness 
such  as  the  Hun  never  dreamed;  great  bombing  planes 
were  being  assembled,  in  preparation  for  the  days  when 
destruction  should  descend  like  hail  on  the  Fatherland 
and  the  horrors  of  warfare  be  brought  home  to  the 
willing  worshipers  of  a  swashbuckling  sham. 

A  mighty  machine  was  in  motion  toward  the  Rhine. 
From  the  days  of  its  first  faint  stirrings  at  Seicheprey 
it  had  gathered  speed  and  momentum  until  no  organized 
resistance  could  stand  before  it.  That  machine  was  con- 
ceived, built  and  motivated  by  faith — the  faith  of  the 
American  people  in  the  justice  of  their  cause,  the 
ability  of  their  leaders,  the  strength  of  their  own  arms 
and  the  inexhaustible  resources  of  their  homeland.  It 
was  that  quenchless  faith  which  proved  the  undoing 
of  the  Hun  and  paved  the  way  for  the  imperial  skedaddle 
to  Amerongen. 

Behind  that  faith,  what? 

The  power  of  the  almighty  dollar — the  selfsame  dollar 
that  Europe  had  professed  to  regard  as  the  American's 
god,  that  she  liked  to  ridicule  and  yet  that  she  never 
declined  to  take  from  tourists  possessing  greater  gen- 
erosity than  good  judgment.  That  was  the  material 
foundation   for  America's  effort. 
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All  the  vast  wealth  of  the  nation  was  pledRcd  to  the 
furthcranco  of  our  at-tivitie.s  in  the  war.  Fortuiiatoly,  we 
iioedod  to  use  only  a  aniall  part  of  it.  But  the  intent 
and  the  iiromise  were  there.  We  were  a.s  one  in  the 
determination  to  .spend  the  last  red  rent,  if  need  be, 
to  wipe  the  red  smear  of  Pru.ssianism  from  the  face 
of  the  world. 

The  task  is  not  ended.  We  have  only  partly  com- 
pleted the  job.  We  have  removed  the  menace  of  (lerman 
domination,  but  we  have  not  discharged  our  fijrhting 
forces.  There  is  yet  a  great  army  abroad  to  be  fed, 
clothed  and  brought  home.  There  are  the  disabled 
to  be  cared  for  and  trained  for  gainful  occupations. 
There  are  camps  and  hospitals  to  be  maintained.  There 
are  enormous  war  debts  to  be  paid. 

These  are  the  reasons  for  the  Victory  Liberty  Loan 
so  soon  to  be  launched.  Our  war  expen.ses  have  not 
ended  with  the  ending  of  hostilities.  It  was  utterly 
impossible  to  dismantle  in  a  day  th6  titanic  war  machine 
that  we  had  built.  Therefore  our  expenses  must  con- 
tinue. 

The  fifth  loan  is  to  finish  a  work  nobly  begun  and 
splendidly  carried  forward.  It  is  to  redeem  the  pledge 
of  the  nation  to  see  the  whole  affair  through  to  a 
successful  ending. 

The  job  will  not  be  properly  done  until  the  Victory 
Loan  is  fully  subscribed. 

Developing  the  Water 
Power  of  Maine 

WHAT  a  pity  that  Maine  does  not  occupy  the 
geographical  position  of  Massachusetts  or  Con- 
necticut !  With  her  abundant  resources  in  water  power 
she  would  exert  a  most  favorable  influence  upon  the 
industries  of  New  England.  But,  after  all  it  is  perhaps 
well  that  this  most  northerly  state  on  the  Atlantic, 
far  removed  from  the  coal  fields,  has  so  many  large 
rivers  on  which  many  hydro-electric  stations  may  be 
built.  It  greatly  adds  to  the  cost  of  steam  power  to 
the  people  of  that  state  because  the  charge  to  take 
coal  from  Hampton  Roads  to  her  ports  is  high. 

A  special  investigation  of  Maine's  water-power  pos- 
sibilities shows  that  700,000  horsepower  is  available. 
Half  a  million  is  available  on  the  Kennebec,  Andros- 
coggin and  Saco;  only  half  of  this  is  now  developed. 
The  Kennebec  will  yield  about  230,000  horsepower, 
though  only  40,000  or  about  one-sixth  is  at  present 
developed.  The  Androscoggin  ultimate  practicable  yield 
is  160,000  of  which  120,000  is  already  developed.  The 
Saco  can  produce  50,000,  and  two-thirds  of  this  is  now 
developed.  On  the  six  great  rivers  of  Maine  fifty-five 
per  cent,  of  the  available  power  is  developed. 

The  Public  Utilities  Commission  for  that  state  be- 
lieve that  existing  plants,  aided  by  storage,  can  meet 
the  demands  for  power  for  several  years  to  come.  This 
is  likely  true,  as  unusually  great  storage  capacity  is 
available  at  a  remarkably  low  cost.  But  many  of  the 
public  utilities  now  producing  and  selling  power  are 
hard  pressed  to  meet  peak  demands.  To  increase  the 
station  capacities  for  each  of  these  companies  doubtless 
would  mean  expenditures  far  in  excess  of  the  amount 
required  to  build  a  station  and  utilize  some  of  the  un- 
developed power,  distributing  it  over  trunk  lines  to  all 
the  companies  which  need  it.  The  commission  touches 
upon  this  problem.  How  such  a  plan  will  be  financed  is 
a  matter  for  the  state  and  business  to  handle.  There 
are   several  ways   of   doing   it.     The   Kennebec   is   the 


great  .source  of  power  for  future  needs  in  Maine,  and 
.storage  upon  it  is  to  be  had  at  low  cost.  It  i.s  of  in- 
terest to  know  that  engirioers  estimate  that  the  average 
cost  of  developing  the  practicable  resources  is  about 
r)ne  hundred  dollars  per  horsepower.  On  the  six  great 
rivers,  the  Kennebec,  Androscoggin,  Penobscot,  Pre- 
sumpscot,  Union  and  Saco,  79,000  horsepower  increase 
may  be  had  by  storage  regulation  at  the  low  average 
cost  of  thirty-four  dollars  per  horsepower.  If  all  sug- 
gested storage  developments  were  made,  there  would 
follow  an  increase  in  primary  power  of  1^8,000  horse- 
power at  a  total  cost  of  sixteen  dollars  per  horsepower. 

With  such  water-power  re.sources,  all  po.S8ible  of 
development  at  comparatively  low  cost,  one  may  judge 
of  the  competition  that  such  developments  might  give 
to  the  steam  stations  at  tidewater.  With  storage  regu- 
lation power  can  be  tran.smitted  to  tidewater  at  from 
four  to  nine  mills  (six  mills  an  average)  per  kilowatt- 
hour  of  primary  power  at  the  substation  of  the  trans- 
mission line  as  against  one  and  one-quarter  cents  per 
kilowatt-hour  at  the  switchboard  of  large  steam  stations 
now  operating  at  tidewater. 

Peculiarly,  the  laws  of  Maine  prohibit  the  exportation 
out  of  the  state  of  power  generated  within  the  state. 
Thus  Maine  cannot  tie  in  with  other  New  England 
water-power  systems.  The  commission  says  ~that  other 
than  railroads  the  total  power  generated  by  steam  in 
Maine  is  but  230,000  horsepower.  And  Maine  has  not 
demand  for  anywhere  near  her  total  water  power  avail- 
able. This  should  not,  however,  hold  back  development 
of  her  resources  in  power.  She  should  sell  it,  reserving 
the  right  to  curtail  supply  to  without  her  borders  for 
needs  within  as  the  demand  rises.  ..fj,^    v 

Some  interesting  data  on  construction  and  opferating 
cost  of  water  power,  with  particular  reference  to  Maine, 
are  given  elsewhere  in  this  issue. 


According  to  a  newspaper  item  and  credited  to  the 
Great  Lakes  Bulletin,  the  fireman  on  board  ships  seem  to 
have  a  "snap."     One  paragraph  is  as  follows: 

The  daily  routine  of  a  man  on  watch  consists  merely  of 
seeing  that  the  fires  are  purple  and  the  steam  at  the  proper 
height  before  he  relieves  his  man.  From  then  on  until  his 
watch  expires  he  merely  has  to  maintain  the  required  amount 
of  steam  up  and  watch  his  fires. 

Maintaining  a  purple  fire  may  be  a  sinecure,  but  we 
were  under  the  impression  that  by  the  time  a  marine 
fireman  had  stood  his  watch  and  kept  the  steam  pres- 
sure at  the  proper  point  and  his  fires  in  proper  shape, 
he  had  done  what  might  be  considered  a  day's  work. 


The  recent  Mobile  boiler  explosion  again  emphasizes 
the  pent-up  energy  in  high-pressure  steam  boilers.  The 
two  boilers  that  exploded  were  fifteen  and  twenty  years 
old  respectively,  and  although  repairs  may  have  been 
made  on  them,  it  would  seem  that  after  such  a  period 
of  service  it  would  be  advisable  to  reduce  the  working 
pressure  somewhat  and  at  the  same  time  exercise 
greater  care  in  the  matter  of  inspection. 


When  we  see  some  fellow  take  the  floor  every  fifteen 
minutes  at  an  engineers'  meeting,  we  are  reminded  that 
a  babbling  stream  has  to  spread  itself  considerably  to 
make  up  for  its  lack  of  depth. 


Most  of  us  believe  the  thing  that  it  is  to  our  interest 
to  believe.  Witness  the  assertion  of  superior  economy 
on  the  part  of  the  central  station  as  a  power  producer. 
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How  Dirty  Waste  May  Be  Cleaned 

Waste  that  is  used  for  wiping  machinery  generally 

becomes  extremely  dirty  with  use  and  is  then  thrown 

on  the  coal  piles.    A  better  way  would  be  to  collect  the 

waste  in  a  suitable  covered  can  and,  when  a  sufficient 

"■•  quantity     has     a  c  - 

cumulated,  place  it 
in  a  strong  solution 
of  common  soda  and 
boil  it.  A  large  pro- 
portion of  the  dirt 
and  oil  will  be  re- 
moved, and  a  proper 
rinsing  will  make 
the  waste  ready  for 
use  again.  A  press 
for  squeezing  out 
the  moisture  in  the 
waste  can  be  made, 
as  illustrated,  from 
a  piece  of  5-in.  pipe. 
The  pipe  is  fitted 
with  a  drilled  cap  on 
one  end  and  a  plug 
on  the  other,  and  the 
plug  is  tapped  for  a 
threaded  i-in.  rod 
fitted  with  a  piston 
on  one  end  and  a  tee 
on  the  other.  The 
piston  can  be  made 
of  wood.  The  waste 
is  put  in  the  press 
and  the  plug  is  then 
screwed  into  the  end 
of  the  pipe,  and  by 
screwing  in  on  the  i-in.  pipe,  excess  moisture  is  pressed 
)ut.  To  remove  the  waste  unscrew  the  cap  and  force 
it  out  by  means  of  the  piston.  James  M.  Purcell. 
Richmond,  Va. 

Thermos-Bottle  Principle  Applied  to 
Steam  Cylinders 

In  the  issue  of  Feb.  25,  page  293,  there  was  published 
a  letter  on  "Thermos-Bottle  Principle  Applied  to  Steam 
Cylinders,"  in  which  the  writer  suggested  that  the  jack- 
ets of  cylinder-jacketed  engines  be  connected  to  the  con- 
denser and  radiation  losses  be  thereby  reduced.  This 
idea  was  tested  out  very  thoroughly  in  the  laboratories 
of  the  University  of  Wisconsin  some  years  ago.  A  com- 
pound condensing  steam-jacketed  engine  was  first  care- 
fully tested,  both  with  and  without  steam  jackets.  Then 
the  steam  jackets  were  connected  to  the  condenser  and 
tests  made  at  various  vacua. 

This  vacuum  apparently  hadn't  the  slightest  effect 
on  the  steam  consumption.  An  extremely  high  vacuum 
pump  was  available  and  was  connected  to  the  jackets 


to  produce  high  vacuum.  Such  vacuum  had  very  slight 
effect  on  the  steam  consumption  of  the  engine.  It 
was  therefore  concluded  that  the  use  of  the  vacuum 
jacket  had  no  effect  whatever  on  the  cylinder  condensa- 
tion, which  is  the  serious  loss  in  the  engine,  and  fur- 
ther, that  a  perfect  vacuum  would  be  required  to  ap- 
preciably reduce  radiation  losses  through  the  jacket 
space  alone. 

Such  a  vacuum  cannot  be  obtained  with  an  ordinary 
condenser.  Furthermore,  there  would  still  be  consider- 
able radiation  from  conduction  of  heat  through  the 
metal  cylinder  heads,  joints  and  ribs  connecting  the 
cylinder  and  jacket.  These  tests  indicated  clearly  that 
nothing  would  be  gained  commercially  by  putting  a 
vacuum  on  cylinder  jackets.  A.  G.  CHRISTIE. 

Baltimore,  Md. 

Altering  a  Reducing  Motion 

Some  time  ago  I  bought  an  indicator  and  reducing 
motion  in  order  to  secure  diagrams  from  my  engines, 
but  when  I  used  it  I  obtained  a  diagram  only  2i  in. 
long,  which  was  too  short.  Using  the  rule  of  proportion, 
I  find  it  to  be  2i :  4 J : :  4 :  7.2  in.     Thus  the  24-in.  card 


HOLE  TO  DR/llt/ 
OIL  /IND  VMTER 


PRESS    FOR    WASHED    WASTE 


ALTERED  REDUCING  MOTION 

was  made  from  a  reducing  motion,  the  face  of  which 
was  4i  in.  from  the  center  point. 

A  card  4  in.  long  would  require  a  reducing  motion 
having  a  distance  of  7.2  in.  from  the  center  to  the  face. 
To  obtain  the  proper  travel  of  the  indicator  drums,  I 
added  a  piece  of  wood,  as  shown  in  the  illustration. 
This  gave  a  card  exactly  four  inches  long. 

St.   Louis.  Mo.  M.  J.   Merrell. 
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l'r<'\<'iiliii*^  a  Drill  IrtMii  Sli|>piii<i; 

IliiviiiK  i'  iiunilxM-  of  lioli'.s  to  drill  in  ii  pipi',  I  ut 
first  I'xpt'rieiUTil  .somi'  liiUkuity,  a.s  the  drill  would  tend 
to  slip.  I  then  took  a  block  of  wood,  cut  n  true  V-shaped 
notch  and  i)lact'd  it  over  the  pipe.  A  line  was  drawn 
through   the  center  of  the  block  corresponding  to  the 


GUIDE   FOR   PIPK   DRILL 

bottom  of  the  V  and  a  hole  drilled  on  this  line.  Putting 
the  drill  through  this  hole  brought  it  on  a  center  line 
of  the  pipe  and  at  the  same  time  furnished  a  support 
for  the  drill,  thus  preventing  it  from  slipping.  Pipe  of 
different  sizes  can  be  drilled  with  this  same  block. 
Richmond,  Va.  J.  M.  PuRCELL. 

Burning  Fuel  Oil  in  a  Coal-Burning 
Furnace 

Referring  to  page  411  of  the  Mar.  18,  1919,  issue, 
and  the  short  article  relating  to  bagged  boilers  caused 
by  burning  fuel  oil  without  change  of  furnaces,  I  would 
say  that  I  have  had  two  experiences  of  this  kind,  and 
from  the  many  furnaces  that  have  been  changed  to 
burn  fuel  oil  in  which  the  only  alteration  was  to  remove 
certain  sections  of  the  grates  and  place  a  baffle  wall  in 
the  furnaces  without  any  trouble  whatever.  I  believe 
that  the  bagging  in  the  instance  mentioned  was  caused 
by  the  fact  that  at  this  particular  point  there  was 
in  this  boiler  a  certain  amount  of  scale  or  dirt  that 
had  collected  directly  over  the  bag. 

In  every  case  that  has  come  to  my  notice,  either  with 
oil  or  coal  fire,  where  a  bag  has  developed,  scale  or 
dirt  located  at  that  point  has  been  the  direct  cause, 
together  with  a  too  intense  fire.  A.  E.  Walden. 

Baltimore,  Md. 

Engine  Emergency  Stunts 

The  editorial,  "Helping  the  Other  Fellow,"  in  Power, 
Dec.  31,  1918,  would  no  doubt  result  in  benefit  to  pro- 
gressive engineers  if  they  would  respond  by  telling  about 
the  stunts  they  have  "pulled  off"  during  their  engineer- 
ing careers.  Many  of  them  have  good  ideas  which,  if 
made  public,  would  be  of  value  to  others  and  a  source 
of  gratification  to  the  giver.  As  a  starter  I  present  the 
following : 

The  cutoff  valve  in  the  low-pressure  cylinder  of  a 
tandem-compound  engine  broke  in  three  pieces.    As  the 


accident  occurred  an  hour  before  the  peak  loud  came  on, 
.something  had  to  be  done  (juickly  because  the  other  en 
gines  wo'-e  too  small  to  pull  the  conunercial-liKhtinK 
load.  After  giving  up  the  situation  as  lost,  the  chief 
engineer  disconnected  the  cutoff  rod  and  used  a  chain 
to  clamp  the  low-prevsure  valve  firmly  against  the  head 
end.  This  allowed  steam  to  enter  on  the  crank  end.  The 
engine  was  started  in  time  for  the  show  at  the  opera 
house  at  8:  15  p.m.  and  lasted  just  20  minutes  after  the 
J  how  was  out.  At  midnight  the  valve  chest  was  opened 
up  and  the  broken  ^utofT  valves  removed  togel'ner  with 
the  stretcher  rods.  Then  the  main  valve  was  replaced 
and  ran  without  the  cutoff  valves  for  9  days,  untjl  the 
new  ones  arrived.  The  engine  not  only  ran  bt4tcr  with- 
out the  cutoff  valves  in  the  low-pressure  cylinder,  but 
pulled  30  kw.  more  load,  or  210  instead  of  180. 

In  another  instance  the  governor  spring  broke  on  a 
shaft  governor  just  as  the  afternoon  peak  came  on.  As 
we  had  no  spring  in  stock,  we  were  up  against  it.  So 
the  chief  pulled  his  hair  and,  after  cursing  a  little, 
ordered  the  chain  again.  The  weight  levers  were 
chained  securely  to  their  inner  .stops,  about  as  shown 
in  the  illustration,  thus  giving  the  engine  maximum 
valve  opening.  The  engine  was  run  throttled  this  way 
for  over  a  week  to  help  out  on  the  peak  head. 

A  new  engine  had  been  promised  for  the  winter  load, 
but  at  the  last  minute  word  came  that  the  deal  had 
fallen  through.  The  chief  talked  plain  English  and  told 
the  powers  that  be  what  could  be  expected  in  the  way 
of  poor  service.  Finally,  the  manager  borrowed  an  en- 
gine from  another  plant  that  had  just  discontinued  the 
use  of  four  125-hp.  tandem  units.    The  borrowed  engine 


WEIGHT   LEVERS    CHAINED   A&'AIXST    IXXER    STOPS 

was  connected  up  and  running  by  the  following  Satur- 
day night  just  in  time  to  save  the  day. 

In  the  meantime  the  engine  that  had  been  bought  as 
junk  was  rebuilt  and  made  a  permanent  part  of  the 
plant' and  was  used  to  reduce  the  coal  bill  on  Sundays, 
holidays  and  after  midnight,  when  the  load  was  less 
than  100  horsepower.  So  in  the  end  the  borrowed  en- 
gine proved  to  be  a  good  investment,  as  it  saved  over 
a  ton  of  coal  a  day,  or  approximately  12  per  cent,  on  the 
coal  bill.  Waldo  Weavbs, 

Franklin,  Ohio. 
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Connecting  an  Oil  Line  to  a 
Fuel-Oil  Tank 

A  crude-oil  tank,  20  ft.  deep  and  30  ft.  in  diameter 
had  but  one  feed  line  going  to  the  boiler  oil  burners, 
with  the  exception  of  a  dangerous  one  that  was  con- 
nected to  the  water  drain  pipe  of  the  tank.  That,  if 
used,  might  have  put  all  of  the  boiler  burners  out  of 


SHOWING  HOW  THE  HOLE  WAS  DRILLED  IN  THE  TANK 

commission  or  carried  water  to  the  burners,  as  it  is 
connected  in  the  bottom  of  the  tank. 

The  need  of  another  oil  line  was  evident,  and  the 
problem  was  solved  by  putting  a  4-in.  connection  in 
the  side  of  the  tank  at  the  bottom.  Not  more  than 
two  or  three  buckets  of  oil  was  lost  by  the  operation, 
as  a  pan  was  used  to  drain  crude  oil  back  to  a  small 
tank  into  which  the  oil   is  discharged  from  the  cars. 

A  wooden  box  was  made,  14  in.  square  by  8  in.  deep, 
with  the  face  made  to  fit  the  curvature  of  the  tank. 
The  edges  of  the  box  that  came  next  to  the  tank 
were  lined  with  flax  packing  and  held  in  place  with 
nails  driven  well  in  so  as  not  to  hold  the  packing  away 
from  the  tank.  A  piece  of  strap  iron  was  then  screwed 
to  the  back  of  the  box,  and  two  l-in.  holes  were 
drilled  and  tapped  through  both.  This  plate  was  for 
the  purpose  of  pulling  the  box  up  to  the  side  of  the 
tank  by  means  of  bolts  extending  from  the  outside. 

Next,  two  lengths  of  pipe,  each  flattened  at  one  end, 
in  which  two  holes  were  drilled,  were  bolted  one  on 
each  end  of  the  box,  so  as  to  guide  and  let  it  down 
to  the  desired  position  in  the  tank.  Corresponding  holes 
were  drilled  in  the  tank  to  match  the  tapped  holes  in 
the  box,  so  as  to  draw  the  box  with  flax  packing  tight 
against  the  tank.  The  holes  in  the  tank  were  carefully 
drilled  with  an  air  drill  running  at  slow  speed  so  as 
not  to  cause  heat  or  produce  a  spark,  which  would 
subject  the  oil  tank  to  the  danger  of  fire.  As  soon  as 
each  hole  was  drilled,  a  wooden  plug  was  inserted. 

When  all  was  ready,  the  box  was  lowered,  through 
a  manhole  at  the  top  of  the  tank,  to  its  place  corre- 
sponding to  the  holes  drilled  in  the  tank.  The  holes  in 
the  box  were  countersunk  so  as  to  be  easily  located 
when  putting  the  bolts  through  after  the  box  had  been 
lowered   to   position,   the   bolts   being    inserted    in   the 


holes  in  the  tank  after  the  wooden  plugs  had  been 
pulled  out  ons  by  one. 

The  box  was  then  drawn  up  to  the  tank  securely,  the 
plug  in  the  center  hole  was  pulled,  and  the  oil  in  the 
box  was  drained  out.  A  4-in.  flange  was  placed  against 
the  tank  and  central  with  the  box.  Then  the  bolt  holes 
were  scribed,  also  the  bore  of  the  flange  opening.  The 
center  was  drilled  out  with  a  small  drill,  and  the  bolt 
holes  were  drilled.  The  flange  was  then  placed  after 
putting  an  J-in.  asbestos  sheet  gasket  between  the  brass 
flange  and  the  tank.  The  flange  bolts  were  put  in  place 
from  the  inside  of  the  tank  by  means  of  the  flange 
opening  in  the  tank  and  were  drawn  up  tight.  The 
flange  was  made  of  brass  so  as  to  obviate  any  chance 
of  breaking  when  tightening.  A  nipple  had  been 
screwed  tightly  into  the  flange  before  bolting  it  to  the 
tank,  so  as  not  to  have  any  difficulty  in  screwing  it 
in  later,  in  case  the  flange  should  spring  in  bolting  it 
to  the  tank.  A  valve  was  screwed  to  the  nipple  and  then 
closed.  The  bolts  were  unscrewed  from  the  box,  leaving 
it  free,  and  the  bolt  holes  in  the  tank  were  tapped  and 
plugged  with  patch  bolts.  The  oil  line  was  then  put 
in  service  and  has  been   in  use  ever  since. 

Sasco,  Ariz.  Ralph  Lewis. 

Scale  Deposited  in  Tray 

One  of  several  return-tubular  boilers  in  a  certain 
plant  is  fed  through  the  blowoff  line.  The  effect  on 
the  circulation  of  the  water  in  the  boiler  was  such 
that  all  loose  scale  was  deposited  on  the  front  sheet 
over  the  furnace.  This  resulted  in  a  badly  bagged 
boiler  on  two  occasions.     A  boiler  inspector  suggested 


SCALE  DEPOSITING  TRAY   IN  BOILER 

the  introduction  of  a  tray,  as  shown  in  the  illustration. 
This  is  put  in  place  through  the  front  manhole.  At 
times,  especially  when  boiler  compound  is  used,  this 
tray  is  full  of  loose  scale  at  the  end  of  two  weeks.  No 
loose  scale  is  found  in  any  other  part  of  the  boiler. 
The  use  of  this  tray  keeps  the  scale  from  piling  up  ou 
the  sheet  and  has  done  away  with  the  old  hazard  of  a 
bagged  boiler.  J.  L.  BALL. 

Amsterdam.  Ohio. 
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Changes   in    lleudor   Piping 

Referring  to  the  letter,  "ChuiiKes  in  Header  PipiiiK." 

on  puKe  327  of  the  Mar.   1  i.s.sue,  I  wi.sh  to  .><tate  for  the 

,  information  of  Mr.  Wakeman  that  there  i.s  a  larjje  trap 

connected   to  the  other  end   of  the   header   l)y   a   2-in. 

line.     Thi.s  wa.s  not  sliown  in  the  previou.s  article. 

When  sudden  overloud.s  come  on,  the  unit  that  the 
(>-in.  line  supplie.s  pull.s  over  large  .slug.s  of  water,  and 
these  are  entirely  too  great  in  volume  to  be  handled 
by  a  11 -in.  line,  a.s  .suggested  by  Mr.  Wakeman,  to 
clear  the  G-in.  line  as  it  should  be  done.  What  is  to  pre- 
vent the  steam  in  the  boiler  from  circulating  up  through 
the  li-in.  pipe  to  the  header,  in  the  arrangement  de- 
scribed by  Mr.  Wakeman? 

As  for  the  e.xcessive  radiation  surface,  a  good  grade 
of  covering  has  practically  eliminated  that  loss. 

Memphis,  Tenn.  J.  A.  Landolina. 

Mechanical  Equipment  of  Industrial 
Buildings 

In  the  article  on  "The  Mechanical  Equipment  of 
Industrial  Buildings,"  page  244  of  the  Feb.  18  issue, 
a  calculation  is  made  showing  how  the  steam  charged 
to  the  power  account  can  be  estimated  where  the  ex- 
haust from  the  engines  is  used  to  heat  the  building  or 
for  other  purposes. 

In  this  calculation  an  allowance  of  20  per  cent,  is 
made  for  the  loss  in  heat  units  by  the  steam  in  being 
passed  through  the  engine  due  to  condensation.  Al- 
though this  percentage  is  the  one  commonly  used  in 
making  calculations  of  this  nature,  it  would  appear  that 
it  is  too  high  in  view  of  recent  observations  by  operat- 
ing engineers  and  others.  A  horizontal  high-speed 
engine  will  not  convert  much  more  than  5  per  cent,  of 
the  heat  supplied  to  it  into  mechanical  energy.  To 
allow  15  per  cent,  for  condensation  seems  excessive 
in  view  of  the  comparatively  small  area  of-  the  cylinder, 
steam  chest,  etc. 

A  100-hp.  high-speed  engine  with  a  water  rate  of 
32  lb.  would,  under  these  conditions,  condense  about 
500  lb.  of  steam  per  hour,  and  this  condensation  would 
take  place  in  a  cylinder  the  superficial  area  of  which 
is  about  15  sq.ft.,  or  at  a  rate  of  33  lb.  per  sq.ft.  per 
hour.  This  rate  is  many  times  higher  than  that  ob- 
tained from  uncovered  steam  piping,  and  it  would  there- 
fore appear  that  the  assumption  made  as  to  the  loss  in 
the  cylinder  is  somewhat  liberal. 

It  is  true  that  there  is  a  considerable  amount  of 
initial  condensation  when  steam  is  admitted  to  the 
cylinder  at  the  beginning  of  the  stroke,  but  this  con- 
densation is  largely  reevaporated  before  exhaust  takes 
place,  so  that  it  does  not  represent  a  direct  loss  in 
the  heating  value  of  the  steam  discharged  by  the  engine 
into  the  heating  system. 

In  addition  to  this,  in  exhaust  steam  there  is  un- 
doubtedly some  property  which  makes  it  more  effective 
as  a  heating  medium  than  live  steam  of  the  same 
pressure.  Just  what  is  the  cause  of  this  is  hard  to 
explain,  but  it  is  a  well-known  fact  among  operating 
engineers  that  a  building  can  usually  be  heated  more 
effectively  and  with  a  lower  pressure  on  the  system 
using  exhaust  steam  than  with  live  steam.  Using  a 
lower   pressure    in   the   system    naturally    reduces    the 


steam  consumption,  and  in  many  cuHeH  it  would  appear 
that,  where  all  the  exhaust  can  be  utilized,  no  steatn 
.should  be  charged  to  the  power  account,  aH  the  coal 
consumption  is  the  same  whether  the  engincH  are  run- 
ning or  not.  Indeed,  some  engineers  claim  that  they 
actually  save  coal  by  operating  their  engines  and  that 
on  Sundays  and  holidays  the  steam  consumption  of 
the  heating  .system  is  increa.sed  on  account  of  the  ma- 
chines ijeing  shut  down.  D.  F.  Graiiamk. 
Ottawa,  Ont. 

Calculating  Heat  Loss  in  Water 

Replying  to  Mr.  Molloy's  query  relating  to  "Calculat- 
ing Heat  Lo.ss  in  Water,"  published  on  page  219  of 
the  Feb.  11  issue  of  Power,  I  am  of  the  opinion  that 
he  does  not  get  anything  like  .steam,  or  212-deg.  tem- 
perature, in  his  feed  water. 

It  is  a  fact,  acknowledged  by  authorities,  that  closed 
heaters  are  seldom  provided  with  sufficient  heating 
surface  to  raise  the  temperature  to  more  than  200  deg. 
In  order  to  raise  the  temperature  of  1000  lb.  of  water 
from  60  to  212  deg.,  the  heating  surface  would  be  almost 
1  sq.ft.  per  hp.,  and  it  is  not  likely  that  Mr.  Molloy's 
heater  has  any  such  proportions. 

In  regard  to  the  heat  lost  to  the  sewer  from  the 
heater  and  the  heating  system,  we  may  assume  that 
it  has  a  temperature  of  212  deg.  unless  thermostatic 
traps  are  used  and  the  temperature  worked  down  to  a 
lower  point.  In  a  plant  with  which  I  am  acquainted 
about  27,000  lb.  of  water  per  hour  is  used.  The  raw 
water  is  at  a  temperature  of  44  deg.,  and  a  closed 
heater  raises  it  to  144  degrees. 

The  steam  pressure  carried  is  100  lb.  If  the  boiler 
plant  has  an  efficiency  of  50  per  cent.,  the  coal  a 
calorific  value  of  14,000  B.t.u.  and  the  loss  of  steam 
due  to  leakage,  condensation  and  oil  separators  equals 
20  per  cent,  of  the  balance  being  used  for  heating  the 
building  and  the  feed  water  and  then  going  to  the 
sewer  at  212  deg.,  which  I  am  satisfied  that  it  does, 
the   loss   of   coal   to   the   sewer   per   hour   would   equal 


?^^^  X  ^  (212 
7000    ^  100  ^'^^^ 


44)   =  518  pounds. 


As  there  is  enough  exhaust  steam  going  to  waste 
in  the  plant  in  question  to  heat  the  water  to  212  deg. 
in  an  open  heater,  it  looks  to  me  as  if  Mr.  Molloy's 
closed  heater  is  an  expensive  proposition. 

The  heat  units  saved  per  hour  by  an  open  heater 
over  that  saved  by  the  closed  heater  would  equal 
27,000 ('212  —  144)  =  1,836,000.  On  a  basis  of  50 
per  cent,  efficiency  this  would  equal  1,836,000  -^  7000 
-=  262  lb.  of  coal  per  hour.  There  would  also  be 
a  saving  of  water,  the  quantity  being  calculated  about 
as  follows:  As  the  condensation  in  the  heater  is  in 
contact  with  the  water  until  it  leaves  the  heater,  its 
temperature  must  be  212  deg.  The  latent  heat  of  the 
exhaust  steam,  966  B.t.u.  per  lb.,  is  the  only  heat  ased 
in  heating  the  water. 

The  quantity  of  water  heated  by  one  pound  of  ex- 

966 


haust  steam  would  therefore  be 


=  9.66  lb. 


144  -  44 

And  the  quantity  of  condensation  would  equal  27,000 
H-  9.66  =  2800  lb.  per  hour,  nearly.  As  Mr.  MoUoy 
gives  no  data  in  connection  with  his  plant,  no  figures 
can  be  given  for  it,  but  I  believe  the  foregoing  calcula- 
tions will  enable  him  to  solve  his  own  problem. 
Toronto,   Ont.,   Canada.  R.   McL.\REN. 
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Coefficient  of  Expansion  of  Mercury — What  is  the  co- 
efficient of  expansion   of  mercury  per  degree   Fahrenheit? 

J.  V.  H. 

For  practical  purposes  the  cubical  expansion  of  mercury 
may  be  taken  as  0.0001  per  degree  Fahrenheit.  The  co- 
efficient increases  with  the  temperature.  According  to 
determinations  made  by  Regnault,  the  mean  coefficient  be- 
tween 32  deg.  F.  and  212  deg.  F.  is  0.00010086;  between 
212  and  392  deg.  F.  it  is  0.00010338;  and  between  392  deg. 
F.  and  572  deg.  F.  it  is  0.00010646. 


Magnet  Coils  Wound  with  Iron  Wire — Has  iron  wire  ever 
been  used  to  any  great  extent  for  winding  magnet  coils,  and 
what  would  be  the  objections  to  its  use?  A.  S.  M. 

If  iron  wire  has  been  used  at  all  for  winding  magnet 
coils  its  use  has  been  very  limited.  On  direct  current,  the 
chief  objections  are  the  high  resistance  of  the  conductors, 
which  results  in  a  large  and  inefficient  coil;  the  winding 
being  made  of  magnetic  material  (iron)  permits  excessive 
flux  leakage,  which  decreases  the  pull  of  the  magnet.  In 
alternating-current  work  there  is  the  additional  objection 
of  the  hysteresis  and  eddy-current  losses  in  the  winding, 
which  also  decrease  the  efficiency  of  the  magnet. 


Repeated    Breakage   of   Gas-Engine   Crankshaft — We   are 

having  considerable  trouble  from  repeated  breakage  of  the 
crankshaft  of  an  80-hp.  producer-gas  engine.  May  not  the 
trouble  come  from  improper  adjustment  or  poor  lubrication 
of  the  bearings  and  crank  boxes?  S.  S. 

Repeated  breakages  are  more  likely  due  to  shocks  from 
preignition  and  impacts  to  which  internal-combustion  en- 
gines are  subjected.  A  crankshaft  usually  breaks  after  the 
material  has  become  crystallized,  and  when  a  break  has 
occurred,  it  may  be  taken  for  granted  that  more  or  less 
crystallization  has  taken  place  throughout  the  whole  crank- 
shaft material.  The  original  structure  can  be  nearly  re- 
covered by  heat  treatment,  and  the  whole  crankshaft  should 
be  so  treated  occasionally — at  least  whenever  any  part  is 
repaired  by  rewelding. 


Dull  Black  Finish  for  Brasswork — What  treatment  is 
given  brasswork  to  impart  a  dull  black  tinish?       A.  W.  B. 

Make  a  concentrated  solution  of  copper  in  nitric  acid  and 
add  an  equal  quantity  of  water.  The  surfaces  to  be  black- 
ened should  be  bright  and  washed  clean  of  grease.  If  the 
article  is  large,  swab  the  surfaces  with  the  diluted  copper 
solution;  if  small,  immerse  it  in  the  solution.  After  drain- 
ing or  shaking  off  the  solution,  heat  the  article  until  the 
copper  salt  is  converted  to  a  black  oxide.  The  heating  may 
be  done  over"  a  clean  coal  fire,  but  better  results  will  be 
obtained  by  heating  the  articles  in  a  closed  muffle  furnace, 
so  as  to  obtain  uniformity  of  heating  and  coloring.  For 
some  kinds  of  work  more  uniform  results  may  be  obtained 
by  using  a  weaker  solution,  as  one  part  of  the  concentrated 
solution  to  two  parts  of  water. 


Referring   Vacuum-Gage   Reading   to   30-In.   Barometer — 

What  is  the  rule  for  converting  vacuum-gage  readings  to 
inches  of  vacuum  referred  to  a  30-in.  barometer?  For 
example,  when  the  barometer  stands  at  30.8  in.  and  the 
vacuum-gage  reading  is  26  in.,  neglecting  differences  due 
to  variations  of  temperature,  what  would  be  the  vacuum 
referred  to  a  30-in.   barometer?  S.   R. 

When  the  barometric  pressure  of  the  atmosphere  is  30.8 
in.,  a  vacuum  gage  reading  of  26  in.  of  mercury  column 
would  indicate  an  absolute  condenser  pressure  of  30.8  —  26 
=  4.8  in.  of  mercury,  and  for  30-in.  barometer,  the  same 
absolute  pressure  would  be  equivalent  to  30  —  4.8  =  25.2  in. 
vacuum.  Hence,  to  refer  vacuum-gage  readings  to  a  30-in. 
barometer,  neglecting  allowance  for  difference  of  tempera- 


ture, subtract  the  actual  reading  in  inches  from  the  actual 
height  of  barometer  and  subtract  this  difference  from  30; 
or,  what  is  the  same  thing,  add  30  to  the  reading  and  sub- 
tract the  actual  height  of  barometer. 


Coal  Chargeable  to  Use  of  Closed  Heater — How  much  coal 
should  be  charged  per  100  cu.ft.  of  water,  heated  from  60 
to    200    deg.    F.    in    a    closed    exhaust-steam    heater? 

W.    S.    S. 

The  amount  of  coal  chargeable  will  vary  in  different 
cases.  The  service  should  be  charged  with  the  cost  of  any 
increase  of  average  back  pressure  on  the  engines;  or  on 
the  other  hand,  if  the  heater  acts  like  a  condenser  of  the 
exhaust  and  reduces  the  back  presiure,  then  the  service 
should  be  credited  with  the  improvement  of  economy  re- 
sulting from  reduction  of  the  average  engine  back  pressure. 
The  increase  or  decrease  of  average  back  pressure  on  the 
engine,  due  to  use  of  the  heater,  should  be  determined  from 
indicator  diagrams  of  the  engine  taken  with  the  average 
load  before  and  after  the  heater  is  installed.  Then  multi- 
plying the  pounds  of  coal  originally  required  per  pound 
m.e.p.  per  hour  by  the  variation  in  back  pressure  will  give 
the  quantity  of  coal  to  be  debited  or  credited  to  use  of 
the  heater. 


Electromagnet  Construction — Why  is  it  that  some  electro- 
magnets will  operate  on  either  direct  current  or  alternating 
current,  and  others  will  operate  on  only  one  class  of  circuit  ? 
What  is  the  difference  in  construction  in  a  direct-current 
and  an  alternating-current  electromagnet?  W.  A.  S. 

In  a  direct-current  electromagnet  the  magnetic  path  is 
made  of  solid  iron  in  some  form  or  other.  The  coil  is 
wound  with  wire  of  sufficient  resistance  to  keep  the  current 
down  to  a  safe  operating  value.  In  the  alternating-current 
electromagnet,  owing  to  the  eddy  currents  that  would  be 
induced  in  the  magnetic  path  if  made  of  solid  iron,  the 
magnetic  path  must  be  laminated;  that  is,  built  up  of  thin 
sheets.  The  eddy  currents  induced  in  the  magnetic  circuit, 
if  made  of  solid  iron,  would  cause  excessive  heating.  To 
prevent  the  alternating-current  flux  from  causing  the  mag- 
net to  chatter,  a  shading  coil  is  generally  used.  This  coil 
consists  of  a  loop  of  copper  around  one  of  the  poles  of  the 
magnet. 

In  any  alternating-cun-ent  coil  the  current  is  limited  by 
two  factors — the  resistance  of  the  coil  and  the  induced 
electromotive  force.  Consequently,  a  coil  used  on  an  alter- 
nating-current magnet,  of  the  same  lifting  power  as  a 
direct-current  magnet,  will  have  considerably  lower  re- 
sistance than  for  the  latter  type. 

Small  magnets,  such  as  used  for  ringing  bells,  can  be 
constructed  so  that  they  will  work  on  both  direct  and 
alternating  cun-ent.  This  is  because  an  efficient  magnet  is 
not  required  and  the  magnet  is  in  service  only  for  very 
short  periods.  However,  it  will  be  found  that  the  magnet 
will  be  considerably  stronger  when  used  on  a  direct-current 
circuit  than  when  on  an  alternating-current  circuit  of  the 
same  voltage.  With  large,  well-designed  magnet  coils  it 
will  be  found  that  if  a  direct-current  magnet  is  connected 
to  an  alternating-current  circuit  of  the  same  voltage  that 
the  coil  is  designed  for,  practically  no  current  will  flow 
through  the  coil  owing  to  its  high  inductance.  On  the 
other  hand,  if  an  alternating-current  magnet  is  connected 
on  a  direct-current  circuit  of  its  rated  voltage,  the  current 
taken  by  the  coil  will  be  excessive  and  the  coil  will  in  a 
very  short  time  reach  an  excessive  temperature. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications.— Editor.] 
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An  iiilerentinp  and  able  prfHenlation  of  the  ronditionx 
that  influence  the  eont  of  power,  whether  it  be  steam  or 
water.  The  article  is  part  of  a  report  by  these  engineers 
to  the  Public  Utilities  Commission  of  Maine,  which  deals 
with  a  special  water-power  investigation. 


TlIK  cost  of  power  is  furulanientully  aflFected  by  the 
type  of  prime  mover,  in  the  case  of  units  of  about 
SOO  hp.  particubirly.  The  manner  of  use  of  the  plant, 
however,  is  an  important  factor  in  the  cost  of  power, 
whether  the  source  be  water  or  steam.  F'or  illustration,  a 
plant  in  use  but  ten  hours  of  the  day  is  spending;  a  large 
part  of  its  time  in  idleness,  and  the  item  of  fixed  charges 
for  such  ten-hour  power  would  obviously  be  relatively 
greater  than  if  the  plant  were  in  practically  continuous 
use.  The  variation  in  load  to  which  the  plant  is  subjected 
is  another  important  factor  affecting  the  cost  of  power, 
and  here  again  a  plant  which  is  supplying  a  power  demand 
varying  between  wide  limits  is  obviously  at  a  disadvantage 
in  respect  to  the  cost  of  power  produced. 

Load  Factor — Technically,  the  relation  between  average 
and  maximum  load  at  a  plant  is  called  the  load  factor, 
with  some  further  reservation  as  to  the  time  to  which  this 
applies.  So  we  speak  of  the  daily,  monthly  or  yearly  load 
factor  usually  with  reference  to  the  time  during  which  the 
plant  is  running.  The  amount  of  machinery  required  is 
obviously  inversely  proportional  to  the  load  factor,  and  a 
high  load  factor  means  that  a  machine  is  running  with 
little  variation  in  output  and  therefore  with  greater  econ- 
omy than  if  a  low  load  factor  prevailed.  For  central  sta- 
tions load  factors  as  low  as  30  to  40  per  cent,  are  not 
uncommon,  while  with  industrial  plants  load  factors  as 
high  as  80  or  even  90  per  cent,  are  sometimes  reached.  The 
raising  of  the  load  factor  in  the  central  station  is  one  of 
the  continual  aims  of  efficient  operation,  meaning,  as  it  does, 
a  building  up  of  the  load  curve  in  those  parts  of  the  day 
when  the  ordinary  use  of  power  is  at  a  minimum.  To  bring 
this  about  means  a  judicious  blending  of  customers  with 
varied  power  demands  as  regards  time  of  day.  It  is  es- 
pecially desirable  to  obtain,  if  possible,  power  users  for 
the  night  period,  from,  say,  8  p.m.  to  6  a.m.  This  means 
including  considerable  24-hour  power,  or  more  particularly 
power  uses  such  as  for  pulp  and  paper  manufacture,  elec- 
trochemical work,  pumping,  etc.,  which  can  be  carried  on 
during  the  nij-ht  hours  and  in  part  limited  to  these  hours. 

Capacity  Factor — Capacity  factor  is  a  term  which  takes 
account  of  not  only  load  factor  but  the  proportion  of  the 
time  during  which  the  plant  is  running.  It  is  defined  as 
the  ratio  between  the  total  output  of  the  plant  as  run  at 
its  rated  capacity,  24  hours  per  day,  the  entire  year,  and 
the  actual  output  of  the  plant  in  the  same  period.  Obvi- 
ously, for  a  plant  running  24  hours  per  day,  365  days  per 
year,  the  load  factor  and  capacity  factor  are  the  same 
figure,  provided  that  the  rated  capacity  of  the  plant  is  the 
same  as  the  maximum  load  demand  or,  in  other  words, 
that  no  spare  power  units  are  included.  The  load  factor 
and  capacity  factor  are  always  less  than  unity. 

Diversity  Factor — Diversity  factor  applies  particularly 
to  the  use  of  power  and  takes  account  of  the  fact  that  all 
customers  do  not  simultaneously  require  current  enough 
to  run  their  connected  loads  to  full  capacity,  but  have  a 
diversity  of  demand;  hence,  the  number  of  kilowatts  of 
station  capacity  is  always  less  than  the  number  of  kilo- 
watts of  connected  load.  If  there  were  no  losses  of  current 
in  the  transmission  lines,  the  total  true  diversity  factor 
would  be  the  quotient  obtained  by  dividing  th?  total  con- 
nected load  by  the  station  peak  load.     The  actual  diversity 
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factor  would  be  somewhat  modified  by  Iobbcb  of  power  in 
the  transmission  lines. 

Comparative  Utility  of  Water  and  Steam  Power — -Funda- 
mentally, the  hydraulic  turbine  has  a  groat  advantage — 
with  an  efliciency  of  about  eight  times  that  of  the  steam 
engine  or  steam  turbine,  and  lower  operating  costs.  It 
might  seem  at  first  thought,  therefore,  that  water  power 
would  always  be  cheaper  and  more  desirable.  The  usual 
high  first  cost  of  a  water-power  plant,  almost  always 
greater  than  for  a  steam  plant,  means  greater  fixed  charges. 
Moreover,  for  inland  water  power  to  compete  with  steam 
plants  adjacent  to  tidewater  a  considerable  additional  an- 
nual cost  for  transmission  lines  must  be  charged  to  the 
water-power  costs  in  comparing  them  with  steam  electric 
power. 

Cost  of  Steam  Power — The  reciprocating  steam  engine  is 
perhaps  the  most  widely  distributed  prime  mover  in  use, 
although,  as  previously  noted,  its  field  of  use  has  in  the 
last  few  years  been  considerably  encroached  upon  by  the 
steam  turbine.  For  smaller  units — that  is,  below  1000  hp. — 
the  reciprocating  engine  is  likely,  all  things  considered,  to 
be  superior  in  economy  to  the  steam  turbine.  For  the  par- 
ticular scope  of  this  discussion,  however,  with  special  ref- 
erence to  the  relative  economy  of  steam  and  water  power, 
usually  dealing  with  units  of  1000  hp.  or  more,  the  com- 
parison would  be  practically  with  reference  to  steam- 
turbine  driven  electric   plants. 

First  Cost  of  Steam  Plants — The  cost  of  steam  elec- 
tric stations  is  usually  expressed  in  kilowatts,  or  sometimes 
in  horsepower,  with  reference  to  the  rated  generator  ca- 
pacity; that  is,  the  full  output  of  the  generators  at  the 
switchboard.  Under  normal  conditions,  the  cost  with  units 
of  1000  kw.  and  over,  the  total  cost  per  kilowatt  is  between 
$80  and  $90.  The  cost  with  small  units  may  exceed  this  fig- 
ure quite  materially,  while  with  very  large  units,  for  illus- 
tration, 25,000  kw.,  the  cost  per  kilowatt  is  usually  lower. 
For  purposes  of  general  comparison,  $80  to  $90  per  kilo- 
watt as  the  total  cost  of  steam  plant  is  a  reasonable  figure. 
This  total  cost  per  kilowatt  of,  say,  $85  is  made  up  normally 
of  about  $40  for  the  steam  plant,  $30  for  the  electric  plant 
and  $15  for  power  house,  boiler  house,  etc. 

In  the  Table  I  data  are  given  of  reported  costs  of  steam 
and  electric  and  total  plant  cost  (not  including  power  and 
boiler  house)  for  selected  good-sized  central  stations  as 
given  in  the  annual  reports  of  the  Massachusetts  Gas  and 
Electric  Commission,  for  the  years  1914-17  inclusive.  Data 
for  the  individual  stations  vary  considerably.  The  average 
results,  however,  appear  to  be  fairly  constant. 

TABLE    I.     COST    OF    STEAM-ELECTRIC    PLANTS    FOR    SELECTED 
MASSACHUSETTS  CENTRAL  STATIONS,  1914-17 

. Cost    ppr     Kilowatt-; ■ 

Year  Steam  Plant      Electric  Plant  Total 

1914...  ..    $40  70  $28  40  $50.10 

1915 42   50  28.00  70  50 

1916 36  00  24  60  60.60 

1917 40  00  30  00  70.00 

Average $39  80  $27.80  $67  60 

With  cost  of  power  pnd  boiler  houses  included,  of  $15  per  kw.,  the  average 
cost  of  these  plants  would  be  $83  per  kw. 

Cost  of  Power  from  Steam  Electric  Plants — The  cost  of 
power  is  made  up  in  general  of  two  items,  that  of  the  fixed 
charges  usually  taken  to  include  interest,  depreciation, 
taxes  and  insurance,  and  the  operating  charges  which,  for 
a  steam  station,  should  include  fuel,  wages,  repairs  and 
miscellaneous  items,  such  as  the  use  of  oil,  waste,  etc. 

Interest  is  taken  usually  at  5  to  6  per  cent.,  taxes  and 
insurance  at  11  to  2  per  cent.,  and  depreciation  at  4  to  5 
per  cent.,  all  with  reference  to  construction  cost.  Obvi- 
ously, the  depreciation  of  the  different  items  of  a  steam 
plant  will  show  large  variation.  Depreciation  in  the  sense 
as  ordinarily  used  is  a  function  of  the  life  of  the  plant, 
and  as  the  different  portions  of  the  plant  may  have  a  life 
varying  from  10  to  30  years,  or  even  more,  the  deprecia- 
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tion  of  particular  items  may  vary  from  10  per  cent,  per 
year  to  as  low  as  2  per  cent.,  a  fair  average  for  the  whole 
plant  being  4  to  5  per  cent.  The  total  annual  fixed  charges 
for  a  steam  plant  are,  therefore,  about  12  per  cent,  of  its 
first  cost. 

Operating  Costs  —  The  important  operating  costs  are 
those  of  fuel  and  labor.  Coal  consumption  varies  within 
quite  wide  limits  from  5  to  6  lb.  per  i.hp.-hr.  for  small  units 
to  as  low  as  1.5  lb.  per  i.hp.-hr.  for  very  efficient  reciprocating 
steam  engines.  For  steam  turbine  electric  units  of  1000  kw. 
or  over,  the  coal  consumption  will  be  about  2  lb.  per  i.hp.-hr., 
or  about  3  lb.  per  kw.-hr.  at  the  switchboard.  Labor  costs, 
including  engineers,  firemen  and  helpers,  are  also  a  con- 
siderable item  in  the  cost  of  power  •ty  steam.  In  the  Table 
II  data  are  given  of  operating  costs  and  amount  of  fuel 
used  for  the  several  central  station  plants  in  Massachusetts 
for  the  years  1914-17,  inclusive.  In  all  cases  in  this  report 
the  ton  of  2000  lb.  is  used: 

TABLE  II.     0PER.4TIXG  COSTS,  ETC.,  AT  STEAM  ELECTRIC  PLANTS 
FOR  SELECTED  MASSACHUSETTS  CENTRAL  STATIONS,  1914-17 


Cost  of  Coal 
per  Ton  of 
2000  Lib. 
$4.00 
5  00 
6.00 
10  00 


Lb.  of  Coal 

per  Kw 

Made 

2  75 


Coal 
0  55 
0  59 

0  83 

1  37 


-Cost  per  Kw.,  Cents 


Wages 
0   19 


Miscellaneous 
0    14 


Total 

0  88 

1  02 
I  16 
1    70 


It  will  be  noticed  that  about  1.75  lb.  of  coal  was  required 
per  kilowatt-hour  at  the  switchboard,  which  would  corre- 
spond to  about  1.8  lb.  per  i.hp.  At  the  pre-war  cost  of 
coal,  the  total  operating  cost  per  kilowatt-hour  was  about 
0.88c.,  of  which  about  62  per  cent,  represented  fuel  cost, 
22  per  cent,  wages,  and  the  remainder  miscellaneous  costs. 
No  data  are  available  as  to  the  average  load  factors  at 
these  plants,  but  it  is  probably  about  40  to  50  per  cent. 
With  coal  at  $10  per  ton,  a  total  operating  cost  of  about 
1.7c.  per  kw.-hr.  would  result,  about  81  per  cent,  of  this 
representing  the  cost  of  coal.  The  future  cost  of  coal  is 
somewhat  problematical. 

Total  Cost  of  Steam  Power — The  previous  table  gives 
estimated  central-station  operating  costs  with  different 
assumed  costs  of  coal.  The  total  cost  per  kilowatt-hour  of 
power  would  include  the  fixed  charges  on  the  cost  of  plant. 

Assuming  a  total  plant  cost  of  $85  per  kw.,  annual  fixed 
charges  at  12  per  cent,  would  be  $10.20  per  kw.,  or  0.12c. 
per  kw.-hr.  with  a  100  per  cent,  load  factor  and  no  allow- 
ance for  spare  units  or  excess  capacity.  It  is  to  be  noted 
that  with  no  excess  capacity  or  spare  units,  the  item  of 
fixed  charges  would  practically  vary  inversely  with  the 
load  factor.  The  actual  load  factor  for  these  plants  was 
probably  from  40  to  50  per  cent.,  so  that  the  actual  fixed 
charges  would  be  perhaps  about  0.40c.,  making  some  allow- 
ance for  probable  excess  capacity  at  these   plants. 

The  total  cost  of  power  at  the  switchboard  at  these  sta- 
tions would,  therefore,  be  as  follows  for  various  different 
costs  of  coal: 


lished  in  the  Journal  of  the  American  Society  of  Mechani- 
cal Engineers  for  November,  1918.  In  the  Table  III  are 
given  costs  of  power  for  a  1000-kw.  steam  plant  based  on 
data  in  this  article,  assuming  a  cost  of  $85  per  kw.  for  the 
total  cost  of  steam  electric  plant  with  the  various  costs 
of  coal. 

TABLE  III      COST  OF  POWER  IX  CENTS  PER  KW.-HK.  AND  DOLLARS 

PER   HP.-YK\R   FOR    1000-KW.   PLANT   OPERATING    24   HOURS 

PER  DAY,  365  DAYS  PER  YEAR 


Cost  of  Coal 
per  Ton 
$4  00 

5  00 

6  00 
10  00 


Total  Cost 

per  Kw.-Hr. 

1    28r. 

1    42c 

1  56c. 

2  lOc. 


The  cost  of  coal  at  various  points  in  the  State  of  Maine 
under  normal  and  war  conditions  are  as  follows: 

Normal 
Location  Cost 

Augusta $4  00 

Bangor 4  00 

Lcwiston 4.25 

Portland 3  50 


.Average 


3  94 


Cost  of  Coal 

per  Ton  of 

Load  Factor, 

2000  Lb. 

100 

80 

50 

30 

$4  00 

0  79c. 

0  90c 

1  25c. 

1  58c. 

$51  50 

$58  90 

$82.40 

$104 

5  GO 

0  91 

1  02 

1  40 

1  86 

59  50 

66  70 

91  60 

122 

6  00 

1  03 

1  14 

1  54 

2  03 

67  20 

74  60 

101 

133 

in  00 

1  49 

1  64 

2  13 

2  67 

97  50 

197 

140 

175 

For  plants  of  larger  capacity  these  costs  would  be  slightly 
less.  The  agreement  in  cost,  however,  with  that  previously 
given  for  Massachusetts  central  stations  (where  the  load 
factor  is  probably  from  40  to  50  per  cent.)  is  fairly  good 
as  will  be  noted. 

Load  factors  obtained  by  various  power  companies  in  the 
State  of  Maine  are  as  follows:  Androscoggin  Electric  Co., 
42  to  60  per  cent.;  Bangor  Railway  and  Electric  Co.,  85  per 
cent.;  Gould  Electric  Co.,  85  per  cent.;  Rockland,  Thomas- 
ton  &  Camden  Street  Railway,  60  per  cent.;  Central  Maine 
Power  Co.,  55  per  cent.;  Cumberland  County  Light  and 
Power  Co.,  50  per  cent.;  Rumford  Falls  Power  Co.,  95  per 
cent. 

Assuming  that  future  load  factors  may  be  built  up  to 
approximately  60  per  cent,  for  miscellaneous  power  and 
lighting  use,  it  appears  that  the  cost  of  steam  power  for 
such  service  will  be  about  1.1c.  per  kw.-hr.  at  the  switch- 
board based  upon  pre-war  costs  of  coal  as  well  as  wages. 

With  coal  at  $5  per  ton,  this  cost  would  be  increased  per- 
haps nearly  0.15c.  per  kw.-hr.  It  seems  reasonable  to  con- 
clude that  a  cost  of  lie.  per  kw.-hr.  at  the  switchboard  is 
likely  to  be  reached  for  the  cost  of  power  from  steam- 
electric  central  power  stations  in  Maine;  that  is,  for  sta- 
tions in  general  adjacent  to  or  near  the  coast. 

The  estimates  made  of  the  cost  of  constructing  plants 
at  undeveloped  water-power  sites  in  Maine  show  an  average 
cost  for  the  four  principal  rivers  of  $99  per  horsepower. 
The  average  cost  of  all  plants  both  developed  and  unde- 
veloped is  $107  per  horsepower.  The  cost  of  individual 
plants  will  vary  from  $60  per  horsepower  as  a  minimum 
up  to  $250  or  more  where  sites  are  not  especially  good  or 
where  conditions  of  development  are  difficult. 

To  indicate  the  general  extent  to  which  load  factor  affects 
the  first  cost  of  plant,  the  Table  IV  has  been  prepared. 

TABLE  IV.     EFFECT  OF  LOAD  FACTOR  ON  COST  OF 
HYDRO-ELECTRIC  PLANTS 


Based  on  the  results  obtained  at  these  central  stations 
in  Massachusetts,  from  which  the  figures  formerly  given 
were  taken  where  coal  averages  $4  per  ton,  it  will  be 
noticed  that  the  total  cost  of  manufacture,  including  fixed 
charges,  has  been  approximately  1.3c.  per  kw.-hr.,  which 
also  represents  fairly  well  the  cost  of  steam  power  at 
ordinary  steam  electric  stations  in  the  State  of  Maine  under 
pre-war  conditions. 

The  cost  of  steam  electric  power  at  isolated  plants  has 
been  covered  in  considerable  detail  for  different  conditions 
of  operation  in  a  paper  prepared  by  William  F.  Uhl,  pub- 


Cost  of  Plant  to  Deliver  1  Hp.  on  Wheel 

Shaft  with  Different  Load  Factors 
1 00  Per  Cent.  Load  Factor       80  50  30 

Per  Per  Per 

Cent.        Cent.        Cent. 


Per    Cent.    Increase    in 

Cost  Over  That  for   \0h 

Per  Cent.  Load  Factor 

Load  Factor,  Per  Cent. 
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$290 
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4  0 

16  0 

37  3 

40 

160 
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210 
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5  0 

20  0 

25 

175 

200 

206 
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29.1 

30 

70 
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8  0 

30  0 
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25 

35 

60 

66 

85 
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10  4 

41  6 

97  2 

20 

40 

60 

65 

80 

107 

8  3 

33  3 

77  7 

In  a  general  way  a  power  development  which  costs  $200 
to  $250  per  horsepower  is  likely  to  be  on  a  large  stream 
tending  to  a  moderate  or  low-head  development,  under  which 
conditions  the  cost  of  equipment  and  power  house  is  likely 
to  be  at  a  maximum.  For  this  case,  therefore,  the  range 
in  cost  of  equipment  and  power  house  has  been  taken  from 
$20  to  $40  per  wheel  horsepower.  Similarly,  a  low  cost 
of  development  at  $60  per  horsepower  is  likely  to  be  a  high- 
head  development,  with  usually  a  moderate  amount  of 
water.  This  tends  toward  lower  cost  of  equipment  and 
power  house,  and  the  range  here  has  been  assumed  from 
$20  to  $25  per  horsepower  on  the  basis  of  100  per  cent, 
load  factor.     The  relative  costs  of  such  plants  with  vary- 
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iiilf  lodil  factors  arc  jriven  in  columnH  4  to  0  inclusive,  of 
this  t«l)U>,  and  in  i-olumns  7  to  !)  inclu.sive,  the  por  ci-nt. 
iniTfa.xf  in  ciisl  ovit  that  for  a  load  factor  of  100  per  cent. 
It  will  he  noted  that  for  the  upper  limit  in  cost  of  develop- 
nient,  $L'r)0  per  horsej)o\ver,  the  per  cent,  increase  iti  total 
cost  due  to  the  load  factor  h»'in>r  other  than  100  per  cent, 
varies  from  about  -1  per  cent,  with  an  80  per  cent,  load 
factor  to  nearly  40  per  cent,  load  factor.  With  the  low- 
cost  plant  assumed  at  $(50  per  hor.sepowcr,  this  increase 
in  cost  is  ahoul  10  per  cent,  for  an  SO  per  cent,  load  factor 
and  SO  to  100  per  cent,  for  a  HO  per  cent,  load   factor. 

With  a  load  factor  of  from  SO  to  GO  per  cent.,  which  may 
bo  expected  for  conditions  in  Maine,  the  cost  of  plant  may 
be  increased  from  about  15  to  40  per  cent,  over  that  for  a 
load  factor  of  100  per  cent. 

lost  of  Water  Kijrhts — On  the  basis  of  development  upon 
a  GO  per  cent.  How  basis  and  100  per  cent,  load  factor  used  in 
estimatinjr  the  cost  of  development  for  various  rivers  in 
Maine,  an  amount  varying  from  $10  to  $40  per  horsepower, 
represents  the  approximate  range  in  cost  of  water  rights, 
including  land. 

Cost  of  Power  from  Hydro-Electric  Plants  —  Fixed 
charges  on  the  cost  of  water-power  developments,  or  the 
basis  for  annual  cost  of  power,  constitute  approximately 
10  per  c«nt.  of  the  construction  cost,  the  variation  being 
about  as  follows: 

I'cr  Cent. 

Interest  5-6 

Deprefintion  2-3 

Taxes  and  insurance  1-2 

Total  8-11 

Operating  charges,  the  principal  items  of  which  are 
wages  and  repairs,  are  low.  These  will  naturally  vary 
materially  with  the  capacity  of  the  station  and  with  load 
factor.  They  will  usually  be  0.1c.  or  less  per  kilowatt-hour 
of  power  delivered  at  the  switchboard  for  good-sized  hydro- 
electric plant  with  a  load  factor  approaching  50  per  cent. 

Assuming  annual  fixed  charges  at  10  per  cent.,  their  cost 
per  kilowatt-hour  for  24-hour  365-day  power  is  given  in 
the  Table  V,  using  the  range  in  first  cost  and  load  factors 
as  given  in  the  previous  table: 

TABLE  V.     FIXED  CH.\KGES  FOR  HYDHO-ELECTUIC  PLANTS  WITH 
VARYING  COST  OF  PLANT  AND  LOAD  FACTOR 

Cost  of  Plant  per  Fixed  Charges  in  Cents  per  Kw.-Hr.  of  Output 

Horsepower  at  Switchboard 
Cost  of 

Total  Equipment  and  — Load  Factor,  Per  Cent. . 

Cost               Power  House  100                      80                       50                       30 

$250                      $40  0  41                  0  43                 0  48                 0  56 

200                          40  0   33                  0   33                  0  40                  0  48 

200                        25  0  33                 0  34                 0  37                 0  43 

100                        30  0   16                 0   18                 0  21                  0  28 

60                        25  0   10                 0   II                  0   14                 0   19 

60                          20  0    10                  Oil                   013                  018 

The  hydro-electric  plants  on  the  rivers  considered  would 
not  deliver  their  full  output  for  40  per  cent,  of  the  year. 
The  95  per  cent,  or  primary  output  is  from  70  to  80  per 
cent,  of  the  full  output  on  these  rivers  with  storage  regu- 
lation, so  that  only  about  5  per  cent,  less  than  the  full  out- 
put would  result  for  the  average  year.  Making  this  slight 
deduction  and  keeping  in  mind  50  to  60  per  cent,  load 
factor,  as  was  assumed  for  future  steam  plants,  it  is  evi- 
dent that  hydro-electric  power  can  be  delivered  at  the 
switchboard  for  from  about  0.25c.  to  0.6c.  per  kilowatt-hour 
for  the  range  of  cost  of  developments  found  on  the  rivers 
in  Maine. 

An  economic  study  of  transmission  lines  in  Maine  indi- 
cates the  superiority  of  steel  tower  lines. 

TABLE  VI      ESTIMATED  COST  OF  TRANSMISSION  LINES 

Capacity  of  Number  Number  Total   Cost 

Distance,              Line,                      Line  of  of  Wires  per 

Miles                   Kv.  Voltage  Tower  Lines  per  Tower  Mile 

25                      5,000                  66.000  I  6  $3,500 

25                     10,000                  66.000  I  6  5,000 

25  20,000                  66.000  I  6  7.000 

50                      10,000                   66,000  I  6  5,000 

50  25,000                   66.000  2  6  10,000 

50  50,000  100,000  2  6  14.000 

75  50,000  100.000  2  6  14,000 

75  100.000  150.000  2  6  20,000 

100  100,000  150.000  2  6  20,000 

Cost  of  Transmitting  Power — In  Table  VII  is  given  the 
cost  per  kilowatt  transmitted  and  the  annual  cost  per 
kilowatt-hour  for  the  different  lines,  assumed  by  Professor 
Hudson.      The   table  shows   that  power  transmission   at  a 


cost   of    about    0.10c.    per    kilowatt-hour   or    less    is    readily 
obtainable. 

('ost  of  Storage  KeservoirM  -The  average  cost  per  milJKir 
cubic  feet  of  storage  capacity  is  about  f.'l.'J.  Storage  m 
the  Presumpscot  River  has  already  been  developed  and  th( 
extremely  low  cost  of  $10.79  per  million  cubic  feel  of  ca- 
pacity has  been  made  possible  by  the  great  natural  utora^t 
facilities  of  Sebago  Lake. 

Cost  of  Increased  I'rimary  Power  Due  to  Storage — At 
developed  Kites  on  the  six  large  rivers  of  Maine,  this  in- 
crease in  primary  power  would  be  about  79,000  hp.,  costing 
about  $;M  i)er  horsepower,  or  an  annual  cost,  including 
operation,  of  $.'J.42  per  Jiorsepower.     If  all  suggested  power 
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500.000 

42 

0   12 

50 

50.000 

700.000 

29 

0  08 

75 

50,000 

1,050.000 

44 

0   13 

75 

100,000 

1,500.000 

32 

0  09 

100 

100,000 

2.000.000 

42 

0   12 

developments  were  made,  a  total  increase  in  primary  power 
of  168,000  hp.  would  result,  at  a  total  cost  of  $16  per  horse- 
power, or  an  annual  cost,  including  operation,  of  $1.60  per 
horsepower.  To  guarantee  primary  power  with  steam 
auxiliary  means  for  annual  fixed  charges  alone  at  least 
$7.50  per  horsepower  of  plant,  or  more  than  double  the 
average  annual  cost  of  storage,  including  its  operation. 

There  is  one  additional  factor  not  yet  discussed,  which 
would  in  general  tend  to  increase  the  relative  cost  of  hydro- 
electric power  as  compared  with  steam;  that  is,  the  including 
in  annual  costs  of  a  fair  return  upon  investment,  in  addition 
to  that  assumed  of  6  per  cent.  In  other  words,  instead  of  as- 
suming 10  per  cent,  and  12  per  cent.,  respectively,  for  annual 
fixed  charges  for  water  and  steam  plants,  these  should,  to 
take  allowance  of  investment  considerations,  be,  say,  17 
per  cent,  and  18  per  cent,  respectively,  allowing  1  per  cent, 
greater  in  this  added  factor  for  water  power,  on  account 
of  the  greater  risks  involved. 


When  Fellers  Needs  Friends 


April  8, 1919 


POWER 


547 


Refrigerating  Plant  Efficiency 


By  victor  J.  AZBEt 


The  paper  deals  with  the  conditions  prevailing 
in  the  majority  of  refrigerating  plants  and  makes 
suggestions  in  regard  to  increasing  the  efficiency 
of  their  operation.  The  variations  of  the  load 
factor  should  be  considered  in  selecting  the  size 
of  boiler.  High  boiler  efficiency  depends  more 
upon  design  and  intelligent  operation  than  upon 
the  quality  of  fuel  used.  The  author  condemns 
the  practice  of  using  a  Corliss  noncondensing 
engine  for  the  prime  mover  on  account  of  its 
large  steam  consumption  when  operated  at  frac- 
tional loads.  He  recommends  the  uniflow  steam 
engine  and  the  Diesel  oil  engine. 


DURING  the  last  two  years  the  cost  of  fuel  per  ton 
cf  ice  has  doubled  or  trebled,  and  many  plants  are 
now  paying  from  $1.50  to  $2  per  ton  of  ice  for  fuel 
alone,  and  the  situation  is  becoming  still  more  acute  because 
of  the  shortage  of  labor,  which  is  rapidly  growing  serious. 

There  are  far  more  plants  making  on  the  average,  per 
year,  1.5  to  2.5  tons  of  ice  per  ton  of  fuel  than  plants  mak- 
ing 5  tons,  having  simple  noncondensing  plants  in  mind. 

Fig.  1  is  submitted  as  an  illustration  of  the  performance 
of  a  number  of  plants  taken  at  random,  showing  both  their 
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be  made  to  reduce  the  grate  surface  during  the  winter 
periods;  each  boiler  must  be  equipped  with  a  draft  gage, 
and  the  draft  should  be  maintained  at  the  minimum  and 
varied  with  the  load. 

With  load  factors  as  low  as  35  per  cent,  and  a  15  per 
cent,  fixed  and  operating  expense,  a  yearly  saving  of  30 
per  cent,  of  economizer  investment  will  be  made,  based  upon 
fuel  at  $2.50  per  ton  of  10,000  B.t.u.  and  normal  economizer 
prices.  At  the  present  economizer  prices  are,  of  course, 
abnormal,  and  so  is  also  the  cost  of  fuel. 

The  prime  mover  most  generally  used  in  refrigerating 
plants  is  the  Corliss  noncondensing  steam  engine.  Next  in 
order  are  the  compound  Corliss,  electric  motor,  oil  engine, 
and  uniflow  steam  engine.  If  this  order  were  reversed, 
however,  enormous  sums  of  money  would  be  saved  to  ice 
manufacturers,   for   the  following   reasons: 

In  selecting  the  prime  mover  for  an  ice  plant,  the  two 
most  important  items  to  consider  are  efficiency  at  rated  load 
and  efficiency  at  half  load.  While  the  average  Corliss  non- 
condensing   engine    consumes    20   per   cent,   more    steam    at 

TABLE  I.     DIESEL  POWER-PLANT  PERFORMANCE 
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Thousond  Tons  of   Ice  Manufactured  per  Year. 
PIG.  1.     YEARLY  OUTPUT  AND  RATIO  OF  TONS  OF  ICE 
PER  TON  OF  COAL 

yearly  output  and  the  ratio  of  tons  of  ice  made  per  ton 
of  coal.  For  example,  the  plant  of  least  capacity  is  one  of 
2000  tons  per  year  and  two  tons  of  ice  per  ton  of  coal. 

In  this  paper  the  writer  will  expre_ss  himself  frequently 
in  terms  of  tons  of  ice  per  ton  of  10,000  B.t.u.  fuel,  an  ex- 
pression that  tends  to  equalize  the  value  of  the  various 
fuels  (semi-bituminous,  bituminous,  lignite,  oil,  etc.),  since 
by  a  simple  recalculation  it  places  them  on  a  common  basis. 

With  waters  that  have  a  tendency  to  prime,  it  is  often 
the  practice  to  underload  the  boilers  so  as  to  prevent  prim- 
ing. In  a  certain  plant  having  Stirling  boilers  and  using 
water  containing  80  grains  of  chlorides  per  gallon,,  serious 
trouble  was  experienced  with  priming  until  the  steam  con- 
nection was  changed  to  the  rear  drum,  after  which  it  was 
possible  to  operate  the  boilers  with  water  having  a  large 
amount  of  salt  without  any  priming  developing.  In  the 
same  plant  scale  caused  by  calcium  sulphate  was  overcome 
by  adding  sodium  hydroxide  to  sodium  carbonate  and  lime. 

As  the  load  factor  of  most  refrigerating  plants  varies 
greatly,  the  boiler  installation  should  be  such  as  to  give 
flexibility  of  operation.    In  small  plants  arrangements  should 


Wages  paid 

Fuel-oil  consumption 

Lubricating  oil 

Repairs  and  supplies  bought 

Repairsand  supplies,  home  work . 


Total 
$4,545    10 
3,415  49 
466  85 
1,116   50 
1,357  49 

Per  Net  Kw.-H 
$0  00405 
0  00305 
0  00042 
0  00100 
0  00122 

$10,912  44 

$0  00974 

MONTHLY  RESULTS 
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Month 


April 55,770 

May 95,270 

,Iune 119,340 

,Iuly 132,150 

August 131,540 

September 114,840 

October 114,120 

November 110,150 

December...  113,330 

January 86,640 

February 84.490 

March 128,570 

April 100,350 

May 108,950 

June 176.000 

July 168.490 

August 150,890 

September 90,450 

October 51,700 

November 42,540 


cL,^a 


7,176 
10,712 
13,785 
14,482 
16.275 
12,973 
12,557 
12,737 
12,159 

11,213 
9,489 
14.413 
11,656 
12.871 
19,100 
17.333 
18.652 
11,029 
8.201 
5,867 


58,594 
84,558 
105,555 
117,568 
115.255 
101.857 
101,540 
97,423 
101,071 

75,427 
74,991 
114,157 
88,694 
95,079 
156,900 
151,157 
132.238 
79.421 
53.499 
36,673 


5,141 
8,142 
10,671 
10,843 
12,593 
10.125 
9,431 
9.459 
9,550 

7,220 
6,993 
11,175 
8,766 
9,232 
15,488 
14,945 
13.559 
8.052 
5,591 
4,076 


3  53 
3  53 
3  61 
2  9 
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8  774 

9  629 
10  109 

9  215 
10  925 
9  94 
9  288 
9  709 
9  558 


9  572 

9  325 

9  789 

9  883 

9  505 

9  871 

9  89 

10  261 

10  138 

10  45 

11  114 


•Presented    at    the    annual    meeting,    December,    1918,    of    the 
American  Society  of  Mechanical  Engineers,  New  York. 
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half  load  than  at  full  load,  the  uniflow  engine  uses  only 
about  8  per  cent.  more.  This  is -of  great  importance  be- 
cause of  the  great  variations  of  load  factor.  Many  engines 
can  be  found  operating  at  one-eighth  cutoff.  This  is  the 
reason,  also,  why  a  steam  cylinder  should  be  adapted  to 
the  back  pressure  at  which  the  compressor  operates.  It  is 
most  unwise  to  have  a  steam  cylinder  large  enough  for 
economical  cutoff  at  25  lb.  suction  pressure  when  the  pres- 
sure to  be  maintained  is  15  lb.  or  less. 

Fig.  2  shows  the  results  to  be  expected  from  various 
types  of  installations.  The  allowance  made  for  auxiliaries 
ranges  from  one-half  to  one  horsepower  per  ton  of  ice,  de- 
pending upon  conditions.  The  condenser  pressure  was  taken 
at  185  lb.  gage,  and  it  was  assumed  that  at  the  suction  pres- 
sure given  the  machine  would  operate  at  about  full  load. 

In  small  plants  preference  should  ordinarily  be  given  to 
the  use  of  superheated  steam,  since  as  high  an  economy 
may  be  obtained  from  a  uniflow  noncondensing  engine  op- 
erated with  superheated  steam  as  from  a  compound  Corliss 
condensing  engine  using  saturated  steam,  and  the  former 
equipment  is  a  great  deal  simpler  and  requires  less  auxiliary 
power.  Furthermore,  the  steam-consumption  curve  is  flat 
and  the  efficiency  of  the  plant  will  be  maintained  during 
the  winter  time. 
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SuiMTlii-atcrs  can  hv  installed  with  facility  even  in  cxiHt- 
injr  in.Htallations.  and  «inco  tlu-  K"in  in  jfrcatcr  with  simple 
noncondcnsinj:  onKincs,  uncconuinicul  ice  plunla  will  dt-rivc 
^roat  l)cni-IU. 

In  till'  niajorify  of  icp  plnnta  the  initial  Htonm  prcRsurc 
in  the  steam  cylinder  is  from  70  to  90  Ih.  Kven  in  plants 
havinjr  hi^'h-pressure  boilers  the  benolit  to  be  derive<l  from 
hijrh-pressure  steam  is  not  usually  taken  advantajre  of. 
Tests  show  an  economy  increase  of  7.r>  per  cent,  by  raising' 
the  pressure  from  75  to  100  lb.,  and  of  4  per  cent,  by  ruia- 
inp  it  from  100  to  125  lb. 

In  onler  to  nain  in  economy,  a  simple  enffine  is  often 
made  to  operate  as  a  condensinjr  enpine.  As  a  result  the 
temperature  difference  in  the  cylinder  is  increased  and  the 
cutotT  is  shortened,  which  increases  the  wall  area  at  cutoff 
as  compared  to  volume.  This  trreatly  increases  cylinder 
condensation,  which  is  directly  proportional  to  the  tem- 
perature difference  and  the  area  exposed.     It  therefore  sel- 
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FIG.  2.   PERFORMAXCE  TO  BE  EXPECTED  FROM  PLAXTS 
WITH  VARIOUS  TYPES  OF  PRIME  MOVERS 

dom  pays  to  operate  such  a  machine  at  more  than  20  in.  of 
vacuum,  and  if  the  plant  is  to  be  changed  over  to  condens- 
ing operation,  it  is  best  to  replace  the  simple  Corliss  by 
compound  cylinders  or  by  a  uniflow  engine  and  leave  the 
I'est  of  the  machine  intact. 

Under  proper  conditions  the  ideal  and  most  efficient  prime 
mover  for  the  ice  manufacturer  is  the  Diesel  oil  engine.  By 
"under  proper  conditions"  is  meant  conditions  of  oil  sup- 
ply and  cost,  and  kind  of  operating  force  to  be  employed. 
It  cannot  be  overemphasized  that  with  the  Diesel  engine  a 
high-grade  engine-room  force  must  be  maintained,  es- 
pecially during  the  overhaul  period.  If  the  men  in  charge 
are  intelligent,  the  Diesel  engine  is  a  dependable  unit. 
There  is  a  plant  in  California  that  produces  a  ton  of  ice 
for  5  gal.  of  fuel  oil,  and  this  not  under  the  best  conditions. 
There  are  oil-engine  installations  on  record,  not  necessarily 
Diesel  engines,  that  have  given  a  ton  of  ice  for  less  than  10c. 
fuel  cost,  with  oil  at  2c.  a  gallon. 


Table  I  >rives  the  avprnjre  rcsultg  obtained  with  Diese 
enk'ines  over  a  lonK  p<Tiod.  The  net  work  produced  wai 
1,11!»,H01  kw.-br.  The  auxiliary  power  represented  thi 
power  required  for  injection,  in  the  air  compressor,  and  ii 
the  water-jacket  circulating  pumps.  The  load  factor  havinj 
been  hi^'hly  variable,  the  results  are  not  quite  so  K<'od  ai 
they  otherwise  would  have  been,  consetiuently  the  (igurei 
may  be  taken  as  beinj:  rather  conservative  and  dependable 

In  many  localities  electric  power  can  be  obtained  (|uiU 
cheaply,  and  when  this  is  the  case  electric  drive  is  to  b« 
favored.  The  main  advantage  of  an  electric  installation  ii 
that  high  efficiency  can  be  obtained  through  the  whole  load, 
factor  range  and  that  ec(.nomy  increases  as  the  load  factoi 
drops,  contrary  to  the  condition  in  ice  plants. 

Induction  motors  are  not  very  well  adapted  for  ice-plant 
work  because  of  the  high  speeds  required  for  high  efficien. 
cies.  Synchronous  motors,  on  the  other  hand,  have  char 
acteristics  that  make  them  ideal,  even  for  direct  connection 
to  refrigerating  machines.  Their  efficiency  curve  is  quite 
flat,  and  their  efficiency  is  rather  high  at  part  loads. 

The  standard  requirement  for  auxiliary  power  per  ton 
of  ice  produced  should  be  0.5  hp.,  and  every  effort  should  be 
made  to  keep  down  to  this  figure.  In  some  plants  the 
auxiliary  power  far  exceeds  1   hp.  per  ton  of  ice. 

For  driving  auxiliaries,  electric  current  from  generators 
driven  by  uniflow  engines  is  to  be  preferred  in  the  majority 
of  installations,  and  the  various  units  must  be  selected  with 
a  view  to  obtaining  a  flat  efficiency  curve  between  half  and 
full  loads;  all  motors  on  the  larger  units  should  have 
variable   speed   control. 

Wet  Versus  Dry  Compression 

Theoretically,  dry  compression  is  inferior  to  wet,  both  in 
regard  to  refrigeration  produced  per  pound  of  ammonia 
circulated  and  the  work  required  for  compression.  The 
difference  in  economy  ranges  between  6  and  10  per  cent., 
being  greater  with  low  suction  pressures  and  high  condenser 
pressures.  Practically,  however,  dry  compression  is  the 
more  economical;  that  is,  it  is  capable  of  producing  a 
greater  amount  of  refrigeration  per  horsepower  expended. 
The  reason  for  this  discrepancy  is  that  when  wet  gas  is 
admitted  into  the  cylinder  the  liquid  is  not  suspended,  but 
accumulates  at  the  bottom  of  the  cylinder.  There  it  evapo- 
rates so  slowly  during  the  compression  stroke  that  the 
evaporation  continues  after  the  discharge  valve  opens,  and 
often  even  after  it  again  closes  when  the  piston  is  upon 
the  return  stroke,  thus  causing  a  certain  amount  of  re- 
e..pansion  loss  which  tends  to  reduce  compressor  capacity. 
Any  liquid  that  evaporates  after  the  discharge  valve  opens 
is  wasted. 

That  there  is  no  benefit  in  wet  compression,  as  ordinarily 
practiced,  is  proved  by  the  compression  curve  and  its  rela- 
tion to  the  adiabatic  and  isothermal  curves  when  the  ma- 
chine is  operated  wet,  even  to  such  an  extent  that  the  dis- 
charge gas  leaving  the  compressor  is  saturated.  In  such 
cases  the  compression  curve  will  only  slightly  approach 
the  isothermal,  which  proves  that  most  of  the  cooling  of 
the  gas  by  evaporation  of  the  liquid  is  done  after  the  com- 
pression valve  opens  and  thus  no  benefit  accrues  from  that 
time  on. 

To  prove  that  the  gas  and  the  liquid  do  not  mix  and  that 
the  latter  passes  to  the  compressor  in  streamlike  form,  the 
following  evidence  is  submitted : 

Case  1.  Two  compressors  of  equal  capacity  and  like  de- 
sign wei'e  operated  upon  two  freezing  tanks  from  which 
a  single  suction  line  led  to  a  point  midway  between  the  two 
compressors.  There  it  divided  into  two  branches  of  equal 
size,  one  to  each  compressor.  By  faulty  workmanship  the 
line  leading  to  one  of  the  compressors  was  slightly  lower 
than  the  one  leading  to  the  other,  which  caused  the  first 
machine  to  run  with  a  cold  discharge,  while  the  other  was 
very  hot.  This  proved  that  all  the  liquid  flowed  by  gravity 
into  the  first  machine,  the  other  receiving  saturated  gas  I 
only.  I 

Case  2.  In  a  vertical  compressor  having  one  discharge 
valve  at  the  top  and  one  at  the  bottom,  it  will  be  found,  in 
wet  compression,  that  the  lower  valve  is  cold  while  the 
upper  one  is  very  hot.  This  shows  that  the  gas  traveling 
to  the  lower  valve  in  contact  with  the  liquid  will  remain 
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cold,  while  the  gas  in  the  upper  valve  becomes  superheated. 
So  long  as  theory  indicates  an  advantage  in  wet  compres- 
sion, it  would  seem  that  further  studies  and  experiments 
regarding  its  successful  application  are  justified.  Could  not 
some  method  be  devised  to  atomize  the  liquid  before  it 
I  reaches  the  compressing  cylinder,  or  to  inject  it  in  the  form 
I  of  a  spray  during  the  compression  stroke?  In  any  event, 
precautions  must  be  taken  not  to  introduce  liquid  into  the 
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Suction  Pressure,  Primary,  Lb.  per  Sq.  In. 
FIG.   3.      INFLUENCE   OF  MULTIPLE   EFFECT  UPON 
COMPRESSOR    POWER    CONSUMPTION 

cylinder  in   an   undivided   state,   otherwise   dangerous   acci- 
dents are  likely  to  follow. 

Wet  compression  is  not  only  beneficial  upon  thermodynamic 
principles,  but  possesses  a  number  of  other  advantages. 
By  its  use  the  temperature  difference  in  the  cylinder  is  re- 
duced by  practically  two-thirds,  which  greatly  lowers  the 
cylinder  superheat  and  consequently  should  increase  the 
volumetric  efficiency  of  the  machine.  Further,  with  wet 
compression  far  less  oil  is  required  for  lubrication  and  the 
oil  does  not  vaporize  and  thus  is  easily  kept  out  of  the  con- 
densing and  evaporating  coils.  Wet  compression  represents 
also  a  saving  in  ammonia  and,  in  addition,  permits  a  some- 
what lower  condenser  pressure. 

Ammonia  Evaporating  Systems 

With  expansion  coils  in  ice  tanks  and  cold-storage  rooms 
a  high  heat  transmission  is  very  desirable,  and  it  can  be 
obtained  inside  of  the  pipes  either  by  flooding  them  or  by 
using  a  high  gas  velocity.  The  objection  to  high  gas  veloc- 
ity in  this  connection  is  pressure  drop,  which  for  thermo- 
dynamic reasons  is  rather  more  important  on  the  evaporat- 
ing side  than  ou  the  condensing  side.  For  this  reason  the 
length  of  the  evaporating  coil  should  be  limited  so  that  the 
velocity  will  never  exceed  the  average  figure  of  500  ft.  per 
min.  Some  tank  coils  are  1500  ft.  long  and  their  rather 
high  velocity  causes  a  great  pressure  drop.  For  long  tanks 
2-in.  pipe  is  to  be  preferred,  since  the  relative  surface  of 
IJ-in.  and  2-in.  pipe  is  in  the  ratio  of  1  to  1.5,  while  the 
sect-  mal  area  is  in  the  ratio  of  1  to  2.2.  Coils  should  be 
short  so  that  they  are  thoroughly  effective,  and  even  flooded 
coils  should  be  as  short  as  possible. 

As  to  I  he  size  of  suction  lines  leading  to  the  machines, 
efforts  should  be  made  to  have  them  below  100  ft.  in  length 
and  with  the  least  number  of  elbows.  For  greater  lengths 
the  size  should  be  governed  by  permissible  gas  velocity, 
friction  and  radiation  loss.  The  main  considerations  are  the 
cost  of  fuel  and  the  cost  of  installation. 

In  a  well-designed  and  efficiently  operated  ice  plant  the 
water  to  be  used  for  ice  making  is  cooled  down  to  within 
a  few  degrees  of  the  coldest  circulating  water,  or  ordinarily 
to  a  temperature  of  70  or  80  deg.  F.  This  water  then  passes 
into  the  forecooler  to  be  precooled  by  ammonia.  The  heat 
absorbed  by  the  forecooler  can  be  anywhere  up  to  30  per 


cent,  of  the  total  heat  to  be  extracted  in  making  ice,  and 
the  water  will  be  cooled  down  to  about  40  deg.  F.  There 
are  two  methods  of  forecooler  refrigeration:  By  feeding 
liquid  ammonia  directly  into  a  coil,  or  by  passing  wet  return 
gas  from  the  tank  through  the  water  cooler.  The  first  has 
the  advantage  that  it  can  be  connected  to  a  machine  working 
independently  from  the  freezing  tank  and  thus  enable 
the  maintenance  of  very  high  suction  pressure.  The  only  ad- 

T.\BLE  II.     ECONOMIC    EFFECT    OF    OPERATING    COMPRESSOR 
INDEPENDENTLY  ON   FORECOOLERS   WITH  HIGH  SUCTION 

PRESSURE 
Case  I     One  Compressor 
Back  Pressure: 

Ice  Tank,  15  1b. 
Relative  Amount  Refrig.  Work: 

Ice  Tank,  70  per  cent. 
Compressor  Power  per  Ton  of  Refrig 


Forecoolers,  I  3  lb. 
Forecoolers,  30  per  cent 


1    74 


Two  Compressors 
Back  Pressure: 

Ice  Tank,  15  lb. 
Relative  Amount  Refrig   Work: 

Main  Compressor,  Ice  Tank 

70  per  cent. 
Compressor  Power  per  Ton  of  Refrig. : 
Slain  Compressor,  1.21 


Forecoolers,  35  lb. 

Auxiliary  Compressor 
Forecoolers 

30  per  cent. 

Auxiliary  Compressor, 
0.32 


Total.  1  53 
Sa\'ing  over  Case  I,    12  per  cent. 
Case  III     One  Compressor  with  Multiple-Effect  Device 
Back  Pressure: 

Ice  Tank,  15  lb.  Forecoolers,  35  1b. 

Secondary  Pressure  in  Compressor: 

27.5  1b. 
Compressor  Power  per  Ton  of  Refrig. : 

Saving  over  Case  I,  34.7  per  cent. 

vantage  of  passing  the  suction  line  through  the  forecooler  is 
that  the  expansion  valves  on  the  tank  can  be  kept  open  wider, 
thus  insuring  that  the  freezing  coils  will  work  throughout 
their  whole  length  without  danger  of  getting  any  liquid  to 
the  machine.  But  this  same  thing  can  be  accomplished  far 
better  by  means  of  liquid  separators  and  it  is  of  greater  ad- 
vantage to  use  the  high  suction  pressure  which  is  possible 
with   direct  feeding. 

Refrigerating  plants  should  also  be  equipped  with  double- 
pipe  liquid  precoolers,  cooling  the  liquid  from  the  tempera- 
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FIG.   4.      INFLUENCE   OF  MULTIPLE   EFFECT  UPON 

COMPRESSOR    CAPACITY 

ture  of  the  coldest  circulating  water  down  to  the  tempera- 
ture corresponding  to  the  highest  suction  pressure  used. 
In  this  connection  a  multiple-effect  liquid  receiver  can  also 
be  used,  by  means  of  which  a  greater  amount  of  work  can 
be  done  at  high  suction  pressure  than  by  the  use  of  the 
double-pipe  cooler   alone. 

Every  refrigerating  plant  should  have  an  auxiliary  com- 
pressor for  high-pressure  work.  The  size  of  this  compressor 
may  be  relatively  small  for  the  reason  that  it  will  operate 
at  double  its  rated  capacity.     Table  II  shows  what  economic 
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«'lTi'i-t  such  II  com  pressor  will  hiivf  by  opcraliiiK  it  indi'- 
pcnih'ntly  on  tho  foroooolt-rH  with  hi>rh  Muction  proHSure. 
In  nddition  to  a  snvi^^r  "f  power  I'liuiviilciit  to  12  per  cent., 
the  machine  capacity  will  he  increased  ir>  per  cent,  over  all. 
There  is  also  a  decided  increase  in  compressor  capacity  in 
cases  II  and  III  over  I,  especially  in  case  III,  where,  with 
the  same  speetl,  there  is  a  >>0  j)er  cent,  greater  caiiacity. 

One  of  the  most  valuable  inventions  ever  made  in  the 
refriifcratinR'  field  is  the  multiple-effect  compressor,  which 
allows  pas  of  higher  suction  pressure  to  enter  the  cylinder 
after  it  has  been  filled  with  jras  of  a  lower  i)ressure.  Al- 
thoujrh  it  must  be  admitted  that  mistakes  have  been  made 
in  its  application,  there  are  installations  where  it  is  an  ab- 
solute success.  In  a  certain  plant  havinjr  sharp  freezers 
and  ice  tanks,  two  compressors  were  operated  for  a  long 
time,  summer  and  winter,  one  upon  low  pressure  and  the 
other  upon  high.  After  adopting  the  multiple-effect  device, 
the  work  was  done  without  the  slightest  complications. 
With  some  compressors  on  the  market  it  is  very  simple  to 
use  the  multiple  effect;  with  others,  the  arrangement  is 
somewhat  complicated.  Table  II  shows  the  relative  benefit 
derived  from  operating  the  forecoplers  by  means  of  the 
multiple  effect. 

Commenting  further  upon  distilled-water  coolers,  which 
ordinarily  are  nothing  but  storage  tanks  with  coils  im- 
mersed, if  the  suction  pressure  is  raised,  the  temperature 
difference  will  be  reduced  and  a  low  temperature  of  the 
water  will  not  be  obtained  unless  more  pipe  is  put  in. 

Since  the  circulation  in  such  tanks  is  very  bad,  a  much 
higher  heat  transmission  can  be  obtained  by  circulating  the 
water  to  gain  some  agitation.  Fig.  10  indicates  the  influence 
of  the  multiple-effect  method  upon  compressor  efficiency. 
The  curves  are  based  upon  185  lb.  condenser  pressure  and 
the  York  Manufacturing  Co.'s  data  as  to  compressor  horse- 
power required.  Fig.  4  indicates  the  influence  of  mlltiple 
effect  upon  compressor  capacity. 

New  England  Engineers  Annual  Dinner 

Over  300  members  of  the  American  Society  of  Mechanical 
Engineers,  the  American  Institute  of  Electrical  Engineers, 
the  Boston  Society  of  Civil  Engineers  and  other  allied  so- 
cieties assembled  at  the  Boston  City  Club  Wednesday  eve- 
ning, Apr.  2,  for  the  tenth  annual  Engineers'  Dinner,  which 
has  now  become  an  established  event  among  New  England 
engineers.  The  speakers  were  drawn  from  men  prominent 
in  National  affairs,  educational,  manufacturing  and  engi- 
neering circles,  and  included  George  H.  Moses,  United 
States  Senator  from  New  Hampshire;  Prof.  George  F. 
Sw^ain,  of  Harvard  University;  Prof.  C.  A.  Adams,  presi- 
dent of  the  American  Institute  of  Electrical  Engineering; 
H.  I.  Harriman,  president  of  the  Boston  Chamber  of  Com- 
merce; and  James  J.  Storrow,  New  England  Fuel  Adminis- 
trator. Richard  Rice,  of  the  General  Electric  Co.,  Lynn, 
Mass.,  acted  as  toastmaster. 

American  Welding  Society  Holds 
First  Meeting 

The  first  meeting  of  the  American  Welding  Society  was 
held  on  Mar.  28,  1919,  at  the  Engineering  Societies  Build- 
ing, 33  West  39th  St.,  New  York  City,  and  the  constitution 
and  bylaws  were  adopted  as  recommended  by  the  organiza- 
tion committee.  The  following  officers  were  elected:  Presi- 
dent, Comfort  A.  Adams,  Cambridge,  Mass. ;  vice  presidents, 
J.  M.  Morehead,  New  York,  and  G.  L.  Brunner,  Utica; 
directors  for  one  year — W.  M.  Beard,  New  York  City; 
M.  H.  Roberts,  New  York  City;  M.  M.  Smith,  New  York 
City;  L.  D.  Lovekin,  Philadelphia,  Penn.;  Alexander 
Churchward,  New  York  City;  W.  H.  Patterson,  Pittsburgh, 
Penn.;  Walter  J.  Jones,  Philadelphia,  Penn.;  C.  A.  McCune, 
New  York  City;  directors  for  two  years — R.  R.  Browning, 
New  York  City;  A.  S.  Kinsey,  Jersey  City,  N.  J.;  Victor 
Mauck,  Conshohocken,  Penn.;  E.  L.  Hirt,  South  Bethlehem, 
Penn.;  J.  F.  Lincoln,  Cleveland,  Ohio;  H.  M.  Hobart,  Sche- 
nectady, N.  Y.;  D.  C.  Alexander,  New  York  City;  H.  R. 
Swartley,  Jr.,  Jersey  City,  N.  J.;  directors  for  three  years — 


L.  H.  Davis,  New  York  City;  K.  L.  Mills,  New  York  City; 
D.  U.  KuMhmore,  Schenectady,  N.  Y.;  Jumen  Hurke,  Erie, 
Penn.;  D.  H.  Wil.son,  Jr.,  New  York  City;  Hermann  Lcmp, 
Krie,  I'enn.;  C.  J.  Ny<|ui8t,  Chicago,  III.;  Alexander  Jen- 
kins, Haltimore,  Md. 

It  was  voted  that  the  charter  should  be  held  open  for 
ten  days  and  that  tho.se  applying  for  membership  in  the 
American  Welding  Society  before  Apr.  H  should  be  con- 
sidered charter  members.  At  a  meeting  of  the  directors 
in  the  afternoon,  W.  E.  Symons  was  appointed  treanurer 
and  II.  C.  Forbes,  secretary.  The  head  offices  of  the  society 
are  in  the  Engineering  Societies  Building,  31)  West  39th 
St.,  New  York  City. 

For  his  inventions  in  electric  welding  Prof.  Elihu  Thomp- 
son was  unanimously  elected  the  first  honorary  member  of 
the  society.  He  was  characterized  by  President  C.  A.  Adam» 
as  the  father  of  electrical  engineering  in  this  country. 

Charles  H.  Manning 

Capt.  Charles  H.  Manning,  for  many  years  prominent 
in  engineering  circles  in  New  England,  died  at  Manchester, 
N.  H.,  on  Apr.  1.  Mr.  Manning  was  born  in  Baltimore, 
Md.,  June  9,  1844,  and  received  his  early  education  in  that 
city  and  in  Cambridge,  Mass.,  later  entering  the  Lawrence 


CAPT.   CHARLE.S  H.  .\IA.\XIXG 

Scientific  School  of  Harvard  University  to  study  civil  en- 
gineering. 

During  the  Civil  War  he  served  in  the  engineer  corps 
of  the  Navy  and  became  associated  with  Chief  Engineer 
Isherwood  in  development  work.  He  was  later,  in  1881, 
a  member  of  the  Advisory  Board  that  prescribed  the  speci- 
fications for  the  so-called  New  Navy. 

Leaving  the  Navy  in  1882  after  twelve  years  of  con- 
tinuous service,  he  accepted  the  position  of  chief  engineer 
with  the  Amoskeag  Manufacturing  Co.,  Manchester,  N.  H^ 
the  largest  cotton  mills  in  the  world,  which  position  he 
kept  until  his  death.  He  was  the  designer  of  the  well- 
known  Manning  boiler  and  was  associated  with  many  pio- 
neer power-plant  designs,  including  a  2000-hp.  horizontal 
water  turbine,  which  at  the  time  of  its  installation  in  1884 
was  the  largest  of  its  kind. 

He  was  a  past  vice  president  of  the  American  Societj 
of  Mechanical  Engineers,  a  member  of  the  American  Society 
of  Naval  Architects  and  Marine  Engineers  and  of  the 
American  Association  of  Cotton  Manufacturers,  as  wel 
as  a  member  of  several  clubs  and  smaller  societies. 
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New  Publications 


STEAM     ENGINE     TROUBLES.       By     H. 
Hamkens.      I'ublished   bv   The   Norman 
W.    Henley   Publishing   Co.,    New   York 
Citv.      Cloth;    5    x    7J    in.;    2S4    pages. 
Price,    $2.50. 
Readfis   of   Power   likely   will   remember 
the    series    of    articles    on    "Steam    Engine 
Troubles,"    written     by    H.     Hamkens.    and 
published    in    Poivei-    during    1917.      These 
articles    related    almost    solely    to    the    Cor- 
liss   type    of    engine    and    dealt    with    every 
piece  of  the  engine   from   the   foundation   to 
the    steam    connections.       They    were    pro- 
fusely illustrated,   and   the  te>ct  was  written 
in  that  style  so  appealing  to  operating  and 
erecting  engineers.      It   was  to   be   expected 
that  such  excellent  material  would  be  pub- 
lished  in   book   form.      And    in   the   book  the 
author    has    elaborated    upon    the    original 
matter,    making   it    treat   of   the    slide-valve 
and    other    steam    engines,    as    well    as    the 
Corliss.      The    man    who    operates    a    recip- 
rocating steam  engme  will  be  pleased  witK 
the  book. 


Personals 


William  L.  De  Baufre,  formerly  in  the 
engineering  department  of  the  Navy  at 
Annapolis,  has  resigned  to  become  asso- 
ciated with  the  Precision  Instrument  Co. 
as  designing  engineer. 

C.  E.  Hague,  formerly  production  engi- 
neer of  the  Mid-West  Engine  Co.,  Indianap- 
olis, Ind.,  has  been  appointed  sales  man- 
ager of  the  American  Steam  Conveyor 
Corp.,    Chicago. 

Capt.  John  \V.  Toyne,  Utilities  Officer, 
for  the  camps  Chickamauga  Park  and  Fort 
Oglethorpe.  Ga.,  has  received  his  discharge 
from  the  service  and  has  reopened  his  en- 
gineering office   at   South   Bend,   Ind. 

I.ane  Thompson,  who  has  been  con;_,oted 
with  the  sales  department  of  the  Lunken- 
heimer  Co.  at  its  headquarters  in  Cincin- 
nati. Ohio,  for  many  years,  has  been  trans- 
ferred to  Pittsburgh  to  direct  the  com- 
pany's sales  in  the  western  Pennsylvania 
district. 

Ira  W.  McConnell,  who  has  been  con- 
nected with  the  Stone  &  Webster  Engi- 
neering Corp.  since  1912  as  consulting  en- 
gineer and  chief  engineer  successively,  and 
later  as  works  manager  and  assistant  gen- 
eral manager  for  the  American  Interna- 
tional Shipbuilding  Corp.  at  the  Hog  Island 
Shipyard,  has  been  made  vice  president  of 
Dwight  P.  Robinson  &  Co.,  Inc.,  construct- 
ing and  consulting  engineers.  New  York 
City. 


Engineering  Aflfairs 


The    American    .\ssooiatioii    of    Engineers, 

New  York  Chapter,  will  hold  a  meeting  on 
the  evening  of  Apr.  10,  in  Room  3,  fifth 
floor,  of  the  Engineering  Societies  Building, 
29  West  39th  St.,  New  Y'ork  City. 


Business  Items 


The  Epping-Carpenter  Fump  Co.  an- 
nounces the  appointment  of  P.  S.  Healey  as 
manager  of  sales  in  addition  to  his  former 
office  of  chief  engineer,  vice  E.  P.  Woods, 
who  is  now  located  in  New  York  as  East- 
ern sales  manager.  Albert  A.  Scheuch,  of 
the  sales  department,  has  been  appointed 
as  assistant  sales  mana.ger,  and  Paul  D. 
Goodman,  formerly  of  the  McClary  Jemi- 
son  Machinery  Co..  of  Birmingham,  Ala., 
has  been  added  to  the  sales  personnel. 

W.  E.  Becker  and  C.  B.  Smyth  have  or- 
ganized under  the  name  of  Becker  &  Smyth, 
contracting  engineers  and  sales  agents  for 
the  Layne  &  Bowler  Co.,  Chicago,  111.  Mr. 
Smyth  has  been  for  some  time  special  en- 
gineer for  the  above  company  and  previ- 
ously was  connected  with  the  York  Engi- 
neering and  Supply  Co..  of  Houston.  Tex., 
as  sales  engineer  for  Busch-Sulzer  Bros. 
Diesel  Engine  Co.  Mr.  Becker  has  been 
refrigerating  engineer  and  salesman  for 
the  York  Manufacturing  Co.,  York,  Penn., 
for  the  last  twelve  years  and  treasurer  and 
manager  of  the  York  Engineering  and  Sup- 
ply Co.,  Houston,  Tex.,  for  seven  years 
prior   to   organizing   with    Mr.    Smyth. 


THE    COAL   MARKET 


BOSTON — Current  price s  per  gross  ton  f.o.b.  New 
York  loading  ports: 

Anthracite 

Company 
Coal 

Egg $7  80(s7.95 

Stove 7  95(a  8   1 5 

Chestnut 8.05@,8.35 

Bituminous 

Cambrias 
and 
Clearfitlds       Somersets 

Fob.  mines,  net  tons $2    15(<'2  75  $2  80(o  3  35 

Philadelphia,  gross  tons.  .  4  20(«  4  90  5  00(a  5  40 
New  York,  gross  tons  .  .  4  50®  5  25  5  35(a  5  80 
Alongside    Boston    (water 

coal) ,  gross  tons 6   10fe5  85     6.90g<7.65 

Pocahontas  and  New  River  are  quoted  at  $4  70 
@5.25  f.o.b.  .Morfolk  and  Newport  News,  Xa..  for 
spot  coal,  and  $7.20(f'  8,60  alongside  Boston,  these 
prices  being  on  a  gross  ton  basis. 

NEW  YORK— Current  quotations.  White  Ash, 
per  gross  tons,  f  o.b.  Tidewater,  at  the  lower  ports* 
are  as  follows: 

Company  Company 

Mine     Circular  Mine     Circular 

Broken  $5  95       $7  80        Pea...       4  80         6  55 
Egg    .  .      5  85  7  70        Buck- 

Stove..      6.10  7  95  wheat      3   40  5    15 

Chest-  Rirc  2   75  4  50 

nut...      6.20  8  05         Barley       2   25  4  00 

Bituminous 

Spot  Contract 

South  Forks $2.90@  $3  25  $2  95  ®  $3  50 

Cambria    County 

(goodgrades) 2.80®     3    10      2.95®     3.25 

Clearfield  County.  ..    2.65®     2  95      

Reynoldsville 2.65®    2.85       2.85®    2.95 

Quemahoning 2.85®    3.10       2.95®    3.10 

Somerset  County 

(best  grades) 2.75®    2.95       2.95®    3.10 

Somerset  County 

(poorer  grades)....  2  40  ®  2.75  2.75®  2.95 
Western  Maryland   .    2.50®     2.75       2  65®     2.85 

Fairmont 2   10®     2.35       2.35®    2.50 

Latrobe 2.10®     2.25     

Greensburg 2   35  @     2  40       2.35®     2.60 

Westmoreland 2  60®     2.75       2.65®     2.75 

Westmoreland     run- 

of-mine 2  40®    2.65       2.40®   2.65 

Quotations  at  the  upper  ports  for  both  bituminous 
and  anthracite  are  5c.  higher  on  account  of  the 
difference  in  freight  rates,  and  are  exclusive  of  the 
3%  war  freight  tax. 

PHILADELPHIA— The  price  per  gross  ton  f.o.b. 
cars  at  mines  for  line  shipment  and  f.o.b.  Port 
Richmond  for  tide  are  as  folloT.b: 

Line     Tide  Line     Tide 

Broken $5.95  $7.80     Buckwheat.. ..$3  40  $4  45 

Egg 5  85     7  70     Rice 2  75     3  65 

Stove 6    10     7  95     Boiler 2  50     3  50 

Nut 6  20     8  05     Barley 2   25     3    15 

Pea 4.80     6.40     Culm 1.25     2   15 

CHICAGO — Current  prices  per  ton  for  Illinois 
and  Indiana  coal  are  as  follows; 

Illinois 

Southern  Northern 

Williamson,  Saline  and        Illinois  Illinois 

Williamson  Counties.     Fob.  Mines  F.o.b.  Mines 

Prepared  sizes $2  55@$2.75         $3  25 

Mine-run 2   35(dj2.50  3  00 

Screenings I   85®  2.20  2.75 

BIRMINGHAM — Current  prices  per  net  ton  f.o.b. 
mines  are  as  follows* 

Slack   and 
Mine-Run       Prepared      Screenings 

Big  seam $2.45  $2  75  $2  40 

Black  Creek  and 

Cahaba 3  45  3  75  3.05 

Jagger    -    Pratt 

Corona 2  85  3  05  2.45 

Blacksmith 5 .  25  

Domestic  quoations,  slightly  increased,  are  as 
follows: 

Lump  and  Nut 

Black  Creek  and  Cahaba 3.85@$4  50 

Corona i  AO 

Jagger 3.50 

Montvallo 5. 00 

ST.  LOUIS — The  prevailing  circular  per  net  ton 
f.o.b.  mines  is  as  follows: 

Mt.  Olive 
and 
Franklin  County  Staunton        Standard 

Prepared  sizes,  lump, 
egg,  Nos.   I  and  2 

nut $2.75     

Williamson  County 
Prepared  sizes,  lump, 

egg,nut $2  55       $2.55         $1.90@2.25 

Mine-run 2  35         2.20  2  00 

Screenings 2.20  2  05  I    75 

3-in.  lump 2  30 

2-in.  lump 2.15 

Williamson-Franklin  rate  to  St.   Louis  is  $i   075 
other  rates  92)c. 


New  Construction 


PROPOSED    WORK 

Conn.,  Hartford — The  American  Indus- 
trial Bank  &  Trust  Co.,  688  Main  St.,  will 
install  a  steam  heating  plant  in  the  1-'. 
story,  56  x  156  ft.  bank  and  office  building 
which  it  plans  to  bu  i.  Total  estimated 
cost,  $600,000.  Godly,  Vlaskel  &  Ledwich. 
244    Madison    Ave.,    New    York    City.    Arch. 

Conn.,  Hartford — C.  J.  Burgess,  64 
Brownell  Ave.,  plans  to  install  a  steam 
heating  plant  in  the  3  story  hotel  which  it 
will  build  on  Washington  St.  Total  esti- 
mated   cost,    $150,000. 

Conn.,  New  Haven — The  Pallootti-An- 
dretta  Co.,  630  Chapel  St.,  will  install  a 
steam  heating  plant  in  the  3  story,  76  "^ 
490  ft.  bank  which  it  plans  to  build  oa 
Chapel  and  Olive  St.  Total  estimated  cost, 
$100,000.  D.  Guerriero,  647  Main  St., 
Hartford,   Arch. 

N.  Y.,  ■  Brooklyn — The  Board  of  Educa- 
tion. 500  Park  Ave.,  New  Y'ork  City,  will 
install  a  steam  heating  plant  in  the  5  story, 
92  X  193  ft.  P.  S.  No.  20,  which  it  plans 
to  build  on  North  4th  and  North  5th  St. 
Total  estimated  cost.  $457,000.  C.  B.  J. 
Snyder,  Municipal  Bldg.,  New  Y^ork  City, 
Engr. 

N.  Y.,  BrooUIyn — The  St.  Marks  Amuse- 
ment Co.,  2S5  Flatbush  AV14  will  install  a 
steam  heating  plant  in  the  1  story  theater 
which  it  plans  to  build.  Total  estimated 
cost,  $150,000.  Carlson  &  Wiseman,  220 
Henry  St.,   Arch. 

N.  Y..  Buffalo — T.  &  E.  Dickinson  &  Co., 
472  Main  St.,  will  install  a  steam  heating 
plant  and  electric  motors  for  power  in 
the  5  story,  48  x  115  ft.  factory  and  store 
which  it  plans  to  build.  Total  estimated 
cost,    $170,000. 

X.  Y..  Buffalo — The  Sizer  Forge  Co.,  244 
Larkin  St.,  is  in  the  market  for  a  36  in. 
power  shear,  for  use  on  16  gauge  metal. 

N.  Y.,  Long  Island  Cit.v — The  Factory 
Construction  Co.,  44  Court  St.,  Brooklyn, 
will  install  a  steam  heating  plant  in  the 
4  story,  100  x  200  ft.  garage  which  it  plans 
to  build  on  North  Ave.  and  the  Boulevard. 
Total   estimated   cost,    $350,000. 

N.  Y.,  Long  Island  City — The  Famous 
Players-Lasky  Corp.,  485  5lh  Ave.,  New- 
York  City,  will  install  g.  steam  heating 
plant  in  the  studio  and  laboratory  which 
it  plans  to  build  here.  Total  estimated  cost, 
$2,000,000.  Fleischmann  Construction  Co.. 
531  7th  Ave.,  New  York  City,  Engr. 

N.  Y.,  liong  Island  City — The  General 
Carbonic  Co..  444  Van  Brunt  St.,  Brook- 
lyn, will  install  a  steam  heating  plant  in 
the  factory  which  it  plans  to  build  on  6tft 
St.  and  West  Ave.  here.  Total  estimated 
cost,  $200,000.  Austin  Co.,  217  B'way.,  New 
York   City,    Engr. 

N.  Y.,  New  York — The  Greenwich  Devel- 
opment Co.,  44  Court  St.,  Brooklyn,  will 
install  a  steam  heating  plant  in  the  1 
story,  85  x  140  ft  garage  which  it  will 
build  at  537-549  Broome  St.  Total  esti- 
mated   cost,    ?125,000.      P.    Deckman,    Pres. 

N.  Y.,  New  York — The  Langdon  Co.,  Inc., 
85  Liberty  St.,  will  install  a  steam  heat- 
ing plant  in  the  15  story,  50  x  85  ft.  store 
and  loft  building  which  it  plans  to  build  at 
119  West  41st  St.  Total  estimated  cost, 
$600,000.  Mavnicke  &  Frank,  25  East  26th 
St.,   Arch. 

N.  Y.,  Watertown — The  Ice  Co.  of  Water- 
town,  SO  Public  Sq.,  plans  to  build  and 
equip  an  artificial  ice  plant  having  a  ca- 
pacity of  15,000  tons.  Address  L.  Wash- 
born,  c/o  company. 

N.  Y.,  Watertown — The  Water  Board 
plans  to  equip  a  purification  and  pumping 
station  with  apparatus  for  making  water 
analysis  and  alum  tests.  J.  W.  Phippen. 
Supt. 

N.  J.,  Trenton — The  city  plans  to  install 
2  pumps  in  connection  with  sewer  improve- 
ments.    J.  R.  Fell,  City  Engr. 

Penn.,  Erie— The  H.  P.  Weller  Co.,  1302 
Peach  St.,  is  in  the  market  for  a  punch 
with  24  inch  throat,  capacity  up  to  A  in. 
through  i  in.  iron,  driven  with  220  a.c.  3 
phase,  60  cycle  motor. 

Penn,,  Philadelphia — -The  Finance  Co.  of 
Pennsylvania,  Finance  Bldg.,  will  install 
a  steam  heating  system  in  the  21  story, 
35  X  90  ft.  office  building  which  it  plans 
to  build  at  1416-18  South  Pennsylvania 
Ave.  Total  estimated  cost,  $1,500,000. 
Hoffman   &  Co.,  Finance   Bldg.,   Arch. 
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rnui..  I'IKaliurc — MiK-Oi>v«<rn  &  Co.. 
Dillon  Airaili'  HIiIk  .  In  In  Ihf  mnrkrt  for 
n  :i(Mi|i  III.  CliainlMTHliiirK  Hti'iiin  Iihiiiiiiim-, 
iilnKli-   fraiiu-.   ulTxrt    I.vihv 

KU..  Iliinhnrtl  Thi<  >ily  will  mulr.' 
ciiulpinrnl  In  >-»iiiii><-tU>ii  Willi  liiHtillllliK  t'uii- 
lliitioti.M  1  iirr.'iii  for  «-li'<lrlo  IlKltts.  Koll- 
muti'd    c-iiHl,    $10.11011. 

Triiii..  Kliii(«tiiirt-  -The  KltiKHpnrt  truil- 
llcH  »'i>.  plaiiM  to  ri-iiKiilfl  mill  Iniprovo  Itn 
powiT  pliiiil  li.Ti'.  mill  IM  In  till'  iniirki'l  for 
|io\vi<r  pliinl  i<i|iilpini-iil  In  liii-liiili>  Hit*  lii- 
Hliillatloii  of  CurllHs  Tvpi>  TurliliifH.  KriuT- 
ulInK    10,000    k  \v.    t".    Thonilmrn.   «"h.    Kiikt 

Trnii..  KiiiKpiirt  Thf  I'lilon  I>y<>  .4 
ClniiiU-nl  Colli  plmi.s  to  liiillil  an  loi>  plant 
and  |8  In  llic  niarki't  for  machlniTy  for 
snine.     J.    It.    WllkliiHon,   t'li.    Kukp. 

Olilo.  ClrvrhUKl  I!  K  Kiltli  Co..  lllppo- 
ilroinc  niilK-.  will  hiHtall  a  sli-atn  liralln;; 
pl.itil  In  thi'  tlualri>  anil  ollliv  liullillnR 
wlili-h  II  plans  to  luiilil  at  fi:il  lMo.ii>i-i-t 
.Vvi'.      Total  I'.stlinati'il  i-o.it,   $l,.'i00,000. 

Ohio.  ClrvpIiiiKl-  Th.'  St.  Lukos  Hosplt:il 
.\s.ioi-iatlon.  t;fi06  Carm-ulo  .Vvi'.,  will  in- 
stall a  sli-ani  lu-atiiiK  plant  In  the  hospital 
aililltion  which  it  plans  to  build.  Tolal 
estimatt'il   cost.    J.IOO.OOO. 

Ohio,  I.orriilnr — Tho  Board  of  Kducatlon 
will  install  a  low  pn-ssuro  heatlnR  plant  In 
the  1  story.  12,".  x  200  ft.  school  which  it 
plans  to  Imlld.  Total  I'Stlniati'il  cost.  $125.- 
000.  Perkins.  Kdlows  &  Hamilton.  SI  4 
Tower  Court.  Chicago,   111..  Arch. 

Ohio.  Oxford — The  city  will  receive  bids 
.•ibout  May  or  June  for  constructing  1  mi. 
of  high  tension  transmission  line.  Inst.illinK 
new  electric  pumps,  and  building  200.000 
gallon  elevated  tank.  Estimated  cost. 
$40,000.  L.  A.  Boulay  Co.,  12i0  Nicholas 
nidg..   Toledo.    Engrs. 

Ind..  .MexnndriH — The  Zlegler  Manufac- 
turing Co.  is  in  the  market  for  a  No.  00 
Urown  and  Sharpe  automatic  screw  ma- 
chine, a  No.  3  La  Salle  double  and  surface 
grinder  and  a  Stoll  overdriven  power  squar- 
ing shear  for   73   x   3i    in.   soft   steel. 


St.  and  B'way.     Total  estimated  cost.  $12.'') 
000.     D.   S.   KUifter,   64   West  Randolph   St 

r^UiM^'iir^         Til  \   »nV. 


Chicago.    111..   Arch.' 


Mich.,  Detroit — The  Board  of  Water  Com- 
missioners, 232  Jefferson  Ave.,  will  soon 
award  the  contract  for  furnishing  1  power 
hammer  for  forging  iron  up  to  3  in. 
diameter. 

Mich..  Detroit — The  Detroit  Edison  Co., 
David  ^^*hitney  BUlg..  plans  to  build  a  30.- 
000  lew.  addition  to  the  Delray  Power 
Plant,    on    West   Jefferson    Ave. 

111.,  Chicago — The  Board  of  Education 
has  awarded  the  contract  for  installing  a 
steam  heating  plant  in  the  addition  to  the 
Davis  Schol  on  West  39th  St.  and  Sacra- 
mento B'lvd..  to  the  .\rcade  Steam  Heat- 
ing Co..  126  West  Kenzie  St.  Estimated 
cost.   $22,316. 


Mlnii..  Ilriiliifril  Tin-  CroW  WlnK  County 
Will  liiMtiill  II  nli'iitn  lieallnK  pliiiit  and  iii>- 
climilcal  vi'iilllalliin  hvhIi-iii  In  llie  3  Hliiry 
I'oiirl  hiiUHi-  whii'h  It  pluniT  to  lnilld.  Tolal 
•'Htlfiiati'il  i-iiNl.  f2r.o.ooo  Aldi'ii  H  lliirrls, 
1011    New    Vork    Mfe    ItldK..   St.    Paul.    Arch 

Minn.,  Iluhl-  The  Si  LouIh  Co.  .School 
DiHt.  Nil  :{.'.  will  InHlall  a  Hleaiii  Ileal InK 
plant  and  mechanlcul  vi-iitllalliiK  HyHleiii 
In  the  3  stiiry.  high  Hi-liool  aililltion  wlilcn 
It  pliuiH  to  build  on  Clii'Mtnut  SI.  Total 
■•HI  limited  cost.  $27.1.000.  A.  W.  Kerr  & 
Co.  .124  .Mitropolliun  Hunk  Hldg.,  Mlnne- 
apollH.    Arch. 

.Minn.,  ChlHhoIni  The  city  will  install  a 
steam  heating  plant  with  mechanical  ven- 
tilating sysliMii  In  the  2  story,  s,',  x  12.'i  ft. 
auditorium  which  It  plans  to  build  on  Main 
St.  Total  estimated  coHt,  $10(1.000.  A. 
Puck.  Tarrey   Hldg..  Duluth,  Arch. 

.Minn.,  Keil  Wln«— The  city  will  soon 
award  the  contract  for  the  conslruction  of 
a  100  X  100  ft.  light  and  power  plant  ;  also 
new  district  system.  EHlimated  cost,  $350,- 
000.  L.  I'.  Wolff.  1000  Oermanla  Hldg..  St. 
Paul,   Kngr. 

Nell.,  ClurkHon — The  city  will  soon  award 
the  contract  for  rebuilding  electric  light  and 
pumping  plant.  Menningson  Engineering 
Co.,  1122  Karnham  St..  Omaha,  Engrs. 
.Noted  Oct.    15. 

Mo.,  Columbiu — The  University  of  Mis- 
souri plans  to  build  alterations  to  Its  power 
house.  Estimated  cost,  $20,000.  A.  Ft. 
Hill.    Pres. 

.Mo.,  Kultun — E.  E.  Reed,  Pres.  tVest- 
niinister  College,  will  receive  bids  about 
April  20  for  the  construction  of  a  heating 
plant  on  the  campus.  Estimated  cost. 
$25,000. 

Mo.,  Kichmond — The  City  Council  it  hav- 
ing plans  prepared  by  Black  &  Veatch. 
Engrs.,  Interstate  Bldg.,  Kansas  City,  for 
the  construction  of  a  new  steam  pumping 
plant  at  the  city  waterworks. 

Ark.,  Sprin^dale — The  city  plans  to  build 
a  lighting  plant.  Estimated  cost,  $50,000. 
W.  L.  Winters,  700  South  20th  St.,  Ft. 
Smith.    Engr. 

Tex.,  Corsicuna — The  Oil  City  Iron  Works 
Co.  is  in  the  market  for  a  power  hammer. 
100-200  lbs.  capacity. 

Man.,  Winnipeg — The  Department  of  Pub- 
lic Works,  Ottawa,  Ont.,  will  receive  bids 
until    April    16    for    the    construction    of    a 

1  story.  110  X  122  ft.  extension  to  the  powtr 
house  and  laundry  at  the  Militarj>  Hospital 
at  Tuxedo.  Equipment  including  1  oil  sep- 
arator 3  X  4  in.  automatic  pressure  reduc- 
ing valve;  two  in  x  14  x  16  steam  driven 
single  cylinder  double  acting,  low  duty, 
packed    piston    vacuum    pumps :    one    2    in.. 

2  stage  vertical  split  case  horizontal  cen- 
trifugal pump  ;  1  hot  water  circulating 
pump;  one  IJ  in.  horizontal  centrifugal 
pump  :  2  alternating  motors.  2  hp..  3  phase. 
220  volt,  60  cycle,  1800  r.p.  min..  will  be 
installed  in  same.  Total  estimated  cost. 
$75,000.  R.  C.  Wright,  c/o  Dept.  of  Pub. 
%^T{S.,  Arch. 


II.  (',,  ViinriMM  pr  fliirilliii'r  &  Mititi. 
Ari'hiH .  KL-7  ItlrkN  IIMk  ,  will  ri'ii-lvi-  blilK 
iiIhiui  Apr  10  for  tin'  i'ihimIi  ui'l  Ion  of  a  2 
Htory,  f.4  X  12.'.  fl  l.oll.r  and  blackMiiiilh 
dliop  for  the  .Mainland  l':iiKliH'>'rliiK  I'o.,  ilii 
Itiillway  ,S|..  In  coiiiiitiIoii  with  iIh-  eiiKl 
neiTing  workH  which  It  platiH  to  coiiHtrucI 
on  Oi'orgla  St.  near  <,'oal  Harbor.  Tolal 
oRtlniali'd  I'OHl,   $70,000.     Noted  Mar.    IM. 


<ONTKACTH     AWAKDKD 

Muim,,  ('nmhrlilsp^ — V.  11.  Dow  Co.  huH 
awarded  the  conlruct  for  the  coimtrucllon 
of  11  5  Htory.  80  x  100  ft.  laclory  on  Mala 
St..  to  Include  power  hoiiHe  and  refrigerat- 
ing plant,  to  W.  M.  Halley  <'o.,  HX  Hroail 
St..   lloHlon.     Total  i-Htlmated  coHt,  $15U,0UU. 

K.  I.,  Pnivldence— The  Providence  Ice 
Co.,  17  Exchangi-  .St.,  has  awarded  the  con- 
tract for  the  construction  of  a  2  Htory, 
'JO  X  135  ft.  plant  for  the  manufacture  of 
artlflcini  Ice,  to  the  hord  CoiiHtruction  Co., 
Fields    Point.       EHlimated    coHl,    $30,000. 

III..  flilniBo -The  Chappell  Ic<-  Cream 
Co..  liioi  U'llmier  St.,  has  awarded  the 
contract  for  the  construcllon  of  a  1  Btory, 
25  X  4S  ft.  garage  and  power  house,  to 
the  Menke  Thi.lbirg  Co.,  I3'J  North  Clark 
St.      Total  .-Htlmated  cost,   $20,000. 

lu.,  Duveiiporl— The  TrI  City  Plate  Ice 
&  Cold  Storage  Co.,  1433  West  2nd  St., 
has  awarded  the  contract  for  the  construc- 
tion of  a  1  story.  35  x  55  ft.  ice  plant,  to 
the  Vilter  .Manufacturing  Co.,  872  Clinton 
St.,  Milwaukee,  Wis.  Estimated  cost 
$50,000. 

.Minn.,  Duluth — The  Clarkson  Coal  Co.. 
foot  of  Birch  Ave.,  Rices  Point,  has 
awarded  the  contract  for  installing  electric 
convertor  equipment,  to  the  Westinghous* 
Electric  Co..  605  Providence  Bldg.  ;  installi 
ing  machinery  for  loading  and  unloading 
coal  at  dock,  to  the  Mead,  Morrison  Mfg, 
Co,     Total  estimated  cost,   $125,000. 

Mont.,  Miles  City-^The  city  received  fol- 
lowing bids  for  installing  equipment  in 
electric  light  and  power  plant:  (a)  750 
k.w.  turbine  generator,  (b)  2  boilers,  (C) 
stokers,  (d)  ash  handling  equipment,  ffom 
the  Weatinghouse  Co.,  (a)  $16,972  (geared 
type),  (a)  $23,200,  (direct  connected),  (c) 
$6635  (on  Westinghouse)  ;  General  Elec- 
tric Co.,  (a)  $17,825  (direct  connected)  ; 
AUis-Chalmers  Co.  (a)  $17,900  (direct 
connected)  ;  Northwestern  Electric  Equip- 
ment   Co.     (a)     $19,794     (direct     connected) 

(b)  $l,S.90n  (on  Murray),  (c)  $9116  (on 
combustion  engine)  ;  Heine  Safety  Boiler 
Co.  (b)  $16,100  (on  Heine)  ;  Babcock  & 
Wilcox  (b)  $14,575  (on  Sterling)  ;  R.  B. 
Whitacre    Co..    (•>)    $17,630    (on    Franklin), 

(c)  $300.  (on  R:iey),  (d)  $5032  ;  Link-Belt 
Co.   (d)   $5461. 

Que.,  Montreal- — The  city  has  awarded 
the  contract  for  installing  boilers  at  the 
waterworks  to  carry  out  tests  with  fuel 
oil,  to  the  Imperial  Oil  Co.,  918  St.  Patrick 
St.  P.  E.  Mercier,  Engr.  of  the  Dept.  of 
Pub.  AATiS. 
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Making  a  Hobby  of  Work 


T 


O  SEE  that  man  carry  bricks  is  like  reading 
poetry,"  observed  one  who  was  watching  a 
large  building  under  construction. 


That  was  a  compliment — as  fine  a  compliment  as 
could  be  paid  anyone.  Perhaps  the  man  who  was  doing 
the  carrying  would  not  have  appreciated  it;  but  the 
chances  are  that  he  would,  though  probably  his  life 
had  little  time  in  it  for  poetry. 

What  a  wonderful  thing  it  would  be  if  all  of  us 
could  make  our  daily  tasks  smooth  and  enjoyable, 
so  that  we  could  look  forward  to  them  with  pleasure, 
instead  of — as  is  too  often  the  case — just  so  much 
time  taken  out  of  our  lives. 

Many  men  toil  day  after  day  at  work  that  is  dis- 
agreeable, never  realizing  that  other  men  have  done 
the  same  thing  before,  and  often  are  right  beside  them, 
enjoying  it  immensely.  What  is  more,  many  men 
engaged  in  hard  physical  or  mental  effort  actually 
take  keen  interest  and  pleasure  in  shop  or  office. 

Each  appreciates  the  progress  of  the  department  in 
which  he  happens  to  be  employed,  just  as  though  the 
whole  success  of  the  thing  depended  upon  him  alone. 
Each  is  enthusiastic  over  any  special  achievement  in 
his  branch  of  the  work  and  gratification  beams  from 
him  when  he  has  done  something  particularly  well. 

These  men  are  not  boot-lickers,  looking  for  special 
approbation  from  the  man  next  higher  up.  They  are 
simply  those  who  gain  supreme  satisfaction  in  life 
from  good  work  well  done.  Some  of  them  are  blessed 
by  heaven  with  the  capacity  for  being  more  than 
contented  with  every  opportunity  for  doing  some- 
thing, for  producing  something,  for  gaining  more  of 
the  feeling  that  they  have  advanced  the  world  another 
little  notch  on  its  way  to  perfection;  and  it  means 
more  than  passing  satisfaction  to  them  to  feel  that 
those  who  are  to  follow  will  say,  "He  who  went  here 
built  a  good  road." 

But  not  all  of  these  fortunate  men  have  their 
contentment  sent  to  them  from  the  gods.  Some 
discover  it  for  themselves.  Take  the  case  of  a  man 
who  had  gone  through  years  of  his  life  before  he  learned 
the  secret.  This  particular  man  came  across  a  problem 
that  seemed  beyond  his  knowledge  and  experience; 
so  he  referred  it  to  his  foreman.    But  for  some  curious 


reason  that  he  could  never  explain,  he  became  inter- 
ested in  learning  who  would  find  the  answer  to  the 
thing  that  had  puzzled  him. 

He  saw  the  paper  go  from  the  foreman  to  the 
superintendent  and  made  an  excuse  to  follow  it.  He 
passed  the  glass  door  as  the  big  man  looked  at  the 
sheet,  wrinkled  his  brows  and  reached  for  a  book. 
This  action  made  him  hesitate  so  that  he  might  see 
what  followed,  and  he  was  asked  to  come  into  the 
office.  The  superintendent  talked  the  matter  over 
with  him,  and  showed  him  how  to  work  out  the 
problem;  and  then  he  had  the  surprise  of  his  life, 
for  the  book  that  was  being  consulted  was  one  that  he 
already  owned,  but  which  had  lain  on  his  mantelpiece, 
untouched,  for  more  than  a  year. 

He  saw  how  easily  the  foreman  or  he  himself  could 
have  settled  the  question  had  either  of  them  thought 
to  use  common  sense,  and  that  was  the  turning  point 
in  his  career.  When  he  reached  home  that  night,  he 
took  down  his  copy  of  the  book  and  dug  out  some 
practice  problems.  Within  a  week,  since  he  was 
already  familiar  with  the  shop  practice,  he  had 
practically  mastered  the  subject  matter  and  had 
inquired  at  the  library  for  more  along  the  same  line. 
He  was  surprised  to  find  that  there  was  so  much 
interesting  and  helpful  material  to  be  easily  secured, 
and  from  that  day  he  was  a  student. 

It  is  doubtful  whether  other  men  have  as  good 
a  time  at  the  theater  as  this  man  gets  from  his  evenings 
of  study.  He  has  made  the  thing  a  hobby,  and  it  is 
an  inspiring  sight  to  see  the  change  in  him.  Whereas 
he  once  honestly  dreaded  his  work,  now  he  is  eager 
for  new  things  to  come  up  for  his  wits  to  tackle.  He 
has  been  promoted  a  number  of  times,  but  the  joy  of 
his  work  is  no  longer  wholly  in  the  prospect  of  a  fat 
envelope  on  Saturday.  It  is  in  the  daily  task  as  it 
comes  to  him.  He  has  found  freedom  by  becoming  so 
familiar  with  the  problems  in  his  department  that 
they  no  longer  hold  any  terrors  for  him.  Obstacles 
are  things  of  special  interest. 

If  this  were  merely  a  fairy  tale  and  were  to  have  a 
moral,  it  would  be,  "Make  your  work  your  hobby." 
But  those  who  will  not  see  a  moral  until  it  is  pointed 
out  will  not  act  on  it  afterward;  so  the  reader  may 
draw  his  own. 


Contributed  by  Benjamin  Ogden  Wilkins 
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Hydro-Electric  Development  at  Vernes 


VIRTUALLY  abandoned  before  the  war  on  account 
of  apparently  insurmountable  ownership  diffi- 
culties, this  project  was  the  object  of  a  new  plan 
conceived  and  organized  at  the  end  of  1916  by  C.  A. 
Keller,  of  the  Societe  des  Etablissements  Keller  & 
Leleux.  Begun  Apr.  1,  1917,  the  works  were  carried 
out  in  sixteen  months,  including  a  winter  during  which 
a  large  part  of  the  outside  operation  was  suspended. 
All  the  technical  studies  of  the  project  were  made  by 
the  company's  organization. 

The  hydraulic  works  were  put  under  pressure  on 
July  27,  1918,  without  incident.  Labor  was  supplied 
almost  exclusively  by  German  prisoners.  In  particular 
the  tunnel  was  constructed  by  them  under  the  direction 
of  only  a  few  skilled  workmen. 

The  Vernes  plant  required  neither  dam  nor  intake 
since  it  uses  the  discharge  of  the  Livet  plant,  nearly 
half  a  mile  distant.  The  supply  of 
tvater  to  Vernes  is  by  a  continuation 
of  the  discharge  channels  of  the  Livet 
plants,  which  for  this  purpose  have 
been  continued  under  the  present  plant 
without  interrupting  its  operation. 
The  water  thus  collected  is  led  first  to 
an  intermediate  open  chamber  supplied 
with  a  surface  spillway  for  part-load 
operation  and  then  is  carried  through 
a  tunnel  620  m.  (2034.22  ft.)  long  and 
16  sq.m.  (172.2  sq.ft.)  in  cross-section 
excavated  entirely  in  rock,  and  con- 
tinued by  a  reinforced-concrete  con- 
duit of  132  m.  (433.09  ft.)  length  and 
3.6  m.  (11.81  ft.)  diameter  built  at 
the  bottom  of  a  trench  11  m.  (36.09 
ft.)  deep  and  subsequently  backfilled. 
The  conduit  passes  under  the  national 
highway  and  under  the  railway,  both 
carried  by  a  reinforced  -  concrete 
bridge,  and  ends  at  a  circular  forebay. 
The  reinforced-concrete  conduit  is 
under  pressure  due  to  a  head  of  8.5  m. 
(27.89  ft.)    at  its  lower  end.     Build- 


DISCHARGE   CONDUITS 


ing  the  hydraulic  works  offered  serious  difl!iculties 
because  of  the  depth  below  ground,  which  made  it 
necessary  to  raise  most  of  the  excavation  and  the  water 
through  shafts  over  10  m.  (32.81  ft.)  deep.  Moreover, 
the  reinforced-concrete  conduit  had  to  be  built  at  the 
bottom  of  a  deep  timbered  and  strongly  braced  trench. 
The  entire  tunneling  was  carried  on  with  compressed- 
air  tools,  requiring  the  installation  of  three  electric 
compressor  plants,  aggregating  200  horsepower. 

The  forebay  is  of  reinforced-concrete  and  consists 
of  a  circular  supply  reservoir  for  the  penstocks,  with 
the  upper  rim  forming  a  spillway  and  an  exterior  basin 
receiving  the  overflow  to  lead  it  to  a  discharge  chamber 
from  which  pass  two  steel  discharge  conduits  of  2  m. 
(6.56  ft.)  diameter.  This  arrangement  permits  of  <ib- 
taining  a  spillway  with  the  necessary  surface  area  to 
provide  for  reduction  of  load  or  shutdown  of  the  plant 
and  to  make  sure  of  the  certain  and 
dependable  carrying  off  of  the  large 
flow  that  thus  might  be  suddenly  set 
free.  The  depth  of  the  supply  conduit 
and  its  distance  from  the  natural 
watercourse  made  it  impossible  to 
arrange  an  ordinary  surface  spillway. 
The  outer  basin,  receiving  the  water 
from  the  spillway  of  the  forebay,  sup- 
plies the  two  discharge  pipes,  whose 
outfall  velocity  is  naturally  controlled 
by  the  discharge  and  whose  degree  of 
filling  determines  the  discharge  veloc- 
ity. Its  operating  range  has  as  a  max- 
imum the  filling  of  the  basin,  and  the 
discharge  tubes  are  then  under  pres- 
sure and  flows  as  free  orifices.  In  the 
latter  condition  the  discharge  velocity 
is  15  m.  (49.22  ft.)  per  sec.  and  the 
full  flow  can  be  discharged.  To  check 
the  discharge  velocity,  the  outlet  open- 
ings are  submerged  in  the  waters  of 
the  discharge  channel.  This  general 
arrangement  offers  the  advantage  of 
diverting  the  surge  waters  to  the  dis- 
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charge  canal,  in  such  a  way  that  the  variations  of  load 
do  not  cause  variations  of  flow  and  in  consequence  no 
disturbance  is  occasioned  the  operation  of  the  water- 
power  plants  downstream. 

The   downstream   wall   of  the   forebay   contains   two 


Each  unit  consists  of  a  Francis  turbine  connected 
to  a  single-phase  alternator.  The  controls  of  the  guide 
vanes  are  rigidly  coupled  by  an  exterior  shaft  receiving 
its  movement  from  a  regulator  through  a  servo  motor, 
operated  by  oil  under  pressure,  made  subject  to  manual 
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gates,  each  controlling  a  steel  conduit  of  2.5  m.  (8.20 
ft.)  diameter,  which  feeds  a  turbine  of  3500  hp.  These 
gates  are  operated  electrically  by  means  of  two  motors 
of  25  hp.  each.  They  are  separately  controlled  from 
the  switchboard  of  the  generating  station. 


control  at  the  switchboard  by  means  of  a  small  electric 
motor.  The  oil  pressure  is  obtained  by  compressed 
air  stored  in  a  reservoir  fed  by  a  compressor  driven 
from  the  turbine  shaft.  The  alternators  each  have  a 
capacity  of  3000  kv.-a.  and  furnish  current  to  the  sys- 
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teni  at  5000  volts  nnd  25  frequency,  at  a  speed  of  375 
revolutions  per  minute. 
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620  III.  (2034  22       (t) 
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rh  of  tliF  hyilrui'liM'tric  uniu 3,S00  tip. 

.\viiiiKi' liilM.r  (on-o 350 

Total  limn-»1.0'»      167,000 

The  two  units  feed  in  parallel  a  double  transmia.sion 
line  to  the  new  works  of  "Champ  de  L'P]Klise,"  in 
lonjunetion   with   the  present   Livet  works,   the   units 


of  the  Vernes  and  those  of  the  Livet  plants  operatinjf  in 
parallel. 

The  switch  and  control  l)oard   has  all   its  operatinj 
panels  on  the  ^Tound  door.     A  storage  battery  supplic 
the  relays  of  the  automatic  switches.     This  battery  i^ 
charged  by  direct  current  brought  from  the  Livet  plant 
by  a  special  line. 

At  the  Champ  de  L'Eglise  plant  is  a  series  of  electri^ 
furnaces  of  2750  hp.  and  one  of  3500  hp.,  producinj?  8( 
tons  of  electric  steel  daily.  This  plant  is  to  includi 
in  tiie  future  a  steel  works,  forj?e  shop  and  roilinj?  mill. 
Its  present  ground  area  is  14,000  sq.m.  (150,040  sq.ft.). 


High -Pressure   Steel  Economizers  at  Kansas  City 


THE  trend  of  present  day  boiler  practice  is  not  only 
toward  larger  boilers  and  higher  pressures  but 
also  higher  ratings.  These  conditions  lead  to  high 
flue  gas  temperatures  and  great  weight  of  gases  passed 
in  a  unit  time  interval,  so  that  economizers  are  being  ex- 
tensively used  especially  with  installations  of  large 
boilers. 

While  cast  iron,  the  usual  material  of  which  econ- 
omizers are  built,  gives  efficient  and  safe  service  for 
pressures  now  common,  engineering  opinion  is  not  com- 
pletely satisfied  that  it  will  do  for  pressures  of  300  lb. 
and  more.  Steel  is  not  so  durable  as  cast  iron  for 
economizers,  but  with  reasonable  care  it  is  safer  for 
very  high  pressures.  The  whole  economizer  might  be 
made  of  steel  but  for  one  chief  reason ;  namely,  the  con- 
densation of  the  vapors  in  the  flue  gas  on  the  relatively 
cold  tubes,  resulting  in  seriously  rapid  corrosion  of  these 
tubes.  This  corrosive  action  is  especially  bad  if  the 
coal  is  high  in  sulphur.  Cast  iron  withstands  this  cor- 
rosive action  much  better  than  does  steel. 

The  use  of  steel  for  economizers  is  not  new.  Conti- 
nental Europe  used  it  for  this  purpose  several  years  ago, 
and  experience  has  confirmed  that  it  corrodes  much 
more  rapidly  than  cast  iron.  However,  if  engineers  are 
going  to  use  boiler  pressures  up  to  1000  lb.,  as  is  dis- 
cussed, cast  iron  will  not  be  safe.  Just  where  it  be- 
comes unsafe — that  is,  at  just  what  pressure — is  a 
question  which  those  interested  in  economizers  would 
like  to  hear  discussion  upon.  Those  familiar  with  Eu- 
ropean experience  with  steel  economizers  are  invited  to 
write  for  publication  in  Power. 

In  a  new  power  station  now  being  erected  for  the 
Kansas  City  Light  and  Power  Co.,  Sargent  &,  Lundy, 
Engineers  of  Chicago,  have  m.et  the  economizer  prob- 
lem for  a  high-pressure  installation  in  an  interesting 
manner,  by  dividing  the  economizer  into  two  sections, 
a  high-pressure  and  a  low-pressure  section.  The  cold 
part  of  the  economizer  is  of  cast  iron  and  will  be  op- 
erated at  low  pressure — only  a  little  above  atmospheric. 
The  hotter  part  of  the  economizer  is  the  high-pressure 
section,  which  is  of  steel  construction  something  like  a 
section  of  a  Stirling  boiler.  The  whole  arrangement  is 
as  indic?.ted  in  the  drawing  on  the  next  page.  The  feed 
v.-ater  v.'ill  be  pumped  first  through  the  low-pressure 
economizer  into  a  tank  which  forms  the  suction  tank  for 
the  boiler  feed  pumps  by  which  it  will  be  pumped 
through  the  high-pressure  economizer  and  into  the 
boiler.  The  economizers  are  so  proportioned  that  the 
water  will  be  heated  in  the  low-pressure  economizer  up 
to  not  over  200  deg.  F.,  probably  between  170  and  190 
deg.,  which  will  prevent  the  formation  of  steam  in  the 


low-pressure  economizer  and  put  the  water  into  the  high- 
pressure  economizer  at  a  temperature  sufficiently  high 
to  prevent  any  condensation  on  the  tubes  of  the  high- 
pressure  economizer.  The  condensation  and  consequent 
corrosion  is  thus  confined  to  the  low-pressure  sections 
where  leakage  and  deterioration  are  much  more  easily 
controlled. 

The  boilers  are  of  the  Babcock  &  Wilcox,  cross  drum, 
"Alert"  type  and  are  each  42  tubes  wide,  14  tubes  high 
with  20-ft.  tubes  all  connected  to  one  60-in.  drum.  The 
boilers  have  13,512  sq.ft.  of  heating  surface  each,  and 
are  rated  at  1351  hp.  Each  boiler  has  a  superheater 
designed  to  give  250  deg.  F.  superheat  when  the  boiler  is 
evaporating  90,000  lb.  of  water  per  hour.  The  working 
pressure  is  300  lb.  The  chain-grate  stokers  are  each 
120  in.  by  210  in.  long. 

The  high-presure  economizer  is  made  up  of  two  36- 
in.  drums,  23  ft.  long,  having  306  3J-in.  cold-dravni 
seamless  tubes  i  in.  thick,  arranged  in  38  sections  of  8 
tubes  each,  front  to  back.  Each  high-pressure  econo- 
mizer contains  4205  sq.ft.  of  heating  surface.  Notice 
that  this  economizer  is  baffled  so  that  the  gases  pass 
over  the  tubes  transversely  three  times.  It  is  sup- 
ported from  the  building  steelwork,  the  support  being 
at  the  upper  end  so  as  to  be  free  to  expand  downward. 
The  economizer  is  inclined  35  degrees. 

Each  low-pressure  cast-iron  economizer,  of  the  Green 
tjTie,  has  336  12-ft.  tubes,  7  tubes  per  header,  with  a 
total  of  5500  sq.ft.  of  heating  surface.  Each  economizer 
is  16  ft.  11  in.  long  and  the  outside  over-all  width  is  16 
ft.  2  in.  The  induced  fans,  one  for  each  boiler  unit, 
are  of  the  multivane  type,  with  two  single  inlets,  driven 
by  one  150-hp.  slip-ring  induction  motor.  Each  boiler 
and  economizer  is  intended  to  evaporate  80,000  to  100,- 
000  lb.  of  water  per  hour,  going  up  to  120,000  lb.  per 
hour  when  forced. 

Sargent  &  Lundy  have  one  high-pressure  all-steel 
economizer  in  operation  and  so  far  have  experienced  no 
difficulties  from  corrosion  of  the  outside  of  the  tubes. 
In  this  economizer  the  water  has  been  kept  at  about 
125  deg.  F.  entering  the  economizer,  a  heater  being 
used  to  get  the  water  up  to  this  temperature.  There 
are  some  evidences  of  corrosion,  but  it  is  expected  that 
this  can  be  kept  down  so  that  it  will  not  be  serious. 

Each  boiler  has  six  soot-blower  (Diamond)  units  on 
each  side,  with  21  nozzles  to  each  unit;  the  high-pres- 
sure economizer  has  six  units  of  19  nozzles  each. 


The  rotary  system  of  oil-well  drilling  has  been  in 
common  use  only  about  15  years.  Its  great  advantage 
is  speed  in  soft  or  caving  ground. 
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CONDENSER    INTAKE.    SHOWING    STOP-LXDGS    AND    DISCHARGE    TUNNEL. 


The  60fl00-kw.  unit  has  four  condensers,  each  of 
25,000  .sq.ft.  of  Muntz  metal  tube  surface. 
The  circulating ^water  'pumping  capacity  is  132,- 
000  gal.  per  minute,  Jfi,000  gal.  per  minute  spare. 
A  forebay  ivith  stop-log  gallery  constitutes  the 
circulating-water  inlet.  The:  condensers,  with 
30  ft.  5l  in.  long  exhaust  connections,  are  hung 
from  the  turbine  foundation  with  no  supports 
under  the  condensers. 


THE  60,000-kw.  three-cylinder,  pure-reaction  tur- 
bine is  served  by  four  surface  condensers  each  of 
25,000  sq,ft.  of  tube  surface,  two  condensers  being 
connected  to  each  of  the  two  double-flow  low-pressure 
elements  of  the  turbine. 

An  intake  tunnel  is  not  used,  as  is  customary.  A 
forebay  has  been  created,  as  shown  in  the  headpiece.  The 
water  from  the  river  enters  the  forebay  via  the  stop- 
log  gallerj',  Fig.  2.  Each  of  the  eight  inlet  openings 
in  the  gallery  has  a  front  resting  on  two  tanks  and 
which  floats  up  and  down  with  the  rivel  level,  guides 
for  the  float  being  made  in  the  concrete  piers.  Section 
and  plan  views  of  one  of  these  floats  are  shown  in  Fig. 
7.  The  concrete  piers  have  a  total  height  of  21  ft. 
each  up  to  the  floor  or  walk  level;  all  concrete  used  in 
its  construction  is  of  1 :  2i :  5  mixture.  Practically  all 
the  wood  used  is  creoseted  yellow  pine.  Each  pier  is 
3  ft.  thick  and  the  distance,  in  the  clear,  between  piers 
is  8  ft.    The  stop  logs  are  1^  by  10  inches. 

The  purpose  of  the  floats  is  to  draw  water  into  the 
forebay  from  about  Si  ft.  beneath  the  surface  of  the 
river  and  thus  provide  a  means  of  keeping  floating 
debris  out  of  the  forebay. 

Because  of  the  filled-in  bank  on  the  upstream  side  of 


the  forebay  the  tendency  is  to  cause  the  river  current 
to  throw  floating  debris  out  into  the  steam  and  clear 
of  the  stop-log  gallery. 

At  the  power  house  are  six  78  in.  wide,  vertical, 
traveling  screens.  Fig.  4  shows  their  location.  Each 
screen  is  6  ft.  4i  in.  wide  between  centers  of  the  chain, 
45  ft.  long  between  centers  of  head  and  foot  shafts; 
these  operate  at  a  speed  of  about  9  ft.  per  minute.  They 
are  made  up  of  continuous  screen  trays  78  in.  wide,  18 
in.  pitch,  mounted  on  two  strands  of  18-in.  pitch  steel 
bar  link,  bronze-bushed  roller  chains  with  solid  iron 
rollers.  The  screen  trays  are  made  of  angle-iron  frames 
with  No.  18  U.  S.  S.  gage  galvanized  steel  wire  cloth 
with  i-in.  clear  openings. 

The  six  screens  will  pass  515  cu.ft.  of  water  per 
second  at  a  water  level  of  12  ft.,  based  on  a  velocity  of 
2  ft.  per  sec.  The  six  screens  are  driven  through  a 
common  lineshaft  with  jaw  clutches  by  two  10-hp. 
motors  running  at  865  r.p.m.  The  headshafts  are  driven 
from  the  lineshafts  by  bushed-roller  chain  drive  through 
incased  speed-reducing  transmission  at  each  end  of  the 
lineshaft  with  flexible  couplings  to  the  motors.  Each 
speed-reducing  transmission  is  connected  to  the  line- 
shaft  through  spur  gears  having  breaking-pin  hubs. 
The  total  weight  of  the  screens  is  131,000  pounds. 

Four  centrifugal  circulating  pumps,  each  driven  by 
a  550-hp.  motor  at  700  r.p.m.  have  capacity  of  44,000 
gal.  per  minute  each,  total  176,000  gal.  per  minute,  or 
87,964,800  lb.  per  hour  at  60  deg.  F.  One  of  these  pumps 
is  a  spare.  This  will  mean  a  flow  of  about  400  c.f.s. 
in  the  intake.  The  level  of  the  intake  water  below  the 
discharge-water  level  is  3.5  ft.,  and  the  level  of  the  cold 
well  below  the  center  line  of  the  pump  is  15  ft.  The 
total  pumping  head,  exclusive  of  pumping  head  through 
the  condenser,  is  9  feet. 

The  intake  tunnels  and  wells  in  the  station  are  so 
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jinaiijrcd  thnt  thoy  may  bo  convoniontly  flu.slied  and 
cloaiiod.  Tlio  nnaiiKt'iiient  of  the  puinp.s  i.s  dt'siraldu 
from  the  oporatiiiK  viewpoint  partifularly,  ns  shown  in 
I'ijs'.  t>,  whirh  vrives  (ho  important  dinuMision.s. 

Kuhhor  expansion  joints  are  used  in  the  circnlatinK- 
water  piping  to  care  for  distortion.  A  hoist  is  provided 
over  each  circulating  pump  to  lift  off  the  cover  with 
facility. 

The  air  pumps  are  of  the  LeHlanc  type,  each  of  2000 
gal.  per  minute  water;  the  discharge  head  including  fric- 
tion is  4  ft.,  and  the  suction  lift  including  friction  is 
10  ft.  The  pumps  are  each  driven  by  a  100-hp.  motor 
at  700  r.p.m. 

Condensate  pumps  have  capacity  for  400,000  lb.  per 
hour,  each  at  head  of  9G  ft.,  with  a  submergence  head  of 
3i  ft.     Each  is  driven  by  a  75-hp.  motor  at  1750  r.p.m. 

.1 
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and  Cincinnati,  Ohio,  where  similar  conditions  obtain. 
The  condensers  will  give  the  foli(jwing  performance: 
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The  manner  of  supporting  the  condensers  was  given 


-t  n.P.  TURBINCS 


FIG.    6.   PL.\N   OF  CONDENSER  PIPING,   CONDENSERS  AND  PUMPS 
There  are  four  2.5. nnn  sq.ft.  condensers  served  by  four  circulating  pumps  (one  a  spare.',  each  of  44,000  gal.  per  min.  capacity,  dis- 
charging into  a  ring  supply  pipe  common  to  all   four  condensers. 


The  four  25,000-sq,ft.  condensers  have  5285  1-in. 
Muntz-metal  tubes  each,  18  ft.  3  s  in.  long,  arranged  in 
the  heads  as  shown  in  Fig.  3.  The  weight  empty  is 
220,000  lb. ;  full  of  water,  405,000  pounds. 

The  condenser  inlets  are  31  ft.  below  flanges  of 
the  exhaust  openings  of  the  low-pressure  elements,  the 
castings  forming  these  steam  passages  being  so  well 
done  as  to  call  for  commendation.  The  losses  in  these 
passages  will  likely  be  negligible,  basing  judgment  on 
performances  in  the  large  plants  at  Windsor,  W.  Va., 


unusual  consideration  jointly  by  the  purchaser,  the 
J.  G.  White  Engineering  Corporation,  the  turbine  de- 
signer and  the  condenser  builder.  The  condenser  and 
connecting  steam  passage  are  hung  from  the  turbine 
foundation,  being  keyed  to  hanger  girders  at  all  four 
sides  with  keys  26i  in.  long,  4  in.  wide,  2\  in.  thick,  of 
forged  steel  and  made  to  conform  to  the  A.S.T.M.  speci- 
fications. There  is  an  expansion  joint  between 
the  exhaust  connection  and  the  turbine  exhaust  to  pro- 
vide    principally     for    expansion     along     the    tubrine 
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axis.  The  exhaust  connection  pieces  are  supported  by 
steel  straps  suspended  down  from  the  steel  work  of 
the  turbine  foundation.  The  condenser  is  suspended 
from  the  exhaust  connection  and  there  are  no  supports 
beneath  the  condenser. 

The  next  article  deals  with  heat-balance  studies  of  the 
station  and  is  accompanied  by  numerous  curves  giving 
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FIG.      7.      DETAILS  OF  FLOAT  USED  IN  THE   STOP-LOG 
CONSTRUCTION 

all  the  data  that  the  consulting,  designing  and  operating 
engineers  desire.  The  article  was  prepared  for  Power 
by  W.  A.  Shoudy  and  H.  C.  Lockwood,  of  the  Mechan- 
ical Division,  J.  G.  White  Engineering  Corporation,  who 
built  the  station. 

Miller  Vacuum  Dashpot 

A  type  of  Corliss  valve  gear  cooperating  with  a  vacuum 
dashpot,  having  certain  new  features  perfecting  the  op- 
eration of  a  Corliss  engine  for  the  requirements  of  high 
speed,  high  pressure,  long  range,  and  close  regulation, 
has  recently  been  patented  by  F.  B.  Miller,  25  South  St., 
New  York  City.  The  advantages  with  such  require- 
ments are,  for  example,  a  direct-connected  generator 
furnishing  current  for  the  lighting  and  elevators  in  an 
office  building.  The  size  of  the  generator  and  that  of 
the  engine  are  reduced  by  having  high-speed,  high-pres- 
sure and  long-range  cutoff,  thereby  reducing  the  floor 
space  required  and  the  first  cost.  Close  regulation  is 
necessary  to  avoid  flickering  of  the  lights  due  to  fluc- 
tuation  in  load  caused  by  the  operating  of  elevators. 

A  brief  description  of  the  construction  and  operation 
of  the  dashpot  follows:  A  represents  the  engine  cyl- 
inder. When  the  dashot  plunger  is  released  and  the  air 
that  is  taken  in  through  the  air  valve  C  is  discharged 
through  the  check  valve  D,  which  is  adjustable,  the  pis- 
ton B  will  take  the  thrust  noiselessly  and  without  re- 
bound, owing  to  the  air  cushion  and  to  the  slight  yield- 
ing of  the  spring,  shown  in  the  chamber  of  E,  which  is 
not  more  than  ,'j.  in.  at  the  maximum.  The  spring  is  of 
a  heavy,  durable  type,  not  subject  to  great  changes, 
and  should  give  noi  trouble.  It  is  obvious  that  all  the 
air  cannot  escape  through  the  check  valve  D  instantly, 
iherefcre  a  pcrticn  is  corni;iossed  in  the  chamber  of  E, 


caused  by  the  slight  yielding  of  the  spring.  This  air 
forms  a  cushion  for  reseating  the  movement  of  the  pis- 
ton B,  and  at  the  same  time  the  air  is  given  a  period  in 
which  to  escape,  and  disposing  of  the  air  under  the 
piston  means  a  particularly  high  vacuum  or  the  max- 
imum atmospheric  pressure  on  the  face  of  the  plunger 
regardless  of  whether  the  lift  is  ,\.  in.  or  to  the  max- 
imum. 

Should  there  be,  by  reason  of  poor  adjustment,  a 
slight  space  between  the  piston  and  the  plunger,  this  is 
mechanically  eliminated  by  having  a  type  of  valve  gear 
with  the  clearance  at  G  reduced  to  a  minimum  (about 
ii  in.)  This  small  amount  of  clearance  is  made  pos- 
sible by  having  a  dashpot  spring,  which  serves  as  a 
preventive  against  breaking  any  member  of  the  valve 
gear.  Therefore  it  is  not  necessary  to  make  allowance 
for  the  expansion  of  the  engine  cylinder,  for  dirt  or 
poor  adjustment. 

The  conditions  mentioned  are  favorably  affected  as 
follows:  With  a  high  speed  with  the  long-range  gear 
cutting  off  at  the  maximum,  the  period  of  cutoff  is  very 
short;  this  is  accomplished  by  reducing  the  radius  H 
to  a  minimum,  thereby  reducing  the  lift  of  the  dashpot 
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SECTION    THROUGH    DASHPOT 

plunger,  which  means  a  shorter  period  required  for  com- 
plete cutoff.  The  long-range  valve  gear  cutting  off  at 
the  minimum,  the  lift  of  the  plunger  is  slight;  having 
the  maximum  atmospheric  pressure  on  the  face  of  the 
plunger  regardless  of  the  lift,  the  friction  on  the  steam 
valves  is  overcome.  The  complete  cutoff  of  the  steam 
takes  place  more  rapidly  and  positively  regardless  of  the 
variation  of  the  load  on  the  engine,  thereby  avoiding 
leaky  valves  and  poor  regulation.  It  is  evident  that  the 
positive  seating  of  the  vacuum-pot  plunger  will  permit 
a  smaller  lap  with  the  result  that  less  angular  advance 
is  needed. 

Therefore  this  means  a  greater  range  of  cutoff  un- 
der control  of  the  governor  and  a  corresponding  increase 
in  horsepower. 
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WIIP^N  the  line  pressure  is  250 
volts  and  less,  it  is  common 
practice  to  wind  the  voltaKe 
coil  of  the  measuring  instrument  for 
line  voltapc.  It  is  obviously  not  prac- 
tical to  wind  and  insulate  instrument 
coils  for  voltaj^res  higher  than  750  volts, 
so  a  voltage  transformer  is  necessary 
to  reduce  the  pressure  to  a  lower  value. 
The  transformer  thus  serves  as  a 
safety  barrier  by  keeping  the  high 
voltage  away  from  the  instrument  and 
also  makes  it  possible  to  standardize  on 
instruments  of  a  single  voltage  range. 
The  voltage  transformer  is  similar  in 
construction  and  application  to  a  small 
power  or  distribution  transformer,  its 
secondary  load  being  the  windings  of 
the  instruments  or  meters  to  which  it 
is  connected.  The  high-voltage  winding  is  connected  t0| 
the  wires  whose  difference  in  potential  it  is  desired  to 
measure.  This  difference  in  potential,  or  voltage,  causes 
a  current  to  flow  through  the  high-voltage  winding.  The 
amount  of  current  that  will  flow  depends  on  a  number  of 
factors,  such  as  the  value  of  the  voltage,  frequency,  num- 
ber of  turns  and  quality  of  iron  in  the  transformer.  The 
current  will  be  just  suificient  to  produce  the  proper  mag- 
netic flux  in  the  transformer  iron  to  generate  a  back, 
or  reversal,  voltage  approximately  equal  to  the  applied 
voltage.  This  flux  is,  of  course,  pulsating  or  alternat- 
ing the  same  as  the  applied  voltage,  and  thereby  gen- 
erates or  produces  a  voltage  in  any  other  winding  that 
may  sur)-ound  the  core.     The  value  of  the  voltage  so 

produced  depends 
directly  upon  the  rel- 
ative number  of 
turns  with  respect  to 
the  primary  wind- 
ings, so  that  the 
secondary  volt  age 
equals  the  primary 
voltage  divided  by 
ratio  of  primary  to 
secondary  turns.  If 
the  primary  has  4000 
turns  and  the  sec- 
ondary 200,  their  ra- 
tio is  20:  1  and  the 
secondary  voltage  is 
one  twentieth  of  the 
primary.  The  fore- 
going is  not  strictly 
correct,  as  in  order 
to    get    greater   ac- 

FiG.  2.  OUTDOOR-TYPE  2O.000-VOLT    curacy  E  icw  prim- 
INSTRUMENT  TRANSFORMER        ary  tums  are  omitted 


FIG.    1.      DRY-TYPE   TRANSFORMER 


to  compensate  or  make  up  for  the  small 
losses  in  the  transformer.  This  com- 
pensation is  usually  about  one-half  of 
one  per  cent.  When  the  transformer  is 
not  connected  to  its  secondary  load,  the 
secondary  voltage  is  usually  higher 
than  its  ratio  indicates,  but  when 
carrying  its  proper  load  the  ratio  of 
primary  to  secondary  voltage  should  be 
correct  as  marked  on  the  nameplate. 

Fig.  4  shows  a  cross-section  through 
a  typical  voltage  transformer,  i/,  is 
the  high-voltage  winding,  well  insu- 
lated from  the  iron  magnetic  circuit  F 
and  low-voltage  winding  L,.  Any  flux 
set  up  by  the  magnetizing  current  flow- 
ing in  the  primary  coil  H,.  will  follow 
the  iron  circuit  on  account  of  the  very 
high  permeability  of  the  iron,  and  will 
therefore  pass  through  L,  the  low-voltage  coil  also. 
This  form  of  construction  is  commonly  used  for  dry-type 
transformers  for  voltages  up  to  3000  or  4000.  A  voltage 
transformer  of  this  type  is  showm  in  Fig.  1. 

Fig.  5  gives  a  different  arrangement  of  coils.  This 
form  is  adapted  for  a  higher  voltage — from  5000  to 
10,000  volts.  It  will  be  noticed  from  the  figure  that 
two  high-voltage  coils  K,  and  two  low-voltage  coils  L,. 
are  used.  This  type  is  usually  mounted  in  an  oil-filled 
tank,  as  in  Figs.  2  and  3.  Using  two  coils  cuts  down  the 
voltage  per  coil  and  thereby  makes  it  easier  to  insulate. 
For  still  higher  voltages  the  core-type  form  shown  in 
Fig.  6  is  best  adapted.  The  low-voltage  winding  is 
placed  close  to  the  core  and  insulation  barriers,  in  the 
form  of  tubes,  placed 
between  it  and  the 
high-voltage  coils. 
The  high  -  voltaga 
winding  is  broken  up 
into  a  number  of 
coils,  as  indicated,  in 
order  to  keep  the 
voltage  stresses 
dowm.  This  type  of 
construction  is  es- 
pecially well  adapted 
to  voltages  of  15,000 
or  20,000  and  up  as 
high  as  voltage 
transformers  are 
built.  Fig.  2  shows 
an  outdoor  voltage 
transformer  for  use 
on  a  20,000-volt  cir- 
cuit and  Fig.  3  an 
outdoor-type  of  volt- 
age transformer  for 


FIG.  3.  OUTDOOR-TYPE  70,000-VOLT 
INSTRUMENT    TRANSFORMER 
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/0,000  volts.  For  the  higher  voltages  a  choke  coil  is 
sDmetimes  connected  between  the  transformer  windings 
and  the  high-voltage  leads.  This  coil  is  solely  for  protec- 
tion against  lightning  and  high-frequency  disturbances. 
If  a  high-frequency  surge  comes  down  the  line,  when  it 
tries  to  pass  into  the  transformer  it  meets  a  very  high 
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FI6.   5 
SECTIONS    THROUGH    SHELL-TYPE 
TRANSFORMER 


impedance  in  the  choke  coils  and  is  forced  to  pass  down 
the  line,  where  it  can  be  safely  conducted  to  ground  by 
the  protective  apparatus.  Of  course  a  high  voltage  is 
built  up  across  the  choke  coil,  but  it  is  specially  insulated 
between  turns  for  this  condition,  and  even  in  case  of  fail- 
ure between  turns  of  the  choke  coil,  the  transformer  will 
still  operate  without  error.  If  the  break  were  in  the 
high-tension  winding  of  thd  transformer,  it  would 
burn  out  immediately.  The  choke  coil  has  no  effect  at 
normal  frequencies,  as  its  impedance  varies  directly 
with  the  frequency,  therefore  oifers  little  opposition  to 
the  flow  of  current  at  normal  frequency,  but  it  offers 
great  opposition  to  lightning  disturbances  of  very  high 
frequency. 

If  the  secondary  terminals  of  a  transformer  are  con- 
nected to  an  instrument  or  meter,  a  current  will  flov/ 
through  the  meter.  This  current  flowing  through  the 
secondary  winding  tends  to  oppose  the  flux  in  the  core 
or  to  demagnetize  the  core.  This  tendency  is  immedi- 
ately counteracted  by  a  current  which  will  flow  in  the 
opposite  direction  through  the  primary  winding.    It  is  a 
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PIG.    6.    SECTION    THROUGH    CORIC-TYPIO    TRANSFORMER 

fundamental  law  of  the  transformer  that  neglecting  the 
exciting  current,  the  primary  current  is  equal  to  the 
secondary  current  divided  by  the  ratio  of  primary  to 
secondary  turns;  or  another  way  of  expressing  it  is  to 
say  that  the  primary  and  secondary  ampere  turns  are 
equal  but  have  opposite  directions  around  the  magnetic 
core. 


In  connecting  instruments  in  which  both  current  and 
potential  are  measured  as  in  a  wattmeter,  a  definite 
relation  must  be  maintained  between  the  current  and 
potential.  If  either  current  or  potential  wires  are  re- 
versed, the  meter  will  not  read  correctly.  For  this 
reason  it  is  necessary  to  know  the  relative  direction  of 
current  in  primary  and  secondary  leads. 

Referring  to  Fig.  7,  the  arrows  show  the  relative 
direction  of  currents  in  the  leads  and  windings.  In 
tracing  a  lead  on  a  diagram,  the  line  A  to  X  may  be 
followed  as  indicated  by  the  large  arrow,  just  as  though 
the  transformer  did  not  exist.  In  checking  the  actual 
wiring,  however,  it  is  necessary  to  know  which  two  leads 
correspond  to  those  marked  A  and  X  in  the  diagram. 
It  is  customary  for  the  manufacturers  to  designate 
these  two  leads  with  a  distinguishing  mark  such  as 
white  paint  or  tape.  The  marked  leads  bea..*  the  rela- 
tion to  each  other  as  indicated  for  leads  A  and  X;  that 
is,  "ingoing"  current  in  the  primary  "marked"  lead 
gives  "outgoing"  current  in  the  secondary  "marked" 
lead. 


F16.  9 


FIGS.  7  TO  9.     TRANSFORMER  CONNECTIONS  TO  MEASURE 
VOLTAGE    ON    A    SINGLE-PHASE    CIRCUIT 

Fig.  8  represents  the  connection  of  a  transformer  to  a 
single-phase  line  and  to  a  single  instrument.  If  several 
instruments  are  to  be  connected  to  the  one  transformer, 
they  are  connected  as  shown  in  Fig.  9 ;  that  is,  the  in- 
strument coils  are  all  put  in  parallel  across  the  second- 
ary leads  of  the  transformers.  The  total  current  flow- 
ing through  the  transformer  secondary  winding  will  be 
the  sum  of  the  currents  flowing  in  all  instruments  so 
connected. 

The  most  common  connection  on  three-phase  circuits 
is  that  of  two  transformers  in  open  delta,  Fig.  10,  by 
which  the  voltage  on  all  three  phases  may  be  measured. 
Since  the  transformer  No.  1  is  connected  from  A  to  B, 
meter  A  will  measure  to  voltage  between  these  two  con- 
ductors. Transformer  No.  2  is  connected  from  B  to  C, 
consequently  meter  B  will  indicate  the  voltage  between 
the  two  conductors.  Meter  C  is  connected  across  the 
secondaries  of  transformers  Nos.  1  and  2 ;  however,  the 
relation  between  the  voltage  of  these  two  transformers 
is  such,  when  connected  to  a  three-phase  circuit,  as  in 
the  figure,  as  to  give  the  voltage  between  A  and  C  di- 
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\U\ed  l)y  the  tnmsformer's  ratio.  Therefore,  meter  C 
\\i\\  measure  the  v()ltH./e  between  coiuhutons  A  and  C, 
'list  as  it  would  if  loimeited  to  traiisformt'r  No.  3.  If 
the  voltages  are  bahiiieed  on  the  hi^h-voltage  side,  in- 
struments A,  H  ai\d  (■'  should  read  the  same. 

In  case  of  three-phase  four-wire  circuits  it  is  common 
practice  to  connect  the  primary  of  the  transformers 
from  outside  wires  to  neutral,  and  in  order  to  measure 
all  voltavres,  this  reciuircs  three  transformers  connected 
in  star  on  the  hijrh-tension  side.  It  i.s  usual  practice 
to  also  connect  the  low-tension  in  star.  The  thr(?e-phase 
voltajres  between  A'  and  Y,  Y  and  Z  and  A'  and  Z  are 
the  same  as  between  A  and  B,  />'  and  C  and  A  and  C  ex- 
cept on  a  small  scale.  If  it  is  desired  to  know  the  voltage 
from  A  to  U,  a  meter  placed  across  A'  and  Y  will  give 
this  value  divided  by  ratio  of  turns  of  primary  to  sec- 
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FIGS.   10  AXP  11.    TRANSFORMER  CONNECTIONS  TO  MEAS- 
URE   VOLTAGE    ON    A    3-PHASE    CIRCUIT 

ondarj'  in  the  transformers.     Also  a  reading   from  X 
to  O  will  indicate  the  voltage  from  A  to  A^,  etc. 

It  will  be  seen  that  the  secondaries  of  all  the  trans- 
formers are  ground;  in  fact,  every  secondary  network 
should  be  grounded.  This  serves  to  drain  off  any  static 
charge  the  instrument  may  take  due  to  condenser  ac- 
tion of  the  primary  and  secondary  windings.  Also  in 
case  of  failure  of  insulation  between  high-voltage  and 
low-voltage  windings,  the  high-tension  current  will  flow 
to  earth  through  this  ground  instead  of  through  some 
other  path,  which  might  be  from  the  winding  of  the  in- 
strument to  its  case  and  then  through  the  attendant 
to  ground.  Either  or  both  the  instrument  and  attendant 
might  thereby  be  injured.  As  a  safety-first  rule  the 
secondary  circuit  should  always  be  well  grounded. 


An  oil  well  has  been  defined  as  a  hole  in  the  ground, 
a  quarter  of  a  mile  deep,  into  which  a  man  may  put 
a  small  fortune  or  out  of  which  he  may  take  a  big 
one — he  never  knows  which  until  the  hole  is  finished. 


Trouble  >*ith  Srorrd  riirl-Vulve  Seal 

By  I).  I,.  Ka(;nan 

Melting  out  of  exhaust  valves  at  heavy  load  and  a 
smoky  exhaust  causing  complaints  from  a  near-by  hotel 
and  business  block  were  the  conditions  that  demanded 
the  services  of  a  troubleman  versed  in  the  ways  of  Die- 
sel engines,  and  it  was  my  luck  to  draw  the  job.  Con- 
versation with  the  engineer  brought  out  the  fact  that 
there  had  been  a  smoky  exhaust  on  this  engine  ever 
since  he  had  taken  the  position  and  that  the  fuel  nozzles 
and  all  valves  needed  considerably  more  grinding  in 
than  any  other  Diesel  he  had  ever  operated.  He  said 
that  the  pressures  carried  were  higher  than  was  good 
practice  because  the  engine  .seemed  to  reciuire  such 
pressures  for  good  running,  but  he  never  could  obtain 
a  clean  exhaust.  These  facts  gave  me  a  clue  as  to 
where  to  look  for  the  trouble. 

The  engine  used  too  much  fuel  per  kilowatt-hour,  as 
shown  by  the  notes  and  record  of  the  plant.  Within 
perhaps  one  week  of  operation  after  an  overhauling  the 
atomizers  would  stop  up  with  carbon,  the  fuel  nozzles 
would  stick  open,  and  before  the  load  could  be  tran.s- 
ferred  to  one  of  the  other  engines,  a  large  hole  would 
be  found  burnt  through  the  exhaust  valve,  causing  havoc 
generally.  The  engineer  had  tried  nearly  every  means 
to  locate  and  remedy  the  trouble  and  put  the  problem 
up  to  me. 

Many  articles  relating  to  Diesel-engine  troubles  and 
their  remedies  appearing  in  the  mechanical  papers  had 
come  to  my  notice.  My  memory  informed  me  that  a 
somewhat  similar  case  had  been  recorded,  but  my  back 
copies  were  destroyed  and  there  was  no  way  of  finding 
out  the  paper  in  which  it  had  appeared.  However,  I 
knew  the  trouble  had  been  found  in  the  fuel  nozzles  and 
so  these  claimed  my  attention.  The  fuel  needles  were 
carefully  examined  and  found  to  need  slight  regrinding. 
The  seats  were  hard  to  examine  as  they  were  deep  in 
pockets;  so  a  soft-pine  stick  was  cut  to  about  the  same 
shape  as  the  fuel  nozzle,  and  the  ends  were  sandpapered 
true  and  smooth.  By  striking  this  stick  repeatedly  but 
lightly  with  a  hammer,  a  good  impression  of  the  nozzle 
seat  was  obtained.  By  the  use  of  this  device,  two  small 
grooves  were  found  in  one  seat  and  three  in  another, 
the  third  being  in  good  condition. 

The  engineer  said  that  No.  2  cylinder  had  given  no 
trouble  from  burnt  exhaust  valves,  but  that  Nos.  1  and 
3  had  caused  all  the  mischief.  It  was  the  nozzle  seat  on 
No.  2  cylinder  that  was  not  scored  or  grooved.  About 
fifty  miles  from  this  plant  an  erecting  man  from  a 
different  company  was  installing  Diesel  engines,  and  I 
rushed  there  to  see  whether  a  reamer  could  be  obtained, 
taking  a  fuel  nozzle  with  me.  Luckily,  they  had  a 
reamer  which  had  been  obtained  from  the  shop  for  just 
such  a  job.  This  was  borrowed  and  used  to  good  ad- 
vantage. The  fuel  needles  were  ground  in,  and  on 
testing  out  the  seats  w-ere  found  to  be  perfect.  When 
the  engine  was  started  up,  the  exhaust  was  clear  and 
no  further  difficulty  was  experienced.  A  reamer  was 
ordered  sent  from  the  factory  for  future  emergencies 
of  like  nature,  but  so  far  no  use  has  been  found  for  it. 

It  would  be  hard  to  guess  how  this  fault  would  have 
been  located  if  it  had  not  been  for  my  reading  about 
some  engineer  overcoming  just  such  a  trouble.  His 
sending  his  experience  to  a  technical  journal  proved  a 
blessing,  for  this  is  such  an  unusual  trouble  that  one 
could  be  excused  if  he  did  not  find  it. 
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Overcoming  Blow-off  Valve  Troubles 


By  PHILIP  ECKENROTH 


IF  THE  service  conditions  of  blowoflf  valves  were  ana- 
lyzed, it  would  be  found  that  the  most  serious  element 
is  the  accumulation  of  scale  against  the  seating  sur- 
faces when  the  valve  is  shut,  as  shown  by  Fig.  1.  This  de- 
posit is  pressed  firmly  against  the  seating  surfaces  of 
the  plugs  or  moving  members  and  has  the  effect  of  a 


FIG.     1.    PLUG    COCK    SHOWING    BANKED    SCALE    AND 
WORN   PLUG 

stick  of  emery  with  the  boiler  pressure  as  a  lever  press- 
ing against  it.  And  the  harder  the  scale  and  the  more 
the  valve  or  cock  is  operated,  the  quicker  the  surfaces 
are  destroyed. 

If  a  straight-edge  is  placed  on  a  badly  worn  plug, 
one  can  see  between  the  plug  and  the  straight-edge  at 
about  the  opening  through  the  cock,  as  at  A.  The  same 
effects  are  produced  where  surfaces  are  moved  with  the 
scale  bearing  against  surfaces,  as  in  gate  valves,  etc. 

This  causes  the  valves  to  score  in  the  direction  of 
their  line  of  travel  and  produces  leaks  in  a  short  time. 
Therefore,  in  order  to  prevent  leaks  it  will  be  necessary 
to  arrange  the  seating  surfaces  of  plug  cocks  or  plung- 
ers of  .seatless  valves  so  that  the  scale  will  not  be  pressed 
against  them,  as  no  means  are  provided  for  taking  care 
of  this  wear. 

Blowoff  service  is  regarded  as  the  hardest  to  which 
a  valve  or  cock  can  be  subjected,  and  after  an  experi- 
ence of  over  25  years  as  a  repairman  of  such,  and  after 
trying  about  every  valve  and  cock  on  the  market  and 
watching  the  results  of  other  engineers,  I  came  to  the 
conclusion  that  to  obtain  good  service  from  such  valves 
it  would  be  necessary  to  design  one  that  could  use  the 
scale  and  mud  as  a  medium  for  keeping  the  seating  sur- 
faces in  shape. 

This  might  at  first  look  like  a  hard  proposition,  but 
it  proved  simple  after  a  little  experimenting,  al- 
though it  required  a  complete  change  in  valve  design 
and  operation  in  order  to  have  a  better  valve  after  two 
years  of  use  than  at  the  start  so  far  as  the  seating  sur- 
faces were  concerned. 

In  order  to  obtain  this  result  it  is  necessary  to  have  a 
close-grained  cast-iron  disk  with  a  bronze  or  monel- 
metal  seat;  a  rotation  of  the  disk  on  the  seat  after  it 
comes  in  contact  with  the  seat;  seating  surfaces  held 
together  by  a  resilient  means  during  the  operation  of 
closing  the  valve,  using  the  scale  anu  mud  to  keep 
valve  seats  in  shape.     The  results  of  this  combination 


are  surfaces  that  can  be  matched  only  by  a  grindine 
machine  operation.  When  one  can  produce  better  seat- 
ing surfaces  in  a  valve  after  two  years'  use  than  when 
it  was  new  by  the  simple  means  of  opening  and  closing 
it,  that  is  a  valve  that  will  stay  on  the  job  as  long  as 
there  is  a  piece  of  the  disk  or  seat  left. 

Such  a  design  of  valve  is  used  with  boilers  that  are 
operated  24  hours  daily,  300  days  a  year. 

This  valve,  shown  in  Fig.  2,  differs  from  others  in 
that  it  has  a  floating  yoke  A  separated  about  i  in.  from 
the  washers  B  by  means  of  springs.  The  valve  stem  C 
has  a  square  end  that  fits  into  a  square  hole  in  the 
disk  D  and  is  held  in  place  by  the  nut  E. 

When  the  stem  C  is  turned,  the  disk  D  turns  with 
it,  and  when  closing  the  valve  after  the  disk  D  comes 
in  contact  with  the  seat  P,  it  continues  to  rotate  until 
the  floating  yoke  A  comes  in  contact  with  the  washers 
B.  Then  the  springs  cease  to  be  of  any  value  and 
are  virtually  out  of  service,  thus  practically  making  a 
solid  construction  of  the  yoke  and  yoke  studs.  Moving 
the  lever  G  in  the  reverse  direction  to  the  motion  of  the 
handwheel  gives  a  firm  seating  and  also  acts  as  a  lock 
and  prevents  any  movement  of  the  handwheel  until  it  is 
released  by  the  lever.  The  lever  G  can  be  used  for 
reseating  the  valve  while  in  service  if  necessary. 

If  the  handwheel  is  screwed  down  until  the  disk  D 
comes  in  contact  v/ith  the  seat  P,  using  a  little  pressure 
to  keep  the  seating  surfaces  together  with  the  aid  of  the 


FIG.    2.    DETAILS    OP    THE    BLOWOFF   VALVE 

springs  interposed  between  the  yoke  A  and  the  washers 
B,  and  throwing  pawl  H  up  until  it  comes  in  contact 
with  one  of  the  spokes  of  the  handwheel,  the  disk  can 
be  rotated  on  its  seat  while  the  valves  are  in  operation. 
In  this  way  the  valves  can  be  kept  in  service  as  long  as 
there  is  a  piece  of  the  disk  and  seat  left. 

This  means  years  of  use  without  leaks  and  repairs, 
and  this  valve  has  made  a  hard  problem  easy.  It  is 
patented  but  it  is  not  for  sale.  We  make  it  for  our  own 
use. 
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XIII — Governors  and  governor  troubles  form  the 
subject  of  the  chief's  talk,  after  he  announces  the 
cheering    news    of    a    general    increase    of   pay. 

THERE  was  air  of  lightness  and  cheerfulness  in 
Egan's  manner  as  he  came  into  the  engine  room, 
and   so  the  men   rightly   suspected  that  he  had 
something  of  unusual  interest  to  tell. 

"It  has  always  riled  me  that  the  men  in  the  turbine 
plant  drew  more  money  than  we  did,  because  I  felt  that 
our  cost  per  kilowatt-hour  was  low.  Last  week  I  had  a 
chance  to  compare  the  Diesel  and  the  turbine  costs,  and 
ours  were  a  shade  lower,  and  ever  since  I've  been  work- 


tail  that  would  naturally  follow  is  governors.  This 
sketch,  Fig.  1,  shows  a  cross-section  of  the  McEwen  en- 
gine governor.  Two  weights  A  are  held  together  by 
the  spring  bolt  B,  which  passes  through  the  camshaft. 
When  the  camshaft  rotates,  the  weights  are  moved  out- 
ward by  centrifugal  force  against  the  resistance  of  the 
springs  C.  Each  weight  is  connected  to  one  arm  of  a 
wEietirs   


FIG.  1.     GOVERNOR  OF  McEWEN  ENGINE 

ing  for  a  raise.  While  I  was  at  supper  the  supervisor 
'phoned  and  told  me  we'd  all  been  given  a  raise  of  five 
iron  men  a  week." 

The    buzz    that    followed    this    announcement    just 
escaped  being  a  cheer.     While  it  was  subsiding,  Egan 

opened  his  desk,  took  out  his     

sketches  for  the  evening's  talk, 
and  seated  himself  at  the  table. 

"After    discussing    fuel 
pumps,"  he  said,  "the  next  de- 


In  the  next  article  the  subject  of  the  chiet's 
talk  will  be  the  supplying  of  high  pres- 
sure air  for  the'  injection  of  the  fuel  charges 


FIG.  2.     STAND  FOR  TESTING  GOVERNOR  SPRINGS 

bell-crank  lever  D  pivoted  at  E  and  the  other  arm  of 
the  lever  carries  a  pin  that  fits  in  a  groove  F  in  the  loose 
sleeve  G.  The  collar  U  carrying  the  pins  E  is  keyed  to 
the  camshaft.  When  the  engine  speed  rises,  the  out- 
ward movement  of  the  weights  is  transmitted  to  the  bell 

cranks  and  moves  the  sleeve  to 

the  right.  The  lever  /,  which 
has  a  pin  fitting  in  the  groove 
J,  is  thus  sviomg  to  the  right, 
moving  the  wedge  K,  which 
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shortens  the  suction  stroke  of  the  fuel  pump.  This  type 
of  governor  is  ideal  for  small  engines.  It  is  simple,  easily 
adjusted  and  has  few  pivots,  so  there  is  little  lost  mo- 
tion due  to  pivot  wear.  However,  it's  practically  impos- 
sible to  get  the  two  governor  springs  alike.  The  result 
then  is  that  one  weight  will  move  out  farther  than  the 
other,  causing  binding  between  the  governor  weight 
levers  and  the  sliding  sleeve." 

"Well,  chief,"  the  ever-inquisitive  Woods  asked,  "how 
can  you  judge  if  the  springs  are  alike?" 

"In  the  ordinary  plant  it's  not  easy  to  do,  but  you 
can  get  a  fair  idea  by  turning  up  an  iron  or  brass  stand 
and  collar,  such  as  this  (Fig.  2),"  Egan  said,  rapidly 
outlining  his  idea.  "Then  by  placing  weights  on  the  col- 
-To  rust  Pump 


governor  in  an  iron  case.    The  lubricating  oil  enters  the 
top  and  the  entire  mechanism  is  in  a  bath  of  oil. 

"The  next  governor  that  I've  thought  worth  our  while 
is  the  Jahns,  which,  with  modifications  to  suit  it  to  the 


FIG.   3.      GOVERNOR   OP  ALLIS-CHALMERS   ENGINE 

lar  or  table  and  measuring  the  deflection  of  the  springs 
at  various  loads,  any  great  difference  will  show  up.  It's 
surprising  how  springs  will  vary.  If  I  had  my  way,  all 
the  valve  springs  on  an  engine  would  be  made  from  the 
same  bar  of  spring  stock.  Then  I'd  insist  that  all  must 
be  hardened  at  exactly  the  same  temperature.  I've 
heard  many  an  engine  damned  because  of  too  weak  or 
too  strong  governor  and  valve  springs. 

"But  that's  enough  of  springs.  Now  let's  take  up  Fig. 
3,  which  shows  the  governor  used  on  the  Allis-Chal- 
mers  engine.  It  has  only  one  spring  between  the  two 
weights,  is  very  accurate  in  governing  and  has  no  more 
wearing  parts  than  a  good  design  demands.  One  very 
desirable  feature  is  that  it  revolves  at  considerably 
above  engine  speed,  which  allows  lighter  governor 
weights  to  be  used  than  if  run  at  the  speed  of  the  engine. 
Of  course,  the  lighter  the  weights  the  less  the  wear  at 
the  pivots. 

"It's  generally  conceded  that  a  governor  should  be  well 
lubricated,  but  it  has  been  difficult  to  do  this  without 
having  the  oil  thrown  off  by  the  revolving  parts.  This 
has   been   prevented   in   this   design    by    inclosing   the 


FIG.    4.      JAHNS    GOVERNOR   USED   ON   NATIONAL   ENGINE 

particular  engine,  is  used  by  the  National  Transit  Co., 
the  Busch-Sulzer  Diesel  Engine  Co.  and  the  Snow  Co. 
In  the  National  and  Snow  engines  the  sliding  collar  is 
below  the  governor,  while  in  the  Busch  engine  it  is 
above  the  governor.    This  modification  has  no  effect  on 


FIG.    5.      JAHNS   GOVERNOR  USED   ON   BUSCH-SULZER 
ENGINE 

the  working,  being  merely  a  convenience  in  attaching 
the  fuel-pump  mechanism. 

"Fig.  4  shows  a  sectional  view  of  the  Jahns  governor 
used  on  the  National  engine.    It  governs  the  fuel  charge 
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by  controllinp  the  time  of  closinu  of  the  suction  valve. 
Onr  of  it.s  most  admiral)!*.'  fuaturcs  i.s  the  u.se  of  a  speed 
n•^ruhltol•." 

"What   chnnpcs  of  speed   can   you   Ket?"      Kelly   in- 
nuired. 

"With  this  type  of  rojrulator,  a  variation  of  f)  j)er  cent, 
up  and  down  from  normal." 

"Then  I  can't  .see  much  pood  in  it,"  Kelly  declared. 
"You  are  wrong  there,  Kelly.  Only  a  small  speed  va- 
riation is  wanted.  In  a  flour-mill  drive  it's  highly  de- 
sirable to  give  the  line.shaft  the  proper  speed,  but  the 
variation  won't  be  over  3  per  cent.  Take  our  power 
plant  here.  When  we  run  in  parallel,  if  our  engine 
speeds  are  not  the  same,  the 
fast  one  will  pull  enough  of 
the  load  to  bring  its  speed 
down  to  the  other.  This 
means  one  unit  is  loaded 
while  the  other  is  compara- 
tively idle,  and  so  we  need  a 
regulator  to  split  up  the  load. 
It  isn't  often  that  a  correc- 
tion of  more  than  5  per  cent, 
is  necessary.  The  striking 
feature  of  the  Jahns  gov- 
ernor is  that  the  weights  A 
do  not  swing  on  pivoted  arms 
but  move  in  and  out  on 
tracks  B,  guided  by  rollers  C. 
The  bell-crank  lever  D,  piv- 
oted on  the  pin  E,  carries  at 
the  ends  of  its  arms  two 
rollers,  one  of  which  fits  in  a 
groove  in  the  weight  A  and 
the  other  in  a  groove  in  the 
sleeve  F.  Thus,  any  radial 
movement  of  the  weights 
causes  a  vertical  movement 
of  the  sleeve,  which  is 
then,  in  turn,  communicated 
to  the  fuel-pump  mechanism 
through  the  external  collar 
G.  The  entire  governor 
mechanism  operates  in  an  oil 
bath,  there  are  few  pins  or 
parts  to  wear  and  the  regu- 
lation is  excellent."  "Now, 
chief,"  broke  in  Kelly,  who 
thought  he  had  trapped 
Egan,  "ycu  kicked  about  a 
governor  with  two  springs, 
because  they  weren't  exactly 
alike.  Yet  here  you  are 
boosting  that  same  kind  of 

a  governor."     J.   R.  laughed  good  naturedly  and  pro- 
ceeded to  explain. 

"If  you'll  remember,  my  remarks  referred  to  a  gov- 
ernor in  which  the  weights  are  connected  together  and 
control  the  sleeve  by  a  system  of  pivoted  links,  so  that 
the  two  springs  really  act  on  both  weights.  In  the 
•Jahns  governor  each  weight  acts  on  its  own  spring, 
and  as  the  linkage  is  not  rigid  there  may  be  some  slight 
difference  between  the  springs  without  affecting  the 
regulating  qualities  of  the  governor.  The  Jahns  governor 
adapted  for  use  on  the  Busch-Sulzer  engine  is  shown 


FIG.  6.     GOVERNOR  OF  McINTOSH  &  SEYMOUR  ENGINE 


in  Kig.  5.     In  this  case  the  sliding  collar  A  i.s.  above  the 
governor  instead  of  below,  to  simplify  the  connection  to 
the  fuel  jjunij).     Ball  i)earingH  U  on  the  sleeve  prevent 
binding  and  eliminate  friction,  and  as  a  result  the  gov- 
ernor is  very  .sensitive.    There  is  one  point  to  be  empha- 
size<l  and   it  applies  to  all  other  governors — keep   the 
governor  parts  .scrupulously  clean.     Uon't  let  grit  ac- 
cumulate,   and    the    governor's    life    will    be    doubled." 
"Chief,"  said  Woods,  seeing  that  Egan  was  through 
with  this  governor,  "what  keeps  the  two  weights  from 
jumping  the  track?     When  they  revolve,  I'd  think  they 
would  hang  back,  and  the  rollers  slide  off  the  runway." 
"That's    a     reasonable    (|uestion     for    you     to    a.sk. 
Woods,   since  you've   never  .seen   our  Jahns   governors 
disassembled.     We   use   side   rollers   that   bear  against 
the  side  of  the  track  and  so  make  the  weights  run  ra- 
dially.    This  print.  Fig.  6,"  continued   Egan,  "outlines 
the  governor  used  on  the  Mcintosh  &  Seymour  engine. 
It  consists  of  a  spider  A  keyed  to  the  vertical  shaft  B 
and  carrying  two  pivoted  weights  C,  with  springs   D 
to  oppose  the  centrifugal   force  of  the  weights.     The 
weights  are  connected  by  links  to  the  outer  eccentric  E. 
The  inner  eccentric  F  is  keyed  to  the  shaft,  and  the 
outer   one   moves   around   it 
when    shifted    by    the    gov- 
ernor.   To  secure  speed  regu- 
lation, the  outer  end  of  each 
spring  is  held  by  a  regulator 
lever  G  whose  other  end  rests 
on  a  flat  collar  H.  The  thrust 
of  the  levers  is  opposed  by 
the  spring  /,  and  to  make  a 
change    in    the    speed,    the 
handwheel  J  is  turned,  mov- 
ing the  lever  K  and  so  chang- 
ing the  tension  of  the  springs 
D  by  moving  the  flat  collar 
H."     "Why  are  the  weights 
made    so    heavy?"      Woods 
asked.    "To  overcome  the  re- 
sistance.      Remember     that 
the    fuel-pump     plunger    is 
driven  from  the  governor  ec- 
centric.     If   the   plunger    is 
i  in.  in  diameter  and  the  in- 
jection air  pressure  is  1000 
lb.  per  sq.in.,  the  governor 
will    have    a    resistance    of 
about   350   lb.   to   overcome, 
and  so  the  weights  must  be 
heavy.     This  feature  doesn't 
seem  to  be  objectionable,  for 
the  governor  handles   a  va- 
riable load  in  fine  shape.   The 
weight  of  the  flywheel  has  a  lot  to  do  with  the  close- 
ness of  regulation  of  a  governor.     The  flywheel  must 
be  heavy  enough  to  take  care  of  any  speed  variation  dur- 
ing a  single  cycle,  for  the  governor  cannot  act  between 
two  successive  power  impulses.     If  the  flywheel  is  too 
light,  it  will  not  be  able  to  absorb  the  excess  energy  be- 
tween explosion  and  the  following  compression,  and  if 
the  governor  attempts  to  control  the  fluctuations,  hunt- 
ing will  result.     If  the  flywheel  is  too  heavy,  and  the 
load  comes  on  suddenly,  the  inertia  of  the  wheel  will 
prevent  a  rapid  change  of  speed  and  the  decrease  of 


April  15,  1919 


POWER 


669 


engine  speed  will  be  very  slow.  If  there  is  much  in- 
ternal resistance,  the  governor  will  act  slowly  and  allow 
the  engine  speed  to  die  down  considerably  before  the 
fuel  charge  is  increased.  At  this 
point  the  inertia  of  the  flywheel 
will  be  so  great  as  to  prevent  the 
engine  speed  from  returning  at 
once  to  normal.  So,  you  see, 
with  a  varying  load  a  flywheel 
can  be  too  heavy  as  well  as  too 
light.  This  is  a  matter  for  the 
designer  rather  than  the  op- 
erator, but  poor  calculation  of 
flywheel  weights  has  condemned 
more  than  one  perfectly  good  en- 
gine." "Why  is  it  that  we've  had 
so  much  trouble  with  the  gov- 
ernor drive  shaft?"  Kelly  wanted 
to  know.  "Well,  let's  look  into 
it"  said  Egan.  "Fig.  7  shows 
the  governor  drive  shaft  of  a 
well-knowTi  engine,  the  weight 
of  the  governor  and  the  shaft  be- 
ing carried  by  the  ball-thrust 
bearing  A.  At  the  bottom  the 
shaft  is  driven  from  the  crank- 
shaft through  the  helical  gears  B 
and  C,  and  at  the  top  the  helical 
gear  D  drives  a  similar  gear  E 
on  the  camshaft.  The  pres- 
sure exerted  between  the  teeth 
of  the  helical  gears  causes 
a  downward  thrust  that  is  added 
to  the  weight  of  the  governor  and 
shaft.  If  the  balls  or  the  race 
of  the  bearing  A  wears,  the  shaft 
will  be  lowered  by  the  amount  of 
the  wear,  throwing  the  thrust  on 
the  teeth  of  the  gears  and  caus- 
ing rapid  wear.  It's  true,  as  the 
manufacturer's  representative 
said,  that  the  ball  bearing  should 
be  attended  to;  but  it's  incased 
and  can't  be  seen  in  operation. 
It  doesn't  take  but  a  few  min- 
utes, after  a  ball  breaks  or  a  ball 
race  cuts,  until  the  gears  are 
screeching  and  cutting.  This, 
Kelly,  has  been  the  big  part  of 
our  trouble.  The  bronze  bearing 
F  at  the  base  of  the  vertical 
shaft,  gives  some  trouble  by 
wearing.  It  merely  acts  as  a 
guide  for  the  shaft;  but  its  oil 
supply  easily  chokes  if  it  warms 
up,  and  the  result  is  a  ruined 
bearing.  I  would  say  that  an 
extra  bearing  is  a  mighty  good 
thing  to  keep  around.  It  doesn't 
cost  much  and  means  only  a  short 
stop   instead   of  a  long  wait  to 

secure  one  from  the  builder."  "Well,  how  about  the 
upper  bearing?"  demanded  Kelly.  "The  cause  of  wear 
at  this  point  is  due  to  the  tendency  of  the  two  gears 
D  and  E  to  push  apart.     It  happens  that  the  vertical 


shaft  bearing  G  is  weaker  than  the  opposing  bearing 
on  the  camshaft,  and  so  the  upper  bearing  wears. 
If  it  wears  the  slighte.st  amount,  the  gear  has 
a  tendency  to  climb,  throw- 
ing still  more  pressure  on 
the  bearing.  J  think  it 
wouldn't  wear  much  if  the 
oil  grooves  were  properly 
made.  At  least,  the  last 
time  we  replaced  this  bear- 
ing, I  cut  the  grooves  only 
half  way  down  the  bore,  and 
that  seems  to  have  stopped 
our  trouble.  Evidently, 
when  the  grooves  extend  the 
full  length,  the  oil  flows  to 
the  bottom  of  the  bearing  without 
forming  a  film  around  the  shaft.  By 
grooving  the  bearing  only  part  way 
down  the  oil  flows  to  the  bottom  and 
then  spreads  out,  lubricating  the  en- 
tire bearing."  "Mr.  Egan,  how  can 
you  overcome  the  trouble  with  the 
helical  gears  wearing?  I've  noticed 
you  had  Kelly  filing  the  teeth."  "Kelly's 
filing  the  teeth  was  only  a  temporary 
makeshift  to  smooth  up  the  surfaces. 
The  only  hundred  per  cent,  remedy  is 
to  replace  the  bronze  gears  with  oil- 
treated  steel  gears."  "How  about  the 
gears  on  a  horizontal  engine?"  Kelly 
asked.  "Do  the  same  troubles  show 
up?"  "Before  we  ever  put  in  a  ver- 
tical engine,  we  had  a  300-hp.  hori- 
zontal engine.  The  gears  troubled 
us  more  than  anything  else  except  the 
air  compressor.  I  kept  a  record 
of  thirty-one  different  high-compres- 
sion engines  by  writing  every 
three  months  to  the  engineers.  From 
this  dope  it  appears  that  trouble  with 
the  gears  and  layshaft  in  horizontal 
engines  and  with  the  vertical  drive 
shaft  in  vertical  engines  is  never  en- 
tirely absent.  Cleaning  and  regrind- 
ing  needle  valves  is  expected,  but  gear 
trouble  is  not  natural  and  is  uncalled 
for  if  the  gears  are  designed  properly. 
Now,  boys,  tomorrow  we've  g  o  t  t  o 
overhaul  the  air  compressor  of  the  No. 
2  engine,  and  that  means  a  lot  of  hard 
work ;  so  we'd  better  quit  and  go  to 
bed." 


Spontaneous  combustion  of  coal  in 
piles  is  common  and  it  is,  as  is  well 
known,  likely  to  occur  with  the  poorer 
grades  of  bituminous  coal.  It  is  a 
good  thing  to  remember,  in  this  con- 
nection, that  coal  should  not  be  piled 
to  a  height  greater  than  twelve  feet, 
and  that  when  spontaneous  combustion  does  occur, 
water  has  but  little  eff"ect  in  putting  it  out.  To  prevent 
coal  piles  from  taking  fire,  the  coal  should  be  turned 
over  when  undue  heating  is  apparent. 
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The  KIrclrieal  SUidy  ('oiirsc* — IndiKlaiKH^  and 
Kcvsisiaiu'e  on   rhree-Wirc  Genc^ralor 


Presents  the  customary  arrav<iement  of  the 
arninturc  cntnirctions  and  the  inductances  used 
for  a  thrre-u'ire  (jenerator.  Also  deals  with 
the  direction  of  flow  of  current  throut/h  the  in- 
ductances for  conditions  of  unbalanced  load. 


IN  THE  preceding  lesson  it  was  .stated  that  both 
direct  and  alternating  currents  can  flow  through 
the  same  conductor  at  the  same  time,  and  that  by 
making  use  of  this  fact  and  having  the  conductor  in 
the   form   of  an   inductance,   it    is-  possible   to   restrict 


site  taps  of  the  armature  winding  of  the  generator, 
the  inductances  were  considered  as  revolving  with  the 
armature,  as  illustrated  in  Fig.  1,  in  which  A  represents 
the  armature  winding,  a  and  /;  the  brushes  on  the 
commutator  for  the  direct  current,  and  c  and  d  the 
points  at  which  the  inductances  L,  and  L^  are  connected 
to  the  armature  winding.  It  was  shown  that  with  such 
an  arrangement  the  voltage  from  a  to  g  in  the  aame 
as  that  from  y  to  b,  irre.spective  of  what  part  of  its 
revolution  the  armature  is  in.  As  a  matter  of  fact, 
the  inductances  do  not  have  to  revolve  with  the  arma- 
ture and  generally  in  practice  they  are  made  stationary, 
contact  being  made  with   the  points  c  and  d  through 
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FIGS.    1   TO   4.      SCHEMATIC   DIAGRAM   OF   THREE-WIRE    GENERATORS 


the  flow  of  the  alternating  current  to  very  small  values, 
while  permitting  free  passage  to  the  flow  of  the  direct 
current.  We  shall  now  investigate  how  such  an  ar- 
rangement applied  to  a  three-wire  generator  will 
provide  a  three-wire  system  of  distribution,  and  do  it 
as  economncally  as  would  a  balancer  set  in  conjunction 
with   a   plain   two-wire   generator. 

In  the  discussion  leading  up  to  the  presence  of  alter- 
nating current  in  the   inductances  connected  to  oppo- 


slip  rings  and  brushes,  as  illustrated  in  Fig.  2,  in  which 
SS  represents  the  slip  rings  that  revolve  with  the 
armature  A.  The  inductance  is  usually  made  up  in  the 
form  of  laminated  square  iron  loop  with  a  coil  wound 
on  each  of  two  parallel  legs,  as  shown  in  Fig.  2.  The 
neutral  is  connected  at  point  g  between  the  two  coils. 
On  account  of  the  easy  path  offered  to  the  flow  of 
magnetism  in  the  iron  core,  a  very  small  alternating 
current  flowing  in  windings  L,  and  L,  set  up  a  mag- 
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netic  field  sufficient  to  produce  a  counter-voltage  in  the 
coils  almost  equal  to  the  alternating  voltage  applied 
to  them,  consequently  keeping  the  current  down  to 
a  very  small  value.  Assume  that  the  resistance  of 
the  two  coils  L,  and  L,  in  series  is  0.2  ohm;  if  the 
coils  were  connected  to  220  volts  direct  current,  the 


amperes  would  equal  ^  =  ^-g  =  1100. 


On  the  other 


hand,  when  alternating  current  attempts  to  flow  in  the 
coils,  owing  to  the  changing  value  of  the  magnetic  field 
there  is  a  counter-voltage  developed  in  the  winding 
similar  to  the  counter-voltage  generated  in  the  armature 
of  a  direct-current  motor.  Assume  that  the  difference 
between  the  applied  alternating  voltage  and  the  counter- 
voltage  is  one  volt,  which  is  not  very  far  from  what 
we  might  expect  to  find  in  practice;  that  is,  the  ap- 
plied voltage  is  one  volt  higher  than  the  counter-voltage 
This  leaves  only  one  volt  effective  to  cause  the  current 
to  flow  through  the  resistance  of  the  inductances,  or  the 
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FIGS.    5    AND    6.      THREE-WIRE    GENERATORS    USING 
INDUCTANCE    CONNECTED   TO    A    I.OAD 

current  in  this  case  will  equal  1  -^  0.2  =  5  amperes. 
This  5  amperes  may  be  considered  as  the  current  re- 
quired to  set  up  the  magnetic  field. 

In  Fig.  3  are  shown  the  connections  as  they  would 
actually  exist  in  a  ring  armature,  which  has  been  choser. 
because  of  the  simplicity  of  representation.  In  practice 
a  drum-type  armature  is  of  course  used,  and  there  may 
be  any  number  of  pairs  of  poles,  instead  of  only  one 
as  is  the  case  for  the  armature  shown.  If  more  than 
one  pair  of  poles  are  used,  there  would  have  to  be  as 
many  taps  to  each  slip  ring  as  there  are  pairs  of  poles, 
and  of  course  also  as  many  direct-current  brushes.  In 
a  six-pole  machine,  for  example,  the  arrangement  would 
be  similar  to  that  in  Fig.  4. 

The  arrangement  illustrated  in  Fig.  3  may  be  more 
simply  shown  as  in  Fig.  5,  where  G  represents  the 
armature,  C  the  commutator  and  S  the  slip  rings.  These 
latter  are  connected  to  the  inductances  L,  and  L,.  The 
figure  further  represents  the  manner  in  which  connec- 
tions would  be  made  to  a  three-wire  service.  As  in- 
dicated, n  and  b  are  connected  to  the  outside  wires  A 
and  B,  and  the  mid-point  g  of  the  inductances  is 
connected  to  the  neutral  N.  The  functioning  of  such 
an  arrangement  will  be  made  clear  in  what  follows. 
If  the  load   is   exactly   balanced  as   in   Fig.   5,  E,  and 


E.  will  have  the  same  value  in  this  case,  '  X  220  = 
lio  volts.  Now  it  will  be  remembered  that  the  volt- 
age from  a  to  g  and  from  gr  to  6  is  also  half  the 
voltage  across  ab  and  therefore  likewise  110  volts. 
Consequently,  the  point  n  is  at  the  same  potential  as 
the  point  g,  and  if  switch  Sn  were  to  be  closed  no 
current  would  flow  through   it  one  way  or  the  other. 


FIG.  9 
FIGS.    7   TO    9.      THREE-WIRE    GENERATORS    USING 
RESISTANCE  CONNECTED  TO  A  LOAD 

Assume  now,  that  the  load  is  unbalanced  as  in  Fig. 
6,  there  being  more  lamps  across  AN  than  across  NB. 
Then,  as  explained  in  the  previous  lessons,  £",  will  be 
less  than  110  volts  and  E.,  more.  Since  the  largest  part 
of  the  load  is  on  the  positive  side  of  the  system,  the 
current  would  flow  from  n  to  g  through  L,  and  L,  to  the 
slip  rings  and  back  through  the  armature  winding  to 
the  bru.sh  a,  if  the  switch  S,,  were  closed. 

A  fundamental  difference  between  plain  resistances 
and   the   inductances   L,   and   L,   is   to   be   noted   here. 
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Suppose  the  iiuliu'tiuices  to  be  ^replaced  by  resistances 
of  0.1  ohm  each  niul  their  position  of  some  particular 
instant  to  be  that  shown  in  F'ijr.  7.  The  current  llowinjr 
through  them,  if  there  were  no  e.xternal  load  on  the 
generator,  would  be  ecjual  to  their  combined  resistance 

divided  into  the  terminal  vollaKC,  or   ..     -  .,  -    —-  1100 

amperes.  Assume  that  load  is  placed  on  the  system 
such  that  the  resistance  of  A'  is  1.0  ohm  and  that  of  Y 
1.25  ohms.     Then  the  total  resistance  A',,  across  ay  will 


THREE-WIKE  GENERATOR  SHOWING  DIRECTION 
OF  CURRENT  IN  THE  INDUCTANCE 

be  the  combined   resistance  of  iJ,  and  R,    in  multiple, 
where  /?.,    represents  the  resistance  of  load  X;   hence 


Ra   — 


1 


+  1 


=  0.09091  ohm.    Similarly. 


0.1      1.0 

the  resistance  Rb  across  gb  would  be  found  from  the 
1  1 


relation  Ri 


i?2  Ry 


0.1  ^  1.25 


0.09259  ohm. 


The  total  resistance  across  ab  is  equal  to  Ra  -\-  Rb  ^ 

0.09091  -f-  0.09259  ^  0.1835  ohm,  and  the  total  current 

220 
delivered  by  the  generator  would  be    tttb^   =   1199 

amperes.  The  voltage  E,  across  ag  is  equal  to  the  re- 
sistance Ra  times  the  total  current,  or  0.09091  X  1199 
-=  109  volts,  and  the  voltage  E^  across  gb  would  there- 
fore be  220  —  109  =  111  volts.  The  current  taken  by 
R,  would  equal  its  resistance  divided  into  the  voltage 

109 
across  ag,  or  q— ^  =  1090  amperes,  making  the  current 

through   X   equal   to   1199   —    1090,    or    109    amperes. 

Similarly,  the  current  taken  by  R,  would  be  ^pr  =  1110 

amperes,  and  that  through  Y  would  be  1199  —  1110  = 
89  amperes.  Now  the  difference  between  the  current 
in  X  and  Y  is  109  —  89  =  20  amperes,  which  flows 
through  the  neutral  N  and  through  R^  to  the  armature 
winding  in  the  direction  of  the  arrowheads. 

This  increases  the  current  through  R,  therefore  the 
current  through  i?,  will  have  to  decrease  in  proportion 
to  the  current  increase  through  R^,  and  we  find  this  to 
be  the  case,  since  the  former  has  a  value  of  1090 
amperes  and  the  latter  1110  amperes.  The  current 
through  i?,  and  A',,  it  has  been  sho-\vn,  would  be  1100 
amperes  if  there  were  no  external  load,  hence  under  the 
conditions  of  load  assumed,  the  current  through  R^  has 
increased  from  1100  to  1110  amperes,  or  10  amperes. 
Thus,  the  decrease  in  one  is  equal  to  the  increase  in 
the   other   and   each    is   half  of   the   neutral   current; 


namely,  20  amperes.  This  is  the  condition  when  the 
armature  is  in  the  position  shown.  When  the  armature 
has  made  one-(iuarter  revolution,  as  in  Fig.  8,  the  volt- 
age acro.ss  cd  is  zero;  however,  as  explained  in  previous 
lessons,  there  is  1 10  volts  from  n  to  g  and  from  g  to 
h,  conse(iucntly  the  neutral  current  will  divide  tniually. 
10  aniper.'s  flowing  through  A,  and  section  ac  of  tln' 
armature  and  10  amperes  flowing  through  R,  and  se( 
tion  ad  of  the  armature.  When  the  armature  has 
completed  another  (luarter  of  a  revolution,  as  in  Fig.  9, 
U,  is  then  carrying  all  the  neutral  current  just  as  R, 
was  in   Fig.   Y. 

When  the  resistances  are  replaced  by  inductances, 
the  same  condition  holds  true  except  unless  the  un- 
balancing is  very  small,  the  neutral  current  divide:; 
equally  between  the  inductances  L,  and  L,  at  all  parts 
of  the  revolution,  and  we  will  actually  have  a  current 
flowing  from  g  to  c  through  L,  and  from  g  to  d  through 
Lj,  as  in  Fig.  10;  that  is,  one  will  flow  up  and  the  other 
down  as  indicated  by  the  arrows,  whereas  in  the  case 
of  the  resistances  of  Fig.  7  the  currents  in  A,  and  A, 
would  have  the  same  direction  and  would  differ  only  in 
value.  How  the  neutral  current  will  divide  and  flow  in 
opposite  directions  through  the  inductances  will  be  made 
the  subject  of  the  next  lesson. 

The  problem  of  the  preceding  lesson  concerned  a 
generator  that  supplies  power  to  a  two-wire  system, 
the  load  on  which  consists  of  500  fifty-watt  110-volt 
lamps,  situated  200  ft.  from  the  generator.  It  was 
required  to  find  the  capacity  that  the  generator  must 
have,  the  size  conductor  required  for  the  line  if  rubber- 
covered  wire  is  used,  and  the  amount  the  generator 
must  be  overcompounded  at  full  load  to  maintain  con- 
stant voltage  at  the  lamps.  The  total  load  is  equal  to 
the  power  required  by  each  lamp  times  the  number 
of  lamps  used,  or,  if  W  represent  the  load,  we  have 
tF  =  50   X   500  =  25,000  watts.     The  current   re- 


\ 


FIG.    11.      DIAGRAM    OF   THREE-WIRE   GENERATOR 

quired  to  be  delivered  by  the  generator  would  be  the 
number  of  watts  in  the  load  divided  by  the  voltage,  or 

I'lTT'   ^'^^^^  gives  227  amperes.    Upon  consulting  the 

table  of  carrying  capacities,  we  find  that  a  No.  0000 
wire  would  be  required  if  rubber  insulation  is  used. 
If  the  voltage  at  the  lamps  is  to  be  the  same  at  full 
load  as  at  no  load,  it  follows  that  the  voltage  at  the 
generator  must  rise  by  the  amount  of  the  voltage  drop 
in  the  line.  The  voltage  drop  in  the  line  is  equal  to 
the  current  flowing  in  it  times  its  resistance.  The 
current  is  227  amperes,  as  computed,  and  the  resistance 
can  be  determined  by  looking  up  the  resistance  of  No. 
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0000  wire  per  foot  and  multiplying  by  the  length  of 
wire  in  the  line.  Since  the  line  is  200  ft.  long  and 
consists  of  two  wires,  the  total  length  of  wire  is 
2  X  200  ft,  or  400  ft.  From  the  table  of  resistances 
we  find  that  No.  0000  wire  has  a  resistance  of  0.05023 
ohm  per  thousand  feet,  making  its  resistance  per  foot 

^foOO^  or  0.00005023  ohm,  and  the  resistance  of  the 
line  400  X  0.00005023  =  0.02009  ohm.  From  this  we 
have  that  the  voltage  drop  in  the  line  is  227  X  0.02009 
^=  4.56  volts,  which  is  the  number  of  volts  the  gen- 
erator must  be  overcompounded  to  maintain  110  volts 
at  the  lamps  when  they  are  all  turned  on. 

In  Fig.  11  the  voltage  across  ab  is  220  volts.  At 
the  instant  represented,  the  voltage  across  cd  is  190 
volts.  What  is  the  voltage  across  ac  and  db?  Is  c 
positive  or  negative  with  reference  to  d?  Is  c  positive 
or  negative  with  reference  to  a?  Is  d  positive  or 
negative  with  reference  to  6?  What  is  the  voltage  be- 
tween a  and  g,  and  between  g  and  b?  Is  g  positive  or 
negative  with  respect  to  a  and  b?  Does  the  position 
of  the  armature  have  any  effect  upon  the  voltage  rela- 
tions of  a,  g  and  b? 


Safety  Platform  at  Coal  Scales 

A  Middle-Western  central  station  has  embodied  a 
safety  feature  in  a  new  track-hopper  house  just  con- 
structed. This  house  stands  over  the  double-track 
scales  installed  over  the  track  hopper.  It  is  large 
enough  to  accommodate  two  railroad  cars  standing  side 
by  side. 

When  coal  is  being  dumped  into  the  hoppers  in  such 
a  house,  it  is  the  usual  practice  for  men  to  stand  on  the 
edges  of  the  cars  to  "bar  down"  the  coal  that  may 
stick  in  the  car.  This  trouble  is  especially  bad  in  cold 
weather,  when  the  coal  may  freeze  in  the  cars.  Men 
engaged  in  such  labor  are  required  to  exercise  con- 
siderable skill  in  balancing  themselves  on  the  edges  of 
the  cars  lest  they  fall  or  be  forced  to  jump  to  the 
ground  or  into  the  car.  Accidents  sometimes  result 
from  such  falls.  To  relieve  this  condition  the  company 
has  built  a  runway  around  the  walls  of  the  house  and 
another  over  the  tops  of  the  cars  at  such  a  level  that  the 
men  standing  on  this  runway  can  bar  down  the  coal 
without  danger  of  falling.  A  railing  around  the  run- 
way further  adds  to  the  safety  of  this  position. 

How  a  Steel  Stack  Was  Removed  and 
Reinstalled 

By  Clifford  A.  Elliott* 

The  removal  of  a  steel  smoke-stack  7  ft.  in  diameter 
from  the  Vineyard  power  house  of  the  Pacific  Electric 
Ry.  and  its  reinstallation  at  a  new  power  plant  situated 
at  Torrance  was  decided  upon  as  an  economical  meas- 
ure. The  boilers  which  this  stack  served  at  the 
Vineyard  Station  were  no  longer  in  service,  and  so  the 
stack  was  not  being  used.  It  rested  upon  boilers  12  ft. 
high.  Forty  feet  of  the  stack  extended  between  the  top 
of  the  boiler  and  the  roof,  and  the  remaining  portion, 
55  ft.  in  length,  projected  beyond  the  top  of  the  roof. 

Owing  to  limited  building  space,  the  removal  of  this 
stack  intact  was  not  possible  as  it  could  not  be  lowered 


through  the  roof  of  ^he  power  house  and  be  removed 
through  the  doors  or  windows  of  the  building.  A  con- 
tractor was  found,  however,  who  was  willing  to  under- 
take its  removal  in  two  sections.  This  was  the  method 
finally  adopted.  A  large  steel  beam  which  extended 
through  the  roof  as  a  part  of  the  construction  of  the 
Vineyard  power  house  offered  a  most  favorable  and 
substantial  support  for  the  installation  of  a  gin-pole 
and  its  rigging  for  handling  the  stack.  A  gin-pole  was 
installed  and  the  hoisting  line  was  run  down  through 
an  opening  in  the  roof  to  the  boiler  room  and  outside 
the  power  house  to  a  donkey  engine.  The  section  of  the 
stack  extending  beyond  the  roof  was  first  released  and 
was  lowered  by  the  aid  of  the  gin-pole  to  the  roof.  It 
was  then  moved  over  the  surface  of  the  roof  on  rollers 
for  a  distance  of  about  40  ft.  to  the  building  line. 
The  gin-pole  was  then  reset,  and  by  its  aid  the  stack 


VINEYARD    PUWEH    HorSK    liKFoKE    STACK    (THE   LARGE 
STEEL  ONE)    WAS    REMOVED 

was  lowered  over  the  side  walls  of  the  building  to  the 
adjoining  power-house  grounds,  a  height  of  approxi- 
mately 50  ft.  The  second  section  of  the  stack,  40  ft. 
long,  extending  between  the  top  of  the  boilers  and  the 
roof,  was  then  lifted  and  placed  on  the  roof,  from  which 
it  was  lowered  to  the  ground  in  the  same  manner  as 
the  upper  section  had  been  handled.  The  total  expense 
of  this  removal  and  relocation  of  the  stack  will  not 
exceed  $600,  says  the  Electric  Railway  Journal,  and 
will  show  a  substantial  saving  over  the  cost  of  a  new 
stack  at  the  present  high  market  prices.  The  distance 
between  the  two  power  houses  is  twenty  miles  and 
the  stack  was  transported  with  motor  trucks.  The  Tor- 
rance power  house,  which  is  at  present  about  35  per 
cent,  finished,  will  serve  the  new  power  repair  shops  of 
this  company.  The  stack  when  reerected,  will  serve  two 
250-hp.  boilers,  which  are  also  being  transferred  from 
the  Vineyard  power  plant  to  the  new  power  house. 


•Cost  Engineer  Maintenance  of  Way  Department,  Pacific  Elec- 
tric Railway. 


Wherever  possible  install  thermostatic  traps  on  larger 
heating  coils  and  regulate  the  amount  of  heat  desired 
in  the  coil  by  the  supply  valve.  This,  however,  can 
be  done  only  when  the  return  is  water-sealed  or  has 
a  check  valve  or  is  drained  to  a  vacuum  return  line. 
Best  results  are  secured  with  radiators  of  the  hot-water 
pattern,  with  the  steam  supply  at  the  top  of  radiator 
and  return  at  the  bottom. 
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Characlci istioi  of  Ihr  wide  rariitji  of  coals  fimtul 
in  this  mjiou.  The  need  of  lar<ie  furnace  vol- 
umes, liheral  {irate  area  and  unusual  quantities  of 
refractorij  material  in  the  ignition  arch  and 
hridiie-uall. 

PRODUCTION  of  coal  in  the  Southwest  fields  of  the 
United  States  has  not  kept  pace  with  that  of 
Eastern  fields,  owing  to  the  smaller  demand  on  ac- 
count of  the  extensive  oil  developments  of  that  section, 
the  lesser  density  of  population  and  fewer  manufactur- 
ing enterprises.  The  quality  of  coal  in  this  region 
varies  from  a  good  grade  of  anthracite  containing  14,- 
000  B.t.u.  to  low-grade  lignite  of  6000  B.t.u.  The  an- 
thracite field,  which  is  in  New  Mexico,  is  of  limited  area 
and  is  mentioned  merely  to  indicate  the  contrast  in 
fuel  quality  found  within  a  small  radius. 

In  the  Southwest  the  majority  of  coals  contain  ash  in 
excess  of  15  per  cent,  and  of  a  composition  that  fuses 
readily  into  a  sticky  clinker.  In  stoker  operation  agita- 
tion of  the  fuel  bed  and  the  slicing  required  in  hand 
firing  aggravate  clinker  formation  and  make  continual 
operation  prohibitive  except  at  low  combustion  rates. 

During  the  last  eight  years  progress  has  been  made  in 
the  design  of  furnaces  that  will  handle  these  coals  suc- 
cessfully, so  that  engineers  now  have  the  same  assur- 
ance of  ultimately  satisfactory  results  that  is  felt  when 
designing  furnaces  for  Eastern  coals.  In  the  following 
reference  is  made  to  a  few  modern  settings  from  which 
creditable  performances  have  been  secured. 

Fig.  1  shows  a  horizontal-pass  boiler  equipped  with  a 
chain  grate  having  a  ratio  of  grate  area  to  steam-mak- 
ing surface  of  1  to  52.     This  furnace  readily  ignites 


FIG.    1.      CHAIN    GRATE    SERVING   HORIZONTALLY 
BAFFLED    BOILER 

and  bums  40  lb.  of  coal  hourly  per  square  foot  of  grate 
and  under  test  conditions  has  given  72  per  cent,  effi- 
ciency when  burning  a  New  Mexico  coal  of  the  following 
analysis : 

Moi>ture,  per  cent 17 

Volatile,  per  cent 33 

Fixed  carbon,  per  cent 33 

.\sh,  per  cent 17 

B  t  u.,  commercial  basis 8,500 

The  higher-grade  coals  of  New  Mexico  are  used  quite 
extensively  in  El  Paso,  Tex.,  on  a  number  of  chain- 
grate  installations.  These  coals  are  all  rich  in  volatile, 
and  some  appear  to  contain,  either  in  the  volatile  matter 
or  in  the  lighter  particles  of  ash,  some  element  that  at- 
tacks even  the  best  grades  of  firebrick,  if  the  furnaces 
are  designed  to  give  high  gas  velocities. 

A  furnace  for  a  vertically  baffled  boiler  is  shown  in 
Fig.  2.     The  outstanding  feature  of  the  design  is  the 


ample  combustion  chamber  provided  by  headroom  of 
1 1.5  ft.  under  the  bottom  of  the  front  header.  The  high- 
.set  sloping  arch  in  connection  with  a  vertical  bridge-wall 
gives  inten.se  lellection  and  radiation  of  heat  on  the 
entering  fuel,  and  a  large  opening  between  the  arch 
and  the  bridge-wall  insures  nominal  gas  velocity.  This 
type  of  furnace  has  given  highly  satisfactory  perform- 
ance, operating  continuously  at  averages  of  15  per  cent. 
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FIG.    2.      AMPLE   COMBI'.STION    CHAMBER,    HIGH    STEEP 
ARCH,    LARGE    GAS    OUTLET 

COj  and  2  to  3  per  cent,  ashpit  loss  when  burning  north- 
eastern and  north-central  New  Mexico  coals  with  the  fol- 
lowing representative  analysis: 


Moisture,  per  cent      ..  .  . 

\olatile,  per  cent 

Fixed  carbon,  per  cent .  . 

Ash,  per  cent 

B.t.u.,  commercial  basis 


2  87 
34  2/ 
46  08 
16  78 
12,023 


About  sixty  miles  west  of  Ft.  Worth,  Tex.,  is  an 
isolated  bituminous  coal  field  of  small  area.  The 
screened-lump  grades  of  this  coal  have  a  heat  value  of 
12,500  B.t.u.  A  large  percentage  of  the  output  is  used 
by  the  Texi.3  &  Pacific  Ry.,  leaving  a  limited  amount  for 
domestic  consumption  in  a  territory  traversed  by  this 
railroad.  The  screenings  are  burned  on  chain-grate 
stokers  at  several  of  the  mine  plants  and  at  a  large  pub- 
lic-service plant  in  Ft.  Worth.  The  better  grades  of 
screenings  have  a  heating  value  of  10,500  B.t.u.  while 
the  lower  grades  run  as  low  as  8300  B.t.u.  and  have  a 
proximate  analysis  of: 


Moisture,  per  cent 

\'olatile,  per  cent 

Fixed  carbon,  per  cent. 
Ash,  per  cent 


3  50 
30  70 
26  24 
39  56 


To  burn  this  coal  successfully  it  is  necessary  to  cover 
approximately  90  per  cent,  of  the  furnace  with  an 
arch  set  with  a  steep  slope  and  ample  height,  which  in 
combination  with  a  vertical  bridge-wall  gives  intense 
reflection  of  heat  upon  the  fuel  bed  at  the  entrance  to 
the  furnace.  This  furnace  is  shown  in  Fig.  3.  Natu- 
rally, it  is  necessary  to  provide  unusually  large  grate 
area  to  burn  suflScient  quantities  of  this  low-grade  fuel. 
Some  of  the  stokers  at  the  mines  have  a  ratio  of  grate 
area  to  steam-making  surface  as  low  as  1  to  25. 

In  the  western  counties  of  Arkansas  there  is  mined  a 
grade  of  coal  known  as  .semi-anthracite,  having  the  fol- 
lowing average  analysis: 


M  Lsture,  per  cent 
\  i.latile,  per  cent 
Fi\ed  carbon,  per  cent 
Ash,  per  cent 
B  t  u  ,  commtrcial  basis 


3  5 

14  0 

60   5 

22  0 

11.400 
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The  glossy  appearance  of  freshlj'  broken  pieces  and 
the  nature  of  the  fracture  is  similar  to  that  of  Poca- 
hontas coal.  The  percentages  of  volatile  matter  and 
moisture  also  approximate  those  of  the  latter  fuel,  but 
the  different  nature  of  the  volatile  and  the  consider- 
ably higher  percentage  of  ash  give  the  coal  character- 
istics in  burning  that  are  quite  different.  When  heated, 
the  tars  appear  to  volatilize  before  they  reach  the  tem- 
perature at  which  they  would  become  plastic  as  con- 
trasted with  Eastern  coking  coal.  Instead  of  caking 
together  in  lumps,  the  smaller  chunks  disintegrate  under 
heat  so  that  the  fuel  bed  is  lika  a  mass  of  loose  sand. 
Because  the  coal  has  these  characteristics,  it  produces  a 
dense  fuel  bed,  and  therefore  the  depth  of  fire  must  be 
less  than  that  used  with  high-volatile  coals  for  cor- 
responding drafts  and  combustion  rates. 

These  low-volatile  coals  are  perhaps  the  most  difficult 
fuels  to  burn  of  any  encountered  in  this  district,  on 
account  of  the  difficulties  of  ignition.  Even  with  the 
furnaces  designed  for  the  most  intense  concentration 
of  heat  at  the  ignition  point,  semi-anthracite  coals  will 
ignife  only  on  the  surface  if  radiant  and  reflected  heat 
alone  are  depended  upon.  The  ignition  of  fuel  in  the 
lower  part  of  the  fuel  bed  can  be  accelerated  by  the  use 
of  a  special  grate  having  corrugated  face  tile  in  con- 
tact with  the  fuel. 

Fig.  4  shows  an  experimental  design  of  furnace  first 
worked  out  for  semi-anthracite  coal.  It  involves  an  ex- 
pensive lot  of  special  tile  shapes,  and  the  maintenance  of 
the  brickwork  is  high.  Equally  good  results  may  be  ex- 
pected with  the  simpler  type  of  arch  shown  in  Fig.  2, 
though  for  the  boiler  and  for  the  length  of  stoker  shown 
in  Fig.  4  the  furnace  projection  and  length  of  arch 
should  be  increased  when  the  reversed  arch  is  elimi- 
nated. 

From  a  long  series  of  tests  of  from  eight  to  twenty- 
four  hours'  duration,  six  tests  are  presented  in  the  ac- 
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FIG.     3.       HIGH    STEEP    ARCH    COVERING    ABOUT    90     PER 

CENT.   OF  FimXACE  WITH  VERTICAI^  BRIDGE-WALL. 

CAUSES    INTENSE   HEAT   REFLECTION 

companying  table.  Efficiencies  as  high  as  78.5  per  cent, 
were  obtained  where  unusual  pains  were  taken  to  main- 
tain steady  conditions,  but  the  list  chosen  does  not  in- 
clude the  maximum  efficiencies.  Tests  typical  of  re- 
sults readily  obtainable  are  of  greater  value  to  the  engi- 
neer, and  this  point  was  borne  in  mind  in  making  the 
.selection. 

The  writer's  experience  in  burning  the  Southwestern 
coals  leads  to  the  following  conclusions: 

On  account  of  the  high  ash  content  and  the  fusible 
nature  of  the  ash,  these  coals  can  be  burned  with  highest 
efficiency  and  least  labor  on  a  chain  grate. 

Most  of  the  coals  are  of  high  volatile  content,  ignite 
readily  and  burn  freely  if  provided  with  long,  high- 
.ct  arches. 


Semi-anthracite  ignites  least  readily,  but  if  load 
conditions  permit  maintenance  of  steady  furnace  condi- 
tions, this  fuel  can  be  burned  with  h'.gh  efficiency.  With 
liberal  grate  area  substantial  overloads  are  possible. 

As  semi-anthracite  crumbles  in  the  fire  rather  than 
caking  together,  it  is  desirable  to  reduce  the  sifting  of 
fuel  and  resulting  holes  in  the  fire  by  use  of  a  stoker 
chain  having  finely  divided  and   ample  air  space. 

To  secure  high-  furnace  efficiency  at  high  rating, 
a  large  furnace  volume  is  desirable.    This  is  insured  bv 


FIG.    4.      EXPERIAIENTAL  FURNACE   SUCCESSFUL  IN 
BURNING  SEMI-ANTHR.^CITE  COAL 

setting  horizontal  water-tube  boilers  at  a  front-header 
height  of  8  to  10  ft.  if  horizontally  baffled,  and  10  to  13 
ft.  if  vertically  balfled,  above  the  floor. 

Provision  should  be  made  for  furnace  draft  of  0.30  to 
0.60  in.  over  the  fire,  and  liberal  grate  area  should  be 
furnished  to  insure  good  overload  capacity  when  burn- 
ing the  medium  and  lower  grades  of  these  coals. 

RESULTS  OF  TESTS  ON  COALS  OF  THE  SOUTHWEST 


Jenny 
Lind, 
Ark. 

Moisture 4  25 

Volatile 14  28 

Fixed  carbon 58  89 

Ash 22   58 

B.t.u.  perlb.  asfired..       10,874 
Per     cent.      comb,     in 

refuse 22  9 

Furnace  draft,  in 0  27 

Flue  gas  temp.,  deg.  F...  463 

CO,  at  furnace 13  5 

CO,  at  uptake 12  9 

Coal  burned  hourly  per 

sq.ft.,  lb 32.1 

Per  cent,  builder's  rat- 
ing developed 1 70 

Combined  efficiency 74.  I 


Gallup,  Raton, 


•  Name  of  Coal  - 


Ne 
Mex. 
19  55 
69.53 

10  92 
8,367 


0.27 
584 
15  5 
10  0 

40  2 

146 
71   8 


New 
Mex. 

2  45 
34  99 
46.08 
16.48 
12.059 

15  9 
0  12 
507 
15  6 
117 


Strawn,    Dewar,  Huntingto 


Tex. 

2  81 
35.41 
40  23 
21.55 
11,200 

22.3 
0.11 
477 

12  2 
9.7 


26  6       24.65 


154 
72  8 


134 
73.6 


Okla. 
6  27 
27.93 
46.37 
19.43 
10,706 

26  9 
0.23 

520 
12  6 
10.0 

27  5 

139 
71  7 


Ark. 
3  88 
16.93 
56  06 
23.  13 
10,912 

19  8 
0.38 
444 
12  4 
116 

28.5 

148 
72  2 


Exports  of  crude  oil  and  petroleum  products  from 
the  Tampico  district  to  the  United  States  during  1918 
amounted  to  39,618,121  barrels. 


The  Clinker  Grinder 

Burning  coal  containing  12  per  cent,  ash 
and  evaporating  6.9  lb.  of  water  per  hour 
from  and  at  212  deg.  F.  per  sq.ft.  of  heating 
surface,  a  15,000-sq.ft.  boiler  will  accumu- 
late in  its  furnace  more  than  5.5  tons  of  ash 
Eer  hour.  For  Western  coals  more  than 
alf  this  will  be  clinker.  Large  plants  with 
caref:il,  competent  labor  are  getting  away 
from  handling  the  clinker  and  ash  by  hand 
and  are  breaking  and  discharging  it  by 
machinery.  Next  week's  "Power"  will  have 
an  article  treating  of  the  development,  de- 
sign, operation  and  performance  of  modern 
clinker  grinders. 
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Rebuildiiig  a  Coiiiiiuilaloi-  iimlcr  Diflicullies 


IJY    H.    WILSON 


IT  IS  not  always  feasible 
to  use  orthodox  methods 
•vheii  confntiited  with  a 
1  u  ried  repair  job  in  an 
rwkward  corner.  One  has 
just  to  devise  the  best 
means  to  suit  the  situation 
no  matter  what  rules  and 
re^rulations  are  broken. 

The  main  ventilating  unit 
of  a  large  department  store 
broke  down  during  a  period 
of  very  hot  weather.  This 
large  fan  was  direct-driven 
by  a  slow-speed  direct-cur- 
rent motor.  On  investigat- 
ing it  was  found  by  a  mag- 
neto test  that  the  armature 
was  grounded,  and  on  mak- 
ing a  drop  test  with  a  milli- 
voltmeter  the  trouble  was 
located  on  about  six  bars  of 
the  commutator.  There  was 
no  sign  of  the  trouble  on  the 

surface  of  the  commutator,  so  it  was  evident  that  it 
would  have  to  be  taken  apart  and  possibly  reinsulated. 
At  first  it  was  thought  that  the  work  should  be  given 
to  some  outside  firm,  as  it  seemed  impossible  to  do 
it  with  the  limited  means  at  our  disposal;  but  after 
due  consideration  it  was  decided  to  undertake  the  job. 
A  chain  block  was  put  up  overhead  and  the  top  half 
of  the  motor-field  frame  lifted  off.  The  front  bearing 
pedestal  was  then  removed  temporarily,  in  order  to 
get  the  brush  rigging  off.  The  armature  w^as  bar- 
wound,  the  risers  from  the  commutator  bars  being  very 
close  together.  In  order  to  unsolder  them  quickly,  two 
irons  were  made  of  a  special  shape  to  suit  the  job!  and 
a  gas  stove  was  connected  alongside.  When  sufficiently 
heated,  the  risers  were  pulled  clear  of  the  winding  with 
a  pair  of  long-nosed  pliers,  as  in  Fig.  1.  A  strong  band 
clamp  was  placed  around  the  bars,  and  after  removing 
the  end  ring  the  commutator  was  carefully  taken  off  the 
boss,  the  bearing  pedestal  having  been  removed  again 
for  this  purpose.  The  back  bearing  cap  was  loosened 
up  and  the  armature  allowed  to  rest  on  the 
bottom  polepieces.  On  examination  it 
was  found  that  a  section  of  the  commu- 
tator had  grounded  onto  the  back  ring 
and  also  that  several  bars  had  fused  to- 
gether underneath.  The  inside  was  quite 
moist,  and  the  cast-iron  boss  was  also 
in  the  same  condition.  Before  taking  the 
commutator  apart,  a  larger  piece  of  wood 
was  turned  to  fit  snugly  inside  of  it.  This 
allowed  the  bars  to  be  drav.n  up 
true  when  building  the  commu- 
tator up  again,  without  the  aid  of 
expensive  clamping  rings.  All  the 
micas  were  taken  out  and  dried 
and  the  edges  scraped,  defective 
ones  being  discarded  and  new  ones 
cut.  The  damaged  part  of  the  V- 
ring  insulation  was  replaced  with 


FIO.S.   1  AND  2.     METHOD  OF  UXSOLDERIXG  ARMATURE 

LEADS.  AXD  A  TOOL  REST  FOR  TRULVG  UP 

COMMUTATOR 


picked  out  of  the  windings. 


FIG.    3. 


new  mica.  The  bottom  edges 
of  all  the  bars  were  slightly 
beveled  by  means  of  a 
smooth  file,  and  all  exces.s 
solder  was  removed  from 
the  riser  lugs  with  a  ga.so- 
line  torch.  The  commutator 
was  then  put  together  on  a 
fiat  table,  the  bars  being 
placed,  with  the  risers 
down,  and  all  around  the 
wooden  block  previously 
prepared,  then  drawn  up 
tight  with  the  clamping 
band  under  which  was 
placed  a  strip  of  fiber  in- 
sulating paper. 

After  testing  for  sHort- 
circuits,  the  commutator 
was  ready  to  be  put  back. 
The  ends  of  the  armature 
leads  were  c  le  a  n  e  d  and 
straightened  out  and  all 
pieces  of  solder  carefully 
After  the  commutator  was 
replaced,  it  was  heated  to  loosen  up  the  sheila-  on  the 
end  V-rings,  and  the  bolts  were  pulled  up  tight.  The 
conductors  were  then  soldered  into  the  risers.  The  next 
operation  w^as  to  true  up  the  surface  of  the  commutator. 
A  portable  slide-rest  outfit  with  an  adjustable- 
stand  arrangement.  Fig.  2,  was  available  for 
this  purpose.  It  had  been  designed  to 
fit  all  the  engine-driven  generators  in 
the  plant.  This  was  easily  rigged  up, 
but  the  next  problem  was,  how  to  drive 
the  machine. 

After  being  unable  to  find  a  motor 
that  could  be  used  to  drive  the  armature 
at  a  suitable   speed,   the   idea   was   hit 
upon   that   the   armature   being   heavy 
and   easily  kept  moving,   once  started, 
might  be  run  by  foot-power.    A  pair  of 
rubber-soled  shoes  was  secured  for  one 
of  the  boys  around  the  plant  and  the 
armature  was  revolved  as  indicated 
in   Fig.  3.     I   don't  know  whether 
the  boy  had  had  any  previous  ex- 
".     perience   on    the   treadmill   or   not, 
but  he  made  a  good  show  at  it.  Once 
the  armature  was  started  revolving, 
by  holding  on  to  the  chain  block 
""  -^        and    running    on    top,    it    was 
found  possible  to  take  a  fine  cut 
off  the  commutator.     This 
method  was  a  bit  slow  of 
course,    as    the    "engine" 
gave  out  occasionally,  but 
it   accomplished   the   pur- 
pose and  it  is  doubtful  if 
any  simpler  form  of  drive 
could    have    been    devised 
for  revolving  an  armature 
in  its  own  bearings. 


METHOD   OF  TURXIXG   ARJfATURE   TO 
TRUE  UP  COMMUTATOR 


April  15,  1919 
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Conservative  Claims  of 
Interconnection  Benefit 

TYING  together  of  steam  plants  to  take  mutual  ad- 
vantage of  local  differences  in  load  conditions  and 
capacity  available  at  various  periods  is  becoming  more 
and  more  popular  in  the  field  of  power  supply.  It  is 
the  duty  of  the  industrial-plant  engineer  to  "sit  in"  at 
any  conference  considering  the  making  of  a  contract 
for  interchange  or  for  off-peak  purchase  of  energy,  and 
in  such  cases  a  thorough  knowledge  of  the  probable 
effect  of  different  operating  plans,  based  if  possible  up- 
on experience,  is  decidedly  worth  while. 

There  is  sometimes  a  temptation  to  exaggerate  the 
savings  secured  by  the  purchaser  of  energy  and  to 
minimize  the  benefits  conferred  by  such  an  arrangement 
upon  the  plant  that  sells  the  larger  portion  of  the  power 
involved.  The  industrial-plant  engineer  should  not 
overlook  the  benefit  his  load  may  create  with  respect 
to  the  load  factor  of  the  system  or  station  from  which 
it  is  suggested  that  he  take  off-peak  or  other  surplus 
energy.  He  must  also  recognize  the  fact  that  as  soon 
as  his  ovni  plant  output  is  reduced  through  the  substi- 
tution of  purchased  power,  the  tendency  will  be  for  the 
local  station  efficiency  to  fall  unless  the  units  are  han- 
dled with  great  care.  This  increase  in  efficiency,  which 
a  desirable  load  may  bring  to  pass  in  the  case  of  the  out- 
side supplying  organization,  is  an  asset  of  no  mean 
value. 

In  a  representative  instance  of  energy  interchange 
the  coal  consumption  of  the  larger  plant  was  reduced 
from  2.08  pounds  per  kilowatt-hour  to  1.85  pounds  in  a 
single  year  in  which  the  plant  output  increased  from 
twenty-two  million  to  thirty-three  million  kilowatt- 
hours.  A  neighboring  station  increased  its  energy 
purchases  from  this  station  during  this  period  from 
three  million  to  fourteen  million  kilowatt-hours.  This 
additional  load  was  most  welcome  to  the  larger  plant, 
a  tidewater  installation  of  seventeen  thousand  kilowatts 
rating.  The  smaller  plant,  rated  at  4150  kilowatts,  en- 
countered a  loss  in  efficiency  during  the  year  expressed 
in  the  rise  of  its  coal  consumption  from  3.08  to  3.54 
pounds,  its  own  output  falling  in  this  period  from 
twelve  million  to  five  million  units.  The  interconnec- 
tion enabled  about  four  million  more  kilowatt-hours  to 
be  turned  out  by  the  two  plants  for  practically  the  same 
combined  coal  consumption.  There  was  therefore  a  net 
gain  through  the  arrangement,  but  there  was  no  ground 
in  the  case  in  point  to  claim  that  the  big  plant  was  do- 
ing everything  for  the  smaller  station  and  should  there- 
fore have  the  lion's  share  of  profit  in  the  contract  ar- 
rangements. The  cost  of  coal  rose  during  the  year 
from  about  five  dollars  to  eight  dollars  and  fifty  cents 
per  ton.  The  cost  of  production  per  kilowatt-hour 
actually  turned  out  in  the  smaller  plant  during  the  year 
increased  about  one  cent. 

These  figures  indicate  that  it  is  not  all  "velvet"  for 
a  smaller  station  to  purchase  energy  of  a  larger  one; 
in  other  words,  the  profits  of  an  interconnection  care- 


fully worked  out  and  operated  with  engineering  skill 
may  be  real  and  realizable,  but  may  not  be  as  large 
as  the  outside  plant  representatives  would  perhaps  be 
tempted  to  assume.  It  is  fair  to  recognize  the  quid  pru 
quo  of  such  situations.  Here,  and  in  numerous  other 
instances,  the  larger  station  not  only  secures  a  better 
load  factor  and  corresponding  increase  in  operating  ef- 
ficiency, but  enjoys  the  advantages  of  being  connected 
with  a  source  of  reserve  power  that  can  be  utilized  on 
short  notice.  This  means  that  the  larger  station  need 
not  expend  as  much  money  on  extensions  at  a  time  when 
the  first  cost  of  plant  equipment  is  at  the  upper  levels 
reared  by  the  demands  of  war  service.  On  the  other 
hand,  the  interconnection  means  that  the  smaller  plant 
can  take  on  a  larger  connected  load  and  handle  bigger 
peaks  without  making  an  investment  in  additional  units 
of  generating  capacity.  These  considerations  point  the 
way  toward  a  thorough  analysis  of  production  efficiency 
from  various  angles  before  the  papers  are  finally  signed. 
There  are  a  good  many  different  "slants"  to  this  busi- 
ness of  interplant  contracts,  and  the  engineer  who  fits 
himself  to  take  part  in  such  investigations  and  to  bar- 
gain in  a  businesslike  manner  for  his  superiors'  inter- 
ests does  well  indeed. 

Find  and  Fix  the  Cause 

IT  IS  not  always  easy  in  the  course  of  the  day's 
work,  when  one  is  busy  with  a  myriad  of  things  that 
must  be  done  and  with  fixing  up  after  things  that 
have  happened,  to  find  the  time  and  the  mental  freedom 
to  run  in  imagination  through  the  things  that  may 
happen  in  the  plant,  and  head  them  off.  And  yet  how 
many  a  great  catastrophe  might  have  been  averted  by 
timely  attention  to  some  very  little  thing!  Thorough, 
systematic  inspection  will  go  a  long  way  if  one  does 
not  fall  into  a  habit  of  regarding  it  as  routine  and 
get  too  perfunctory  about  it.  An  indication  too  subtle 
to  make  its  impression  upon  any  other  than  a  trained, 
interested  and  intent  observer  may,  if  its  cause  and 
meaning  be  ferreted  out,  reveal  a  serious  waste  or  an 
imminent   breakdown. 

When  something  persists  in  going  wrong,  one  should 
not  be  contented  with  fixing  it  up  for  the  time  being, 
but  should  seek  it  out  to  a  finality  and  see  what  is 
causing  the  trouble.  A  joint  that  leaks  persistently  may 
mean  an  excessive  stress  in  the  piping,  a  leaky  boiler 
rivet  may  mean  an  incipient  seam  crack,  a  bearing  that 
persistently  heats  may  mean  dangerous  deflection,  a 
flywheel  bolt  that  continually  loosens  or  breaks  points 
to  a  condition  that  should  be  corrected  before  something 
more  serious  happens. 

A  case  in  point  occurred  recently.  The  small  bolt 
that  held  the  latch  block  of  a  Corliss  engine  was  con- 
tinually stretching  and  breaking.  In  this  case  the 
trouble  was  in  the  bolt  itself  or  the  manner  of  its 
attachment,  but  instead  of  putting  in  a  bolt  of  the 
proper  size  and  material,  correctly  shouldered  and  fitted 
and  held  firmly  in  place  with  a  castellated  nut  secured 
with  a  cotter  pin  or  other  fastening,  the  engineer  was 
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content  to  keep  n  supply  of  spares  and  replace  the  faulty 
holts  as  they  broke.  One  day  the  boil  just  stretched 
or  worked  out  eiioujrh  to  allow  the  latch  block  to  cock 
up  so  that  the  hook  euKajjed  it  but  could  not  let  ko, 
with  the  coMsecjuence  that  the  engine  took  steam  for 
the  full  stroke  on  that  end  in  spite  of  anything  that 
the  povernor  could  do  and  ran  away,  .scatterintj  its 
lly wheel  about  the  premises. 

A  thoroutrh  investigation  of  the  cause  of  the  recur- 
rent trouble  and  the  removal  of  that  cau.se  would  have 
.saved  a  lot  of  trouble  and  money.  The  engineer  might 
not  have  got  a  large  meed  of  credit  for  the  job.  It  is 
usually  not  the  things  that  he  prevents  from  happening, 
but  th<^  things  that  do  happen,  that  are  known  and 
credited  to  him.  But  he  would  not  be  worrying  over 
another  accident. 

Stinginess  Shackles  Prosperity 

EXCUSES  for  failure  to  purchase  Liberty  Bonds  are 
the  easiest  things  in  the  world  to  make  and  the 
hardest  to  justify.  Many  a  reason  that  sounds  plausi- 
ble to  the  bond  solicitor  and  that  might  possibly  pass 
the  scrutiny  of  a  critical  public  is  thrown  out  of  court 
before  the  bar  of  conscience,  the  keenest  and  fairest 
judge  in  the  world. 

A  lot  of  people  fool  themselves  into  believing  that 
they  cannot  afford  to  invest  in  bonds.  The  bald  truth 
is  that  they  cannot  afford  not  to.  Particularly  is  this 
true  of  the  Victory  Loan,  becau.se  it  is  so  closely  bound 
up  with  the  industrial  prosperity  of  the  nation. 

Observe  what  would  happen  if  the  people  of  America 
.should  ignore  the  coming  appeal  and  should  insist  on 
letting  the  banks  respond  to  it.  The  banks  could  prob- 
ably absorb  the  full  amount  of  the  loan,  but  they  would 
have  little  money  left  to  lend  to  business  enterprises, 
and  the  interest  rates  on  that  little  remainder  would  be 
exorbitant. 

The  immense  industrial  system  of  the  country  is  built 
on  credit.  Shortage  of  available  funds  in  the  banks  to 
meet  the  needs  of  business  would  mean  restriction  of 
credit.  Thus,  industrial  organizations  of  all  kinds 
would  be  prevented  from  taking  advantage  of  oppor- 
tunities for  legitimate  expansion  or  for  ventures  into 
new  and  promising  fields.  The  natural  consequences 
would  be  decrease  of  industrial  activity,  increase  of  un- 
employment, hard  times  and  widespread  unrest.  In 
other  words,  popular  deafness  to  this  appeal  would  be 
a  boomerang  that  would  knock  the  props  out  from  under 
the  platform  of  prosperity. 

This  is  no  fancy  drawn  from  a  troubled  dream.  It  is 
a  hard-headed  fact  taken  from  the  book  of  experience. 
Volumes  of  optimistic  talk  and  columns  of  cheerful  in- 
terviews will  not  furnish  the  financial  backing  needed 
to  push  business.  But  the  savings  of  millions  of  Amer- 
icans from  the  earnings  of  the  next  few  months,  in- 
vested in  Victory  Notes  and  thus  turned  back  into  the 
channels  of  business,  will  sidetrack  much  of  the  trouble 
that  is  now  approaching.  Discontent  does  not  flourish 
among  workers  that  are  busily  engaged  in  useful  and 
gainful  occupations. 

Prosperity  is  a  condition  of  business— not  a  state  of 
mind.  Therefore,  the  way  to  improve  it  is  to  get  be- 
hind it  financially  instead  of  rhetorically. 

In  plain  language,  boost  the  Victory  Loan  with  hard 
cash  as  well  as  oratory.  By  so  doing  you  will  help 
yourself  as  much  as  you  will  contribute  to  the  aid  of 
the  Government 


Pholo<;ra|>liiii<r   liijiirieM  \ 

IT  IIA.S  iieen  conmion  practice  for  engineering  con- 
struction companies  and  others  to  keep  on  fde  photo- 
graphs showing  the  progre.s.s  made  in  the  construction 
of  the  plant  that  is  being  built.  These  photographs, 
which  are  marked  with  the  dates  on  which  they  were 
taken,  form  pictorial  evidence  of  the  progres.s  of  the 
development  from  the  beginning  to  the  finishing  of  the 
work. 

Photographic  evidence  is  accepted  by  the  courts  and 
many  cases  have  been  decided  by  it.  This  form  of 
evidence  might  be  employed  to  advantage  by  both  the 
employer  and  the  employee  in  cases  of  accident.  Such 
evidence  could  be  used  by  the  one  party  to  show  the 
extent  of  the  injury  and  by  the  other  party  to  show 
whether  an  injury  had  been  or  had  not  been  received. 
Of  cour.se  this  would  not  be  possible  in  cases  of  internal 
injury,  but  burns  and  external  cuts  and  bruises  could 
be   clearly   shown. 

If  photographs  were  taken  of  all  accidents  and  in- 
juries there  would  be  less  chance  for  contnversy  as  to 
the  character  of  the  injury  in  cases  where  the  two 
interested  parties  could  not  get  together,  or  adjust  a 
satisfactory  settlement.  It  would  also  seem  that  there 
would  be  less  chance  for  fraudulent  claims  on  the  part 
of  the  one  and  the  successful  evasion  and  unjust  settle- 
ment on  the  part  of  the  other  if  this  were  done. 


Our  attention  was  recently  called  to  a  system  of  pip- 
'ng  in  which  hot  salt  water  was  circulated,  and  although 
this  piping  was  lead-lined,  it  deteriorated  rapidly  and 
in  this  particular  case  did  not  seem  to  give  any  better 
satisfaction  than  ordinary  pipe.  It  is  well  known  that 
hot  salt  water  has  a  very  deteriorating  effect  upon  pip- 
ing, but  why  it  should  attack  lead-lined  piping  is  some- 
what puzzling.  Perhaps  some  of  our  readers  have  had 
experiences  that  others  would  be  glad  to  know  about. 


Judging  from  the  numerous  letters  that  have  been 
published  lately  regarding  the  flooding  of  radiators  in 
low-pressure  steam-heating  systems,  it  would  seem  that 
designing  engineers  of  such  installations  have  some- 
thing to  learn  regarding  such  matters,  or  that  they  are 
willfully  neglectful  in  putting  in  a  system  that  will  give 
satisfactory  service. 


One  reason  why  piston-rod  packing  burns  out  is  be- 
cause it  is  not  properly  placed  in  the  stuffing-box.  Al- 
most anyone  can  ja  n  a  lot  of  packing  around  a  piston 
rod,  but  the  man  who  knows  how  to  do  it  properly  will 
save  the  firm  money  in  the  cost  of  packing  and  himself 
a  lot  of  trouble. 


The  chap  who  continues  to  write  and  speak  of  an- 
thracite coal  would  probably  be  moved  to  uproarious 
laughter  if  he  heard  someone  else  mention  hydraulic 
water  or  igneous  fire. 


A  "Safety  First"  sign  fell  from  a  post  and  knocked 
a  workman  unconscious.  He\  now  is  probably  con- 
vinced that  there  is  something  in  the  popular  slogan. 


With    the   wide-awake    fireman,    excess    air    is    just 
about  as  popuiar  as  an  attack  of  influenza. 
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Using  a  Spare  Boiler  as  an  Economizer 

In  steam  plants  operating  without  economizers  but 
having  a  spare  boiler,  considerable  economy  can  be  ob- 
tained and  additional  capacity  gained  by  the  use  of  the 
spare  boiler  as  an  economizer.  In  most  plants  very  little 
expense  would  be  incurred  to  put  this  plan  into  opera- 
tion. The  gases  of  combustion  would  be  bypassed  from 
the  breechings  of  the  live  boiler  or  boilers,  through  a 
duct  leading  under  the  ashpit  of  the  spare  boiler.  A 
greater  draft  would  be  required  to  draw  the  gases 
through  the  duct  and  the  extra  boiler  setting,  but  the 
same  is  true  of  any  economizer.  This  draft  could  be 
easily  supplied  by  a  suitable  fan  driven  by  an  engine 
or  a  variable-speed  motor  in  case  the  natural  or  stack 
draft  was  not  sufficient. 

The  piping  connections  would  be  arranged  to  feed 
all  the  water  into  the  "economizer-boiler,"  which  should 


Advocates  Standardizing  Pipe  Unions 

The  fact  that  the  various  makes  of  pipe  unions  differ 
slightly,  preventing  the  parts  of  one  being  used  with 
the  parts  of  another,  leads  to  unnecessary  waste,  espe- 
cially when  tearing  down  pipe  lines.  For  instance, 
injectors,  etc.,  naturally  come  apart  at  the  unions,  and 
few  workmen  take  the  trouble  to  remove  the  discon- 
nected pieces  of  unions  from  the  pipes  and  connect 
them  for  use  again,  therefore  many  ejectors,  injectors 
and  ordinary  pipe  unions  are  thrown  into  the  scrap  as 
a  result. 

Why  would  it  not  be  a  good  idea  for  manufacturers 
of  pipe  unions  to  agree  on  a  standard  for  dimensions? 
There  should  also  be  standards  for  ground-joint  unions. 
For  instance,  because  of  the  cracking  of  a  nut  on  a 
radiator-valve  union  probably  not  worth  over  25  cents, 
I  was  obliged  to  buy  a  new  valve  costing  $2,  and  further- 


SHOWING  HOVt^  A  SPARE  BOILER  MIGHT  BE  USED  AS  AN  ECONOMIZER 


be  subjected  to  steam  pressure  from  the  other  units, 
maintaining  a  slightly  higher  water  level  in  the  "econ- 
omizer-boiler" so  that  it  would  flow  by  gravity  to  the 
boilers  being  fired.  This  method  would  be  preferable 
to  carrying  the  boiler  full  of  water,  as  injury  to  safety 
valves  might  result  from  this  practice.  In  case  more 
than  one  boiler  was  being  fired,  the  feed  water  would 
be  controlled  by  a  valve  for  each  one,  but  with  only  one 
boiler  being  fired  the  feed  would  be  controlled  at  the 
pump  and  the  water  level  in  the  economizer  would  be 
only  slightly  higher  than  that  in  the  boiler. 

This  plan  offers  a  means  of  utilizing  otherwise  idle 
equipment  and  increasing  the  plant  efficiency  to  a  high 
degree,  and  it  does  not  conflict  with  insurance  regula- 
tions. Allard  C.  French. 

San  Angelo,  Tex. 


more  to  go  to  considerable  trouble  to  unscrew  part  of 
the  union  out  of  the  radiator  and  get  the  valve  off  the 
pipe.     That  was  a  waste  of  material  and  of  effort. 

Is  there  any  more  reason  for  each  manufacturer  hav- 
ing his  own  particular  standard  dimensions  of  unions 
than  there  is  for  each  having  his  own.  standard  pipe 
threads  ? 

I  will  venture  to  say  that  if  such  a  standard  for 
unions  were  adopted,  no  customer  would  be  greatly  in- 
convenienced even  temporarily;  and  the  eventual  saving 
would  be  considerable  to  many  thousands  of  users. 

I  would  like  it  if  the  American  Society  of  Mechanical 
Engineers  would  appoint  a  committee  for  the  purpose 
of  adopting  a  standard  that  manufacturers  would  agree 
to  use.  F.  D.  BUFFUM. 

Pittsburgh,  Penn. 
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Ronioviiij;  Kov  Croiii  !>Iot4»r  Shaft 

The  illu.strntion  shmvs  a  kink  that  may  be  used  when 
lemoving  a  pulley  fitted  with  a  taper  key  on  which 
there  is  no  head.  The  pulley  is  driven  on  the  shaft  as 
far  as  possible,  aiul  then  a  small  hole  (say  |'„-in.)  is 
drilled  with  a  breast  drill  in  the  end  of  the  key  close  to 
the  hub  of  the  pulley.     A  piece  of  round  steel  is  put  in 
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the  hole  and  the  pulley  is  forced  off  with  the  split  wedge 
as  showTi.  All  that  is  required  of  the  pin  in  the  drilled 
hole  is  to  overcome  the  friction  between  the  key  and 
the  shaft,  which  is  not  great  if  the  pulley  is  not  again 
driven  onto  the  taper. 

Lima,  Ohio.  B.  C.  Malick. 

What  Are  They  Waiting  For? 

The  present  observed  reluctance  to  spend  money  for 
power-plant  equipment  is  so  marked  and  so  obviously 
wasteful  that  I  am  impelled  to  comment  thereon.  Buyers 
have  frequently  said  that  they  are  waiting  for  lower 
prices;  and  it  is  this  attitude  that  is  bringing  the  coun- 
try to  the  verge  of  panic  conditions.  I  can  fully  un- 
derstand and  appreciate  the  reason  for  this  attitude 
with  certain  types  of  investment,  but  when  it  comes  to 
such  devices  as  mechanical  stokers,  the  argument  no 
longer  holds. 

Compared  with  hand-firing,  the  stoker  will  save  from 
15  to  20  per  cent,  of  the  coal.  Seldom  does  the  average 
efficiency  of  a  hand-fired  boiler  exceed  55  per  cent. ;  and 
more  often  than  otherwise  does  the  average  of  stoker 
firing  exceed  65  per  cent.  As  a  matter  of  fact,  hand- 
fired  over-all  boiler-room  eflSciencies  are  nearer  45  than 
55  per  cent.  An  increase  of  10  per  cent,  in  efficiency 
would  mean  an  increase  of  15  or  20  per  cent.,  as  com- 
pared to  previous  operation;  and  this  is  what  counts. 

With  coal  at  $3  per  ton,  a  stoker  operating  at  normal 
rating  will  at  $10  per  rated  honsepower  installed,  give 
i  return  of  66  per  cent.  In  the  face  of  this  fact  some- 
3ne  must  get  busy  to  justify  the  waiting  attitude.  At 
the  end  of  a  few  months  the  watchful  waiter  would  have 
to  get  his  stokers  for  nothing  if  he  did  not  want  to  lose 
money.  Every  day  he  waits  adds  to  his  loss;  and  no 
possible  reduction  in  price  will  begin  to  offset  the  loss 
due  to  his  ever-present  combustion  ineflSciency.  Delay 
under  such  circumstances  is  economically  unjustifiable. 

Chicago,  111.  Joseph  Harrington. 


Lamp  Krpt  the  IVletcr  W  arm 

After  having  considerable  trouble  in  getting  a  clock 
in  a   graphic   meter  t<»   run,   and   noticing  that   it   ran 
better   on    warm    days    than    on    cooler    ones,    a    small 
carbon-filament  lamp  was  placed  in  the  meter  and  con- 
nected to  a  110-volt  circuit.     After  the  lamp  had  raised 
the  temperature   in   the   meter  case,   the  clock   ran   -'H 
right.     It  was  decided  that  the  oil  became  thick  wli 
cold   and    retarded   the  action   of   the   clock   movemci 
When  the  lamp  warmed  the  inside  of  the  meter,  the  ■ 
thinned  and  the  clock  ran  as   it  was  intended. 

Norristown,  Penn.  William  H.  Watson. 

Home-Made  Compound   Feeder 

The  sketch  shows  a  boiler-compound  feeder  that  was 
developed  by  the  supervising  engineer  of  a  concern 
having  a  number  of  plants,  and  .sent  to  the  engineers 
in  charge  of  them.  Accompanying  the  sketch  was  a 
circular  letter  with  instructions  as  to  the  use  of  soda 
ash  and  graphite,  and  the  formula  for  the  boiler  com- 
pound formulated  by  the  supervising  engineer,  with 
instructions  for  its  use  and  the  method  of  testing  the 
boiler-feed  water  to  determine  when  suflJicient  com- 
pound was  being  used.  The  illustration  is  self-ex- 
planatory, and  the  directions  for  using  follow: 

The  expansion  tank  is  placed  above  the  water  line 
of  the  open  feed-water  heater  or  return  tank  and  piped 
as  shown.  To  operate,  put  the  amount  of  compound 
required  for  twenty-four  hours,  mixed  with  sufficient 
water  to  flow  freely  through  the  filler  funnel,  into  the 
tank,  valves  A,  B,  C,  and  D  being  closed.     Then  put 

Equa/izer  Pipe  fo  Sfeam  Space 
{  afvpen  Feecf-  Waier  Hecrfer 
or  Fefurrr  Tank 


I  J)iam. 
Pipes\ 


Sig/rtFeed--.. 
Fai/ingf  ^-■' 
F/an^e 

Oil  Cup  6/asS/ 
Oas/ret-''' 


p  ■^UveSfeam 
^griicrfor  Line 


■1 ,  iv  Fhmp  Suction  from 
open  f^6eci~Wafer  or 
Refurn  Tcrnk 

PIPING  OP  COMPOUND   FEEDER 

more  water  in  the  tank  to  bring  the  level  up  to  the 
overflow  pipe.  Next  close  valve  E  and  open  valves  B 
and  C  and  then  the  valve  D  just  sufficient  to  keep 
the  tank  agitated  and  the  condensation  overflow  through 
the  pipe  and  valve  B  into  the  pump  suction. 

When  it  is  necessary  to  refill  the  expansion  tank, 
open  valve  A  and  allow  sufficient  liquid  to  flow  into 
the  pump  suction  to  make  room  for  the  new  charge. 
Then  close  the  valves  A,  B,  C  and  D,  fill  through  the 
valve  E.  and  proceed  as  before.  W.  T.  Meinzer. 

Brooklyn,  N.  Y. 
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Firing  Low-Pressure  Boilers 

The  theory  presented  by  J.  M.  Coleman,  on  page  837 
of  the  Dec.  10,  1918,  issue  of  Power,  regarding  the  pe- 
culiar action  of  some  low-pressure  boilers  does  not  seem 
to  me  to  be  correct.  Hard  firing  ought  to  make  the  water 
lighter  as  it  would  then  be  filled  to  a  greater  extent  with 
globules  of  steam. 

I  recollect  an  instance  somewhat  similar  to  that  re- 
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LOWER    RADIATOIiS    FLOODED    WITH    CONDENSATE 

lated  by  Mr.  Coleman.  The  owner  of  a  building  installed 
a  sectional  cast-iron  heating  boiler,  but  instead  of  ex- 
cavating for  the  boiler  setting  in  order  to  secure  a  head, 
as  he  had  been  advised  to  do,  he  saved  the  price  and 
set  the  boiler  on  the  floor.  The  result  was  that  there 
was  a  head  of  not  more  than  five  feet.  The  radiators 
were  equipped  with  motor-seal  valves  from  which  the 
floats  had  not  been  removed.  The  heating  system  had 
previously  been  used  as  a  vacuum  return.  I  knew  the 
caretaker  and  advised  him  never,  under  any  circum- 
stances, to  raise  the  pressure  above  about  two  pounds. 

A  "howl"  was  made  for  heat,  however,  and  in  order 
to  be  agreeable  he  raised  the  pressure.  The  result  was 
a  melted  fusible  plug  and  several  cracked  boiler  sections. 
My  reason  for  advising  him  as  I  did  was  that,  as 
the  motor-seal  valves  would  permit  nothing  but  con- 
densation to  pass,  the  effort  of  the  pressure  to  equalize 
on  both  sides  of  the  valves  would  hold  the  check  shut 
until  a  sufficient  head  of  water  had  accumulated  to 
balance  the  boiler  pressure  plus  the  weight  of  the  check. 

As  the  water  in  the  return  had  to  rise  only  about  five 
feet  to  be  up  to  the  top  of  the  lowest  coils,  a  large  storage 
capacity  was  provided  for  the  returning  condensation, 
and  the  fireman  happened  to  be  away  at  the  p.^ychologic 
moment,  or  he  mi2:ht  have  kept  the  boiler  supplied  with 
water.  He  saw  the  reason  when  he  had  the  proof  and 
did  not  raise  the  pressure  above  two  pounds  again. 

Toronto,  Ont.,  Canada.  R.  McLaren. 

Was  This  Armature  Burnt  Out? 

For  approximately  six  years  a  10-kw.  three-phase 
25-cycle  converter  had  been  in  service  twenty-four  hours 
a  day.  In  addition  to  the  strain  of  such  continuous 
service  the  location  was  very  much  against  the  machine. 
The  converter  was  mounted  above  the  switchboard 
frame  in  a  storage-battery  assembling  and  charging 
room.  T!i3  r':-  va^  filled  with  sulphuric-acid  fumes  and 
a  heavy  bhck  smoke,  the  b.tter  being  given  off  by  the 


pots  of  hot  pitch.  The  armature  was  recently  taken  out 
and  sent  to  a  motor-repair  shop  to  have  the  rings  and 
commutator  turned  down.  After  turning  the  rings 
and  commutator  the  motor  foreman  notified  the  owner 
that  the  armature  winding  was  burnt  out  and  would 
have  to  be  rewound.  On  inspecting  the  armature  I 
came  to  the  conclusion  that  the  winding  had  at  some 
time  been  quite  hot  and  that  it  had  been  impregnated 
with  an  insulating  paint,  which  caused  it  to  be  very 
hard  and  give  off  a  sound  similar  to  that  of  a  burnt 
winding,  when  struck  with  a  light  hammer.  The  arma- 
ture was  put  back  and  the  machine  started  in  service. 
Evsrything  went  well  for  about  an  hour,  when  a  flash 
was  seen  and  the  circuit-breaker  opened.  It  was  sup- 
posed that  the  arm.ature  had  burnt  out,  but  all  the  coils 
were  cool. 

The  trouble  was  found  to  have  been  caused  by  a  flash 
from  a  brush-holder  to  ground.  When  the  insulation  on 
the  brush  was  cleaned,  the  former  was  found  to  have 
been  carbonized  by  a  slow  leaking  of  current  through 
the  oil  and  dirt.  The  brush-holder  was  taken  out  and 
a  piece  of  composition  mica  board  heated  and  bent 
around  the  square  part  of  the  stud,  the  brush-holder 
replaced  and  the  machine  put  into  service.  The  con- 
verter is  now  carrying  its  load  twenty-four  hours  a  day 
without  any  sign  of  distress.  R.  L.  Hervey. 

Washington,  D.  C. 

Guide  For  Tube  Cleaner 

For  removing  scale  from  water-tube  boilers  I  have 
been  using  a  water-turbine  cleaner.  To  enter  the  cleaner 
in  a  tube  it  was  necessary  to  put  one  hand  through  an 
opening  in  the  handhole  plate  to  keep  the  cutter  wheels 
together.  Recently,  a  way  was  found  to  eliminate  the 
work  of  guiding  the  cleaner  by  hand.    A  piece  of  sheet 


CLEANER  GUIDE   AND   ITS  APPLICATION 

iron  was  shaped  into  a  half-circle,  the  length  being  suflfi- 
cient  to  project  from  the  handhole  plate  a  short  distance 
into  the  tube.  The  outer  end  was  flanged  over  and  the 
device  placed  in  the  position  shown  in  the  illustration. 
It  guides  the  cleaner  right  into  the  tube  and  prevents 
the  we;n-  of  the  hose  on  the  sharp  edges  of  the  hand- 
holes.  E.  G.  Carlson. 
Chicago,  III. 
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After  reiidiiijj  th«'  .nioiml  of  the  Mobile  boiler  ex- 
plosion and  nl.sn  the  letters  hy  K.  R.  Fi.><h  and  A.  G. 
Pratt,  on  paj^es  4(ir>  and  466  of  the  Mar.  2r>  i.ssue  of 
I'oii'cr,  in  whirh  the  representatives  of  the  two  boiler 
manufacturers  ^ivc  their  theories  as  to  the  cause  of  the 
explosion,  each  evidently  believJMK  that  it  was  the  other 
manufacturer's  boiler  that  exploded  first,  permit  me  to 
comment  on  the  evidence  th.it  has  been  presented. 

First  of  all.  suppose  we  consider  another  explosion, 
which  occurred  at  the  ISIarion  Railway  Lipht  and  Power 
Co.'s  plant  at  Marion,  Ohio,  on  Aug.  22,  l^Ofi.  This  was 
an  explosion  of  a  StirliiiR  boiler,  and  the  cause  was 
undoubtedly  the  failure  of  the  blank  head  on  the  bot- 
tom or  the  mud  drum.  This  head  was  corroded,  and  the 
break  occurred  where  the  head  di^shed  the  most  in  turn- 
ing to  make  the  flange.  In  this  instance,  as  at  Mobile, 
the  boiler  was  one  of  a  pair,  each  so  set  that  the  blank 
head  of  the  mud  drums  came  end  to  end.  The  accom- 
panying illustration  is  a  reproduction  of  a  photograph 


MUD-DRUM  HEAD  FROM  MARION,   OHIO,  BOILER 
EXPLOSION 

of  the  disk  that  was  blown  out  of  the  drum  head.  The 
account  was  published  in  the  Engineers'  Revieiv,  then  of 
Cleveland,  Ohio.  A  comparison  of  this  disk  and  the  one 
shown  in  the  article  describing  the  Mobile  explosion 
shows  them  to  be  almost  identical,  and  the  cause  of  both 
ruptures  was  due  to  corrosion  of  the  head.  This,  it 
would  seem,  emphasizes  the  contention  of  Mr.  Fish  that 
the  Stirling  boiler  mud-drum  head  failed  first. 

Coming  back  to  the  case  in  hand  and  discarding  the 
theories  offered  by  Mr.  Fish  and  Mr.  Pratt,  an  exam- 
ination of  the  approximate  plan  of  the  plant  offers  an 
opportunity  for  speculation.  As  stated  in  the  article, 
Nos.  4A  and  4B  Heine  boilers  were  set  in  one  batterj', 
and  Nos.  5  and  6  Stirlings  were  also  set  in  one  battery 
with  a  space  between  the  settings  of  the  two  types  of 
boilers.  Assuming  that  No.  4B  Heine  exploded  first,  it 
would  have  been  blown  to  the  position  shown,  and  No. 
4A  would  have  been  blown  to  the  position  indicated 
in  the  plan  view  published  with  the  article.  If 
Stirling  No.  6  exploded  a  few  seconds  later  it  would  have 


been  blown  to  the  position  shown  at  the  Allis  engine, 
but  No.  .'■)  boiler  would  not  have  been  blown  to  the  po- 
sition shown  as  the   result  of  the  explosion  of  No.  6. 
As  a  iiiiittor  of  fact,  it  would  have  been  blown  toward' 
the  original  setting  of  the  Heine  boilers,  and  in  an  ■ 
posite  direction  from  that  in  which  it  really  did  go. 

Working  on  the  theory  that  tho  Stirling  No.  6  \\:< 
the  first  to  explode,  it  would  have  been  blown  to  tin 
position  shown,  and  the  force  of  the  explosion  would 
have  been  such  as  to  shatter  and  destroy  the  brick  setting 
of  No.  ."j  Stirling,  which  it  did.  Assuming  that  the 
Heine  exploded  a  second  or  two  after  the  Stirling,  the 
results  could  be  expected  as  were  found. 

It  might  be  assumed  that  the  force  of  the  exploding 
Heine  boiler  would  blow  No.  .5  Stirling  to  the  position 
shown  in  the  diagram,  but  the  probabilities  are  that 
this  Imiler  was  blown  to  its  final  resting  place  by  the 
.skyrocketing  effect  resulting  from  the  tubes  pulling 
out  of  the  mud  drum. 

The  indications  are,  however,  that  the  setting  of 
tmiler  No.  6  was  demolished  before  No.  5  was  blown 
out  of  its  setting,  and  if  the  flight  of  No.  .5  was  due  to 
the  pulling  out  of  the  tubes  in  the  mud  drum,  it  would 
seem  that  it  would  have  been  blown  in  the  direction  of 
No.  7  boiler,  or  at  a  right  angle  to  the  direction  in  which 
it  did  go.  On  the  other  hand,  if  No.  6  Stirling  boiler 
exploded  first  and  was  followed  by  that  of  No.  4B  Heine, 
together  with  the  pulling  out  of  the  tubes  of  the  mud 
drum  of  No.  5  Stirling,  it  would  appear  that  No.  5 
boiler  would  have  landed  just  where  it  did.  This  would 
be  due  to  the  setting  of  No.  6  being  totally  demolished 
and  out  of  the  way  and  at  the  same  time  shattering  the 
setting  of  No.  5  by  the  initial  explosion  of  No.  6  boiler. 
If  this  was  immediately  followed  by  that  of  No.  4B 
Heine,  the  setting  of  No.  5  boiler  would  have  been  de- 
molished from  both  sides  at  practically  the  same  in- 
stant. The  water-hammer  set  up  in  No.  5  boiler,  due 
to  broken  steam  connection  and  the  flashing  of  water 
into  steam,  would  cause  the  tubes  of  No.  5  boiler  to  pull 
out  of  the  drum.  As  the  setting  of  No.  6  boiler  was 
gone,  and  with  the  Heine  boiler  exploding  at  practically 
the  same  instant  that  the  tubes  pulled  out  of  the  mud 
drum  of  No.  5  boiler,  the  force  of  the  explosion  would 
be  to  blow  the  latter  to  the  position  alongside  of  the 
Allis  engine. 

One  fact  regarding  the  Heine  boiler  should  not  be 
lost  sight  of,  however;  that  is,  that  a  portion  of  the  back 
tube  header  is  bent  outward  and  that  a  part  of  it  was 
found  attached  to  the  rear  head  of  the  steam  drum,  the 
rivets  of  which  were  sheared  from  the  body  of  the  drum. 
That  the  rear  header  was  a  point  of  initial  rupture  in 
this  boiler  is  evident,  and  if  the  boiler  was  the  second 
one  to  explode  and  its  explosion  was  caused  by  the  sud- 
den release  of  pressure  due  to  the  explosion  of  the  Stir- 
ling boiler,  it  would  seem  that  the  front  header  would 
have  been  the  one  to  fail  instead  of  the  rear  one.  If, 
on  the  other  hand,  the  rear  header  cf  the  Heine  boiler 
was  the  first  to  rupture,  it  would  have  been  bent  out  as 
it  was,  and  the  ripping  of  the  steam  drum  would  have 
been  a  secondary  result  of  the  header  failure. 

The  more  one  studies  the  problem  the  more  it  be- 
comes evident  that  it  is  a  difficult  matter  to  determine 
which  boiler  failed  first,  as  there  are  so  many  con- 
flicting factors  to  consider.  W.  H.  Rowland. 

New  York  Citv. 
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Power  Required  To  Drive  an  Emery  Wheel — Will  you 
publish  the  formula  for  figuring:  the  power  required  to  drive 
an  emery  wheel.  G.   L. 

There  is  no  method  of  figuring  the  power  required  to 
drive  an  emery  wheel.  However,  the  power  required  will 
depend  upon  the  size  of  the  wheel  and  the  kind  of  work  it 
has  to  do.  Experience  has  shown  that,  ordinarily,  a  6-in. 
wheel  requires  from  0.5  to  1  hp. ;  a  10-in.  wheel,  2  hp. ;  a 
12-in.  wheel.  3  hp.;  an  18-in.  wheel,  5  to  7.5  hp.;  and  a  24- 
in.  wheel,  7.5  to  10  horsepower. 


Changing  the  Speed  of  a  Fan  Motor — Is  it  possible  to 
increase  the  speed  of  direct-current  motors  used  to  drive 
fans?     If  so  how  is  it  done?  A.  R. 

If  a  fan  is  driven  by  a  series  motor,  the  speed  of  the 
motor  may  be  varied  by  connecting  a  resistance  in  parallel 
with  the  field  winding.  If  the  motor  is  of  shunt  type,  its 
speed  may  be  varied  by  connecting  a  resistance  in  series 
with  the  field  winding.  The  value  of  the  resistance  will 
depend  upon  how  much  the  speed  is  increased  and  upon  the 
size  of  the  motor.  It  is  doubtful  if  a  motor  that  has  been 
designed  to  drive  a  fan  of  a  given  size  can  have  its  speed 
increased  very  much  without  being  overloaded,  since  a  fan 
load  increases  as  the  cube  of  the  speed. 


Excessive  Size  of  Pump  Suction  Pipe — Can  a  suction  pipe 
of  a  pump  be  too  large  where  the  length  is  about  200  ft.  and 
lift  11  ft.  ?  J.  S. 

The  suction  pipe  should  be  large  enough  to  keep  the 
velocity  of  water  down  to  about  230  ft.  per  min.  By  the  use 
of  a  smaller  pipe  requiring  greater  velocity  there  is  too 
much  loss  of  pressure  in  overcoming  pipe  friction.  The 
higher  the  vacuum  required  at  the  pump  the  greater  the 
amount  of  air  liberated  out  of  the  water,  giving  trouble  in 
operation  of  the  pump.  On  the  other  hand,  when  a  larger 
suction  pipe  is  used,  there  may  be  less  pipe  friction  from 
lower  velocity,  but  more  time  is  given  for  liberation  of  air 
from  water  that  is  subjected  to  less  than  atmospheric  pres- 
sure. However,  the  pipe  cannot  be  too  large  for  those 
portions  where  the  pressure  in  the  suction  pipe  is  above 
the  pressure  of  the  atmosphere. 


Why  Equal  Cutoff  Requires  Unequal  Valve  Laps — To  ob- 
tain equal  cutoflF  with  an  ordinary  D  slide-valve  engine,  why 
is  it  necessary  to  have  less  outside  valve  lap  for  the  crank 
end  than  for  the  head  end  of  the  cylinder  ?  C.  R. 

On  account  of  the  angularity  of  the  connecting-rod,  the 
first  half  of  a  stroke  of  the  piston  from  the  crank  end  of 
the  cylinder  is  accompanied  by  more  than  one-quarter  of  a 
complete  revolution  of  the  crankshaft,  and  the  first  half  of 
a  stroke  from  the  head  end  is  accompanied  by  less  than 
one-quarter  of  a  revolution.  Hence,  for  any  fraction  of 
stroke  from  the  crank  end  the  eccentric  is  carried  through 
more  degrees  of  rotation  than  for  an  equal  fraction  of  stroke 
from  the  head  end,  and  if  the  valve  had  equal  laps,  cutoff 
would  occur  earlier  in  the  stroke  from  the  crank  end  than 
from  the  head  end,  and  in  order  to  delay  closure  of  the 
steam  port  on  the  crank  end  to  the  same  fraction  of  stroke 
as  cutoff  occurs  for  the  head  end,  it  is  necessary  to  have 
less  lap  of  valve  for  the  crank  end. 


Effect  of   Increasing   Weight   of  Governor   Balls— Would 

increasing  the  weight  of  the  flyballs  of  an  ordinary  Corliss 
engine  governor  cause  the  engine  to  be  regulated  at  a 
higher  or  a  lower  speed  ?  I.  w.  c. 

In  operation  of  the  pendulum  type  of  governor  ordinarily 
employed  on  Corliss  engines,  the  arms  from  which  the  fly- 
balls  are  suspended  do  not  attain  as  great  height  as  would 
be  assumed  by  a  simple  revolving  pendulum,  because  part 
of  the  centrifugal  effort  is  employed  in  supporting  a  central 


weight,  or  in  overcoming  the  elasticity  of  a  spring,  in 
addition  to  sustaining  the  weight  of  the  balls  and  arms. 
Increasing  the  central  weight,  or,  as  well  known,  adding  load 
to  the  governor,  acts  as  a  greater  restraint  that  results  ir 
increase  of  speed.  The  cutoff  becomes  longer  because  the 
balls  are  in  lower  position  for  the  same  speed,  and  increase 
of  speed  continues  until  the  centrifugal  eftect  becomes  suf- 
ficient to  carry  the  additional  burden  laid  on  the  governor. 
Evidently,  the  same  result  of  speeding  up  the  engine  would 
result  from  making  the  governor  balls  lighter,  but  the 
reverse  result  is  obtained  either  by  taking  load  off  the 
governor  or  by  increasing  the  weight  of  the  governor  balls; 
that  is  to  say,  increasing  the  weight  of  the  governor  balls 
will  result  in  slower  speed  of  the  engine. 

Loss  from  Combustible  Remaining  in  Ashes — What  is  the 
loss  from  combustible  remaining  in  ashes  when  the  coal  as 
fired  contains  12,890  B.t.u.  per  lb.  and  12.6  per  cent,  ash, 
if  the  refuse  contains  40  per  cent,  combustible  and  the 
coal  costs  $6.75  per  ton?  J.  A.  P. 

Each  100  lb.  of  coal  containing  12.6  per  cent,  ash  would 
consist  of  (1  —  0.126)  x  100  =  87.4  lb.  of  combustible  and 
12.6  lb.  of  ash.  If  the  refuse  from  firing  consisted  of  40 
per  cent,  combustible  and  100  —  40  =  60  per  cent,  ash, 
then  the  refuse  from  firing  100  lb.  of  coal  would  contair 
12.6  -;-  60  X  40  =  8.4  lb.  of  combustible,  and  the  loss  of 
combustible  contained  in  the  coal  would  be  (8.4  x  100)  ~ 
87.4  =  9.6  per  cent.  Hence,  if  the  coal  contained  12,890 
B.t.u.  per  lb.  of  combustible,  there  would  be  a  loss  of  9.6 
per  cent,  of  12,890  =  1237  B.t.u.  per  lb.  of  coal;  and  with 
coal  costing  $6.75  per  ton  there  would  be  a  loss  of  9.6 
per  cent,  of  $6.75  =  $0.65  per  ton  of  coal  used. 

Expressed  algebraically,  if  a  =  percentage  of  ash  in  the 
coal  and  c  =  percentage  of  combustible  in  the  refuse,  then 

100  —  c  =:  percentage  of  ash  in  the  refuse  and  ( ^nc^ —  X  c\ 

MOO  —  c  / 
100  4-  (100  —  a)  =  percentage  of  loss.  If  as  in  the  ex- 
ample, a  =   12.6  and  c  =  40,  by  substitution  the  formula 

becomes  (j^^^^  X  40)l00  h-  (100  -  12.6)  =  9.6  per  cent, 
loss. 


Operation  of  an  Induction  Generator — Will  you  explain 
the  operation  of  a  squirrel-cage  type  induction  motor  when 
operating  as  a  generator  as  sometimes  used  in  semiauto- 
matic hydro-electric  power  plants?  J.  T. 

When  a  squirrel-cage  type  induction  machine  is  operating 
as  a  motor,  its  rotor  is  running  slower  than  the  revolving 
magnetic  field  and  is  cutting  this  field  in  a  direction  to 
set  up  a  current  in  the  rotor  of  a  direction  to  produce  a 
torque  in  the  same  direction  as  the  field  is  moving.  This 
rotor  current  is  in  an  opposite  direction  to  the  stator 
current,  consequently  when  operating  as  a  motor  the  rotor 
current  is  a  demagnetizing  current,  which  will  tend  to  de- 
crease the  strength  of  the  magnetic  field  and  therefore 
the  value  of  the  counter-electromotive  force  in  the  stator. 

If  power  is  applied  to  the  rotor,  as  in  the  case  of  the 
induction  generator,  and  driven  faster  than  the  revolving 
magnetic  field — that  is,  above  synchronism— its  conductors 
will  be  cutting  the  line  of  force  in  a  direction  opposite  to 
that  when  running  as  a  motor.  Therefore,  if  when  oper- 
ating as  a  motor,  the  current  in  the  rotor  is  a  demagnetizing 
current,  and  tends  to  reduce  the  counter-electromotive 
force  in  the  stator  winding,  then  when  operating  as  an 
induction  generator,  the  current  in  the  rotor  will  be  a  mag- 
netizing current  and  will  increase  the  flux,  causing  the 
counter-electromotive  force  to  increase  above  the  applied 
voltage,  and  the  machine  will  become  a  generator  supply- 
ing cun-ent  to  the  circuit  to  which  it  is  connected  instead 
of  taking  power. 
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lloriishy  Hoilrrs  He«rt  for  Slokrr.s 

Tlu'  Kiith-Kili'y  slokiT  lias  ln-eii  spi-cially  (U'Vflopi'd  for 
workinjr  in  oo!)juiu'tion  vvillj  liirKt"  boili-r  plnnls  insliillcd  on 
tlic  unit  sy.steiu,  iiiiii  oia-  of  tho  laU'sl  examples  is  the  in- 
stnllation  of  larKi'-unit  .stokiTs  at  tin-  How  Power  Station  of 
tho  Charinjr  Cro.ss,  West  Kn»l  unil  t^ily  Kloctricity  Supply 
Corporation,  Limited,  fitted  to  the  llornsby  vertical-type 
water-tube  boilers. 

The  settings  and  prates  of  these  boilers  were  oriKinally 
nrranjred  for  hand-tirinn;  the  mechanical  stokers  have  only 
just  b-'cn  fitted,  and  under  the  present  system  of  working 
eaeh  boiler  is  run  as  a  separate  unit.  The  boilers  have  ver- 
tical tubes  with  steam  drums  at  the  top  and  mud  drums  at 
the  bottom,  with  the  easiiijr  set  back  and  a  space  in  the  front 
for  the  withdrawal  of  the  tubes.  Each  boiler  has  a  total 
heatinn  surface  of  10,850  s(i.ft.  and  occupies  about  50G  sq.ft. 
of  floor  space.  The  steam  pressure  is  180  lb.  per  sq.in. 
and  superheaters  are  included  in  the  equipment.  The  rated 
evaporation  of  eaeh  boiler  is  .'?;j,000  lb.  of  steam  per  hour 
when  fired  by  hand,  but  hifrher  duties  have  been  obtained; 
in  fact,  a  pair  of  the  boilers  has  easily  provided  under  nor- 
mal workinp:  conditions  the  steam  for  one  of  the  4,000-kw. 
Sulzer-Lahmayer  sets. 

The  halftone  shows  the  boiler  in  elevation,  and  gives  a 
clear  idea  of  the  general  layout  of  the  stokers  and  the  com- 
bustion chamber.  It  should  be  noted  that  there  is  no  arch  in 
the  combustion  chamber,  which  is  an  important  matter  when 
high-temperature  combustion  is  being  maintained,  and  that 
the  firebrick  lining  on  the  face  of  the  combustion  chamber 
runs  straight  across  and,  due  to  its  inclination,  had  to  be 
fixed  to  the  casings  by  special  means. 

Each  boiler  is  equipped  with  its  own  operating  plant, 
which  comprises  an  electrically  driven  fan  for  the  air  sup- 
ply to  the  furnace,  a  variable-speed  motor  for  driving  the 
stoker  gears,  and  means  for  regulating  by  hand  the  amount 
of  opening  of  the  ash  plate.  These,  with  the  necessary 
adjuncts  on  the  stoker  gears,  are  provided  to  secure  inde- 
pendent control  of  the  unit  and  the  economical  working 
of  the  plant  and,  further,  safety  attachments  are  intro- 
duced to  reduce  the  effect  of  breakages  to  a  minimum. — 
Engineering   (London),  Feb.  28,  1919. 
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Condensed-Clipping  Index  of  Equipment 

Clip,  paste  on  3  x  5-in.  cards  and  file  as  deired 


Meter,   Improved  Blonok   Boiler-EfHciency 

W.  A.   Blonck  &  Co.,   Chicago,   111. 

"Power,"  Feb.   11,  1919 


This  new  meter  is  de- 
signed so  that  the  indicat- 
ing oil  columns  stand  one 
over  the  other  for  the 
highest  efliciency  of  com- 
bustion. The  fireman 
needs  only  to  manipulate 
the  dampers  and  the 
thickness  of  the  fuel  bed 
.'^o  as  to  maintain  the  col- 
umns of  oil  in  line.  When 
they  get  away  froin  each 
other,  the  fireman  simply 
refers  to  the  guide  printed 
on  the  face  of  the  gage, 
determines  what  the 
trouble  is  and  institutes 
corrective  measures. 


Skimmer,  Yarway  Automatic  Boiler 

Yarnall-Waring  Co..  Chestnut  Hill.   Philadelphia,  Penn. 
"Power,"  Feb.  4.  1919 

Skimmer  consists  of 
a  skimmer  pipe  and  is 
placed  in  a  boiler  a 
little  below  the  water 
level.  Water  and  scum 
circulate  into  and 
through  a  precipitator 
placed  outside  of  the 
boiler,  and  in  which 
the  scum  is  separated 
from  the  water,  which 
•then  returns  to  the 
boiler  through  the 
blowoff  connection. 

The  .skiminer  is  de- 
signed for  various 
types  of  boilers.  Skim- 
mer consists  of  verti- 
cal pipe  made  with  a 
V-notch  opening  on 
one  side  and  arranged 
to   alternate. 


Fuse,    ReflUable    Plug 

A.  F.   Daum,   Pittsburgh.   Penn. 

"Power,"  Feb.   11,   1919 


The  only  metal  part  of  this  refiUable 
fuse  plug  is  the  fuse  metal.  The  metal 
thread,  base  plug  and  part  of  the  cap 
used  in  the  old  type  non-refillable  fuse 
have  been  eliminated.  There  are  but  three 
parts  to  this  fuse — a  porcelain  base,  a 
mica  cap  which  can  be  removed  and  re- 
placed to  fill  the  fuse,  and  the  fuse  metal. 
Made  in  sizes  from  3  to  30  amp.,  for  125 
volts  circuit. 


Shield,  Durable  Gage-GIsss 

Durabia      Manufacturing     Co., 

Liberty  St.,  New  York  City 

"Power,"  Mar.   4,   1919 


Device  consists  essentially  of  two  lam- 
inated glasses  set  in  cast  retainers,  form- 
ing a  V-shaped  protector  over  the  front 
of  the  gage-glass.  Shield  is  hinged  to 
water  gage.  Protecting  plate  made  of 
laminated  glass  3  in.  thick.  2  in.  wide, 
and  of  length  varying  to  meet  require- 
ments.    All  metal  parts  are  of  brass. 


Condenser,  EUiott-Elirhart   Jet 

Elliott   Co.,   Pittsburgh,   Penn. 
"Power,"  Feb.  4,  1919 


Jet  condenser,  vertical  type 
Spray  nozzle  in  condenser  head 
breaks  water  into  small  particles 
.■^o  as  to  properly  mix  with  the 
steam.  Inspection  openings  pro- 
vided in  the  lower  surface  of  the 
overhanging  condenser  head. 
Steam  ejector  removes  air. 
Centrifugal  pump  handles  con- 
densate. 


Thawing 

Aeroil 


Outfit,  Aeroil 

Coal-Thawing  Outfits.  Inc..   1  Broadway,  New  York  City 
"Power,"  Feb.  25,   1919 


This  thawing  outfit  is 
designed  to  thaw  frozen 
coal  cars,  especially  the 
hopper  gates  of  hopper- 
bottom  ty])e.  It  consists 
of  a  10-gal.  capacity 
steel  tank  equipped  with 
a  power  air  pump,  pros- 
sure  gage.  air-release 
valve  and  oil-regulating 
valve.  Two  8-ft.  lengths 
of  hose  with  unions  and 
two  extension  pipes  with 
connection.  also  two 
thawing  burners  com- 
I'letc.  are  suijplied.  Out- 
lit  burns  kerosene  oil. 
rate  2  to  5  gal.  per  hour. 
It  is  portable. 


Switch,   Quick-Make    Starting 

Westinghouse  Electric  and  Manufacturing  Co.,  East  Pittsburgh, 

Penn. 
"Power."  Feb.  4,  1919 


Switch  is  designed  to  be 
used  with  three-phase.  220-. 
44(1-  and  fiSO-voIt  squirrel- 
cage  motor  of  from  2.5  to 
25-hp.  capacity.  Starts 
with  full  line  voltage.  Can 
also  be  used  to  control 
feeder  circuits  up  to  lOn 
amp.  capacity.  Switch  i.* 
especially  suitable  for  .ihip- 
per-rod  operations.  Con- 
tacts are  opened  and  closed 
in   oil   to   suppress   arcing. 


Harrington    Forced-Blast   Traveling   Grate 

James  A.  Brady  Foundry  Co.,  Chicago,  III. 
"Power."  Mar.  11.  1919 

This  is  a  chain-grate  type  of  stoker  and  is  designed  for  either 
natural  or  forced  draft.  Another  feature  is  that  the  grate  surface 
is  nonsifting  and  grate  bars  slide  easily  over  the  ends  of  the 
racks.  An  adjustable  damper  controls  the  air  pressure  in  the 
respective  compartments.  The  closing  of  the  damper  and  the  re- 
moval of  a  door  at  the  end  of  the  communicating  passages  to  the 
side  wall  puts 
the  stoker  on 
its  natural-draft 
basis.  A  re- 
versal of  this 
process  converts 
it  to  a  forced- 
draft   stoker. 
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Coal  Accouiilinfi  in  the  Boiler  Room* 

One  of  the  tliint^s  wlucli  tlir  war  has  liuit;lit  us  is  ccoiioiny, 
iitid  what  wi'  U-ani  from  tliri'  lu'ci-ssily  is  likely  to  l)f  prof- 
itable. Lust  winter,  and  in  fait  until  very  recently,  people 
had  to  burn  less  conl  simply  bocauae  it  could  not  be  pro- 
cured readily.  The  problem  of  making  a  smaller  amount 
do  the  same  work  resulted  in  careful  examination  of  all 
possible  economies,  and  in  this  effort  the  Fuel  Administra- 
tion took  a  i)rominent  part. 

Their  very  lirst  recommendation,  an<l  of  course  the  foun- 
dation stone  of  all  economy,  was  coal  accounting  in  the 
boiler  room,  and  this  is  a  subject  deserving  of  attention,  not 
only  for  the  reasons  stated,  but  because  the  stress  of  com- 
petition is  Koinn:  to  require  the  greatest  possible  conserva- 
tion of  enerjry. 

The  simplest  boiler  room,  of  course,  is  hand-fired  from 
tlie  Hoor.  Coal  is  delivered  by  one  of  several  methods. 
Sometimes  the  floor  is  a  sufficient  distance  below  the  ad- 
jacent railroad  sidinp:  to  allow  the  coal  to  be  dumped  almost 
to  the  edge  of  the  boiler.  Sometimes  the  coal  pile  is  outside 
the  plant  and  the  fuel  has  to  be  transferred  to  the  boiler 
room  in  wheelbarrows;  and  some  large  plants  adopt  this 
method.  There  have  been  three  or  four  concerns  in  the 
last  few  years  which  have  considered  bringing  coal  into  the 
plant  with  screw  conveyors. 

Then  there  is  the  little  industrial  car  running  on  tracks 
in  front  of  the  boilers,  and  this,  and  even  the  wheelbarrow, 
can  be  weighdl  if  desired.  Platform  scales  with  a  flush 
platform  have  been  used  for  years  in  this  service,  and  they 
are  improved  occasionally  by  adding  dial  records. 

Development  of  the  Overhead  Bunker 

The  inconvenience  and  discomfort  of  having  coal  on  the 
floor,  involving  also  a  large  item  of  labor,  led  conveyor 
engineers  to  develop  the  various  bucket,  scraper  and  belt 
conveyors  with  which  we  are  all  familiar.  This  brought 
about  the  overhead  coal  bunker,  and  immediately  two 
schools  of  thought  sprang  up.  Both  were  anxious  to__de- 
termine  the  amount  of  coal  used,  but  the  first  maintained 
that  it  was  sufficient  to  know  the  total  quantity  delivered 
to  boiler  room,  while  the  second  '.nsisted  that  the  consump- 
tion of  each  individual  boiler  was  still  more  important  and 
afforded,  of  course,  by  simple  addition  the  other  result  which 
was  desired  by  everybody. 

With  an  overhead  bunker,  continuous  in  front  of  all  the 
boilers,  the  easiest  way  to  determine  the  total  coal  de- 
livered to  the  boiler  room  is  to  weigh  it  as  it  goes  into  the 
bunker,  either  with  a  conveyor  weightonieter  or  with  a  large 
automatic  scale.  Sometimes,  indeed,  plants  content  them- 
selves with  taking  the  bill  of  lading  of  the  shipper  as  in- 
dicative of  the  amount  of  coal  received,  and  plants  on  the 
the  \vaterfront  will  even  accept  the  shipping  weight  of 
barges.  These  two  plans  are  inaccurate,  and  errors  as  great 
as  8  per  cent,  have  been  found. 

Plants  weighing  coal  as  it  goes  to  the  bunker  sometimes 
have  painted  lines  at  different  heights  on  the  bunker  and 
once  a  month  level  off  the  coal  to  these  lines  and  so  feel 
pretty  sure  that  they  know  exactly  how  much  coal  they  are 
using.  Such  determinations,  however,  can  be  only  approxi- 
mate and  cannot  give  the  amount  of  coal  used  in  a  shift  of 
eight  hours  or  in  any  time  short  of  a  month,  let  us  say. 
Advocates  of  total  coal  delivered  to  the  boiler  room  are  bet- 
ter served  when  they  do  not  have  the  overhead  continuous 
bunker,  but  in  its  place  a  vertical  bunker  at  one  end  of 
the  plant,  not  unlike  a  silo.  Under  this  the  automatic  scale 
can  be  placed,  dumping  1000  or  2000  lb.  for  example,  and 
under  the  scale  a  lorry  car  of  one  sort  or  another  can  be 
run  and  the  operator  can  take  one,  two,  three  or  four  dumps 
of  the  scale  as  he  pleases  arid  run  back  to  the  boilers.  This 
method  will  give  the  total  coal  per  shift,  and  under  certain 
circumstance  some  approximation  of  the  individual  con- 
sumption of  each  boiler  can  be  obtained  by  keeping  a  care- 
ful record. 

The  second  school  of  thought  held  that  a  record  of  the 
individual  boiler  was  of  prime  importance.     I  think  it  fair 


to  say  that  n  majority  of  pnjfineers  today  incline  to  this 
view.  It  seems  quite  reasonable  that,  since  coal  is  approxi- 
nuitely  (iO  per  cent,  of  the  co"!  of  the  output  of  a  plant,  it 
should  be  determined  with  the  utmost  care,  but  in  addi- 
tion to  in<lividual  boiler  scales,  there  are  individual  pyrom- 
eters for  determining  temperatures  in  the  uptake  and  re- 
cording them  on  a  chart,  individual  draft  gages  indicating 
uniformity  of  thickness  of  fire  beds,  individual  (^O^  record- 
ers shcTwing  that  each  fire  is  producing  the  proper  percent- 
ages of  the  products  of  combustion  and,  lastly,  the  in- 
dividual indicating  and  recording  flow  meter  giving  the 
steam  output  of  each  unit.  Most  of  them  have  reached 
practical,  reliable  application  only  within  the  last  five  years. 
Long  before  any  of  these  accuracy  devices  were  developed, 
however,  and  in  fact  as  soon  as  overhead  bunkers  were  put 
into  plants,  various  efforts  were  made  to  determine  the 
total  coal  delivered  to  the  boiler  room.  Some  of  these  were 
on  the  volumetric  principle,  but  with  them  it  becomes  neces- 
sary to  translate  the  cubical  capacity  of  the  container  to 
an  equivalent  weight  and,  manifestly,  this  depends  upon  the 
fineness  to  which  the  coal  is  crushed  and  also  upon  the  per- 
centage of  moisture. 

Bridge  Cranes  and  Traveling  Lorries 
In  large  central  stations  one  frequently  finds  a  bridge 
crane  with  a  man  riding  around  in  it.  He  runs  the  crane 
under  any  desired  bunker  opening,  puts  in  an  unknown 
quantity  of  coal,  weighs  it  up  on  a  hopper  scale,  generally 
provided  with  a  registering  beam,  then  runs  to  the  desired 
boiler  and  dumps  the  coal.  What  these  big  stations  want 
most  to  know  is  the  total  coal  delivered  to  the  boiler  room 
per  shift,  so  they  can  figure  out  their  coal  per  kilowatt- 
hour  each  day. 

The  younger  brother  of  this  big  traveling  crane  is  the 
traveling  lorry  with  the  suspended  beam  box.  Frequently 
this  is  hand-propelled,  and  one  source  of  error  lies  in  the 
fact  that  the  operator  often  pushes  it  along  by  the  beam 
box  instead  of  operating  the  chain  wheel  overhead,  thus 
throwing  out  of  adjustment  the  strut  and  tension  mem- 
bers. These  traveling  lorries  have  many  apparent  advan- 
tages, however,  and  are  frequently  seen.  They  do  not  cost 
very  much;  they  are  portable  and  can  always  be  moved 
aside  when  it  is  desirable  to  get  at  a  boiler  to  clean  it  or  pull 
a  tube ;  they  permit  poking  a  slice  bar  up  into  the  bunker 
opening  in  case  of  stoppage,  and  they  can  also  be  used  to 
transport  coal  from  one  part  of  the  bunker  to  a  boiler  at  the 
other  end  of  the  room. 

Stationary  automatic  boiler  scales  equipped  with  auto- 
matic counters  represent  a  high  development  in  the  com- 
piling of  records  of  coal  burned  by  individual  boilers.  They 
give  a  continuous  record  in  plain  figures,  understandable 
by  anybody,  and  hourly  comparisons  of  coal  burned  with 
steam  output  can  be  made  if  desired,  although  the  com- 
parison of  consumption  on  different  shifts  is  more  cus- 
tomary. Scales  designed  for  continuous  operation  discharge 
coal  as  fast  as  it  is  taken  away  by  the  stoker  and  so  in- 
volve no  responsibility  for  seeing  that  there  is  ample  coal 
to  carry  the  station  over  its  peak.  Mounting  the  scales  on 
carriages  or  even  flanged  wheels  permits  easy  removal  when 
it  is  necessary  to  clean  boilers. 


'Abstract  of  a  paper  read  by  B.  K.  Hough.  M.  E..  at  the  annual 
convention  of  the  Richardson  Scale  Co.,  Jan.   3.  1919. 


Utilization  of  the  large  peat  areas  in  the  north  part  of 
Jutland  is  receiving  much  attention.  The  area  is  said  to 
be  as  much  as  28,000  acres,  which,  according  to  Ingenioren, 
could  be  completely  drained  by  gravitation,  and  the  total 
contents  might  be  equivalent  to  23  million  tons  of  coal. 
It  is  suggested  that  the  peat  could  be  utilized  (1)  as  air- 
dried  briquets  used  for  heating  the  boilers  of  adjacent 
electrical  supply  works;  (2)  as  machine  made  briquets 
sold  for  general  consumption  as  far  away  as  the  cost  of 
transport  will  allow;  (3)  as  peat  litter  to  be  sold  to  neigh- 
boring farmers;  (4)  the  lower  parts  of  the  bogs  should  be 
reclaimed  and  used  for  agriculture.  The  heating  value  of 
the  peat  is  assumed  to  be  half  that  of  coal.  The  works 
required  should  be  executed  by  private  enterprise,  aided 
by  the  State,  and  the  cost  of  reclamation  would  amount  to 
£50,000  (^243,325).  The  first  9000  acres  could  be  dealt 
with  in  twenty  years,  and  the  rest  of  the  land  occupied  in 
course  of  time  as  the  peat  is  cleared  away. 
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Engineers  Discuss  the  Oil  Engine 

"Adapting  Fuel  to  the  Engine  versus  Adapting  the  En- 
gine to  the  Fuel"  was  the  general  topic  discussed  at  a  joint 
meeting  of  the  New  York  local  sections  of  the  A.  S.  M.  E. 
and  the  S.  A.  E.  held  at  the  Automobile  Club  on  Wednes- 
day evening,  Apr.  9.  There  was  an  unusually  large  attend- 
ance, representing  automobile,  stationary  and  marine  fields. 
Dr.  Charles  E.  Lucke,  who  presided,  reviewed  the  present 
oil-fuel  situation  and  the  accompanying  tendencies  in  oil- 
engine design.  In  an  effort  to  meet  the  greatly  increasing 
demands  for  gasoline  the  producer  is  making  every  effort 
to  extract  more  from  the  crude  oil  with  the  result  that  the 
extracted  product  is  becoming  heavier  and  heavier  and 
trouble  is  frequently  experienced  with  engines  designed 
for  the  lighter  grades.  Whether  the  heavy-oil  engine  will 
be  developed  for  automobile  and  tractor  use  is  still  an  open 
question  in  the  opinion  of  the  speaker.  As  a  solution  to 
the  use  of  the  lower-grade  gasoline,  some  advocated  pre- 
heating the  mixtures,  but  this.  Dr.  Lucke  pointed  out,  meant 
less  power.  In  the  earlier  hot-bulb  engines  he  explained 
there  seldom  was  complete  vaporization  of  the  oil.  This 
led  to  spraying  and  late  injection,  which  is  now  recognized 
as  fundamental  in  the  handling  of  heavy  oils. 

The  first  paper  was  that  by  J.  P.  Smootz,  of  the  Bureau 
of  Mines,  who  talked  upon  some  of  the  problems  of  the 
chemist  in  an  effort  to  keep  pace  with  increased  demands, 
and  gave  some  figures  of  recent  production. 

J.  H.  Hunt,  of  the  Dayton  Engineering  Laboratories, 
next  told  of  some  of  the  investigations  there  being  con- 
ducted. He  was  of  the  opinion  that  too  little  cooperation 
exists  between  the  oil  producer  and  the  automobile  manu- 
facturer. The  former  is  marketing  gasoline  of  ever-increas- 
ing density,  and  the  latter  is  attempting  to  use  it  in  an 
engine  designed  for  the  lighter  grades.  Much  of  the  trouble 
is  experienced  in  starting  when  the  engine  is  cold.  With 
the  "choke"  in,  a  rich  mixture  is  drawn  into  the  carburetor 
and  intake  manifold  and  is  only  partly  vaporized,  conse- 
quently particles  of  the  heavy  products  are  drawn  into 
the  cylinders  and  when  an  explosion  takes  place,  cracking 
results.  Not  only  does  this  form  carbon,  but  the  products 
cut  the  cylinder  lubrication,  causing  excessive  wear  and 
fouling  of  the  crank-case  oil  with  carbon  and  water.  An- 
other effect  of  the  cracking  is  the  setting  up  of  severe 
knocks,  which  the  speaker  attributed  to  excessive  pressure 
or  detonations  rather  than  the  commonly  accepted  theory 
of  preignition.  Investigations  so  far  have  indicated  two 
remedies:  First,  the  use  of  a  lighter  oil  for  starting,  and 
second,  heating  the  mixture.  The  former  involves  the 
carrying  of  two  fuels  with  the  attendant  difficulty  of  se- 
curing a  tight  needle  valve,  and  the  second  involves  de- 
creased volumetric  efficiency  and  power. 

A  paper  by  A.  H.  Goldingham,  of  the  De  La  Vergne 
Machine  Co.,  on  the  heavy-oil  engine  was  next  read  by 
the  chairman.  The  author  drew  attention  of  the  relia- 
bility of  the  present  well-designed  hot-surface  type  and 
attributed  such  performance  to  the  more  thorough  atomiza- 
tion  due  to  more  efficient  spraying  devices  and  pumps,  to 
improved  construction  of  the  vaporizing  chamber,  vaporiz- 
ing lamp  and  lubrication  of  the  parts.  Engines  of  this 
type  are  now  being  made  in  sizes  from  10  to  400  hp.,  the 
largest  cylinder  without  piston  cooling  being  21  in.  in  di- 
ameter and  900  ft.  piston  speed.  The  cost  of  such  engines 
has  practically  doubled  since  1913.  Statistics  showed  that 
of  a  large  number  of  these  engines  in  use  about  42  per 
cent,  were  in  pumping  installations,  19  per  cent,  in  electric- 
light  plants  and  the  remainder  in  general  use. 

T.  0.  Lisle,  editor  of  Motorship,  next  told  of  some  of  the 
applications  of  the  heavy  Diesel  to  marine  practice.  He 
believed  the  Shipping  Board  had  been  remiss  in  not  pre- 
scribing more  extensive  use  of  the  Diesel  engine  in  ships 
of  the  emergency  fleet.  While  it  was  true  that  Diesel  en- 
gines had  been  installed  in  some  of  the  wooden  ships  built 
on  the  Pacific  coast,  this  in  Mr.  Lisle's  opinion  had  not 
been  a  fair  trial,  as  the  ships  were  in  most  cases  under- 
powered and  this  necessitated  overloading  the  engines  con- 
tinually. Also,  the  ships  of  the  emergency  fleet  have  had 
to  deal  with  inexperienced  labor  in  so  far  as  the  operation 
of  Diesel  engines  is  concerned,  and  this  perhaps  had  much 
to  do  with  some  of  the  troubles  encountered.     He  referred 


to  a  motor  cargo  ship  laid  down  by  the  British  Admiralty 
during  the  war,  which  was  over  400  ft.  long,  had  two  en- 
gines with  a  total  of  6000  hp.  and  designed  to  attain  a 
speed  of  15  knots.  Sulzer  Bros,  had  also  constructed  a 
4000-hp.  six-cylinder  land  engine,  which  is  now  running  in 
France.  Of  eighty-six  firms  building  Diesel  engines  forty- 
two  are  constructing  the  four-cycle,  thirty-three  the  two- 
cycle  and  the  remainder  both  types. 

Ml'.  Hanson,  of  the  Skandia  Engine  Co.,  taking  part  in 
the  discussion,  referred  to  the  Diesel  engines  installed  in 
the  wooden  ships  on  the  Pacific  coast.  Numerous  troubles 
had  been  encountered,  he  said,  but  these  were  primarily 
due  to  the  wooden  ships  themselves.  In  many  cases  green 
timber  had  been  used  in  their  construction  with  the  result 
that  the  bedplates  had  shrunk  and  had  thrown  engines 
out  of  alignment.  Most  of  these  engines  had  been  for 
auxiliary  power  and  were  rated  at  100  to  500  hp.  each, 
although  a  full  Diesel-type  engine  of  1000  hp.  had  recently 
been  installed  in  one  of  these  Pacific-built  ships. 

Discussing  the  heavy  Diesel,  Harte  Cooke,  of  the  Mcintosh 
&  Seymour  Corp.,  stated  that  less  trouble  had  been  ex- 
perienced with  the  very  heavy  fuel  oils  than  with  the 
lighter  grades  because  the  lighter  grades  contained  some 
kerosene  which  would  crack  and  result  in  carbon.  This, 
however,  could  be  rectified  by  arranging  the  fuel  valve  so 
as  to  have  a  lower  temperature.  With  oil  above  40  deg. 
gravity  care  has  to  be  taken  to  avoid  cracking.  Oil  heavier 
than  14  deg.  is  hard  to  handle  without  heating,  in  which 
case  care  must  be  taken  not  to  throw  down  the  lighter 
products.  Some  troubles  with  cylinders  skipping  after 
having  been  in  service  for  several  days  were  finally  traced 
to  the  fuel-pump  intake  at  the  bottom  of  the  oil  tank.  When 
the  oil  had  become  low  in  the  tank,  the  pump  had  begun 
to  draw  sediment,  some  of  which  had  passed  through  the 
strainer  and  caused  trouble  in  the  fuel  valves. 


Electric  Drive  on  U.  S.  S.  "New  Mexico" 

Particular  interest  centers  around  the  propelling  ma- 
chinery of  the  U.  S.  S.  "New  Mexico,"  which  has  recently 
been  commissioned  and  which  is  not  only  the  largest  and 
most  powerful  ship  in  the  Navy,  but  the  first  battleship 
to  be  electrically  driven.  The  following  particulars  are 
from  data  prepared  by  E.  Berg,  of  the  Turbine  Engineer- 
ing Department,  General  Electric  Company. 

The  propelling  machinery  consists  of  two  main  turbo- 
generator units,  four  propelling  motors,  each  direct-con- 
nected to  a  shaft,  motor-driven  circulating  pumps,  air 
pumps,  hotwell  pumps,  lubricating  pumps,  blowers  for 
ventilating  fans  and  the  necessary  switchboard  panels,  etc. 
The  total  weight  of  this  apparatus,  together  with  spare 
parts,  is  approximately  590  tons,  and  the  contract  price, 
$431,000. 

The  main  generators  are  two-phase  two-pole  35-cycle 
machines,  rated  at  10,500  kw.  at  78  per  cent,  maximum  power 
factor,  with  an  overload  capacity  of  25  per  cent,  at  the  same 
power  factor,  the  maximum  rotative  speed  being  2100 
r.p.m.  The  propelling  motors  are  of  the  induction  type 
arranged  for  two  speeds  with  24-  and  36-pole  connections. 
The  speed  reduction  between  the  generator  and  motor  when 
using  24  poles  is  12  to  1,  and  with  the  36-pole  connection 
18  to  1. 

The  windings  of  the  generator  can  be  connected  in 
multiple  by  means  of  a  switch  so  as  to  reduce  the  voltage 
from  4240  to  3000,  which  increases  the  current  capacity 
of  the  generator  and  also  gives  increased  torque  and  better 
efficiency. 

For  all  conditions  of  steady  running  up  to  about  15 
knots,  only  one  turbo-generator  with  the  low-voltage  con- 
nection is  used  and  all  of  the  motors  connected  for  36  poles. 
If  a  slightly  higher  speed  is  required,  the  pole  connections 
are  changed  from  36  to  2A,  giving  a  speed  ratio  of  12  to  1 
a. id  a  speed  of  about  17  knots,  with  only  one  generating 
unit.  Above  that  speed  and  up  to  the  maximum  speed 
of  the  ship,  over  21  knots,  the  second  generating  unit  is 
thrown  in.  When  both  turbo-generators  are  in  use,  the 
high-voltage  connections  are  employed  and  each  serves  a 
pair  of  motors,  with  the  two  circuits  entirely  separate. 

All  reversing  is  done  with  the  motors  connected  for  36 
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Vol.  r.»,  No.  ir, 


(lolfs.  During  the  trial  run  with  tlu>  bout  makinif  UU 
kiiot.H,  ri'VjMsiil  to  full  Mpi'iil  iistfin  (Iwo-lhinls  of  the  for- 
wiiril  sjM'fil)    was  altaincii  in  liO  .sin-onds. 

When  opiTutinK  »l  full  louil  and  approximati'ly  UOOO 
r.p.m.,  each  Kenerator  rociuiros  :{K,000  cu.ft.  of  ventilating 
air  per  nuiuite.  The  blowers  are  installed  in  a  room  di- 
ri'i-tly  above  the  jrenerators;  they  receive  air  from  llii-  di-ck 
and  force  it  throu^^h  ducts  into  larjre  inclosed  coini)art- 
nients  directly  under  the  j^i-nerators.  Afti-r  passing  throuKh 
the  Ki'iii'i'iitors,  the  air  is  discharged  from  the  top  and 
carried  upward  to  the  deck.  Kach  generator  is  served  by 
two  blowers,  each  capable  of  delivering  20,000  cu.ft.  of  air 
per  minute  when  operating  at  'MO  revolutions  per  minute. 

The  table  shows  the  steam  economies  of  the  turbine.  It 
will  be  noted  that  the  ollicial  report  of  the  board  that  ran 
the  trial  jfives  water  rates  .somewhat  higher  than  those 
>:uaranteed.  This  is  explained  by  the  fact  that  the  water 
rate  of  a  ship  is  not  judjjed  from  the  readinjrs  from  elec- 
trical instruments,  but  is  calculated  from  the  revolutions 
of  the  propeller  as  previously  compared  with  the  readinKs 
of  torsion  meters  on  the  shafts  during  standardization  runs 
on  a  measured  mile. 

Kiitc.  U>.  iHT  Shaft  Ilp.-Hr. 


Wat 
Full 
Sp<'i-d 

No.  I  Trial  Roport 12  29 

ltiiiult.-<  inilifutcd  by  readings  of  e\eo 
trical  instruiiienta 

t!uaraiitr<-s  reduced  to  trial  coudi- 
tiims 

No.  2  Trial  lloport 

Uosults    indicated    by    readings    of 
electrical  instruments 

Schenectady   test   reduced   to   trial 

conditions 1 1 .  00 

Uuarantees  reduced  to  trial  condi- 
tions   (1.31 


12  30 


n    67 
12   01 


11.58 


19  Knots 
II    926 


11  03 

12  196 

II  50 
II  08 
II. 184 


15  Knol.s 
II    667 


11.60 
1116 
11.45 


10  Knots 
14  223 


15  28 
14  22 

14.35 

14.25 

15.28 


Managing  director  Isaacs  of  the  Marconi  Co.  says  that 
experiirants  in  a  new  type  of  wireless  telephone  are  so 
far  advanced  that  w-ithin  a  few  weeks  it  will  be  possible 
to  speak  between  London  and  New  Yoi'k,  while  the  estab- 
lishment of  a  regular  commercial  service  by  wireless  tele- 
phone between  London  and  New  York  early  next  year  is 
expected.  Early  realization  of  portable  pocket  wireless 
telephone  is  also  foreshadowed. 


Delaware   Ilu8   u    Hourci    uf    Builer   Kiiir^ 

On  Apr.  H  (;ov.  John  I').  Towiisend,  Jr.,  signed  a  lull 
which  had  been  passeil  unanimously  by  the  House  ami 
Senate,  providing  for  the  safely  of  life  and  pi()p<-ily  ir, 
the  State  of  Delaware,  establishing  a  Board  of  Hoiler  Itule.^ 
and  prescribing  rules  and  regulations  for  the  boilers  used 
in  the  state,  which  shall  be  uniform  with  other  state  rules 
now  in  existence  in  order  to  provide  for  the  free  inU'rchangi' 
of  boilers  between  states.  The  act  defines  the  power  of 
the  Board  of  Boiler  Rules,  provitles  penalties  for  the  vio- 
lation of  the  act  and  the  rules  and  regulations  of  the  Board 
of  Boiler  Rules,  and  makes  an  appropriation  for  the  carry- 
ing out  of  the  provisions  of  the  act. 

The  Governor  is  to  appoint  a  board  of  five  citizens  of 
recognized  knowledge  in  the  construction  and  use  of  steam 
boilers,  who  shall  act  as  members  of  a  Board  of  Boiler 
Rules.  These  five  citizens  shall  preferably  be,  one  a  pro- 
fes.sor  of  mechanical  engineering,  another  a  manufacturer 
who  shall  have  been  actively  engaged  in  the  manufacture 
of  steam  boilers,  another  a  u.ser  of  steam  boilers,  another 
a  mechanical  engineer  and  the  fifth  a  licensed  stationary 
engineer.  The  terms  of  such  members  shall  be  five  years 
each,  and  they  shall  be  so  classified,  but  one  shall  be  ap- 
pointed each  year.  The  rules  and  regulations  so  formulated 
shall  be  as  nearly  as  possible  in  conformity  with  the  Boiler 
Code  of  the  American  Society  of  Mechanical  Engineers. 

Shipping  Board  Lets  Large  Oil  Contract 

Contracts  for  7,500,000  bbl.  of  fuel  oil  for  delivery  at 
Atlantic  and  gulf  ports  during  the  next  twelve  months, 
says  the  Washington  Post,  were  awarded  last  week  by  the 
Shipping  Board.  All  bids  for  Pacific  coast  delivery  were 
rejected  as  unsatisfactory. 

Contracts  were  entered  into  with  the  Standard  Oil  Co. 
of  New  Jersey  for  3,500,000  bbl.  delivered  at  New  York, 
1,500,000  bbl.  at  Norfolk,  and  500,000  bbl.  at  Baltimore, 
and  with  the  Standard  Oil  Co.  of  Louisiana  for  2,000,000  bbl. 
delivered  at  New  Orleans. 

The  Shipping  Board  in  February  invited  bids  for  a  total 
of  34,000,000  bbl.  of  fuel  oil  for  the  year  beginning  Mar.  1 ; 
the  contracts  just  let  are  the  first  of  these  bids  accepted. 


Obituary 


J.  E.  Johnson,  Jr.,  mining  and  consulting 
engineer,  52  William  St..  Xew  York  City, 
died  on  Apr.  4  as  the  result  of  an  automo- 
bile accident.  Mr.  Johnson  was  born  at 
Long  Dale,  Va..  in  l-S'O.  He  received  the 
degree  of  II.  E.  at  Haverford  College  in 
1S91  and  M.  M.  E.  at  Cornell  University  in 
1S92.  He  has  been  connected  successively 
with  the  Baldwin  LocomotiVe  Works,  the 
.Straight  Line  Engine  Co..  Oswego  Machine 
Works.  Long  Dale  Iron  Co.,  and  Sanderson 
&  Porter.  He  was  a  member  of  the  Ameri- 
can Societv  of  Mechanical  Engineers  and 
a  director  of  the  American  Institute  of  Min- 
ing and   Metallurgical  Engineers. 


Personals 


F.  V.  Sargent  has  been  appointed  by  the 
Chicago  Pneumatic  Tool  Co.,  as  district 
manager  of  sales  in  the  Boston  territory, 
succeeding  F.  S.  Eggleston,  with  head- 
quarters  at    1S2    High    St. 


First  I.,ieut.  S.  A.  Koenie,  of  the  Coast 
Artillery,  has  been  discharged  from  the 
Service  and  has  joined  the  forces  of  the 
Advance  Machinery  and  Supply  Co.,  T>en- 
ver,  Colo.,  as  sales  engineer. 


Prof,  Comfopt  A.  Adams,  who  is  president 
jf  the  American  Institute  of  Electrical  En- 
gineers and  was  recently  elected  president 
of  the  American  Welding  Society,  has  been 
chosen  dean  of  the  faculty  of  the  Harvard 
School  of  Engineering  at  Cambridge,  JIass. 


Major  Carlisle  Mason,  having  resigned  his 
commission  in  the  United  States  Army,  will 
res-ume  the  practice  of  general  engineering 
in  a  consulting  capacity  at  207  Broadway, 
.N'ew  York  City,  assisted  by  a  staff  of  ex- 
perts  in   the  specialized   branches. 

Paul  T.  Bnckler.  who  was  formerly  New 
York  representative  of  the  Detroit  Stoker 
Co.,  and  was  a  lieutenant  in  the  Navy 
throughout  the  war,  has  returned  to  take 
up  again  the  sale  of  the  Detroit  "V"  Type 
Stoker   in   the   New   York   territory. 

Col.  Peter  Junkersfeld,  who  received  his 
discharge  from  the  army  Mar.  4,  1919, 
resigned  on  Mar.  31  as  assistant  to  the 
vice  president  of  the  Commonwealth  Edison 
Co.,  Chicago,  in  charge  of  contract,  operat- 
ing, electrical  and  construction  departments, 
to  become  engineering  manager  for  Stone 
&  Webster.  For  over  23  years  he  had  been 
employed  continuously  by  the  Common- 
wealth Edison  Co.  and  its  predecessors.  He 
v.-as  gradu.ited  from  the  school  of  electrical 
1  iigineering  of  the  Univer.sity  of  Illinois  in 
1S9.').  The  postgraduate  professional  degree 
of  electrical  engineer  from  the  same  uni- 
versity was  conferred  upon  him  in  1907. 
VNTien  the  war  broke  out  he  was  one  of 
five  reserve  majors  who  were  called  into 
service  early  in  June,  1917,  and  assigned 
to  the  office  of  the  cantonment  division, 
which  a  few  months  later  developed  into  the 
construction  division  of  the  Army.  The 
duties  to  which  Mr.  Junkersfeld  gave  his 
principal  attention  were  "to  direct  the  con- 
structing forces  in  the  field,  and  to  advise 
and  direct  the  commercial  relations  of  the 
construction  division  of  the  army."  Of 
these  five  men.  four  remained  in  the  service 
throughout  the  period  of  the  war.  attaining 
higher  rank,  and  handling  during  their  ser- 
vice construction  work  of  almost  every  con- 
ceivable character  in  the  United  States, 
amounting  to  around  $800,000,000.  Mr. 
Junkersfeld  entered  this  work  with  the 
rank  of  major,  and  attained  the  rank  of 
colonel  in  nine  months  after  he  was  called 
into   active   service. 


Engineering  Affairs 


The  Detroit  EnglneerinB  Society  will  hold 
its  annual  meeting  on  Apr.  19,  followed  by 
a  banquet  in  the  evening  in  the  Auditorium 
of  the  Detroit  Board  of  Commerce. 

Ameriean  Societ.v  of  Mechanical  Engi- 
neers, Boston  Section,  will  hold  a  meeting 
on  the  evening  of  Apr.  17.  at  the  Engineers' 
Club,  2  Commonwealth  Ave.  Prof.  Lionel  S. 
Marks,  of  Harvard  University,  Consulting 
Engineer.  Science  and  Research  Division, 
Bureau  of  Aircraft  Production,  will  present 
a  paper  on  "Some  Aircraft  Projects"  for 
the  1919  Campaign."  A  buffet  supper  will 
be  served  at  6  p.  m.,  and  the  meeting  in 
the  auditorium  will  begin  at  7.30. 


Business  Items 


<'harleH  F.  Ames  &  Co.,  Ltd.,  90  ^\'est  St.. 
New  York  City,  have  been  appointed  to  act 
as  the  New  York  sales  department  of  the 
Piatt  Iron  Works,  of  Dayton,  Ohio. 

The  Chicago  Pneumatic  Tool  Co.  has  dis- 
continued its  office  at  Wichita,  Kan.,  and 
the  stock  has  been  transferred  to  the  new 
office  and  warehouse  at  Eldorado.  Kan. 
.Another  office  has  also  been  opened  at  313 
Richards  Building,  Tulsa,  Okla.,  with  ware- 
houses at   102   North  Cheyenne  St. 

The   Sullivan   Machinery   Co.  has  recently 

organized   a   Foreign   Trade  Department   at 
its    headquarters    in    Chicago,    with    F.    W. 
Copeland.    who    was    formerly    attacheti    to 
the  St.   Louis  office,  as  manager.     This  d.^- 
partment    will    coordinate     and     assist     tb  ^ 
work   of   the    foreign    branches   and    pt". 
of    the    company,    and    will    give    par-i.-i: 
attention    to    correspondence    and    i..,:..i;  i. 
from  abroad. 


April  15,  1919 
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Badenhausen  Co.,  Philadelphia,  announces 
the  opening  of  additional  sales  offices  at 
Pittsburgh,  311  Jenkins  Building,  under  the 
management  of  A.  D.  Neeld.,  Jr.  ;  and  at 
Chicago,  1225  Marquette  Building,  under 
the  management  of  J.  F.  O.  Stratton.  In- 
quiries from  their  respective  localities  will 
be  handled  by  these  men. 

The  AVetmore  Reamer  Co.  is  the  new 
name  of  the  Wetmore  Mechanical  Labora- 
tory Co.  of  Milwaukee.  The  company  has 
completed  all  its  contracts  with  various 
munition  makers  of  Canada  and  this  coun- 
try and  has  resumed  its  tool  business. 
More  floor  space  has  been  added  and 
the  offices  enlarged.  P.  H.  Dorr,  recently 
released  from  the  Government  service,  is 
secretary  and  sales  manager. 

Paul  W.  Koch  &  Co.,  Chicago,  has  been 

organized  to  take  over  the  charter  of  the 
Electrical  Sales  Engineers,  Inc.,  and  com- 
bine that  company  with  Koch  &  Sandidge. 
The  company  will  act  as  sole  distributor 
of  the  "Jiffy"  adjustable  cutter,  which,  in 
the  past,  has  been  marketed  by  Koch  & 
Sandidge.  In  addition  some  new  patented 
"Jiffy"  tools  will  be  marketed.  The  new 
company  will  act  also  as  Chicago  district 
representatives  of  the  Condit  Electrical 
Manufacturing  Co.,  of  South  Boston,  Mass.  ; 
the  Esterline  Co.,  of  Indianapolis,  Ind.  ; 
and  Lewis  &  Roth  Corp.,  which  lines  were 
marketed  formerly  by  the  Electrical  Sales 
Engineers,  Inc. 

The  Steam  Motors  Co.,  Springfield,  Mass., 
has  appointed  Raines  Kessler  and  Louis 
Lanyi  to  transact  business  under  the  name 
of  the  Engineering  Service  Sales  Co.,  as  its 
New  York  representatives  with  offices  at 
8  West  40th  St.,  for  the  territory  com- 
prising the  eastern  portion  of  New  York 
State,  the  northeastern  portion  of  Pennsyl- 
vania, the  northern  half  of  New  Jersey,  and 
Connecticut  west  of  the  Connecticut  River. 
Mr.  Kessler  was  for  a  number  of  years 
connected  with  the  Terry  Steam  Turbine 
Co.,  being  for  a  time  its  Chicago  manager, 
and  more  recently  has  been  connected  with 
the  Green  Fuel  Economizer  Co.  at  New 
York.  Mr.  Lanyi  has  been  connected  with 
the  Green  Fuel  Economizer  Co.  for  several 
years  as  the  chief  engineer  of  its  fan 
division  and  lias  specialized  in  the  design 
and  application  of  high-speed,  high-effic- 
iency blowers  for  use  in  industrial  and 
power  station  work. 
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i  Trade  Catalogs 


THE   COAL  MARKET 


Expansion  Joints.  Howard  Iron  Works, 
Buffalo,  N.  Y.  Catalog  X-J-2.  Pages  24, 
6  X  9J  in.  Describing  Howard  joints  in  the 
guided  and  semi-guided  tj-pes,  single  and 
double,  with  and  without  anchor  base  and 
service   outlets. 

Tlie  Badenhausen  Co.,  Philadelphia, 
Penn.,  has  issued  Bulletin  101,  entitled 
"Tests."  giving  full  details  of  tests  on 
Badenhausen  high-efficiency  preheater  type 
boilers  installed  at  the  Ford  Motor  Co's. 
plant  in  Detroit.  The  pamphlet  should  in- 
terest operators  of  large  boiler  installations 
where  economy  and  low  cost  of  operation 
and  upkeep  are  appreciated.  A  copy  may 
be  had  free  upon  request. 

The  L,eeds  &  Northrup  Co.,  of  PhiladeK 
phia,  Penn..  has  issued  a  new  bulletin  en- 
titled "Checking  Thermocouple  Pyrometers." 
It  discusses  the  importance  of  maintaining 
standards  and  of  checking  in  pyrometry. 
It  points  out  sources  of  error  and  the 
remedies  for  troubles  in  thermocouples, 
millivoltmeters,  cold  junctions  and  poten- 
tiometers. It  outlines  a  commercial  check- 
ing laboratory,  including  a  special  check- 
ing furnace,  precision  potentiometers  and 
standardized  thermocouples.  It  is  distrib- 
uted free  of  charge  and  should  be  in  the 
hands  of  every  manufacturer,  the  quality 
of  whose  product  depends  upon  temperature 
control  by  pyrometric  means. 

The   Air    Reduction    Sales    Co.,   New   York 

City,  has  issued  the  following:  Booklet  No. 
2,  entitled  "How  To  Start  Airco-Vulcan 
Torches  and  Equipment."  This  supplies 
sufficient  information  to  make  it  easy  for 
an  operator  to  quickly  and  correctly  con- 
nect up  these  torches  and  regulators,  and 
to  operate  them  properly.  Booklet  No.  3, 
entitled  "An  .\irco  Achievement — Reclaim- 
ing Railroad  Frogs  by  the  Oxyacety- 
lene  Process."  This  describes  the  oxy- 
acetylene  process  of  welding  and  cutting 
metals  and  shows  evidences  of  the  success 
of  the  method  of  making  repairs  in  some 
of  the  railroads  of  the  country.  Three 
leaflets  issued  also  by  the  company  are : 
"Airco  Acetylene  Generators,"  "Built  Up 
Kail   Frogs."   and   "Airco  Service." 


BOSTON — Current  prices  per  gross  ton  f.o.b.  New 
York  loading  ports: 

Anthracite 

Company 
Coal 

Egg V  SOCa  7  95 

Stove 7  95C"  8    1 5 

Chestnut 8  05fe8  35 

Bituminous 

Canibrias 
aiul 
Clearfields       Soiiu'rs(.*ts 

F.ob.  mines,  net  tons $2   \Ku  2  75  $2  80("  3  35 

Philadelphia,  gross  tons.   ..    4  20(n  4  90     5   OOdi  5  40 

New  York,  gross  tons 4.50fe5  25     5  35(a  5  80 

Alongside    Boston    (water 

coal),  gross  tons 6.10@6.85     6.90(2,7  65 

Pocahontas  and  New  River  are  quoted  at  $4' 70 
@5.25  f.o.b,  Norfolk  and  Newport  News,  Va.,  for 
spot  coal,  and  $7.20(a8.60  alongside  Boston,  these 
prices  being  on  a  gross  ton  basis. 

NEW  YORK— Current  quotations.  White  Ash, 
iv^r  gross  tons,  fob.  Tidewater,  at  the  lower  ports* 
.ucasfollotvs: 

Company  Company 

Mine     Circular  Mine     Circular 

Broken   $5  9!       $7  80        Pea 4.80         6  55 

Egg   ..      5  85         7  70        Buck- 
Stove..      6   10         7  95  wheat     3  40         5   15 
Chest-                                        Rice.  2  75  4  50 
nut...      6  20         8.05        Barley.     2  25         4  00 

Bituminous 

Spot  Contract 

South  Forks $2  90  @  $3   25  $2  95  @  $3.50 

Cambria    County 

Igoodgrades) 2  80(5)     3    ID       2   95®     3.25 

Clearfield  County.  .  .    2,65(3;     2  95 

Reynoldsville 2  65  @     2  85       2  85®     2  95 

Quemahoning 2,85®     3    10       2  95  @     3    10 

Somerset  County 

(best  grades) 2  75  @     2  95       2  95®     3   10 

Somerset  County 

(poorer  grades).  ..  2.40®  2  75  2  75  @  2.95 
Western  Maryland   .    2  50®     2  75       2  65®     2.85 

Fairmont 2    10®     2  35       2   35  @     2  50 

Latrobe 2.  10®     2.25  

Greensburg 2  35®     2  40       2  35®     2  60 

Westmoreland 2  60®     2  75       2  65®     2  75 

Westmoreland     run- 

of-mine 2  40©     2  65       2  40  ®   2  65 

Quotations  at  the  upper  ports  for  both  bituminous 
and  anthracite  are  5c.  higher  on  account  of  the 
difference  in  freight  rates,  and  are  exclusive  of  the 
3%  war  freight  tax. 

PHIL.\DELPHIA— The  price  per  gross  ton  f.o.b. 
cars  at  mines  for  line  shipment  and  f.o.b.  Port 
Richmond  for  tide  are  as  follows: 

Line     Tide  Line     Tide 

Broken $5.95  $7.80     Buckwheat....$3  40  $4  45 

Egg 5  85     7  70     Rice 2  75     3  65 

Stove 6   10     7  95     Boiler 2  50     3  50 

Nut 6  20     8  05     Barley 2.25     3    15 

Pea 4.80     6  40     Culm 1.25     2   15 

CHICAGO — Current  prices  per  ton  for  Illinois 
and  Indiana  coal  are  as  follows: 

Illinois 

Sovithern  Northern 

Williamson,  Saline  and        Illinois  Illinois 

Williamson  Counties      Fob.  Mines   F.o.b.  Mines 

Prepared  sizes $2.55@$2.75         $3  25 

Mine-run 2,35(a;2.50  3  00 

Screenings 1.85®   2.20  2  75 

BIRMINGHAM — Current  prices  per  net  ton  fob. 
mines  are  as  follows: 

Slack  and 
Mine-Run       Prepared      Screenings 

Big  seam $2  45  $2  75  $2  40 

Black  Creek  and 

Cahaba 3  45  3  75  3  05 

Jagger    -    Pratt 

Corona   2.85  3  05  2  45 

Blacksmith 5,25  

Domestic  quoations,  slightly  increased,  are  as 
follows: 

Lump  and  Nut 

Black  Creek  and  Cahaba 3  8"@$4  50 

Corona 3  40 

Jagger 3.50 

Montvallo 5  00 

ST.  LOUIS — The  prevailing  circular  per  net  ton 
fob.  mines  is  as  follows: 

Mt.   Olive 
and 

Franklin  County  Staunton         Standard 

Prepared  sizes,  lump, 

egg,  Nos.   I  and  2 

hut $2  75     

Williamson  County 
Prepared  sizes,  lump, 

egg.  nut $'55       $2  55         $190r(?2  25 

Mine-run 2.35         2   20  2  00 

Srreenings 2   20  2  05  175 

3-in.  lump 230  .. 

2-in.  lump ,  2.15 

Williamson-Franklin  rate  to  St    Louis  is  $'075 
other  rates  92}c. 
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PROPOSED   WORK 

Mass.,  Dorchester — The  Upham  Market 
Co.  will  install  a  steam  heating  plant, 
refrigerating  machines  and  conveyers  in  the 

2  story,  84x117  ft.  market  which  it  plans 
to  build  on  Ramsey  St.  Total  estimated 
cost.  $100,000.  W.  M.  Bacon,  27  Kilby 
St.,    Boston,   Arch. 

Mass.,  Worcester — Higgins  &  Fitzgerald, 
840  Main  St.,  will  install  a  steam  heating 
plant   and    vacuum    cleaning   system    in    the 

3  story,  40x125  fl.  apartment  hotel  which 
they  plan  to  build  on  West  Elm  St.  Total 
estimated  cost,  $125,000. 

Conn.,  Xew  Haven — The  Chapel  Street 
Ecclesiastical  Society,  Whitney  St.,  will  in- 
stall a  steam  heating  plant  in  the  2  story, 
70x130  ft.  parish  house  which  it  plans 
to  build.  Total  estimated  cost,  $100,000. 
W.  S.  Cady,  40  West  32nd  St.,  New  York 
City,   Arch. 

Conn.,  Stamford — C.  E.  Slawson,  Canal 
St.,  will  install  a  steam  heating  plant  in  the 
3  story,  128x150  ft.  grain  warehouse  which 
it  plans  to  build.  Total  estimated  cost, 
$150,000.  Thompson-Binger,  280  Madison 
Ave.,  New  York  City,  Engr. 

N.  Y.,  Brooklyn — A.  Stockhammer,  1368 
St.  Johns  Place,  will  install  a  steam  heat- 
ing plant  in  the  2  story,  100x120  ft.  theatre 
which  it  plans  to  build  on  St.  Johns  Place 
and  Schenectady  Ave.  Total  estimated  cost, 
$150,000.  Carlson  &  Wiseman,  226  Henry 
St..    Engr. 

N.  Y.,  Clark  Mills — The  Adirondack  Elec- 
tric Power  Corp..  Union  Sta.,  Utica,  plans 
to  build  a  16  mi,  transmission  line  from 
its  substation  here  to  one  at  Oneida,  there- 
by connecting  company's  Oneida  and  Can- 
astota  plants  with  a  high  tension  line. 

N.  T.,  Norwich — R.  F.  Chaffee  is  in  the 
market  for  complete  ice  plant  equipment, 
to  include  compressor,  freezing  tank,  can 
moulds  and  power  plant  ;  preferably  oil 
engine  drive.  Plant  to  have  capacity  of 
20  tons  ice  per  day  and  little  additional 
refrigeration  to  take  care  of  4800  cu.ft.  ice 
storage  space. 

N.  Y.,  Rensselaer — W.  S.  Clark,  c/o  the 
Board  of  Education,  will  receive  bids  for 
installing  a  steam  heating  boiler  in  P.  S. 
No.  2.     Estimated  cost,  $1,500. 

N.  Y.,  St.  Johnsville — The  Dolgeville  Felt 
Shoe  Co.,  Little  Falls,  has  taken  over  the 
Englehardt  factory  here  and  will  install 
power  and  transmission  machinery  for  the 
manufacture  of  felt  shoes  and  slippers.  Ad- 
dress I,  E.  Stacey,  28  Waverly  Place,  Lit- 
tle   Falls. 

N.  .1.,  Toms  River — The  New  Jersey  Pub- 
lic Utilities  Commission  has  ordered  the 
Ocean  County  Gas  Co.  to  build  additions 
to  its  plant  here.  Plans  include  the  instal- 
lation of  an  additional  generating  unit  and 
a    larger   steam    boiler. 

Va.,  Norfolk — R.  E.  Sparks,  St.  George 
Hotel,  is  in  the  market  for  an  electrical 
welding  machine,  motor  generator  and 
switchboard.  Would  like  to  receive  cata- 
logues  and   prices  on   same. 

Fla.,  Miami — The  East  Coast  Cattle  Co., 
1425  Ave.  D,  plans  to  build  a  cold  storage 
plant  here. 

Fla.,  Miami — The  Miami  Electric  Light  & 
Power  Co..  12th  and  Court  St.,  plan  to  en- 
large its  plant.  Estimated  cost,  $200,000. 
H.   H.   Hyman,  Mgr. 

La.,  New  Orleans — The  New  Orleans 
Petroleum  Co..  Woolworth  Bldg.,  New  York 
City,  will  install  turbine  generator.^  in  the 
oil  refinery  which  it  plans  to  build  15  mi. 
from  here.  Total  estimated  cost,  $1,500,000. 
Work   will   be   done   by  da^  labor. 

Tenn.,  Ilarriman — The  city  is  in  the 
market  for  a  center  crank,  self  contained, 
high  speed  engine  of  from  200-2.">0  h.p. 
(Ideal  or  Skinner,  preferred)  and  for  this 
engine  one  2300  V,  -3  phase,  60  cycle, 
generator  or  direct  connected  unit  of  the 
same  size.  R.  C.  Walzi,  Supt.  of  Water 
Wks. 

Ohio..  Cleveland — The  Aluminum  Castings 
Co..  2S00  Howard  Ave.,  plans  to  build  a 
power  house  on  Howard  Ave.  and  East  28th 
St  Estimated  cost,  $50,000.  G.  S.  Rider 
Co.,    612   Century   Bldg..   Arch. 

Ohio,  Cleveland — O.  P.  Brown.  304  East 
St.,  New  Castle,  Penn.,  W.  M.  Brown 
Estate,  will  install  a  steam  heating  plant  in 
the  10  story  mercantile  building  which  he 
plans  to  build  at  1110  Superior  Ave.  Total 
estimated   cost,   $100,000. 

Ohio,  Cleveland — The  Clark  Manufactur- 
ing Co.,  East  38th  St.  and  Perkins  Ave., 
will  install  a  steam  heating  plant  in  the 
3  storv.  100x144  ft.  addition  to  its  factory. 
Total  estimated  cost,  $100,000.  H.  E.  Shim- 
min,   2053   Euclid  Ave.,   Engr. 
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Ithlu.    «'lrvrlniiil'     .1.     M     A    1.     A.    OnlKirnP 

I'll,     SlIIMTlor      Vllllllll-I,     will      llimull     U     Htl'llll) 

lii'iilliiK  pliiiil  In  (III'  "  Htorv  wiiri'hiiiiHo 
whioti  II  iiliiiiM  III  Imllil  on  Sii|ii-rliir  Avu. 
mill     KiiHt     .I'.Mh    SI        TiJlul    i-Hllinali-il    roMl. 

nnn.uou.  a.  a  Ulitrr  Co.,  61 S  Contury 
uiilK..  Arch. 

Ohio,  Nrwiirk—  \V  S  Wclaiil  &  .Son  plnnH 
III  tiiilUI  a  a.iiiiii  h  |i  IhiIIi'I-  pliiiil  iilMo  lo 
rliiuiKi'  nn. 111)11  ft.  hill  wiili'i-  niilialliin  tu 
\iii'Uiiiii  Hli'ani.  mill  I.m  in  Itn'  ni:irki't  fur  1 
».»•.  turlihif  K<'»i'i'alor  wt  of  aliout  S.'i  kw., 
<|i'  v«ill».  till  rvilr,  alHo  fiM-il  wal.r  lii>at«<r, 
V  u  iiuin  iiuinps  anil  liollcr  feed  puinpx. 

Iiid..  Hnutli  llriiil-  Thf  Slii(li-l>aki-r  Corp.. 
IliUfih  Hiiil  IMiiiii'tti-  St..  l><-lroll.  MU-li..  plans 
to  Iniild  u  <  .Hiory  fai-ior.v  Iuti-  I'lanit  In- 
rluilr  till"  ronslftii'llon  of  a  piiWiT  llousi-, 
inat-hlni'  t<liii|i  i-lt'.  Total  cmiinatfcl  ooHt, 
$1,6.M>,00(1.       \V.    K.    Woll.TlnK.    Lit    Vice-Pros. 

III.,  (Iilriinii-  1  Uluin.  !>in  Fiilton  St.. 
will  iiiHtall  a  Till  lip.  nioior  and  !.'>  ton  Ici- 
inaohln<>  In  llu-  3  story,  .'.HxllS  ft  nit-ut 
produol!)  plant  which  he  plan.s  to  build  at 
S4L'  Kulton  St.  Total  t-stiniati'd  ccst.  $80.- 
iMMi.  G.  H.  QrusslnK.  154  Wt-st  Kandolph 
St..    A  roll. 

III.,  Chlptticu — The  BrlRhlon  Theulro  Co.. 
>•  o  .A.  I,.  Uev.v.  Arch..  2S  Xorth  Clark.  St., 
will    Install    a    steam    healing    plant     In    the 


2  story,   inoxieo  ft.  theativ  and  olllce  Imili 
liiK  which    it    plana   to  hulRl   on    Archer  Av 


and     .Sacramento     Ulvd 
cost.  $2;t.'i,iioo. 

III.,  <'lilpiiK« — The  Melville  Clark  Piano 
Co.  2r>  rOast  Jackson  St..  will  Install  a  300 
hp.  hiph  pressure  boiler  in  the  factory 
which  it  plans  to  build  on  Kedzie  .\ve.  and 
4vth  St.  Total  estimated  cost,  $400,000. 
Mundie  &  Jensen,  39  South  La  Salle  St., 
Arch. 

Ill,,  Chlcueo — The  South  Chicago  Savings 
Bank.  3017  East  92nd  St..  will  install  a 
steam  heatinp  plant  in  the  4  story,  55x160 
ft.  bank,  store  and  oltices  which  it  plans  to 
build  on  92nd  St.  and  Commercial  Ave. 
Total  estimated  co.st.  $200,000.  Ivar  Viehe- 
Naess,    64    East   Van   Buren   St.,   Arch. 

III..  Coliiniblu — The  city  will  isoon  receive 
bids  for  installinp:  boilers,  chimney,  engine. 
..nd  generator,  switchboard,  steam  special- 
ties piping  etc.,  in  the  electric  light  and 
power  plant.  Fuller  &  Beard,  Chemical 
Bldg.,   St.    Louis,   Mo.,    Engrs. 

III..  East  St.  Louis — Swift  &  Co..  National 
Stockyards,  will  build  a  500  ton.  22x48  ft. 
ice  machine.  Estimated  cost.  $114,000.  T. 
P.  Middleton.  c/o  owner,  Eng^.  Owner  will 
build   by  day   labor. 

III..  Elmhiirst — The  Board  of  Education 
will  install  a  steam  heating  plant  in  the 
2  story.  1.t2x16S  ft.  high  .school  which  it 
plans  to  build  here.  Total  estimated  cost, 
$125,000.  .1.  C.  Llewellyn.  38  South  Dear- 
born St..  Chicago,  Arch. 

Wis..  Sliebcvfran — R.  C.  Clark.  Arch., 
Builders  Exchange  Bldg..  Chicago.  111.,  will 
receive  bids  about  May  1  for  the  construc- 
tion of  a  1  story,  40x250  ft.  cooler  room  on 
South  Water  St..  for  Armour  &  Co.  Esti- 
mated cost,   $22,000. 


N«.|...  I.liiroln  T  II  lliTK.  City  Clk  ,  will 
n-i'i'lve  IiIiIh  uiiIII  April  .'III  for  ruriilMliInK 
mill  irictliiK  oil  •■iikIiii'  iiiid  ki'Im  I'lilor.  illi'i'it 
roiiiiecti'il,  aliolll  .'IIIO  kw.,  80',;  p  f.,  60 
c.vcli-.  :i  ph  ,  4411(1  v.,  .•xclt.-r.  oil  and  iilr 
pIpliiK.  rxliaUHt  inulflcr,  I'tc.  KHtlniitled 
coMt.  l.Mi.oiio.  A.  I'obHon,  Clly  KnKr.  Noteil 
Apr.    1. 

H.  n..  MiidUon-'The  clly  iihiMN  election 
Hiiiin  til  Villi-  on  $l2ri,liiio  bonilM  for  rebuild- 
Inn  the  ilcclrlc  IIkIiI  and  power  Iioiimc  ro- 
ceiitly   tUHtioyid    by    lire. 

S.  I)..  Hli.ux  FulU-  The  Northern  SlatcH 
Power  I'll  plaiiH  to  i-nlarKe  and  Improve  ItH 
plant.  Plans  include  the  InHtaltalion  of  a 
.1.000  kw..  Bteani  turbine  iiiid  coiniilete  re- 
liuildliiK  of  (he  power  illHlribullon  syHtem. 
Kstlmated  cost,  $500,000.  N.  C  iJraper, 
MKr. 

Moiil..  I.lvlnKHton — R.  C.  Puhrman  Is 
back  of  a  movement  to  form  a  stock  com- 
pany Id  ciiMHlrucl  and  operate  a  20-ton 
artiticial  ice  plant.      KKtiniated  cost.  $20,000. 

Mo..  Joplln-  The  V.  M  C.  A.  will  Install 
a  steam  heating  plant.  molorH.  boilers  and 
engine  In  the  5  story.  103x129  ft.  building 
which  it  iil.ins  to  build  on  5tli  .\ve.  and 
Wall  St.  Total  estimated  coat.  $209,627. 
Smith.   Uea  &  Lovltt.   Frisco  lildg.,   .\rcli. 

Mo..  St.  LouIm-  The  Mineral  Kenning  & 
Chemical  Corp..  Iron  Mountain  tracks  •■ind 
l)es  Pen-  River,  will  rei|u1re  i)Ower  ei|Uip- 
ineiit  In  building  an  addition  to  its  plant 
and  pigment  plant.  Total  estimated  cost, 
$500,000.  A.  E.  F.  Ver.sen,  c/o  the  owner, 
ICngr. 

Colo..  Stoneham — The  city  plans  election 
soon  lo  vole  on  $40,000  bond  is.sue  for  the 
construction  of  a  light  plant  and  water- 
works system. 

Cal.,  Corcoran — The  Corcoran  Irrigation 
District  will  petition  the  Bd.  of  Suuervs. 
Kings  Co..  Hanford.  for  authorization  to 
form  irrigation  district.  Plans  include  the 
construction  of  dams,  reservoirs,  canals, 
wells,  and   the   installation  of  pumps,  etc. 

Cal..  I.os  .Anxeles — J.  P.  Vroman,  Sec'y.. 
Bd.  of  Pub.  Wk.s..  645  South  Olive  St..  will 
soon  award  the  contract  for  furnishing  dis- 
tribution transformers  for  the  light  and 
power  system.  E.  F.  Scattergood,  Ch. 
ICloctr.   Kngr. 

Que..  Chicontimi — The  Saguenay  Power 
Co.  has  been  incorporated  with  $3,000,000 
capital,  by  A.  Lemieux,  107  St.  James  St., 
and  others,  for  constructing  and  exploiting 
hydraulic  gas  and  electric  workshops  anu 
the    distribution    of   electricity,    gas,    eta 

Que.,  Donnarona — The  Donnacon.i  Paper 
Co.  has  purchased  183.360  acres  of  timber 
land  on  the  Jaques  Cartier  River  27  mi. 
from  Quebec  and  plans  development  ;  to 
include  dam.  tlume.  power  house  and  in- 
slalhnp  electric  generating  equipment.  G. 
H.   P.  Gould,  Lyons  Falls.  N.   Y..  Pres. 

Que.,  Queber — The  Marine  Department, 
Ottawa.  Ont..  will  require  2  boilers  for  the 
Canadian  Government  Steamer  "Montcalm". 
Estimated  cost,  $70,000.  F.  Macdonnell, 
Engr. 

Que.,  Verdun — The  city  plans  to  build 
exlensoins  to  the  water  and  electric  plant. 
Estimated  cost.  $150,000.  A.  E.  Cohy  Sons. 
City   Hall.    Engr. 


Oiil.,  London  .1  /i  .1  .1.  Alliii  will  In  ■ 
coinplele  Hieain  heutlng  i«|iilpinrnt  In  < 
tlliali'l  Nliili'  mill  lilllle  liUllillllK  whirl 
lilaiiH  III  liiillil  nil  liuiiilaii  St.  Total  . 
tlililed  COHI,  $20(1.000.  C.  II.  Crane  &  \: 
Klehler.  2325  Ulinci  Hank  MIdK.,  Ucti 
MIcli.,  Arch. 

«  «».\TltA<'TH  AWAKI>RD 

N.    v..    lliilTiilo -The    Itoiiril    or  ICducii' 
recelvi'il     bids     for     liiHliillliig     healing 
venlllatlng    nvhiciiih    In     1'     S      .N'n      S.     i 
II.   J.    Wood   &  Co.    I35K    .Main   Ht..    $50..  > 
iliclrlcal    work,    froin    tin-    ISurfalii    lOlecl  i 
CoiiHli-ucdon  Co..    18    llway.,   $7,800. 

N.  v..  New  York-  The  Board  of  Eib 
tlon  received  IiIiIh  for  liiHtalliiiK  liciMng 
venlllatlng  appar.'ilUH  In  I*.  .S  4ii.  fron 
J.  Rice.  42nil  SI.  and  Lexington  Ave.,  S 
173;  OilliH  &  Gioghegan.  537  WeHt  Hu 
$66.47S;  Teraii.  .Miih.imy,  Monroe,  Oi 
Central    Tirinlnal.    $67,300. 

N.  v..  tVliltriiburo—  The  Board  of  Edii 
(Ion  has  awarded  tin-  contract  for  install 
a  heating  and  vendladng  Hysteni  and  •■■ 
trie  equliiment  In  the  high  school  bulM 
lure,  (o  (he  P.  W,  .Schneider  Co.  Inc 
Pearl  S(.,  ITi.U-a,  $17,210,  and  to  the  J.  *. 
Eleclric  Co.,  26  Bank  St.,  Ullca,  $:i 
respect  ivel.v. 

Md.,  Towsoo— The  St.  Vincent's  Male  i  u 
pban  Asylum,  York  Rd..  received  lowest  bid 
for  altering  existing  bulUflngs  and  <'i)n- 
Ktructlng  a  1  story,  40x."iO  ft.  boiler  house, 
from  J.  J.  O't'onnor.  52  Knickerbocker 
Bldg..    Baltimore.      Estimated    cost,    $50,000. 

Mlrh..  Detroll— The  Board  of  Water  Com- 
missioners. 232  Jefferson  Ave.,  has  awarded 
the  contract  for  the  construcdon  of  a  1 
slory.  54x90  f(.  boiler  house  and  steel  coal 
hoppers,  (o  Lennane  Bros..  Union  Trust 
Bldg.  and  F.  Iv  Chapper  Iron  Works.  128 
Fort    St.,   E.  ;    $27,238. 

Mlrh..  Wyandotte — The  city  has  awardi  d 
the  contract  for  furnishing  and  installim- 
low  lift,  motor  driven  centrifugal  pump 
imits  2100  and  4200  gallons  per  minu*, 
also  steam  driven  pumping  unit,  5.000.ii  >  ■ 
gallon  capacity,  horizontal  cross  compound 
Clank  and  fly  wheel  pumping  engine,  to  the 
Piatt  Iron  Works,  Arro(t  Bldg..  Pittsburg, 
Fenn.  Estimated  cost,  $12,000.  Noted  Feb. 
26. 

III.,  Chicago — The  Eagle  Ice  Co.,  4946 
Federal  St..  has  awarded  the  contract  for 
the  construction  of  a  2  story,  70x175  ft.  ice 
factory,  lo  A.  C.  Wehrwein.  6428  Vernon 
Ave.  Estimated  cost.  $20,000.  E.  O.  Mc- 
Clellan,    38    South    Dearborn    St.,    Arch. 

Minn..  Hibbing — The  Hibbing  Power  & 
Light  Department  has  awarded  the  contract 
for  the  construction  of  a  3  story.  100x160 
ft.  power  house  on  6th  Ave.  and  Wilson 
St.,  to  the  National  Electric  Construction 
Co.,  St.  Paul  :  full  battery  of  electric  dyna- 
mos, water  gencfators.  boilers  and  electrical 
equipment  will  be  installed  in  same.  Total 
estimated  cost,   $700,959.      Noted  Jan.    7. 

Neb..  Omaha — The  Higgins  Packing 
Co.,  1215  Woodmen  of  the  World  Bldg.,  has 
awarded  the  contract  for  the  construction 
of  the  first  unit  of  the  cold  storage  plant, 
4  story.  50x1  no  ft.  on  36lh  and  L  St.,  to 
J.  Hansen,  803  Ave.  F,  Council  Bluffs,  la. 
Estimated    cost.    $70,000. 
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Spells  "Opportunity" 


The  pages  of  this  issue  with  the  above  heading 
carry  the  "Opportunity"  advertising  of  the 
Power  Plant  Field.  You  owe  it  to  yourself — 
and  \'our  business — to  read  them  everv  week. 
Start  NOW— 

See  pages  87  to  96 
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The  Infinite  and  the  Infinitesimal 

By  JOS.  W.  HAYS 

It  has  been  said  that  we  Americans  like  to  do  things  in  a  big  way.  We  do  and  we  brag  about  it.  We  produce 
and  consume  upon  an  enormous  scale  and  we  waste  out  of  all  reasonable  proportion  to  our  consumption. 

We  are  mining  coal  in  the  United  States  at  the  rate  of  more  than  600,000,000  tons  per  annum.  A  few  tons 
more  or  less  are  nothing  to  us.  Just  call  it  an  even  600,000,000. 

We  needlessly  and  heedlessly  waste  a  quarter  of  all  the  coal  we 
produce,  or  150,000,000  tons  per  annum.  This  is  an  understatement 
of  the  waste  rather  than  an  overstatement.  Engineers  who  have 
studied  fuel  waste  in  hundreds  of  plants,  big  and  little,  agree  that 
we  waste  a  quarter  of  all  that  we  produce.  Some  of  it  is  wasted  in 
handling  and  storage.   Most  of  it  is  wasted  in  burning. 

Visualize  150,000,000  tons  of  coal  if  you  can. 

Loaded  on  coal  cars,  40  tons  to  the  car,  it  would  make  a  train 
28,407  miles  long,  not  counting  the  caboose  at  the  tail  end  of  it. 
Think  of  a  train  of  loaded  coal  cars  girdling  the  earth  with  a  lap 
over  of  more  than  3000  miles!  As  you  think  of  it,  perhaps  you  will 
remember  the  coal  famine  and  the  heatless  days  of  the  winter  of 
1918. 

The  engine  of  that  train  would  travel  275  miles  before  taking 
the  "slack"  out  of  the  couplers  and  starting  the  caboose. 

What  is  150,000,000  tons  of  coal  worth  at  the  present  time,  figuring  the  average  "delivered"  price  per  ton 
paid  by  the  industrial  and  domestic  consumer?  Nobody  knows,  of  course,  but  it  must  be  more  than  $5.  Call  it  $5, 
and  the  wasted  coal  represents  a  sum  of  money  sufficient  to  pay  the  yearly  interest  on  all  of  our  Liberty  Bonds 
AND  THEN  SOME. 

Looking  from  the  window  of  a  comfortable  Pullman,  I  saw  an  old  woman,  with  a  shawl  over  her  head,  picking 
coal  out  of  the  ice  and  snow  in  the  railroad  yards  of  a  big  terminal.  She  was  salvaging  an  infinitesimal  fraction  of 
the  infinite  waste — risking  her  life  among  the  moving  trains  for  a  basketful  of  coal. 

The  sight  struck  me  as  pitiful  and  the 
waste  strikes  me  as  criminal. 


The  coal  we  are  wasting  does  not 
belong  to  us.  It  is  a  part  of  the  natural 
wealth  of  our  country  rightly  belonging  to 
future  generations.  We  are  wasting  some- 
thing given  to  us  in  trust  and  we  are  guilty 
of  "larceny  as  bailee."  I  think  I  know 
what  posterity  will  say  about  us,  but  I 
won't  tell  you  because  I  don't  U3e  that 
kind  of  language. 

WHAT  ARE  YOU  AND  I  AND  THE 
REST  OF  US  GOING  TO  DO  ABOUT  IT? 
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The  Cliukcr  Grinder  in  Modern  Boiler  Praeliee 

By  CHARLES  H.  BUOMLKY 


Deals  with  thr  tlrrrlopmriit  and  app'irntiou  of  the 
cUtikcr  yriiidcr.  The  article  shows  manu  of  the 
firindrrs  installed  in  rarioiis  power  stations  and 
aires    performance    data    of    these    gi'inders. 

NOT  long  after  the  installution  of  the  large 
Stirling  boilers  in  the  Delray  Station  >f  the 
Detroit  Edi.son  Co.,  I  watched  the  men  break 
the  huge  clinker  that  accumulated  on  the  dump  plate 
of  the  stokers  under  these  now  famous  boilers.  Here 
in  this  plant  was  the  epitome  of  modern  boiler-room 
practice.  In  capacity  an  extraordinary  boiler.  There 
were  so  many  eggs  in  one  basket  that  everybody  in 
the  profession  anxiously  watched  and  waited  to  see 
how  well  Alex.  Dow  was  going  to  carry  it  now  that 
he  had  it.  Well,  he  is  carrying  it  yet,  and  has  since 
put  several  more  in  another — the  Connors  Creek 
Station. 

But  the  men  with  the  long,  heavy  bar  breaking 
clinkers — the  situation  was  like  walking  on  all  fours 
up  Fifth  Avenue  amid  Packards  and  Pierce  Arrows, 
like  a  tom-tom  accompaniment  to  Galli-Curci.  This  is 
not  said  disparagingly. 

This  excellent  piece  of  coal-burning  apparatus  had 
not  yet  "arrived"  despite  its  excellence.  The  mechan- 
ical clinker  grinder  or  rotary  ash  discharge  had  to 
come  to  first  eliminate  the  burden  imposed  upon  human 
muscle  in  the  removal  of  ash  and  clinker  from  the 
furnace — this  is  its  chief  function — to  help  maintain 
a  shape  of  fuel  bed  that  would  give  more  complete 
combustion,  and  to  continuously  or  intermittently  break 
up  and  agitate  the  clinker  that  the  carbon  imprisoned 
in  the  mass  might  be  made  to  give  up  its  heat  for 
steam  production  instead  of  being  dumped,  sometimes 
in  appreciably  large  amounts,  into  the  ashpit;  and 
last,  to  dis- 
charge the 
ash  in  such 
condition  that 
it  could  be 
handled  b  y 
any  form  of 
conveyor. 
These  are 
now  accom- 
plished. 

But  the 
reader  should 
have  in  mind 
that  modern 
clinker  grind- 
ers  are  in- 
tended for 
the  exception- 
al rather  than 
for  the  usual 
plant.  In 
large  stations 
where  the  la- 
bor is  highly 
competent,  re- 
liable and  at- 


FIG.  1. 


tentive,  they  will  be  a  success.  Where  these  conditions 
do  not  exist,  and  for  the  average  power  plant,  they 
are  better  out  than  in,  as  the  ordinary  dump  piat< 
will  serve  the  purpose  just  as  well.  Penalty  for  abus< 
and  negligence  of  the  clinker  grinder  will  be  heavy. 
It  is  very  desirai)le  that  a  boiler  give  high  com- 
bined efficiency  over  a  wide  range  in  capacity,  regard- 
less, in  a  measure,  of  how  much  combustible  there  is 
in  the  ash.  That  is,  one  must  not  supply  so  much 
air  to  burn  out  a  little  carbon  in  the  ash  or  agitated 
clinker  that  the  combined  boiler  and  furnace  efficiency 
suffers  due  to  this  exce.ss  air.  Load  conditions  for 
the  usual  central  station  demand  a  boiler  rating  of 
about  250  per  cent,  on  peaks.  Some  stations  go  higher. 
A  stoker  may  be  made  to  feed  coal  so  fast  that  it 
will  not  completely  burn  the  fuel  as  rapidly  as  it  is 
fed.  A  lot  of  coke  gets  down  on  the  dump  plate  or 
dump  grate,  embedded  in  clinker  so  badly  that  air  for 
combustion,  even  if  the  dump  plate  has  air  openings, 
cannot  advantageously  reach  it  and  it  is  dumped  into 
the  ashpit.  This  is  what  happens  on  peak  loads.  How 
serious  will  be  the  loss  of  carbon  to  the  ashpit  obviously 
depends  in  great  measure  upon  how  fast  the  coal  is 
fed — upon  the  boiler  rating,  for  boilers  not  inordinately 
overstokered  and  with  stokers  having  no  clinker 
grinders  or  positive  agitation  of  the  clinker.  The  loss 
may  be  said  to  average  about  25  per  cent,  in  most 
plants,  going  on  occasions  to  50  per  cent.  The  loss 
here  referred  to  means  that  25  or  50  per  cent,  of  the 
total  amount  of  "ash"  is  combustible.  During  the 
period  of  coal  shortage,  when  everybody  was  gratified 
to  get  coal  of  any  quality,  the  loss  of  carbon  to  the 
ashpit  was  higher  than  usual,  supporting  the  belief 
that  the  amount  of  incombustible  in  the  coal  influences 
this  loss,  increasing  it  with  increase  in  incombustible. 
The  clinker  grinder  is  not  new.  It  has  these  many 
years   been   used   with   Murphy  stokers.      Its   function 

is  to  mechan- 
ically remove 
clinkers  from 
the  furnace. 
The  chief 
function  o  f 
the  clinker 
grinders  o  f 
today  is  the 
same;  but  de- 
signers a  i  m 
also  to  quite 
comple  t  e  1  y 
burn  the  com- 
bustible in  the 
ash  and  clink- 
er before  the 
latter  drop 
de  e  p  into 
the  clink- 
er  pit  of  the 
grinder;  that 
is,  by  extend- 
ing the  grate 
surface,  a  t 
the  refuse 
end   of  the 


.SHOWING  TWO  SECTIONS    (RIGHT)  OF  THE   OVERFEED  GRATES   WHICH 
FOR.M   ONE   SIDE   OF  THE  W-ESTINGHOUSE  GRINDER 
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stoker  making  it  movable  to  agitate  the  clinker,  and  by 
providing  air  admission  at  both  sides  of  the  top  of  the 
clinker  pit.  The  tendency  is  toward  deeper  clinker  pits 
to  insure  that  the  clinker,  when  it  gets  to  the  rolls  or 
grinder,  will  be  cool  to  avoid  damaging  the  grinder. 

The  perforated  dump  plate,  or  grate.  Fig.  11,  as  it 
may  be  called  because  it  is  active  grate  area,  bears 
relation  to  the  modern  clinker-grinder  development. 
As  grate  surface  it  is  not  so  active  as  active  surface 
farther  up  on  the  stoker,  but  it  does  assist  materially 
in  burning  out  the  carbon  after  the  clinker  there  is 
broken  and  agitated  either  by  hand  or  by  the  recipro- 
cating overfeed  section  of  the  stoker,  where  such  is 
provided. 

The  desirability  of  controlled  air  admission  to  the 
refuse  end  of  the  stoker  is  incontrovertible.  But  it  is 
obvious  that  grate  openings  or  dampers  alone  do  not 
control,  since  the  resistance  through  the  fuel  bed  may 


or  dump  grate,  in  relation  to  the  rapidity  of  leeding 
coal,  a  loss  results  due  to  insufficient  air — that  is,  to 
carbon  monoxide — because  combustible  piles  upon  these 


TABLE   I. 

KESULT.S 

OF 

TESTS    ON 

DOUBLE 

DUMP-GRATE 

UNDERFEED    STOKER 

Per  Cent 

Per  fcnt. 

Per  Cent. 

R  .ilcr 

Combustible 

Ash   in 

liuiing 

in  the  .\Bh 

the  Coal 

169  7 

18  0 

15  9 

154.0 

11.5 

18  3 

217  65 

19  8 

153  78 

9.5 

18.2 

174  5 

7.5 

18.38 

176.0 

II. S 

22  2 

165.0 

14.0 

20.7 

159.0 

23.0 

20  7 

170.0 

16.0 

20  7 

164.0 

14.0 

20.4 

170.0 

II  2 

20  5 

189  6 

15.0 

19  9 

178.0 

15  0 

18.2 

116  0 

14  0 

20  2 

grates  faster  than  the  grate  is  able  to  burn  it.  The 
figures  ot  victor  Phillips'  relative  to  operation  in  the 
Cleveland  Railways  Co.'s  plant  are  interesting  enough 


FIG.   2.     EDI.=!ON  ELECTRIC   ILLUMINATING   CO.,  BOSTON.     CLINKER  GRINDER  UNDER  LATEST  SETTING  FOR  CROSS- 
DRUM    BOILER,   WESTINGHOUSE    UNDERFEED   .STOKER.      SPRINKLER  PIPE  USED  INSTEAD  OF  WATERBACK 


be  still  more  important.  Some  of  the  first  Roney 
stokers  had  dump  grates  with  slotted  holes.  When 
the  upper  part  of  the  fuel  bed  became  heavy,  as  when 
low-ash  coals  were  used,  large  quantities  of  excess  air, 
following  the  path  of  least  resistance,  went  through 
these  openings;  in  fact,  this  trouble  was  so  serious  that 
the  builders  blanked  the  dump  grates. 

Where  the  air  to  the  lower,  or  refuse,  end  of  the 
stoker  is  controlled,  some  excellent  results  have  been 
had  in  burning  carbon  from  the  ash.  At  the  Union  Gas 
and  Electric  Co.,  St.  Louis,  tests  on  a  doub'e-dump-grate 
Westinghouse  underfood  stoker  without  clinker  grinder 
gave  the  results  shown  in  Table  I. 

Notice  that  the  ash  in  the  coal  runs  from  16  to  22 
per  cent. 

Where  there  is  no  means  of  sufficiently  increasing 
the  air  supply  to  the  coking  grate  or  to  the  extension 


to  refresh  one's  mind  of  the  usual  magnitude  of  such 
loss : 


Fuol  Bed  Thickne.=s 

——Thick . 

^—  Medium  — . 

. 

Thick  — . 

Horsepower  output  of  boil- 

er 

452     661      895 

500     736     923 

504 

718     90' 

.\sli  in  coal,  percent  — 

13  2    12  4    12  6 

12   4    II    8    11    6 

12  5 

12   5    13   2 

Combustible    in    ash,    per 

cent. ., 

5    1      4   0     7   6 

4  6    10  0     7   0 

17   3 

17   3   20  0 

CO  loss 

0   4     0   8    10  9 

6  6    112    13  9 

14  8 

II    4 

Many  tests  with  a  Westinghouse  stoker  having  air 
admission  to  the  dump  grate  at  one  of  the  Detroit 
Edison  Co.'s  stations  gave  an  average  of  12  per  cent, 
carbon  in  the  ash.  Though  I  have  no  figures  as  to 
the  average  boiler  rating  during  these  tests,  the  ratings 
were  all  under  200  per  cent,  and  the  ash  in  the  coal 
was  less  than  that  in  the  coal  used  in  the  Union  Gas 


'"Relation  of  Boiler  EfTiciency  to  Capacity."  presented  before  the 
.\merican  Society  of  Mechanical  Engineer.^,  Cincinnati,  Ohio, 
May,    1!UY.      Power.   July   31.    1917. 
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iiiul  Klec'trir  Co.'s  ti-sts  iit  St.  Loui.s,  where  the  iiveriiKe 
carbon  ii\  the  n.sh  was  \[\.M  per  cent.  Hut  the  fi^ure.s 
.serve  well  when  contra.sted  with  tests  reported  \ty  the 
University  of  Illinois  o;i  Illinois  coal  in  which  the  car- 
l)on  in  the  ash  is  from  17  t  )  40  per  cent. 

lieforo  taking  up  specilic  installation:!  it  is  advisable 
to  consider  the  chief  things  which  experience  with 
grinders  has  taught  tho.se  who  desi^jn  and  those  who 
operate  them.  As  the  Murphy  prinder  is  the  oldest, 
the  followinfr,  from  a  communication  by  (Jeorge  I. 
Routon,  chief  engineer  of  the  Murjjhy  Iron  Works,  is  of 
value. 

The  disposal  of  the  refuse  on  n  stoker  has  probably  caused 
more  heartaches  than  any  other  part  of  the  stoker  (iesij^n. 
The  various  stoker  builders  are  continually  hunting  for 
some  satisfactory  means  of  disposing  of  the  refuse.  This 
was  apparently  one  vf  the  principal  problems  which  con- 
fronted Thonuis  Murphy,  and  we  lind  it  a  prominent  pai't, 
of  his  first  patent,  dated  Nov.  9,  1875,  which  covers  among 
other  things,  his  revolving-toothed  cylinders.  In  his  descrip- 
tion he  writes  in  part  as  follows:  "Also,  to  so  arrange  the 
grate  bars  that  every  second  one  may  be  vibrated  to  free 
the  grate  from  ashes  and  to  collect  the  clinkers  and  refuse 
at  certain  points  where  they  can  be  removed,  or  ground  up 
and  then  removed  by  toothed  cylinders  rotated  by  cranks 
on  the  outside  of  the  furnace." 

In  its  original  form  it  was  apparently  a  solid  casting. 
About  1895  the  use  of  steam  in  connection  with  the  clinker 


lie  lower  end  of  the  grates.  The  Hin^^le  steam  line  wa:. 
adequate  for  the  coalh  that  wore  reaching  the  market  at 
that  lime.  The  .sciuare  bar  tended  to  twiHt,  however,  and 
repairs  were  diflleult,  and  the  final  move  was  to  make  tlu 
bur   a    round   bar,   doing   the   driving   throuK^h   the  clinker 


"-y^-i?-^''- 


o-U 


I'lU.    1.      FUBMC   SERVICE  EbECTRIC  CO..   ESSEX   STATION, 
XEWAKK,   iN.   J.,   AIK-COOLED   BKIDGE-WAI.:i, 


grinder  sections.  At  the  time  these 
sectional  interlocking  clinker  grind- 
ers were  being  developed,  the  matter 
of  cutting  down  the  capacity  of  the 
clinker  grinder  seemed  to  be  of  con- 
siderable importance,  and  one  of  the 
early  forms  of  the  clinker  grinder 
had  a  7-in.  body  with  a  total  of  9  in. 
over  the  teeth ;  that  is,  teeth  project- 
ing 1  in.  from  the  body.  Later,  this 
was  changed  to  a  6J-in.  and  then 
6.i-in.  body  with  8J-in.  over  the  teeth, 
and  this  is  our  present  standard  in- 
terlocking clinker  grinder  for  the 
12-in.  grate  bearer. 


FIG.    3.      STANDARD   CLINKER   GRIXDER  AND   WATER- 
COOLED  BRIDGE-WALL  OF  THE  AMERICAN 
ENGINEERING    CO. 

grinders  appears,  and  this  is  covered  by  a  patent  of  John 
H.  Nicholson,  Oct.  8,  1895.  The  use  of  the  hollow  air-cooled 
clinker  grinder  which  was  connected  [by  a  duct]  to  the  rear 
end  of  the  flue  beyond  the  boiler  damper  appeai-ed  about 
1897. 

The  clinker  grinders  were  cast  around  a  hollow  tube  or 
piece  of  pipe,  beginning  about  1895.  The  rear  end  of  the 
clinker  grinder  was  connected  to  the  flue  behind  the  outlet 
damper,  air  being  admitted  to  the  front,  the  idea  being  that 
this  would  keep  the  clinker  grinder  cool.  A  pipe  was  cast 
into  each  side  of  the  grate  bearer,  and  this  pipe  was  pro- 
vided with  a  series  of  holes  which  were  drilled  through 
from  the  outside.  These  two  lines  supplied  steam  to  the 
clinker  grinder  and  also  supplied  steam  under  the  lower 
ends  of  the  grates. 

As  the  stokers  got  larger,  the  need  for  a  sectional  form 
of  clinker  grinder  and  a  sectional  form  of  grate  bearer  be- 
came urgent,  and  these  were  developed  in  the  latter  part  of 
1907  or  the  early  part  of  1908.  The  original  sectional 
clinker  grinder  was  made  up  of  2-in.  two-toothed  sections 
strung  on  a  square  shaft.  A  single  steam  line  was  placed 
under  the  center  line  of  the  clinker  grinder,  but  Mr.  For- 
tune, in  his  patent  of  Oct.  16,  1909,  indicated  that  addi- 
tional steam   lines  might  be  placed  to  supply  steam  under 


FIG.  .5.     FORD  MOTOR  CO..  DETROIT  ;  HIGH- 

PRESSLRE   WATER-COOLED   ROTARY 

.VSH  DI.'<CHARGE,  TAYLOR  STOKER 

The  tendency  with  the  single  clinker  grinder  was  to  pile 
up  clinker  on  the  side  to'  /ard  which  it  ground,  while  the 
side  from  which  it  ground  was  likely  to  be  inadequately 
protected  with  ash  or  clinker.     On  the  larger  stokers,  how- 
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ever,  it  was  difficult  to  get  sufficient  strength  for  these 
small  double  clinker  grinders,  and  shortly  after  the  writer 
took  charrje  as  chief  engineer,  we  reached  an  agreement  in 
the  engineering  department  that  we  would  not  furnish 
double  clinker  grinders  on  a  12-in.  bearer  for  stokers  more 
than  6  ft.  deep. 


FIG.  6.  DETROIT  EDISON 
CO.,  CONNORS  CREEK  STA- 
TION. CLINKER  GRINDER 
I'XDER  2365-HP.  STIRLING 
BOILER,    T.A.YLOR    STOKER 


To  meet  the  demand  for  a  double  clinker  grinder  for  the 
large  stokers,  we  designed,  about  four  years  ago,  the  18  in. 
grate  bearer  with  the  two  large  interlocking  clinker  grind- 
ers. These  worked  fine  on  the  first  installation,  which  hap- 
pened to  be  a  coal  with  ash  of  high  fusing  temperature. 
When  we  struck  ash  of  a  low  fusing  temperature,  how- 
ever, our  troubles  began,  as  the  original  clinker  grinders 
of  this  design  were  equipped  with  but  one  steam  line,  the 
old  practice  of  the  Murphy  company  being  a  single  steam 
line  midway  and  slightly  below  the  clinker  grinders.  This 
steam  line  tended  to  block  the  free  passage  from  the  clinker 
grinders,  and  it  was  removed  and  a  single  line  under  the 
center  of  each  grinder  substituted.  This  is  our  present 
standard  practice  for  these 
clinker  grinders. 

Later,  to  insure  the  clinker 
reaching  the  clinker  grinders, 
we  installed  steam  lines  under 
the  lower  ends  of  the  grates, 
which,  as  already  stated,  is  sim- 
ply a  reversion  in  type.  It  does 
not  make  any  difference  how  ef- 
fective the  clinker-  and  ash-re- 
moval equipment  on  a  stoker 
may  be,  it  is  absolutely  useless 
unless  the  clinker  and  ash  reach 
the  refuse-removing  device.  In 
other  words,  if  the  ash  is  of  low 
fusing  temperature  and  melts 
in  the  upper  sections  of  the 
stoker,  the  refuse-removing  de- 
vice is  practically  useless.  The 
result  is  little  clinker  and  a 
large  amount  of  coke  in  the  ref- 
use. For  this  reason  we  con- 
sider it  desirable  to  use  steam 
under  the  lower  ends  of  the 
grates  where  ash  of  low  fusing 
temperature  is  encountered,  and 
stokers  going  into  a  territory 
where  we  expect  to  meet  this 
condition  are  equipped  with 
these  steam  lines.  They  are 
valved  so  that  they  can  be  used 
or  not,  as  desired. 

If,  with  a  coal  running  15  per 
cent,  laboratory  ash,  we  get  ref- 
use that  runs  60  per  cent,  com- 
bustible, a  condition  which  is 
found  on  some  stokers,  the  com- 
bustible in   the  ash  amounts  to 


22i  per  cent,  of  the  total  coal,  or  about  261  per  cent, 
of  the  heat  value  of  the  coal.  If  this  combustible  in 
the  ash,  with  the  use  of  additional  steam,  can  be  reduced 
to  20  per  cent.,  a  figure  which  is  not  at  all  impossible,  the 
combustible  in  the  ash  represents  32  per  cent,  of  the  coal, 
or  about  4.4  per  cent,  of  the  heat  value  of  the  coal.  In  other 
words,  22.1  per  cent,  of  the  heat  value  of  the  coal  is  saved. 
If  it  takes  3  per  cent.,  4  per  cent,  or  5  per  cent,  of  the  steam 
produced  by  the  boiler  to  make  this  saving,  the  investment 
is  evidently  a  good  one,  and  so  far  as  the  writer  has  been 
able  to  find  out,  3  per  cent,  or  4  per  cent,  of  the  steam  pro- 
duced by  the  boiler  will  kill  the  clinker  in  any  coal  we  are 
likely  to   meet. 

According  to  our  present  standards,  we  use  8-in.  grate 
bearers  and  small  single  interlocking  clinker  grinders  on 
stokers  Gi  ft.  wide  and  smaller.  We  use  12-in.  grate  bear- 
ers and  large  single  interlocking  clinker  grinders  on  stokers 
7  ft.  wide  and  larger.  We  use  18-in.  grate  bearers  and  large 
double  interlocking  clinker  grinders  on  stokers  where  the 
local  conditions  seem  to  make  their  use  advisable.  These 
are  seldom  used,  however,  on  stokers  less  than  8  ft.  wide, 
though  we  have  used  them  on  the  7  x  6-ft.  stokers  at  the 
Blackstone  Hotel  and  the  6  x  5-ft.  stokers  at  Oglesby.  The 
coal  at  Oglesby  was  about  as  bad  as  one  is  likely  to  find 
so  far  as  the  ash  content  is  concerned.  The  laboratory  ash 
ran  25J  per  cent.  The  ash  was  plastic  at  1976  deg.  F.  and 
fused  at  2120  deg.  F.  It  was  quite  an  impossible  situation 
until  more  steam  was  added  under  the  grates  and  under 
the  clinker  grinders. 

All  clinker  grinders  have  steam  lines  directly  below  them. 
This  means  that  there  is  one  steam  line  where  single  clinker 
grinders  are  used  and  two  where  double  clinker  grinders 
are  used.  Steam  lines  are  provided  under  the  lower  ends 
of  the  grates  on  stokers  which  are  to  burn  Ohio,  Indiana, 
Illinois  or  Michigan  coal. 

Some  typical  performance  figures  of  the  Murphy 
grinder  follow: 

PERFORM.A.NCE  OF  MURPHY  FURNACES 


Rated 

Per  Cent. 

Combined 

B.t.u.  Coal 

Per  Cent. 

Per  Cent. 

Horsepower 

Rating 

Efficiency, 

as 

.\sh  in 

of   Boiler 

of  Boiler 

Per  Cent. 

Fired 

Coal 

in  .4sh 

253  8 

134  35 

80  34 

12,130 

14  97 

14  86 

253  8 

159.3 

76  28 

13,217 

II   81 

12    19 

143    1 

119.0 

73  58 

13,318 
Dry  Coal 

12  64 

16  87 

143    1 

172  66 

74  84 

12,672 
Dry  Coal 

16  43 

17.  19 

In    developing   the    grinders    now   being    applied    to 
underfeed  stokers  the  designers  of  the  Taylor  stoker 
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fouiul  liy  nctunl  try-out  that  in  the  clinker  pit  movinjf 
mi'tal  projectioiiH  in  contuct  with  hot  clinker  were 
prohibitive,  ii.s  they   rapidly  burned  away. 

About  1010  the  suction  vacuum  sy.stcm  of  ash  re- 
moval was  coining:  into  wide  use.  To  succcs.sfully  handle 
nshe.s  in  this  system  they  must  be  neither  too  wet  nor 
too  hot.  The  clinker  grinder  that  used  water  for  cool- 
inpr  the  prindinjr  roll  had,  therefore,  to  net  alonj?  with- 
out water  or  with  so  little  of  it  that  the  ashes  are 
reasonably  dry  when  discharRed. 

The  designer  of  the  modern  grinder  strives  for  the 
following: 

1.  To  have  cool  clinker  in  contact  with  the  jjrindinjr 
roll.  To  accomplish  this  he  must  provide  a  clinker 
pit  surticientiy  deep  and  of  adequate  volume  to  admit 
of   letting  the  clinker  lie   in   the  pit   long  enough   to 


of  an  air  passage  directing  air  toward  the  bottom  of 
the  clinker  pit. 

4.  To   provide  a   rugged   grinding  roll. 

f).  To  provide  an  air-cooled  or  water-cooled  back  for 
the  brick  wall  side  of  the  pit  to  avoid  the  sticking 
and  growth  of  clinker  to  this  wall. 

6.  To  discharge  the  clinker  in  small  particles,  cool 
and   reasonably   dry. 

The  first  of  the  modern  clinker  grinders  wa.s  applied 
to  a  Taylor  type  stoker  in  the  plant  of  the  builder  of 
the  stoker  in  1911.  The  following  year  a  grinder.  Fig. 
6,  was  used  under  one  of  the  23()r)-hp.  double  Stirling 
type  boilers  in  the  Delray  Station  of  the  Detroit  Edison 
Co.  This  grinder  had  a  shallow  clinker  pit — a  too 
shallow  pit — but  this  was  unavoidable. 

The  grinders  for  the  boilers  in  the  Connors  Creek 


7-V  "■ >-^ y-^"- >\^  '"4  -^  —P/'-- 


FIG.    S.      COMMOXWKALTH    ?;DIS0X    ("O.,    ("HICAGO.      WESTINGHOUSE  TYPE  CLINKER  GRINDER 
Note  volume  of  clinker  pit,  the  sprinkler  pipes  and  double  rollers.  a!.so  air  admission  at  A   under  bridge-wall.     An  unusually 

intere.sting  grinder. 


cool  before  grinding,  and  to  accomplish  these  under 
the  combustion  rates  prevailing  in  everyday  plant 
operation  and  with  the  coals  available  to  the  plant. 

2.  To  give  wide  flexibility  of  ash-discharge  rate 
through  the  grinder  and  provide  for  dumping  at  once 
the  entire  content  of  the  clinker  pit. 

3.  To  get  a  pit  of  such  depth  and  shape  that  when 
it  contains  a  normal  quantity  of  ash  and  clinker,  the 
mass  in  the  pit  will  resist  the  passage  into  it  of  air 
from  the  overfeed  or  other  part  of  the  stoker;  that 
is,  so  resistant  to  air  and  gas  flow  that  these  will  be 
directed  upward  into  the  combustion  space  and  not 
down  into  the  mass  in  the  pit,  where  its  presence  might 
accelerate  combustion  of  the  carbon  there  and  damage 
the  grinding  roll  and  other  parts  by  overheating  them. 
It  is  seen,  therefore,  that  the  clinker  should  not  be 
allowed  to  arch  up  or  bridge  on  the  lower  part  of 
the  stoker  and  thus  form  or  encourage  the  formation 


Station  and  in  the  large  Park  Place  heating  plant  in 
Detroit,  both  of  comparatively  recent  construction,  have 
pits  much  deeper  than  the  one  in  the  Delray  Station. 
Following  are  some  figures  giving  the  combustible 
in  the  ash  from  the  Delray  plants.  While  the  grinders 
in  No.  2  power  house  show  an  appreciable  reduction 
in  combustible  in  the  ash  compared  with  operation 
there  without  grinders,  the  results  are  not  as  good  as 
those  obtained  today. 

A.SH  ANALY.SIS  DELICW  STATION.    1916 

Per  Cent   Combus'ible  in  Ash . 

Power  House  Power  House  Powf  r  House 

Month                        No.  i  Dump:?  No.  2  Dumps  No.  2  Grinders 

March   17.524  17  662  14  024 

April              17  632  24  278  17  048 

May                    14  758  21    402  16  608 

June                       21    685  21    412  16  650 

July                                                        18  640  27  727  15  658 

\uEust                    .            .                   22    172  26  424  16  222 

September                                            22    170  34  285  20  702 

October                                                 23   345  30  752  18    137 

November                                            21    96  20  982  18  998 

December  
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In  the  Park  Place  Station  the  crew  had  in  1916  begun 
to  get  the  combu3tib!e  in  the  ash  down  to  a  gratifyingly 
low  percentage  as  will  be  seen  from  the  figures  fol- 
lowing. So  many  cf  the  engineering  staff  of  the  Detroit 
Edison  Co.  have  been  in  Government  service  during 
the  war  that  recent  performances  of  the  clinker  grind- 


at  the  foot  of  the  tuyeres,  the  grate  is  given  a  pitch  that 
will  drop  the  clinker  by  gravity  yet  give  a  change  in 
slope  that  will  not  be  abrupt  enough  to  split  the  fuel 
bed. 

The  air  admission  to  the  overfeed  grate  is  controlled 
from  the  boiler  front,  the  purpose  of  the  grate  being. 
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FIG.   9.      THE   ROCKER   PLATES   MAY  BE   RAISED   OR  LOW- 
ERED TO    INCREA.SE   OR   DECREASE   THE    DISTANCE 
BET'WEEX  THE  PLATES  AND  THE  BRIDGE- WALL 

ers    in    the    company's    plants    are    not    forthcoming. 

About  1913  a  grinder  which  was  a  development  of 

and  an  improvement  on  the  old  Murphy  grinder  was 

attached  to  a  Taylor  type  stoker  in  the  plant  of  the 

PERCENT.^GE   CARBO.N    I.\   ASH    WITH    CLINKER   GRI.N'DEKS. 
PARK  PLACE,  1916 

January 11.997  May 11.865 

February 12.954  June 9.942 

March 13.672  July 16.380 

.4pril 13  847  August 38.160 


September 8  325 

October 6  907 

November 8.  280 

December 9.342 


FIG.   10.      LOOKING  TOWARD  THE  ROCKER   PLATES 

of  course,  to  consume  the  combustible  before  it  gets 
on  the  grinding  roll.  Each  roller  is  made  up  in  sections 
bolted  on  a  square  bar.  It  may  be  driven  from  the 
main  stoker  drive  or  separately,  with  variable  speed. 
The  roll  revolves  slowly  and  only  a  part  of  its  surface 
is  exposed  directly  to  the  hot  clinker.  The  chief  func- 
tion of  the  waterback  is  to  prevent  clinker  "freezing" 
to  the  bridge-wall.  The  waterback  in  the  standard 
Taylor  grinder  is  not  under  pressure,  and  the  inlet  and 
outlet  openings  are  accessible  for  convenient  observa- 
tion and  inspection. 

Fig.  2  shows  an  interesting  clinker  grinder  u.sed 
with  a  Westinghouse  type  stoker  in  one  of  the  latest 
lypes  of  boiler  settings  in  the  L  Street  Station  of  the 
Edison  Electric  Illuminating  Co.,  Boston.  The  air 
admission  to  the  lower  part  of  the  stoker  is  controlled, 

and  the  air 
openings  i  n 
the  lower 
part  of  the 
extension 
grate,  just 
above  the 
crusher  plate, 
are  directed 
down  ward. 
The  clinker 
pit,  if  one 
may  use  that 
term  to  desig- 
nate the  vol- 
u  m  e  above 
the  grinding 
bar  and  up 
to  the  exten- 
sion     gr  a  t  e 

SHOWING  THE  DOUBLE  DUMP  GRATE  WITH  AIR  ADMISSION  THROUGH  ^"^        bridge- 

HORIZONTAL   OPENINGS   IN   EACH   GRATE  Wall,     IS     very 


Rochester  Railway  and  Light  Co.  There  was  prac- 
tically no  clinker  pit  owing  to  lack  of  space  to  accom- 
modate it. 

The  standard  clinker  grinder  furnished  vnth  the 
Taylor  type  stoker  is  shown  in  Fig.  3.  Notice  that 
to  the  left  of  the  roller  is  a  movable  plate,  called  a 
crusher  plate,  which  may  be  moved  toward  or  away 
from  the 
grinding  roll- 
er, thus  en- 
abling th.e  op^ 
era  tors  to 
grind  the 
clinker  coarse 
or  fine  and 
discharge  it 
slowly  or 
fast  as  re- 
quired. No- 
tice also  that 
the  dump 
plate  may  be 
drop  p  e  d  to 
the  wi  d  e  - 
open  position. 
T  0  prevent 
clinker  stick- 
ing to  the  ex- 
tension  grate 
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ilei'p,  hoiiijr  :{  ft.  10  in.  The  purp().«-e  of  .mich  a  (U'pth  Ih  to 
insure  (hat  the  fliiikor  will  be  cool  before  it  reacheH 
the  bar.  No  waterback  is  used,  but  instearl  a  sprinkler 
pipe  located  where  it  will  be  most  dillkult  for  it  lo 
become  plujrured  with  ashes  and  dust  is  used  to  cause 
a  film  of  water  to  flow  over  the  plates,  coolinjr  the 
clinker  so  that  it  does  not  adhere  to  the  plates.  Of 
course  the  water  therefore  keeps  the  Krindin^  bar  cool. 

The  coals  usually  burned  in  this  station  are  the  low- 
ash  Eastern  coals.  The  trrinder  has  not  been  in  opera- 
tion lonjr,  but  the  carbon  in  the  ash  dischar^red  by  it 
now  averages  about  7.5  jjer  cent,  with  New  River  coal. 

Fip.  8  shows  a  clinker  grinder  used  with  a  Westing- 
house  type  underfeed  stoker  in  one  of  the  stations  of 
the  Commonwealth  Edison  Co.,  Chicago.  Notice  par- 
ticularly the  slope  of  the  overfeed  extension-grate  part 


'tbsr^ion  arra'MoyemenfofRocrferP/afes 
under  Norma/  Opencrfinff  Concf/fions. 
Nofefran  upper  Portion  (rfffocfrerflafes 
rise  on  ffie/r  Return  Siro/te  ^  break  up 
ffie  formation  ofC/inlrers.  On  ihe 
Doivnvvan:^  Stroke  tt^e  C/inkers  (if any 
are  tbrmectj  are  crusfiea/on  tt7e  faoe 
ofttte  Wa/i 


FIG.    12.      SHOWING    THE    VARIOVS    POSITION'S    OF    THE 
RILEY    ROCKER    DUMP    PLATE 

of  the  stoker.  These  grates  move,  of  course,  and  have 
air  passages  in  them,  the  purpose  being  to  agitate  the 
clinker,  breaking  it  and  exposing  to  the  air  for  com- 
bustion the  combustible  contained  in  it. 

As  far  as  air  supply  is  concerned,  one  notices  also 
in  this  grinder  that  an  auxiliary  air  duct  is  provided 
in  the  bridge-wall  at  A,  and  air  is  di-scharged  into  the 
clinker  mass  from  the  bridge-wall  side  as  well  as  from 
ihe  overfeed-grate  side.  Sprinkler  pipes  and  adjustable 
cru.sher  plates  are  provided.  Notice  that  two  grinding 
rolls  are  used.  The  clinker  pit  is  one  of  the  deepest 
yet  used,  being  4  ft.  deep.  The  experience  of  the  de- 
signers of  the  Taylcr-stoker  clinker  grinder  convinces 
them  that  air-cooled  backs  for  the  bridge-walls  are  im- 
practicable for  most  plants,  owing  to  the  large  cooling 
surface  required.  Water-cooled  backs  are  not  without 
disadvantages,  but  they  are  the  most  practicable,  in  the 


.iudKment  of  these  designers.  The  low-pressure  water- 
back  is,  of  course,  more  widely  used  than  the  high- 
pressure.  Fig.  \  shows  an  air-cooled  back,  and  Fig.  15  a 
high-pressure  water-coole<l  back. 

The  clinker  grinder  or  crusher  standard  with  the 
Riley  type  stoker  differs  from  the  grinder  or  rotary 
ash-discharge  machines  described  herein.  The  over- 
feed reciijrocating  grates  do  not  have  a  steep  slope 
as  they  approach  the  clinker  o-r  rocker  plate,  but  have 
the  .same  inclination  as  the  underfeed  grates.  The 
rocker  plate  with  which  nearly  all  engineers  are 
familiar,  but  which  it  is  necessary  to  describe  here,  to 
be  complete,  is  made  up  in  .sections  as  shown  in  Fig. 
10.  Each  section  has  an  up-and-down  movement  in 
the  opposite  direction  to  the  motion  of  its  immediate 
adjacent  section ;  that  is,  each  section  end  next  the 
bridge-wall  moves  vertically.  The  purpose  is  to  agitate 
and  crush  the  clinker.  The  distance  between  the  rocker 
plate  and  the  bridge-wall  is  adjustable  to  give  continu- 
ous dumping  of  the  ash  (see  Figs.  9  and  12). 

While  this  clinker-crushing  and  agitating  device  is 
simpler  than  the  rotary  ash-discharge  machines,  it 
functions  well,  as  the  following  performance  figures 
reveal : 

Unti.l   n<)il<r  IVr  Conibinrd  I)  (  ii  P<r  fcnt.  Per  Onl 

Hor-ippowcr  and  CVnt.  KfTiciinry  \riluc  Ash  in  Combustible 

Station  Name  Uatin^  PcrCent.  of  Coal  Coal  in  Ash 

[  102   7            80   2  n.9l6  10  40  11   84 

1373     Essex     Station,  110                81    1  14.410            7   36  15  43 

Public  .Sorvirc  Elce-  I  141                 81    8  13.836  10  81  11    44 

trie     Co,     Newark,  145   2            81    4  14.086  10  53  16  67 

N.J I  148    1            80  5  14.206  9   58  14   57 

I  153  9            78   5  14,234  8   71  10  64 

509.          Interborough  f    209  72  2  14,534  7  00  4  9 

Rapid    Transit    Co.,  J     233  72  0  14,511  7   11  14  29 

.NewYorkCity !.    331  68  4  14,001  9  95  2157 

444  302  76  4  10,775  15  34  20  26 

Considering  the  simplicity  of  the  device  compared 
with  rotary  grinders,  the  rocker  plate  produces  sur- 
prisingly good  results  in  the  way  of  burning  out 
combustible  in  the  ash,  for  it  is  to  be  presumed  that 
an  amount  of  combustible  reaches  the  rocker  plate 
comparable  to  the  amounts  usual  with  other  underfeed 
stokers. 

The  engineers  designing  the  Riley  type  stoker  have 
been  reluctant  to  adopt  the  clinker  grinder  or  rotary 
ash  discharge  as  developed  up  to  date,  though  their  af- 
filiation with  the  Murphy  Iron  Works  puts  them  in  pos- 
session of  much  valuable  experience.  Sanford  Riley 
points  out  to  me  that  experience  shows  that  for  the 
commercially  complete  burning  out  of  combustible  in 
clinker  at  the  refuse  end  of  any  stoker,  agitation  and 
breaking  up  of  the  clinker  at  the  points  of  air  supply 
and  before  the  grinding  bars  are  closely  approached 
by  the  combustible  is  vitally  essential  to  efficient  and 
successfully  continuous  operation.  Of  course  this  is 
true  generally,  and  particularly  for  coals  the  clinker 
of  which  is  dense  instead  of  porous. 


The  coal-mine  mechanic  must  be  resourceful.  He 
must  keep  the  mine  machinery  going  whether  he  has 
anything  to  keep  it  going  with  or  not.  If  an  engine 
or  pump  breaks  do\vn  and  no  spare  or  repair  parts  are 
to  be  had,  he  must  repair  it  anyway  and  keep  it  running, 
says  Coal  Age.  Otherwise  the  mine  may  be  compelled 
to  shut  down,  either  in  whole  or  in  part. 


Some  engineers  are  of  the  opinion  that  any  kind  of 
coal  can  be  burned  on  any  kind  of  furnace  grate.  It  is 
better  to  know  what  kind  of  grate  to  use  before  in- 
stalling than  to  learn  by  failure. 
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"Karge"  Cushion  and  Flexible  Coupling 

Many  designs  of  flexible  couplings  have  been  used  for 
connecting  shaftings  in  order  to  eliminate  mechanical 
troubles  due  to  misalignment,  and  although  they  have 
served  their  purpose  to  good  advantage,  there  is  always 
room  for  improvement     This  seems  to  be  borne  out  by 


of  the  shaft.  A  flexible  sleeve  is  also  placed  on  the 
outside  of  the  coils  for  the  same  purpose  as  the  arbor. 

Where  the  flexible  coupling  is  applied  to  a  shafting 
or  as  a  connection  between  two  units,  it  can  be  bent  and 
placed  at  almost  any  angle  and  will  absorb  all  shock  and 
strain  and  deliver  a  load  in  a  satisfactory  manner. 

Fig.  1  shows  the  details  of  construction.    The  end  of 


FIG.    1.      SHOWIXG    DETAILS    OF   CONSTRUCTION    OF   THE    "ICiRGE"    FLEXIBLE    COUPLING 


the  introduction  of  the  "Karge"  cushion  and  flexible 
coupling  manufactured  by  the  Three  Rivers  Machine 
Tool  and  Die  Corporation,  Phoenix,  N.  Y.    The  coupling 

is  designed  to 
take  the  place  of 
flexible  joints, 
gears,  pulleys, 
beltings  and 
any  other  me- 
chanical devices 
used  for  the 
transmission  of 
power.  Its 
claims  are  that 
it  reduces  fric- 
tion, abs  orbs 
shock,  protects 
vital  mechan- 
ism, needs  no 
lubrication,  pro- 
motes smooth 
action  among 
working  parts 
and  permits  of 
no  slipping  be- 
tween the  driven 
and  driving 
units.  The  cush- 
ion coupling  is 
constructed  of  a 
special  alloy 
steel  and  con- 
sists of  a  coil  within  a  coil,  wound  in  opposite  direc- 
tions. In  other  words,  the  coupling  proper  is  formed 
in  a  cylindrical  shape,  so  that  it  resembles  a  helical 
spring  in  appearance,  and  this  coupling  member  is 
shrunk  in  the  sleeve  at  each  end. 
This  means  being  secured  to  the 
shaft  or  machine,  as  the  case  may 
be.  A  flexible  arbqr  extends 
through  the  center  of  the  coil,  with 
a  clearance  between  which  allows 
free  elasticity  of  the  coil  over  the 
arbor  and  will  prevent  the  coil  from 
going  beyond  its  elastic  limit.  At 
the  same  time  it  utilizes  the  tensile 
strength  of  the  steel,  which  is 
greater  than  the  torsional  strength 


COUPLING  WITH  OFFSET 


the  coupling  is  secured  to  the  shaft  by  either  ^  key  or 
setscrews,  as  shown  at  B  and  C.  The  space  between  the 
plug  and  the  floating  arbor  is  to  allow  for  contraction 
and  expansion  of  the  spring  lengthwise,  as  shown  at  D. 
The  space  between  the  coupling  and  sleeve  is  to  allow 
for  contraction  and  expansion  of  the  spring  lengthwise, 
as  shown  at  E.  As  already  stated,  the  floating  arbor 
F  limits  the  contraction  of  the  spring  and  has  a  sliding 
movement  in  the  plug  G,  which  plug  makes  the  end  of 
the  spring  solid,  and  the  sleeve  H  limits  the  expansion  of 
the  spring  and  has  a  solid  sliding  movement  in  the 
coupling. 

Figs.  2  and  3  illustrate  two  applications  of  the  flexiblo 
coupling,  one  showing  a  decided  offset  and  the  other  a 
right-angle  turn.  All  couplings  are  made  of  cast  iron 
and  the  compression  sleeves  of  steel.  It  is  the  practice 
to  make  the  inside  diameter  of  the  coil  spring  the  same 
as  the  outside  diameter  of  the  shafting  with  which  it 
connects.  When  constructed  in  this  manner,  the  coup- 
lings are  claimed  to  have  30  per  cent,  more  strength  in 
torsion  than  the  solid  steel  shaft.  The  devices  are  at 
present  made  in  various  sizes  for  shafting  from  J  to 
6  in.  in  diameter. 

Government  Has  Its   Own   Coal  Yard 

A  Government  coal  yard,  supplying  the  various  Fed- 
eral departments  and  buildings,  will  begin  operations 
in  Washington  on  May  1.  The  yard  is  capable  of  hand- 
ling 1200  tons  daily  and  has  a  storage  capacity  of  30,000 
tons.  The  decision  of  the  Government  to  handle  the 
coal  for  its  own  use  was  made  as  a  result  of  the  success 
of  the  Interior  Department  in  doing  so  last  winter  dur- 
ing the  coal  shortage.  Accordingly  Congress  appro- 
priated over  $400,000  for  constructing  the  yard  and  over 
a  million  for  maintenance  and  operation. 


COUPLING  WITH  RIGHT-ANGLE   TURN 
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THE  provemors  at 
the  hydro-electric 
station  of  the 
Pennsylvania  W  a  t  e  r 
and  Power  Co.,  at 
Holtwood,  Penn.,  con- 
trol the  speed  of  five 
13,500-hp.,  two  17.000- 
hp.  and  one  16,500-hp. 
turbines.  It  is  not  the 
intent  of  this  article 
to  describe  th  e  me- 
chanical details  of 
these  {governors,  but  to 
cover  the  subject  of 
regulation  in  a  broad 
sense  by  a  discussion 
of  the  principal  re- 
quirements of  provern- 
ors  for  hydraulic  tur- 
bines and  the  methods 
of  securing,  in  the  de- 
sign and  construction 
of  the  governor,  the 
desired  results  as  ex- 
emplified in  the  Holt- 
wood  Station.  [The 
first  of  the  Holtwood 
articles,  telling  how  the 
power-house  crews  are 
trained,    appeared    i  n 

Power,  Mar.  25.]  The  principal  mechanical  elements 
that  must  be  used  in  all  governors  consist  of:  (1)  A 
governor  head  driven  from  the  turbine  shaft,  contain- 
ing flyballs  controlled  by  springs,  the  flyballs  being  con- 
nected to  a  pilot  valve  controlling  the  main  governor 
valve;  (2)  a  first  compensation  consisting  of  restoring 
mechanism  connecting  the  gates  of  the  turbine  to  the 
pilot  valve;   (3)  a  secondary  compensation. 

This  combination  of  elements  functions  in  the  fol- 
lowing manner:  When  a  load  change  occurs  on  the 
generator,  the  resulting  speed  change  causes  the  flyballs 
to  move  from  their  central  position  and  this  operates 
through  a  pilot  valve  and  the  main  governor  valve,  caus- 
ing the  turbine  gates  to  move.  As  the  gates  operate, 
the  pilot  valve  is  moved  back  toward  its  central  posi- 
tion by  the  restoring  mechanism,  but  owing  to  the  unbal- 
ance between  load  demand  and  power  supply,  the  speed 
continues  to  change  and 
the  gates  to  move.  When 
the  position  of  balance 
between  demand  and 
supply  is  reached,  the 
speed  ceases  to  change 
so  that  a  slight  addi- 
tional movement  of  the 


•HydrauUc  Engineer,  Wil- 
liam Cramp  &  Sons  Ship 
and  Engine  Building  Co.. 
Philadelphia. 


HoltMOod  is  on  the  Susquehanna  River  about 
fifteen  miles  from  Lancaster,  Penn.,  and  forty  from 
Baltimore.  At  present  the  hydro-electric  station, 
owTied  by  the  Pennsylvania  \^  ater  and  PoMcr 
Co.,  has  a  capacity  of  118,500  hp.  in  eight  units 
generating  83,500  kw.;  the  head  is  63  ft.  Current 
at  70,000  volts  is  transmitted  to  Baltimore  and 
Lancaster. 


gates  restores  the  pilot 
valve  to  its  central  po- 
sition and  stops  the 
(/ates.  At  this  point  in 
the  operation,  the  speed 
of  the  generator  i  s 
(■ither  too  high  or  too 
low,  depending  on 
whether  the  change  in 
load  is  a  reduction  or 
an  addition,  and  the 
speed  must  therefore 
be  brough  t  b  a  c  k  to 
normal.  This  is  ac- 
complished by  the  sec- 
ondary compensation 
acting  through  the 
pilot  valve.  The  re- 
quirements  for  a 
governor  for  hydraulic 
turbines  maybe  divided 
into  the  following 
headings:  (1)  Regu- 
lation, (2)  Steadiness 
or  stability,  (3)  Relia- 
bility, (4)  Simplicity, 
(5)  Durability.  That 
a  governor  may  prop- 
erly regulate  the  speed 
of  the  unit,  it  should 
be  sensitive;  that  is, 
respond  quickly  to  sudden  changes  of  speed  and  also  to 
slight  changes  of  speed.  The  quality  of  steadiness,  or 
stability,  is  an  important  one  and  involves  freedom  from 
unnecessary  gate  movements  or  movements  occasioned 
by  conditions  other  than  changes  of  load  on  the  unit. 
Thus,  not  only  is  it  necessary  for  a  governor  to  respond 
to  changes  of  load,  but  it  is  equally  important  that  it 
shall  not  act  when  there  is  no  change  of  load. 

The  reliability  of  the  governor  is  of  as  great  im- 
portance as  the  reliability  of  the  turbine  itself,  since 
the  operation  of  the  turbine  depends  on  the  governor 
that  controls  it.  Therefore,  an  unreliable  governor 
is  a  continuous  source  of  risk  in  the  operation  of  the 
turbine  unit  altogether  aside  from  the  question  of 
the  speed  regulation  obtained. 

Owing  to  the  unusual  requirements  in  connection  with 
the  governing  of  hydraulic  turbines,  the  governor  must 

of  necessity  be  a  com- 
plicated mechanism.  So 
it  is  of  importance  to 
simplify  the  design  and 
method  of  operation  of 
the  governor  as  far  as 
possible  without  detri- 
ment to  the  perform- 
ance required  of  it.  In 
most  hydro-electn'c  sta- 
tions the  cost  of  main- 
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FIG.    1.      INTERIOR  OF  GENERATOR   ROOM,   HOLTWOOD.        FIG.    2.      LOOKING   TOWARD  THE   OPERATING   CYLINDERS. 
FIG.   3.     TYPE  OF  TURBINE  IN  WHICH  OPERATING  MECHANISM  IS  SUBMERGED.     FIG.    4.      THE  I.   P.   MORRIS 

DOUBLE  FLOATING  LEVER  GOVERNOR 
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tciinnce  of  the  grovprnor  is  hi^'hor  than  tho  niaintcnniife 
of  all  the  re.''t  of  the  turbine  and  it  is  therefore  eco- 
nomical to  install  the  most  >erviceai)le  governor  that 
can  be  obtained,  irrespective  of  first  cost,  to  insure 
continuous  operation  of  the  unit  without  the  necessity 
of  shutting  down  for  repairs  or  adjustments  to  the 
governor. 

The  governor  is  made  extremely  heavy  and  rigid,  so 
that  the  design  is  in  keeping  with  the  heavy  construc- 
tion characteristic  of  the  large  hydraulic  turbines.  The 
governor  head  is  extremely  powerful;  that  is,  the  fly- 
balls  are  heavy  so  that  a  comparatively  small  change  in 
speed  produces  a  great  centrifugal  force  to  actuate  the 
pilot  valve.  That  as  much  of  this  power  as  possible  may 
be  available  to  move  the  pilot  valve  the  friction  in  the 
connections  between  the  flyballs  and  pilot  valve  is  re- 
duced by  the  use  of  ball  bearings  at  all  joints,  securing 
the  .'sensitiveness  required  of  a  governor  which  must 
respond  quickly  to  sudden  changes  of  speed  and  one 
which  will  move  the  gates  for  every  slight  change  in 
speed. 

The  use  of  a  heavy  governor  head  also  results  in 
steadiness  in  operation,  so  that  the  governor  does  not 
function  when  there  is  no  change  of  load.  It  is  often 
noted  in  hydraulic  plants  that  the  gates  of  the  turbines 
are  constantly  swinging  back  and  forth  when  no  load 
change  is  taking  place.  This  is  spoken  of  as  hunting  of 
the  governor  and  may  be  due  to  a  number  of  causes, 
such  as  variation  in  the  governor  pressure,  defective 
drive  or  mechanical  friction  in  the  valve  or  valve  con- 
nections. Where  a  light  commercial  governor  is  used, 
this  constant  swinging  of  the  gates  is  noticeable  and 
soon  starts  wear  in  the  operating  mechanism  of  the  tur- 
bine. Such  wear  results  in  a  cumulative  increase  in 
the  movements  which  caused  it,  so  that  the  hunting  in- 
creases. These  defects  are  greatly  reduced  by  the 
elimination  as  far  as  possible  of  friction  in  the  con- 
nections and  the  use  of  a  powerful  governor  head,  as  the 
heavj'  flyballs  will  resist  any  outside  influences  tending 
to  move  them  from  their  central  position,  and  will 
function  only  when  there  is  an  actual  change  in  speed 
of  the  machine. 

To  prevent  hunting  and  insure  steadiness  of  opera- 


ti</n,  it  is  of  vital  importance  to  eliminate  all  lost  mo- 
tion in  the  restoring  mechanism  In  the  I.  P.  Morri;. 
double  floating  lever  governor  all  gears,  screw  thread 
or  racks,  are  otnitted  in  the  restoring  mechanism,  mai 
ing  all  connections  between  the  parts  constituting  the 
restoring  mechanism  liy  means  of  hardened  steel  pins 
and  bushings,  ground  to  u  fit. 

A  governor  should  have  as  few  and  as  simple  adjus' 
ments  as  possible  for  the  functions  which  it  has  to  per- 
form and  must  be  so  designed  that  these  adjustments 
can  be  made  while  it  is  in  operation.     Among  these  ad- 
justments might  be  mentioned: 

1.  Change  of  Normal  Speed  of  Unit — This  adjust- 
ment is  required  for  synchronizing  the  unit.  The  gov- 
ernor is  fitted  with  a  handwheel  and  motor  for  this  pur- 
pose, so  that  the  speed  of  the  turbine  may  be  altered 
cither  at  the  governor  or  through  the  motor  from  a 
distant  point  such  as  the  .switchboard. 

2.  Inherent  Speed  Change — This  adjustment  is  re- 
quired .so  as  to  give  a  change  in  normal  speed  from  full- 
load  to  no-load  conditions,  so  that  the  generators  may 
be  properly  operated  in  parallel  and  equally  divide  the 
load.  This  governor  is  furnished  with  a  sm.all  hand- 
wheel  connection  .so  that  the  inherent  speed  change 
from  no  load  to  full  load  may  be  altered  anywhere  be- 
tween limits  of  zero  to  3  per  cent.  This  adju.stment  may 
be  made  while  the  governor  is  in  operation. 

3.  Time  of  Gate  Movement — This  adjustment  is  re- 
quired so  that  the  turbine  gates  may  be  moved  in  a 
time  period  to  suit  the  length  of  the  water  passages 
and  the  velocities  used  in  any  particular  plant.  This 
governor  has  an  adjustment  for  changing  the  time  of 
gate  movement  which  can  be  made  during  the  operation 
of  the  governor,  although  it  is  usual  in  a  given  plant 
when  the  governor  is  first  installed  to  fix  this  time  of 
gate  movement  to  suit  the  local  conditions. 

[The  article  which  will  folloio  this  one  deals  with 
Normal  and  Abnormal  Operation  of  the  Governor  Sys- 
tem, of  which  the  governor  itself  is  only  a  part.  Next 
will  come  one  treating  of  how  the  governor  system  is 
maintained  at  Holtwood,  followed  by  others  dealing 
with  details  of  operation  and  maintenance  of  particular 
parts  of  the  system. — Editor.] 


Constant  Excess-Pressure  Regulator  for 
Motor-Driven  Pumps 


By  C.  H.  SONNTAG 


THE  maintenance  of  a  constant  excess  pressure  in 
boiler-feed  lines  over  the  pressure  in  the  boiler 
is  of  decided  advantage.  When  hand  regulation 
of  the  individual  feeds  is  used,  it  means  that  a  given 
opening  of  the  feed  valve  will  always  feed  water  at  the 
same  rate.  If  automatic  feed  regulators  are  installed 
on  the  boilers,  this  point  is  not  quite  so  important,  but 
in  any  event  the  building  up  of  high  pressure  when 
the  feed  valves  all  happen  to  close  at  once  is  prevented, 
and  the  operation  of  the  pump  is  controlled  without  the 
necessity  for  personal  attention. 

Control  of  steam  pumps  on  this  principle  has  been 
worked  out  by  several  makers  who  furnish  regulators 
for  the  purpose,  but  so  far  as  the  w-riter  knows,  the 
control   of   motor-driven   pumps   along   the   same   lines 


has  not  come  into  general  use.  In  our  plant  the  boiler- 
feed  pumps  are  fitted  with  constant  excess-pressure 
governors,  but  we  had  more  exhaust  steam  than  we 
needed  to  heat  our  feed  w-ater,  so  we  installed  a  motor- 
driven  triplex-feed  pump,  which  gave  us  the  benefit  of 
the  superior  steam  economy  of  our  main  generator. 

The  accompanying  drawings  show  the  regulator  that 
we  designed  for  the  control  of  this  pump.  It  works  on 
the  familiar  follow-up  motion  principle,  such  as  is  used 
on  steam  steering  engines  and  similar  devices.  The 
base  casting  was  ir.ade  from  an  old  motor  rail.  The 
diaphragm  chamber  and  parts  below  it  are  from  a  l*-in. 
constant  excess-pressure  steam-pump  governor.  The 
motor  used  is  of  the  wound-roter  tviDe,  and  the  three 
brush-holders  of  the  regulators,  being  in  metallic  con- 
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tact  with  thcii-  rupporting  arm,  short-circuit  more  or 
less  of  the  resistance  in  the  rotor  circuit,  according  to 
their  position  on  the  face  of  the  contact  pafiel.  Th° 
subdivisions  of  the  rotor  resistance  are  equal  in  the 
three  phases,  but  the  dimensions  on  the  panel  drawing 
show  that  corresponding  sections  of  this  resistance  in 
the  three  phases  are  shunted  successively  instead  of  at 
the  same  time.  This  gives  three  times  as  many  sub- 
divisions of  speed  as  there  are  contacts  on  the  panel, 
and  the  result  is  very  sxooth  acceleration,  witlj  a  speed 
for  almost  any  rate  of  feed.     Of  course  it  slightly  un- 


To  start  the  pump  and  regulator  in  service,  see  that 
the  valves  leading  to  the  upper  and  lower  diaphragni 
surfaces  are  open,  also  the  one  supplying  service-wat*^r 
pres?;ure  to  the  follow-up.  The  drip  valve  should  be 
open  enough  to  let  the  plunger  and  brush  rigging  dovni 
:  lowly  when  the  follow-up  valve  is  closed.  Then  hold 
the  follow-up  valve  open  by  raising  the  upper  lever 
until  the  brushes  are  at  the  top  of  the  panel  and  close 
the  primary  switch,  when  the  motor  will  start  .slowly 
Release  the  follow-up  valve  and  the  motor  will  accel- 
erate until  the  desired  excess  pressure  is  reached.    This 
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Section  A"A 


SHOWING  DETAILS  OF  THE  MOTOR-DRIVEN  PUMP  REGULATOR 


balances  the  rotor  currents,  but  with  so  many  divi- 
sions there  has  been  no  untoward  behavior  of  the 
motor. 

This  regulator  does  not  open  the  primary  circuit  of 
the  motor,  nor  stop  it,  but  if  the  resistance  is  properly 
chosen,  it  will  bring  the  motor  down  to  a  very  low  speed. 
The  pump  is  fitted  with  a  spring-loaded  relief  valve 
set  above  the  working  pressure,  as  a  safety  device  in 
case  of  absolute  .stoppage  in  the  discharge  line.  The 
panel  is  so  connected  to  the  resistance  that  the  lowest 
position  of  the  brushes  shunts  all  the  resistance. 


exce.ss  pressure  is  determined  by  the  position  of  the  7- 
Ib.  weight  shown  on  the  lever  arm  in  the  illus- 
tration. Fifteen  pounds  is  about  right  for  boiler 
feeding. 

The  r.pplication  of  the  follow-up  principle  to  thi'^ 
purpose,  and  most  of  the  details  of  the  regulator  were 
worked  out  by  our  chief  engineer,  C.  A.  Crass.  He 
later  became  first  assistant  engineer  of  the  Emergency 
Fleet  Corporation  Steamer  "Lake  Edon,"  and  was 
killed  when  that  vessel  was  torpedoed  in  European 
waters  on  Aug.  21,  1918. 
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Sinj^lr-IMiasc^  Operation 

By  B.  W.  JONKS 
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Comparison  is  niadr  of  the  diffcreiif  nic.avs  gcn- 
eraUu  eniploiird  to  prcrent  a  pohipliase  induction 
motor  from  operatiufi  siiigle-phase  and  also  from 
orerheatinp. 


TWO-PHASE  and  three-phase  induction  motors 
are  used  for  a  great  number  of  applications 
where  polyphase  alternating  current  is  available. 
The  current  per  phase  of  a  three-phase  motor  is 
more  than  the  current  per  phase  of  a  four-wire  two- 
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FIG.    1.      CHARACTERISTIC    CURVES    OF    MOTOR 
PROTECTING  DEVICES 

phase  motor  having  the  same  horsepower  and  voltage 
rating.  To  illustrate,  the  full-load  current  per  phase 
of  a  40-hp.  three-phase  220-volt  induction  motor  is  ap- 
proximately 100  amperes,  and  the  full-load  current  per 
phase  of  a  two-phase  motor  of  the  same  rating  is  ap- 
proximately 87  amperes. 

If  one  line  or  phase  to  either  of  these  two  types  of 
motors  breaks,  or  a  fuse  blows,  or  for  any  reason  open- 
circuits,  the  motor  will  continue  to  run  on  single-phase 
power,  provided  the  torque  does  not  exceed  the  single- 
phase  torque,  but  with  an  increased  current  in  the  re- 
maining single-phase  circuit.  This  current  will  be  ap- 
proximately 175  amperes  for  either  motor  of  40-hp. 
capacity  when  driving  full  load.  Since  the  heating  of 
the  motor  varies  approximately  as  the  square  of  the 
current,  the  three-phase  motor  will  have  to  dissipate 
about  three  times  and  the  two-phase  motor  about  four 
times  the  heat  per  phase  that  they  would  have  if  they 
continued  under  multiphase  or  normal  condition.  This 
explains  why  polyphase  induction  motors  bum  out  if 
they  are  operated  single-phase  when  driving  approxi- 
mately full  load. 

There  are  several  methods  employed  to  disconnect 
the  motor  from  the  line  when  one  of  the  phases  fails. 


The  most  common  mean.s  u.sed  is  two  inverse  time- 
limit  overload  relay.s  per  motor,  which  control  a  line 
contactor.  To  get  the  best  protection  from  this  type 
of  relay,  it  should  be  calibrated  with  the  da.shpot  re- 
moved on  a  current  about  10  per  cent,  higher  than  that 
required  to  drive  the  load.  This  adjustment  should 
then  never  be  changed.  With  the  dashpot  and  oil  re- 
placed, the  oil  vents  should  be  adjusted  so  that  the  relay 
will  not  function  during  .starting;  that  is,  the  plunger 
should  not  be  allowed  to  rise  so  high  that  it  will  not 
return  after  the  motor  has  fully  accelerated.  If  later, 
the  relay  does  completely  function  during  starting, 
owing  to  its  parts  wearing  or  for  any  other  cause,  the 
oil  vents  should  be  decreased,  but  the  current  adjust- 
ments should  never  be  changed. 

With  this  means  of  protection  a  motor  is  protected 
against  ordinary  overloads  above  10  per  cent,  and  also 
against  overloads  in  any  of  the  pha.ses  caused  by  a 
single-phase  action.  If  the  motor  is  running  light  or 
has  only  a  partial  load  on  single-phase  power,  such 
that  it  would  not  require   110  per  cent,  current,  the 


FIG.    2.      PROTECTIVE    PLUG 

motor  will  not  overheat  and  the  relays  will  not  function, 
which  is  a  satisfactory  condition.  Of  course  the  relays 
should  be  in  both  the  starting  and  the  running  circuit, 
unless  the  equipment  is  hand-operated  and  the  operator 
can  be  relied  upon  to  take  the  needed  precautions,  so 
that  if  the  motor  did  not  start  with  the  single-phase 
power,    the    relays    would    permanently    disconnect    it. 
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Fig.  1  shows  two  typical  curves  of  an  inverse  time- 
limit  overload  relay  which  was  set  to  trip  on  110  per 
cent,  full-load  current,  as  already  described,  and  set 
with  two  different  adjustments  of  the  oil  vents.  Curve 
A  shows  the  time-current  conditions  with  a  small  vent, 
and  curve  B  with  a  larger  oil-vent  adjustment. 

Suppose  the  two  40-hp.  induction  motors  were  equip- 
ped with  two  of  this  type  of  relay  per  motor,  tho.se  for 
the  three-phase  motor  being  calibrated  to  trip  on  110 
amperes  and  those  for  the  two-phase  motor  on  96  am- 
peres (110  per  cent,  of  full-load  current)  and  the  dash- 
pot  on  each  was  adjusted  as  shown  in  Fig.  1,  curve  A. 
If  these  two  motors  were  running  and  each  driving  a 
full  load  and  one  of  the  phases  on  each  motor  should 
open  circuit,  each  would  require  approximately  175  am- 
peres, as  previously  explained,  to  keep  them  running. 
Since  175  amperes  represents  175  per  cent,  of  full  load 
or  rated  current  for  the  three-phase  motor  and  200  per 
cent,  for  the  two-phase  motor,  the  three-phase  motor  will 
be  disconnected 
from  the  line,  as 
per  Fig.  1,  curve 
A,  in  20  sec,  and 
the  two  -  phase 
motor  in  15  sec, 
as  indicated  by 
the  dotted  lines. 
If  the  dashpots 
were  adjusted  as 
shown  in  curve  B, 
the  three  -  phase 
motor  would  be 
disconnected  in  1 1 
sec.  and  the  two- 
phase  motor  in  8 
sec.  If  the  dash- 
pots  were  cali- 
brated with  a 
smaller  oil  vent 
than  as  repre- 
sented in  curve 
A,  the  time  re- 
quired to  discon- 
nect the  motors 
would  be  propor- 
tionately longer. 
Therefore,     since 

these  motors  will  not  become  damaged  in  this  time  with 
175  amperes  per  phase,  the  relays  will  give  adequate 
protection. 

A  number  of  instances  have  happened  where  motors 
that  have  had  this  type  of  relay  for  protection  have 
burned  out.  In  every  case  the  cause  could  be  traced 
to  one  of  two  reasons  and  sometimes  both.  When  the 
relay  leaves  the  factory,  it  has  the  current  adjustment 
correctly  set  for  a  specified  motor.  When  the  relays  are 
actually  applied,  they  may  or  may  not  be  for  a  motor  of 
the  same  rating  and  also  the  adjustment  may  have  been 
••.hanged.  In  other  v/ords,  the  current  adjustment  is 
not  correct;  namely,  110  per  cent,  of  the  motor's  cur- 
rent rating. 

The  second  reason  is  that  the  application  is  wrong. 
If  a  squirrel-cage  induction  motor  is  connected  to  a 
heavy-inertia  load  such  that  it  takes  five  or  six  times 
rated  current  for  10  or  15  sec.  or  longer  to  accelerate  it, 
the  dashpot  on  the  relay  cannot  prevent  the  plunger 
from  pulling  up  and  opening  the  relay  contacts  unless 
the  oil  vents  are  completely  closed,  and  this  will  prevent 
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a  reasonable  overload  from  opening  the  relay  contacts 
in  the  required  time..  For  a  case  of  this  kind  special 
means  must  be  employed  which  will  give  the  same  pro- 
tection to  the  motor  as  described  in  the  foregoing. 
However,  if  the  current  adjustment  is  correctly  set  and 
the  dashpot  is  capable  of  giving  the  required  time  re- 
tardation during  the  starting  period  without  completely 
closing  the  oil  vents,  a  motor  need  never  burn  out  from 
overloads  or  from  a  single-phase  condition  when  pro- 
tected with  two  inverse  time-limit  relays. 

The  second  means  employed  for  protecting  the  motor 
is  a  standard  fuse  in  each  of  the  phases.  A  fuse  also 
has  an  inverse  time  characteristic,  as  shown  in  Fig.  1, 
curve  C,  but  this  is  fixed  and  cannot  be  adju.sted  to 
suit  conditions.  Curve  C  is  for  an  average  size  of  fuse, 
a  large  size  taking  a  longer  time  to  open  and  a  small 
size  a  shorter  time.  This  type  of  fuse  will  blow  with 
110  per  cent,  cf  its  current  rating  after  several  minutes. 
If  a  100-ampere  fuse  were  applied  on  the  three-phase 

and  an  87-ampere 
fuse  on  the  two- 
phase  motor 
specified  in  the 
foregoing,  the 
three-phase  motor 
would  blow  it.3 
fuses,  under  the 
previously  d  e  - 
scribed  condition, 
in  12  sec.  and  the 
two-phase  motor 
in  5  sec.  as  shown 
in  curve  C,  Fig.  1. 
This  curve  shows 
that  the  motor 
would  have  to 
start  very  quickly 
to  prevent  the 
fuses  blov/- 
ing  during  the 
starting  period. 
The  third  means 
employed  for  pro- 
tecting the  motor 
is     a     protective 

H   TWO   IXVKKSK  TI.MIO-LIMIT   I^.ICI.AVS         plug.  Fig.  2, 

which  has  a  much 
longer  time  characteristic  than  a  fuse.  Curves  C  and  D, 
Fig.  1,  show  this  difference  in  time.  If  applied  as  stated, 
the  three-phase  motor  plugs  would  open  in  110  sec.  and 
the  two-phase  motor  plugs  in  93  sec.  This  current-time 
characteristic  approaches  the  thermal  or  heating  char- 
acteristics of  the  motor  and  for  that  reason  a  plug  can 
be  used  having  the  same  current  rating  as  the  motor. 
This  will  allow  the  motor  to  start  an  average  load  with- 
out opening  the  plug  and  will  also  protect  the  motor 
against  an  overload  from  either  a  phase  failure  or  an 
ordinary  overload  on  the  motor. 

The  fourth  means  employed  for  protecting  the  motor 
is  a  phase-failure  relay  which  controls  a  line  contactor. 
This  relay  allows  the  line  contactor  to  be  closed  and 
opened  when  the  power  supply  is  normal,  but  if  any 
phase  fails  with  the  motor  running,  the  relay  will  in- 
stantaneously open  the  contactor  and  remain  thus  until 
reset  by  hand.  This  relay  has  the  advantage  that  no 
adjustment  is  required  to  meet  a  starting  condition 
and  therefore  it  will  always  protect  the  motor  against 
single-phase  operation,  but  it  also  has  the  disadvantage 
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that  it  will  Mi)t  protfit  (lie  rimtor  f ro  n  onliiiary  ovor- 
loiids.  Thi.s  roiulitiiin  must  be  tiikoii  laro  of  by  one  of 
the  means  de.scribed.  which  .should  al.so  lake  care  of  a 
harmful  .sinKlo-pha.si'  condition. 

A  simple  and  compact  automatic  starter  co-nbiiiin^'  a 
line  contactor  C  and  two  inver.se  time-limit  overload  re- 


lays Ix  for  throwinjr  small  .sciuirrel-caKc  induction  motors     also  start. 


on  the  line  is  shown  in  Kij?.  •"{.  The  line  contactor  in 
governed  by  means  of  a  "start  and  stop"  push-button 
station  in  .series  with  the  overload  relays. 

These  relays,  if  calibrated  as  e.xplained  in  the  fore- 
{fointf,  will  K've  all  the  protection  needed  to  a  motor 
unless  it  is  driving  a  heavy  inertia  load  which  it  must 
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The  author  demonstrates  that  operating  methods 
should  be  carefully  scrutinized  or  economies  of 
con.'ft ruction  and  new  business  campaigns  will 
(10  for  )iaiuilit. 

THE  big  items  and  the  important  business  propo- 
sitions in  many  plants  seem  to  be  all  that  the 
manager  and  superintendent  have  time  to  con- 
sider; that  is,  how  more  business  can  be  handled,  how 
more  raw  material  can  be  purchased  and  stored,  how 
enough  help  can  be  procured,  how  profits  can  be  in- 
creased, and  how  the  plant  can  be  enlarged.  In  short 
the  attention  and  study  of  executives  seem  to  be  in 
many  instances  entirely  given  to  the  opening  up  of  new 
and  wider  avenues  of  increased  business,  whereas  the 
investigation  and  curtailment  of  losses  and  leakages 
get  little  attention. 

With  increased  business  on  one  hand  there  are  often 
increased  losses  on  the  other  hand,  a  situation  which 
does  not  spell  economy  of  operation.  For  instance,  in 
one  large  plant  more  than  $250,000  was  spent  in  one 
summer  for  new  buildings,  motors,  machinery  and  vari- 
ous other  equipment  which  necessitated  new  switch- 
boards and  cables  being  installed  in  the  plant's  power 
house.  Of  course,  all  this  expense  was  recalled  to  mind 
many  times  at  the  foremen's  meetings,  with  the  request 
that  labor  should  be  hired  as  cheaply  as  possible,  more 
work  be  turned  out  with  less  help,  and  less  waste  of  time 
tolerated  to  counterbalance  the  heavy  expenditures  of 
the  plant  extensions. 

This  was  good  advice  when  looked  at  from  the  official 
position,  but  the  trouble  was  not  at  that  end  of  the  busi- 
ness. The  great  weakness  was  very  evidently  along  the 
line  of  losses,  wastefulness  and  leakages. 

Real  Opportunities  for  Economy 

In  this  plant  was  operated  a  large  woodworking  shop, 
and  the  sawdust,  plank  ends  and  blocks  were  sold  to 
anybody  and  everybody  for  25  cents  per  100  lb.  (45  kg.). 
The  receipts  were  often  commented  upon  as  being  a 
good  rebate  on  the  original  costs.  Then  when  any  em- 
ployee wished  to  purchase  leather  for  shoes,  glass  for 
a  window  or  a  casting  these  supplies  were  sold  at  cost 
price,  whereas  the  cost  of  the  clerk's  time,  the  ink  and 
paper  and  the  cashier's  time  in  making  out  receipts  were 
not  charged  for.  Thus  these  transactions  amounted,  in 
a  year,  to  a  larger  deficit. 

The  new  manager  and  superintendent  increased  the 
profits  of  the  plant  by  eliminating  these  losses  in  a  short 
time.  The  sawdust  and  blocks  were  not  sold  but  were 
burned  in  the  boiler  house.  The  firemen  complained 
about  mixing  coal  with  so  much  wood  and  sawdust,  but 


they  were  told  that  it  had  to  be  done.  It  was  done,  and 
the  coal  pile  was  saved  about  25  per  cent,  daily  and  thus 
the  season's  supply  was  extended.  The  firemen's  pay 
was  increased  10  per  cent,  as  2i  lb.  of  sawdust  and  wood 
was  required  to  equal  1  lb.  of  coal.  The  sale  of  sup- 
plies to  employees  was  stopped  entirely,  thus  saving  a 
considerable  overhead  expense. 

The  next  matter  of  waste  was  the  city  water.  The 
last  bills  were  studied,  and  it  was  concluded  that  too 
much  good  clean  water  was  being  used  for  sprinkling, 
washing  and  u.ses  other  than  drinking.  A  piping  system 
was  immediately  installed  by  the  company's  steamfitters 
through  the  entire  plant  and  supplied  by  a  fair-sized 
pump  in  the  fire  pump  hou.se  by  the  river,  whence  water 
was  forced  to  all  toilets,  forge  tubs,  foundry  hoses  and 
wash  basins. 

This  resulted  in  the  purchase  of  only  25  per  cent,  of 
the  original  water  supply  for  drinking  fountains  having 
small  inverted  spring  faucets  of  limited  flow.  Thus  the 
city  bill  was  curtailed,  and  the  over-all  saving  was  ap- 
parent at  the  end  of  the  year  even  though  the  cost  of 
piping,  supplies  and  help  cost  was  high.  All  pipe  ends 
were  used  up,  straps  were  made  and  none  purchased, 
and  small-sized  piping  was  used  wherever  possible. 
Even  the  river  water  was  not  supplied  anywhere  in 
wasteful  amounts.  The  forge-shop  cooling  tanks  were 
not  running  over  all  the  tim.e  but  filled  when  needed, 
and  the  hydraulic  lifts  and  elevators  were  restricted  to 
necessary  usage  only.  The  force  pump  was  thus  slowed 
down  and  kept  so  through  the  entire  year,  with  much 
saving  of  steam. 

One  Generator  Does  the  Work  of  Two  | 

The  used  electrical  energy  offered  another  large  op- 
portunity for  saving  by  lowering  the  peak  and  average 
demand.  In  the  first  place,  all  carbon  lamps  were  re- 
placed with  tungsten,  thus  saving  where  possible  the 
difference  between  3.5  watts  per  candlepower  and  1.25 
watts,  the  specific  consumption  of  carbon  and  tungsten 
lamps  respectively.  For  the  general  lighting  of  small 
areas  high-candlepower  tungsten  lamps  were  used,  and 
for  larger  areas,  such  as  foundry  floors,  forge  shops 
and  showrooms,  the  large  sizes  of  nitrogen  lamps  were 
found  to  be  the  most  economical. 

All  general  and  bench  lighting  was  supplied  witl 
switches  in  locked  steel  boxes,  and  each  foreman  wa= 
responsible  for  excessive  use  of  electricity.  All  drop 
lights  were  equipped  with  locked  guards  to  prevent  the 
removal  of  the  valuable  lamps.  No  lights  except  those 
actually  in  use  were  allowed  to  burn  during  the  noon- 
time, and  during  other  hours  if  a  machine  was  idle  its 
light  had  to  be  shut  off  as  well  as  the  power,  oil  and 
air  supply. 
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The  reduction  in  the  use  of  electricity  was  very  evi- 
dent on  the  switchboard  ammeters,  and  during  the  sum- 
mer a  100-hp.  engine  with  its  generator  was  usually 
shut  down  about  9  in  the  forenoon,  whereas  formerly  it 
had  been  run  until  noon  to  supply  the  load.  Thus  steam, 
oil  and  wear  and  tear  on  the  two  machines  were  saved, 
and  the  life  of  many  lamps  was  substantially  extended. 

Stopping  the  Small  Leaks 

The  supply  of  cotton  waste  was  cut  down  from  10  lb. 
(4.5  kg.)  per  department  to  5  lb.  (2.25  kg.),  and  even 
to  2  lb.  (0.9  kg.)  for  certain  fairly  clean  work,  as  it 
was  found  that  much  waste  was  thrown  into  rubbish 
when  only  slightly  soiled.  The  shop  porter  or  janitor 
had  orders  to  destroy  only  the  worst  of  the  waste,  and 
to  return  to  the  foreman  any  that  was  but  slightly 
soiled.  This  caused  some  grumbling,  but  when  it  was 
found  difficult  to  get  new  waste  the  old  proved  very 
acceptable. 

Motors  Should  Not  Run  Idle 

The  electric  power  was  reduced  by  shutting  off  all 
motors  not  likely  to  be  needed  for  at  least  fifteen 
minutes.  Electric  elevators  were  not  operated  for  foot 
passengers  except  with  loads.  One  large  forge  shop  had 
a  new  four-wire  power  line  run  from  its  power  house 
to  a  50-hp.  motor,  as  the  old  line  had  caused  such  a  drop 
in  voltage,  due  to  its  small  size,  that  five  men  were 
needed  every  morning  and  noon  to  help  start  the  large 
power  pulley  with  a  long  hooked  pole,  a  task  which  often 
took  ten  minutes  or  more. 

A  big  item  of  electrical  power  is  the  proper  arrange- 
ment of  alternating-current  motors;  that  is,  using  a 
large  one  only  where  actually  needed,  but  using  small 
sizes  where  they  are  large  enough,  thus  avoiding  the 
use  of  a  large  motor  to  do  light  work,  which  lowers  the 
power  factor  and  requires  excessive  generator  capacity. 
:  The  matter  of  wasting  steam  heat  was  taken  up  very 
■  seriously  in  one  large  factory,  and  it  was  satisfactorily 
settled  by  having  the  foremen  maintain  a  comfortable 
temperature  in  the  departments,  using  as  little  steam  as 
possible  and  not  keeping  the  radiators  wide  open  all  day 
long,  thus  compelling  employees  to  open  the  windows  to 
avoid  the  excessively  warm  air.  One  thermometer  placed 
at  each  end  of  a  large  room  helps  to  maintain  an  even 
temperature.  Where  employees  are  more  or  less  in- 
active a  higher  temperature  is  required  than  when  they 
are  laboriously  employed,  in  which  case  they  demand 
more  fresh  air  and  less  heat. 

Negligence  of  Co-Employee 

It  is  the  law  in  Georgia,  as  in  several  other  states, 
that  an  employer  is  not  liable  for  injury  to  an  employee 
resulting  from  negligence  of  a  fellow  servant  engaged 
in  the  same  general  line  of  work.  This  rule  has  been 
applied  by  the  Court  of  Appeals  in  that  state  to  a  case 
where  the  plaintiff,  a  fireman  in  a  steam-power  plant, 
was  injured  while  repairing  inside  of  a  boiler.  (Par- 
ham  vs.  Berryton  Mills,  98  Southeastern  Reporter,  241.) 

The  plaintiff  was  directed  by  his  superior  to  make 
the  repairs.  While  he  was  so  engaged,  another  fireman, 
under  orders  from  the  same  superior,  fired  an  adjacent 
boiler  that  was  connected  with  the  one  in  which  the 
plaintiff  was  working  and  permitted  steam  to  escape 
into  the  latter  boiler. 


"What  was  the  proximate  cause  of  the  injury  received 
by  Parham?"  asks  the  court.  "It  cannot  be  said  that 
the  order  from  the  vice  principal  and  the  entering  of  the 
boiler  at  the  time  by  Parham  was  negligence,  for  at 
that  time  there  was  no  steam  in  the  boiler  and  there 
was  nothing  dangerous  about  the  task.  Was  not  the 
proximate  cause  of  the  injury  the  act  of  Alexander 
(the  other  fireman),  the  fellow  servant,  in  opening  the 
valve  on  the  boiler  which  had  steam  in  it,  or  the  leaving 
open  of  the  valve  on  the  boiler  in  which  Parham  was 
working?  If  either  be  true,  and  this  is  the  negligence 
relied  upon,  it  seems  to  us  that  the  case  is  controlled 
by  the  rule  laid  down  in  Civil  Code  1910,  Sec.  3129,  that 
'Except  in  cases  of  railroad  companies  the  latter  is 
not  liable  to  one  servant  for  injuries  arising  from  the 
negligence  or  misconduct  of  other  servants  about  the 
same  business.'  " 

Another  Type  of  Refillable  Fuse 

A  few  years  ago  refillable  fuses  were  a  novelty;  now 
they  are  almost  as  common  as  the  nonrefillable  type.  The 
illustration  shows  a  type  of  cartridge  refillable  fuse 
known  as  the  Volk,  recently  placed  on  the  market  by 
the  Volk  Distributors,  New  York  City.  This  fuse  is 
made  up  of  a  fiber  shell  5  closed  at  each  end,  by  meta: 
disks  D  held  by  two  dovetails  that  pass  through  the 
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fiber  shell  as  shown.  The  fuse  element  E  is  made  up  in 
strips  of  standard  form  and  passed  through  slots  in  the 
metal  disks  at  each  end  of  the  shell.  After  placing 
the  fuse  element  through  the  shell,  the  ends  are  bent 
over  and  the  ferrules  F  screwed  on,  making  a  firm  con- 
tact between  the  ferrules  and  the  fuse  element.  This 
fuse  has  only  two  removable  parts — the  ferrules.  Up 
to  60-ampere  capacity  the  ferrules  have  a  machine  screw 
brazed  in  their  center,  which  threads  into  the  metal 
disks  D  on  the  end  of  the  shell.  In  sizes  above  60  am- 
pere capacity  knife  terminals  are  used.  In  this  size 
the  ferrules  are  held  in  place  by  two  screws  threaded 
into  the  metal  disks  D.  One  end  of  the  fuse  metal  is 
made  long  enough  to  extend  beyond  the  ferrule,  as  in- 
dicated at  A.  On  this  end  is  marked  the  capacity  of 
the  fuse  element,  so  that  the  inspector  may  see  at  a 
glance  how  the  circuit  is  fused. 


An  aluminum  alloy  containing  10  per  cent,  of  calcium 
is  reported  to  possess  valuable  properties.  It  is  lighter 
than  aluminum,  easily  melted,  and  machines  satisfac- 
torily. It  surpasses  alloys  of  copper,  tin  or  zinc  with 
aluminum  in  its  resistance  to  corrosion,  is  not  brittle, 
and  when  cast  it  conforms  to  all  the  details  of  the  mold. 
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XIV — The  supplying  of  high-pressure  air  for  the 
injection  of  the  fuel  charges  furnishes  a  subject 
of  the  evening's  talk,  and  air-bottle  explosions 
are  touched  upon. 


W 


E'LL  look  into  the  subject  of  air  compression 
and  injection  this  evening,"  Egan  announced 
when   the  class  had  assembled.     "We  could 
spend  a  lot  of  time  if  we  took  up  air-compressor  con- 
struction; but  we  are  interested  particularly  in  opera- 
tion and  the  troubles  that  arise. 

"There  are  three  ways  of  driving  a  compressor — by 
direct  connection,  by  belt  from  the  engine,  and  by  a 
separate  motor.     It  is  a  very  common  practice  to  mount 
the  air  compressor  on  the  engine  frame  and  drive  it 
by  means  of  a  drag  crank  on  the  engine  shaft.     Such  a 
compact  drive  is  advantageous  in  motor  ships  or  sub- 
marines and  in  other  places  where  lack  of  floor  space 
prevents  the  use  of  a  separate  compressor.     However, 
an  engine  room  is  seldom  so  confined.     In  my  opinion 
it's  not  a  good  idea  to  make  the  entire  engine  unit  so 
compact.     If  anything  goes  wrong  with   the  compres- 
sor, the  engine  must  be  stopped  until  repairs  are  made. 
Take  the  case  of  our  plant  here.    If  all  the  engines  were 
equipped   with   direct-connected   compressors,    on   peak 
loads   we  would   frequently   be   up   against   it,   for  it's 
always  at  such  times  that  a  compressor  valve  breaks. 
As  it  is,  we  can  disconnect  the  compressor  connecting- 
rod  in  a  few  minutes  and  cut  in  the  air  line  from  the 
motor-driven  compressor.    If  all  were  separate,  no  delay 
would  occur;  merely  changing  from  one  compressor  to 
another  would  keep  the  engines  going. 

"On  the  vertical  engine  there  isn't  a  great  deal  of 
room  to  work  in  around  the  compressor.     So  I  often 
fear  it's  neglected.     With   the   horizontal   engine   the 
direct  -  connected    compressor     ^______^^__^^__^__^ 

is  fairly  accessible.  Where 
no  high-pressure  air  bottles 
are  used,  the  short  distance 
from  compressor  to  needle 
valve    allows    the    engine    to 


In  the  next  article,  the  lubrication  of  crank- 
shaft bearings,  crankpins.  piston  pins,  pistons 
and  helical  gears  Mill  form  the  subject  for  the 
evening's  discussion. 


begin  to  fire  quicker  than  with  a  belted  compressor." 
"I  don't  quite  get  that,  chief,"   Kelly  broke   in.     "I 
thought  all  engines  had  to  have  air  bottles  or  tanks." 

"That  is  a  perfectly  natural  supposition  on  your 
part,  Kelly,  since  all  our  engines  use  bottles.  However, 
quite  a  number  of  engines  use  no  bottles.  They  are 
generally  of  small  horsepower  per  cylinder,  and  the 
scheme  is  to  let  the  air  go  direct  from  the  compressor 
to  the  injection  valve,  with  no  air  reservoir  in  the 
line. 

"This  type  uses  a  relief  cam  that  relieves  the  com- 
pression so  that  low-pressure  air  may  be  used  in  start- 
ing. The  engine  is  turned  over  several  times  by  the 
low-pressure  air.  By  this  time  the  air  compressor  has 
built  up  the  pressure  in  the  air-injection  line  to  around 
600  lb.  The  injection-valve  cam  is  then  thrown  into 
action,  and  the  engine  fires. 

"With  most  vertical  engines  no  compression  relief  is 
used.  It  requires  high-pressure  air  to  turn  the  engine 
over  against  the  compression  and  the  friction  load,  and 
it  would  be  impossible  to  use  low-pressure  air  to  do 
this.  So  it's  necessarj'  to  have  bottles,  at  least  for 
starting.'' 

"Why  not  cut  them  out  when  running?"  Woods  in- 
quired. 

"A  simple  answer  might  be  that  since  the  bottles  were 
there,  they  might  as  well  be  open  on  the  line  when 
running,"  rejoined  Egan;  "but  that  is  hardly  a  legiti- 
mate reason.  Consider  an  engine  in  operation,  with 
the  compressor  delivering  all  the  air  required  at  a  par- 
ticular load,  and  the  suction  control  valve  set  so  that 
no  excess  air  is  drawTi  into  the  compressor  to  be  later 
blown  from  the  relief  valve.  Now  suppose  that  a  heavy 
load  comes  on.  The  air  discharged  by  the  compressor 
into  the  air  line  is  the  same  as  before.  The  heavy  fuel 
charge  which  the  fuel  pump  has  just  deposited  in  the 
atomizer  calls  for  a  higher  air  pressure  to  thoroughly 
^^^^^^^_^_^^^^__  atomize  it.  Most  atomizers 
are  designed  on  the  theory 
that  the  air  pressure  will 
build  up  behind  the  heavy 
fuel  charge,  and  thus  proper 
atomization    is    secured;    but 
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this  building  up  cannot  take  place  when  there  is  no 
reservoir  of  air  to  build  up  the  pressure.  Without 
bottles,  there  is  but  a  small  amount  of  air  between 
compressor  and  nozzle  and  the  compressor  has  com- 
pleted its  stroke  before  the  nozzle  opens.  Consequently, 
there  is  no  storage  to  draw  on.  Of  course  the  operator 
can  regulate  the  compressor  suction  and  thus  secure  a 
higher  pressure,  but  this  can  only  care  for  the  load 
changes  that  are  of  some  permanence.  From  my  view- 
point the  air  bottle  is  desirable." 

"Well,  chief,  if  some  engines  don't  use  air  bottles, 
where  do  they  get  the  air  to  start  with?" 

"It  isn't  necessary  to  use  high  pressure  to  start  with, 
Kelly,  if  the  engine  has  a  compression  relief  arrange- 
ment. So  the  starting  air  in  these  engines  is  about 
250  lb.  pressure.  This  air  is  taken  from  the  compressor 
when  the  engine  is  running  and  stored  in  the  low- 
pressure  starting  tanks.  The  air  compressor  is  always 
large  enough  to  supply  the  atomizer  and  to  charge 
the  tanks." 

"What  about  air-bottle  explosions?"  Woods  asked. 
"The  other  day  a  belting  salesman  was  telling  us  of  an 
explosion  he  witnessed  a  year  or  so  ago." 

"I  guess  that  was  Jones,"  said  Egan.  "The  explosion 
occurred  at  the  Fremont  plant.  I  happened  to  be  there 
and  saw  Jones  do  a  hundred  yards  in  less  than  ten 
seconds.      Three   bottles   gave   way,   and   one    of   them 


FIG.    1.      DETAILS    OK   Oil,   TR.M'   FOR    AIR   LINE 

shot  across  two  blocks.     It  was  pure  luck  that  no  one 
was  hurt." 

"What  causes  those  explosions,  J.  R.?" 
"Well,  Woods,  to  my  way  of  thinking  it's  due  to 
cylinder  oil.  This  oil  will  gradually  collect  in  the  air 
line  and  bottles,  and  if  conditions  are  just  right,  the 
oil  will  ignite.  The  majority  of  air  compressors,  oper- 
ating with  1000  lb.  pressure,  are  insufficiently  cooled, 
especially  in  the  matter  of  an  aftercooler.  Frequently 
the  air  leaves  the  compressor  with  a  temperature  above 


200  deg.  F.  This  heat  rapidly  vaporizes  the  oil 
trapped  in  the  bottles  and  ignites  it.  There  is  no  doubt 
that  every  compressor  should  have  an  aftercooler  tn 
reduce  the  temperature  of  the  air  as  it  leaves  the  high- 
pressure  cylinder.  Furthermore,  when  bottles  are  used, 
the  air  line  should  have  an  oil  trap. 

"The  traps  we  have  here  were  made  right  in  our 
own  shop.  I  never  could  induce  the  big  chiefs  to  buy 
them,  so  I  figured  out  a 
.scheme    and     made    them. 


iM. 


FIG.    2.      DISK   TYPE   OF 
DISCHARGE  VALVE 


You  all  know  how  they 
look  outside.  This  sketch 
(Fig.  1)  gives  the  details. 
I  simply  took  a  piece  of 
square  machinery  steel, 
machined  both  side?  and 
made  pipe  connections. 
Then  I  bored  the  vertical 
hole,  making  it  of  two  di- 
ameters as  shown,  tapping 
the  top  for  a  plug  and  the 
bottom  for  a  drain.  Next  I 
machined  a  flat  strip  of 
steel,  notching  the  side 
edges  and  cutting  several 
grooves  in  the  face  toward 
the  inlet.  This  strip  was 
inserted  in  the  vertical 
cavity.  The  air,  as  it 
enters  the  block,  must  pass 
around  this  partition  to 
get  out,  and  so  the  oil  is 
thrown  against  the  plate 
and  trickles  down  the 
grooves  to  the  bottom, 
where  it's  drained  out 
every  day.  It's  well  to  remember  that  some  of  the  oil 
used  in  the  compressor  will  vaporize  and  pass  out  with 
the  air.  Then  if  the  high-pressure  air  is  not  passed 
through  an  aftercooler,  some  of  the  oil  vapor  will  be 
carried  into  the  bottles,  where  it  will  cool  and  liquefy. 
The  separator  cannot  eliminate  oil  in  a  gaseous  condi- 
tion. Therefore,  two  things  are  necessary  to  prevent 
explosions — an  aftercooling  of  the  air  and  a  good 
separator." 

"Mr.  Egan,"  said  Woods,  "I've  heard  that  it  was  a 
good  idea  to  have  the  air  charge  hot.    Is  that  right?" 

"There  is  one  time  when  it  would  seem  right  to  use 
hot  injection  air — that  is,  on  very  heavy  loads.  On 
low  loads  the  entire  engine  cools  off.  The  water  jacket, 
since  it  absorbs  practically  the  same  amount  of  heat, 
actually  absorbs  a  larger  percentage  of  the  heat  than 
on  full  load.  So  the  compression  charge  in  the  engine 
cylinder  doesn't  reach  as  high  a  temperature.  If  the 
load  is  very  small,  the  temperature  may  be  too  low  to 
ignite  the  oil.  This  is  aggravated  by  the  chilling  effect 
of  the  injection  air." 

"How's  that,  chief?  I  can't  see  how  the  air  would 
chill  the  combustion  chamber." 

"Well,  consider  the  facts.  The  charge  of  fuel  in 
the  fuel  valve  is  small.  There  is  nothing  to  prevent 
the  air  from  blowing  direct  into  the  cylinder.  In  blow- 
ing through  the  nozzle  in  a  practically  unbroken  stream, 
the  air  expands  and,  in  so  doing,  becomes  compara- 
tively cold.  This  has  a  chilling  effect  on  the  fuel  charge 
and  tends  also  to  lower  the  temperature  of  the  entire 
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chnrge  of  compressed  air  in  tlu-  onjrino  cylinder.  Under 
;mch  conditions,  an  ensinc  will  prohalily  misfire  and 
have  a  smoky  exhaust.  If  we  could  raise  llie  tempera- 
ture of  the  air-injection  chnrge.  the  chilling  effect  would 
bo  eliminated,  or  at  least  reduced." 

"How  about  full  load,  J.  R.?"    Kelly  inquired. 

"On  full  load  the  air  .should  not  be  hot.  First,  there 
is  a  danper  of  gcttinp  the  oil  hot,  and  if  it  is  a  pas 
oil,  it  may  explode  in  the  fuel-valve  cavity.  Again,  hot 
air  has  a  larger  volume  than  cold  air  under  equal  pres- 
sure, which  means  that  it  requires  more  work  to  com- 
press a  given  weight  of  hot  air  than  of  cold  air.  This 
cau.scs  excessive  compressor  work  or  too  small  a  weight 
of  air  injected.  I'll  choose  having  the  air  charge  not 
above  120  deg.  F.  One  thing  the  majority  of  builders 
neglect  is  to  provide  enough  coils  in  the  aftercooler." 

"How  about  the  amount  of  compressor-cylinder  oil?" 
The  Scotsman  asked  the  question. 

"The  amount  of  oil  to  be  used  in  the  compressor 
varies  with  different  engines.  A  fair  estimate  with  a 
three-stage  compressor  is  about  these  values:  One  drop 
per  minute  to  the  low-pressure  cylinder,  one  drop  per 
minute  to  the  intermediate-pressure  cylinder,  and  five 
drops  per  minute  to  the  high-pressure  cylinder." 

"Why  do  you  feed  more  oil  to  the  high-pressure  than 
to  the  low-pressure  cylinder?    The  low  pressure  is  lots 


FIG.  3.   DETAILS  OF  POPPET  VALVE 

the  biggest,  and  I'd  think  it  ought  to  have  a  lot  more 
oil."     Woods  raised  this  objection. 

"The  low-pressure  cylinder  is  working  against  very 
low  pressure,  and  the  temperature  in  the  cylinder  is 
very  low.  No  oil  is  vaporized,  and  all  is  used  in  lubri- 
cating only.  When  we  get  to  the  high-pressure,  we 
find  the  temperature  in  the  cylinder  is  high  and  the 
oil  will  vaporize  to  some  extent.  It's  necessary  to  pro- 
vide for  this,  and  at  the  same  time  to  have  a  good  film 
of  oil  on  the  piston  to  prevent  sticking.  One  thing,  boys, 
don't  be  too  generous  with  oil.     Never  use  any  more 


than  just  enough.  Also,  be  sure  that  the  wear  on  tK. 
connecting-rod  brasses  doesn't  let  the  piston  dearani' 
become  too  great.  A  considerable  loss  in  compressor 
elFiciency  can  occur  with  only  a  few  thousandths  wear 
on  the  brasses." 

"Chief,  how  about  the  valves?  Do  you  like  the  plug- 
hat  kind  or  the  flat  round  one?" 

"By  the  flat  round  one,  Kelly,  I  suppose  you  mean 
ihe  disk  valve  shown  in  Fig.  2.    This  is  fine  for  a  slow- 
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speed  compressor;  but  if  the  speed  is  above  150  revolu- 
tions, it  tends  to  bend  at  the  edges  rather  than  rise, 
which  in  time  causes  the  disk  to  crack.  It  is  just  as 
good  as  most  valves. 

"Fig.  3  is  a  plug-hat  or  poppet  valve.  .  This  sketch 
shows  the  valve  seat  and  cage  as  well.  Its  chief  diffi- 
culty is  the  tendency  for  the  brim,  as  you'd  call  it,  to 
break  away  from  the  crown.  In  several  makes  of  en- 
gines using  this  type  of  valve,  the  same  trouble  occurs. 
We  have  tried  all  kinds  of  steel  for  the  valves — nickel 
steel,  high-speed  tool  steel,  machinery  steel  and  what 
not.  The  best  kind  I've  found  is  vanadium  steel  care- 
fully oil-treated.  It  seems  to  have  the  necessary  strength 
and  is  tough. 

"When  grinding  compressor  valves,  use  more  than 
good  care.  Use  only  the  finest  of  rotten-stone.  Even 
emery  is  too  coarse  for  so  delicate  a  valve  seat.  Also, 
test  the  relief  valve  on  the  intercooler  every  month  to 
see  that  it  doesn't  stick.  Now,  boys,  is  there  anything 
you  want  to  ask?" 

"Well,  J.  R.,"  Woods  spoke  up,  "what  injection-air 
pressure  ought  we  to  carry?" 

"Practically  all  engines  operate  to  best  advantage 
with  approximately  the  same  pressures.  The  blueprint 
(Fig.  4)  hanging  on  the  wall  gives  a  curve  that  shows 
the  pressures  to  be  carried  at  various  loads  on  our 
engines.  I  like  to  see  this  followed  as  close  as  possible 
since  the  values  have  been  tried  out  and  are  about 
right." 


It  is  reported  that  ten  of  the  largest  locomotives  in 
the  world  are  to  be  built  for  ths  Virginian  R.R.  Each 
weighs  449  tons  with  the  tender,  has  a  high-pressure  cyl- 
inder 30  in.  in  diameter,  low-pressure  cylinder  48  in.  in 
diameter,  and  is  equipped  with  20  driving  wheels.  Each 
locomotive  develops  5040  horsepower. 


Finish  the  job  with  the  Victory  Liberty  Notes. 
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Comparison  of  the  New  A.  S.  M.  E.  Boiler  Code 
and  the  Massachusetts  Boiler  Rules 


IN  THIS  article  an  attempt  will  be  made  to  point 
out  the  chief  differences  between  the  rules  of  the 
new  A.  S.  M.  E.  Code  and  those  of  the  State  of 
Massachusetts,  for  the  construction  of  boilers.  A  di- 
rect comparison  is  difficult  in  some  respects,  owing  to 
the  fact  that  the  Massachusetts  rules  are  divided  into 
three  parts,  the  first  and  second  affecting  old  boilers 
and  the  second  and  third,  new  boilers.  There  is  no 
clear-cut  division  between  power  boilers  and  heating 
boilers  in  the  Massachusetts  rules,  as  is  the  case  w'th 
the  Code.  In  fact,  heating  boilers  are  almost  entirely 
neglected  in  the  Massachusetts  rules.  No  attention  will 
be  given  to  the  rules  for  old  boilers  as  provided  for  in 
either  set  of  rules,  and  heating  boilers,  as  treated  in 
the  Code,  will  not  be  particularly  referred  to. 

A  feature  that  makes  reference  to  the  Massachusetts 
rules  cumbersome  is  the  method  of  dividing  them  into 
parts  and  sections,  the  paragraphs  in  each  section  being 
numbered  consecutively,  beginning  with  1  each  time. 
In  the  Code  the  paragraphs  are  numbered  in  order 
throughout  the  book.  In  an  attempt  to  overcome  the 
difficulty  of  referring  to  the  Massachusetts  rules,  the 
references  will  be  given  in  the  following  manner:  After 
the  letter  M  there  will  be  given  the  page  and  paragraph 
numbers;  thus,  M-51-6  will  refer  to  page  51  and  the 
sixth  paragraph  on  that  page  of  the  1918  edition  of  the 
Massachusetts  rules.  The  references  to  the  Code  will 
be  the  letter  C  followed  by  the  paragraph  number  re- 
ferred to;  thus,  C-51  indicates  that  paragraph  51  of 
the  Code  is  referred  to. 

Cast  iron  is  evidently  intended  to  be  prohibited  as  a 
material  for  the  construction  of  steam  boilers  to  be 
operated  at  pressures  in  excess  of  fifteen  pounds,  ex- 
cept for  headers,  cross-boxes  and  such  parts,  by  either 
set  of  rules.  The  Massachusetts  rules  distinctly  state 
this  to  be  a  fact  (M-10-1),  but  the  Code  does  not  clearly 
bring  out  this  point.  In  fact,  from  C-9  it  would  appear 
that  a  cast-iron  boiler  might  be  constructed  under  the 
Code  rules  for  any  pressure  up  to  160  lb.  The  Massa- 
chusetts rules  permit  the  use  of  cast-iron  mud  drums 
for  boilers  up  to  160  lb.  pressure  (M-51-7),  while  the 
Code  requires  all  such  drums,  except  those  on  heating 
boilers,  to  be  of  wrought  or  cast  steel  (C-10).  The 
shearing  strength  allowable  for  rivets  under  the  Massa- 
chusetts rules  (M-10-5)  is  less  than  in  the  Code,  ex- 
cept for  iron  rivets  in  single  shear.  The  minimum  safety- 
valve  capacity  required  under  the  Massachusetts  rules  is 
based  on  the  working  pressure  and  the  grate  area  to  be 
served  (M-13-2). 

While  the  Massachusetts  rules  indicate  that  when 
conditions  exceed  those  on  which  the  table  for  safety- 
valve  capacities  are  based,  a  formula  must  be  used,  given 
in  M-18-4,  to  determine  the  valve  capacity  required, 
there  is  no  very  definite  relation  between  the  amount 
of  steam  to  be  handled  and  the  discharge  capacity  of  the 
valve,  to  determine  when  the  formula  must  be  applied. 
The  particular  condition  that  may  be  exceeded  is  in  re- 
gard to  the  amount  of  water  that  may  be  evaporated  per 
square  foot  of  grate  surface  per  second.  The  formulas 
given  are  based  on  an  assumed  discharge  area,  equiva- 
lent to  one-eighth  the  nominal  valve  area  for  flat-seated 
valves  and  one-eleventh  the  nominal  valve  area  for  bevel- 


seated  valves,  without  regard  to  what  the  actual  lift 
may  be. 

This  leaves  the  matter  entirely  to  the  judgment  of  the 
inspector  with  no  very  definite  means  to  determine  when 
it  is  necessary  to  depart  from  the  values  given  in  the  ta- 
ble. It  is  likely  that  no  two  inspectors,  except  at  a  joint 
inspection,  could  agree  on  the  proper  procedure  in  a 
given  case. 

The  Code  minimum  requirements  for  safety  valves 
are  based  on  the  heating  surface  to  be  served 
(C-274)  and  the  further  requirement  that  the  rise 
in  pressure  above  the  maximum  allowable  working 
pressure  shall  not  be  more  than  6  per  cent.  (C-270). 
The  Massachusetts  rules  limit  the  diameter  of  safety 
valves  to  a  maximum  of  5  inches  (M-19-9),  while  the 
Code  has  no  such  limit.  The  Massachusetts  rules 
(M-19-9)  require  that  a  lifting  gear  for  safety  valves 
be  supplied,  which  will  lift  the  valve  from  its  seat  one- 
eighth  the  diameter  of  the  valve  when  the  pressure 
under  the  valve  is  75  per  cent,  of  the  pressure  at  which 
it  is  set.  The  Code  requirements  for  lifting  gear  for 
safety  valves  is  that  it  must  be  capable  of  lifting  the 
valve  from  its  seat  one-sixteenth  of  an  inch  when  there 
is  no  pressure  on  the  valve  (C-282). 

Fusible  plugs  are  required  by  law  in  Massachusetts 
(M-19-10),  but  their  use  is  optional  so  far  as  the  Code 
rules  are  concerned  (C-428).  The  Massachusetts  rules 
specify  that  check  valves  must  be  supplied  on  the  re- 
turn pipes  to  heating  boilers  (M-25-24  and  M-25-25), 
while  the  Code  has  no  specific  requirements  for  such 
fittings  on  the  return  pipes  to  heating  boilers.  The 
limit  for  the  hydrostatic  pressure  test  in  the  Massa- 
chusetts rules  (M-28-1)  is  given  as  1^  to  H  times  the 
maximum  allowable  working  pressure;  in  the  Code 
(C-329),  li  times  the  working  pressure  is  required 
with  an  upset  limit  of  not  over  6  per  cent,  above  this 
amount. 

The  material  specifications  as  given  in  the  Massa- 
chusetts rules  are  very  meager  as  compared  with  the 
Code.  The  Massachusetts  rules  specify  two  grades  of 
steel  for  shells,  etc. — "firebox"  and  "extra-soft."  The 
only  difference  in  the  chemical  characteristics  specified 
for  firebox  steel  as  given  in  the  Code  (C-25)  and  the 
Massachusetts  rules  (M-41-3),  is  that  for  such  steel 
made  by  the  basic  process  the  phosphorus  content  may  be 
0.005  per  cent,  more  in  the  case  of  the  Code  than  for  the 
Massachusetts  rules.  This  difference,  however,  has  been 
removed  by  a  ruling  of  the  Massachusetts  authorities 
issued  Dec.  2,  1918,  making  this  requirement  the  same 
as  the  Code.  There  is  no  extra-soft  grade  of  steel  si>eci- 
fied  in  the  Code  rules,  although  a  steel  of  lower  tensile 
strength  than  either  flange  or  firebox  may  be  used  as 
provided  for  in  C-28. 

In  the  Massachusetts  rules  rivets  are  specified  to  be 
made  of  extra-soft  steel  (M-42-4)  ;  the  rivet  material 
required  by  the  Code  (C-41)  differs  from  this  in  chem- 
ical characteristics  only  in  that  the  sulphur  content  may 
be  0.045  per  cent,  instead  of  0.04  per  cent.,  as  required 
by  the  Massachusetts  rules.  The  physical  character- 
istics for  steel  plate  as  given  in  M-42-5  and  C-28  differ 
slightly  as  regard  to  tensile-strength  range  and  the  re- 
quirements for  elongation. 
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The  bend  test  for  nmteriul  over  throo-fourth.s  of  an 
inch  in  thickness  ns  cjilled  for  in  the  Massachusetts 
rules  (M-l.'?-7),  is  different  for  similar  tests  required 
for  the  same  material  under  the  Code  rules  (0-30) . 
The  specifications  for  cast  iron  and  cast  steel  siven  in 
the  Massachusetts  rules  (M-r)0-4  and  M-r)0-5)  merely 
refer  to  the  ultimate  strenjrth  of  the  material,  while  the 
specifications  for  such  material  in  the  Code  rules  are 
very  complete.  However,  M-SS-R^a  specifies  that  steel 
castings  must  conform  to  Class  B  jjrrade  of  the  Amer- 
ican Society  for  Testing  Materials.  A  specification  for 
the  physical  characteristics  of  stay-bolt  material  is 
jriven  in  the  Massachusetts  rules  (M-79-36),  but  it  is 
not  rc(iuired  that  such  material  be  used  for  stay-bolts 
unless  certain  special  stress  allowances  are  desired. 

No  specifications  for  tubes  or  tube  material  are  given 
in  the  Massachusetts  rules,  while  the  Code  (C-20-21  and 
22,  also  C-1G4  to  178)  poes  into  the  subject  in  a  very 
complete  manner.  The  efficiency  of  ligaments  betw-een 
the  tube  holes  that  may  be  placed  in  the  shell  of  the 
drum  of  a  boiler  as  given  in  the  Massachusetts  rules 
(M-58-3)  is  different  from  those  required  in  the  Code 
rules  (C-193).  The  Massachusetts  rules  do  not  permit 
a  longitudinal  joint  over  twelve  feet  long  on  the  shell 
of  a  horizontal-tubular  boiler,  vertical-tubular  boiler  or 
a  locomotive-type  boiler  (M-62-9)  ;  the  Code  specifies 
this  restriction  only  for  longitudinal  joints  on  the  hor- 
izontal-tubular type  of  boiler  and  where  the  joint  is  of 
the  lap  type;  butt  joints  of  any  length  may  be  used  if 
the  material  is  tested  in  the  direction  of  maximum 
stress    (C-190). 

The  required  thickness  for  butt  straps  for  plates  of 
different  thicknesses  are  the  same  in  both  sets  of  rules 
with  the  single  exception  that  for  1-in.  plate  the  Code 
requires  -}/.-in.  straps  and  the  Massachusetts  rules  I- 
in.  straps  for  this  plate  thickness  (C-19  and  M-63-13). 
The  pressures  allowed  on  dished  heads  are  different, 
the  requirements  for  such  heads  being  given  at  C-195 
and  M-64-16.  The  pitches  allowed  for  stay-bolts  on 
flat  surfaces  are  different  in  the  two  sets  of  rules,  al- 
though not  radically  so;  the  requirements  are  given  at 
M-66-21,  M-68-22,  M-69-23  and  C-199,  C-204. 

In  determining  the  area  on  the  segment  of  a  head  to 
be  stayed,  the  Massachusetts  rules  deduct  the  area  be- 
tween the  bounding  surface  and  lines  drawn  two  inches 
above  the  tubes  and  three  inches  from  the  shell  (M-72- 
28).  The  Code  specifies  the  fixed  distance  of  two  inches 
above  the  tubes  in  making  such  calculations,  but  varies 
the  distance  allowed  from  the  shell,  depending  on  the 
thickness  of  the  head,  the  radius  of  the  turn  of  the 
flange  and  the  pressure  for  which  the  boiler  is  con- 
structed (C-214).  The  stresses  allowed  on  stays  by  the 
Code  rules  (see  Table  5  on  page  59)  are  somewhat  higher 
than  the  corresponding  stresses  allowed  by  the  Massa- 
chusetts rules  (M-78-35).  However,  considering  that 
the  Code  specifies  the  quality  of  the  material  permitted 
to  be  used  for  such  purpose,  the  difference  in  this  re- 
spect between  the  two  sets  of  rules  is  not  of  moment 
so  far  as  safety  is  concerned.  In  the  Massachusetts 
rules  where  hollow  stays  are  used,  if  the  hole  in  the  stay 
is  not  over  ^\  in.  in  diameter,  the  bolts  are  considered 
as  solid  for  the  purpose  of  calculating  their  strength 
(refer  to  part  of  paragraph  39  at  top  of  page  83  in  the 
Massachusetts  rules).  In  the  Code  the  net  cross-sec- 
tional area  is  to  be  used  in  all  such  cases  (C-220). 

The  Massachusetts  rules  require  a  manhole  below  the 
tubes  in  horizontal-tubular  boilers  only  when  the  diam- 


eter is  GO  in.  or  more  (M-89-f)0);  the  Code  requires 
such  openings  in  boilers  of  this  type  when  the  diameter 
is  48  in.  or  over  (C-2G4). 

The  Massachusetts  rules  do  not  allow  an  iMtornal 
pipe  to  be  fitted  to  a  connection  to  which  a  safety  valve 
is  attached  (M-92-1).  The  Code  permits  such  internal 
pipes  with  certain  restrictions  (('-290). 

The  Massachu.setts  rules  require  that  a  safety  valve 
be  applied  to  a  superheater  if  it  can  be  shut  off  from  thi 
boiler  to  which  it  is  attached,  and  that  such  safet;, 
valve  be  placed  near  the  inlet  to  the  superheater  (M- 
93-2).  The  Code  rules  require  a  safety  valve  on  all 
superheaters,  and  this  valve  must  be  located  near  the 
outlet  from  the  superheater  (C-288). 

Main  outlet  valves  must  be  extra-heavy  by  the  Massa- 
chusetts rules  when  the  working  pressure  is  over  100 
lb.  (M-93-4)  ;  the  Code  rules  have  a  similar  require- 
ment, but  .specify  the  limiting  pre.ssure  as  125  lb.  (C- 
302).  Two  valves  or  a  valve  and  a  cock  must  be  ap- 
plied to  the  blowoff  connection,  under  the  Massachusetts 
rules,  when  the  pressure  is  over  100  lb.  (M-96-I8)  ;  the 
pressure  limit  for  similar  requirements  under  the  Code 
rules  is  125  lb.   (C-311). 

The  Massachusetts  rules  do  not  allow  the  use  of  auto- 
matic water  gages  under  any  circumstances  (M-98-27), 
while  such  fittings  are  permitted  under  the  Code  rules 
if  constructed  to  comply  with  certain  requirements 
(C-292  and  C-427).  The  ogee  construction  at  the  bot- 
tom of  the  water-leg  is  prohibited  by  the  Massachusetts 
rules  (M-98-1),  while  the  Code  rules  permit  its  use 
(C-13). 

While  the  chief  differences  existing  between  the 
Massachusetts  rules  and  those  of  the  Boiler  Code  of  the 
American  Society  of  Mechanical  Engineers  have  been 
given,  in  cases  where  both  sets  of  rules  treat  the  same 
details,  the  Code  rules  are  evidently  much  more  com- 
plete than  are  those  of  Massachusetts.  This  is,  of 
course,  not  to  the  discredit  of  the  Board  of  Boiler 
Rules  of  Massachusetts,  for  the  Code  Committee  made 
complete  use  of  the  Massachusetts  rules  and  many 
others  in  its  attempt  to  make  the  Code  rules  compre- 
hensive. 

The  Massachusetts  rules  are  not  only  silent  on  the 
question  of  gage  and  material  for  boiler  tubes,  but  lack 
any  reference  to  flues  or  furnaces,  except  of  the  stay- 
bolted  t\T)e  as  used  in  the  vertical-tubular  type  of  boiler. 
The  question  of  braced  and  stayed  surfaces  is  also  not 
treated  in  a  sufficiently  broad  manner  in  the  Massa- 
chusetts rules,  while  the  treatment  of  this  subject  in  the 
Code  is  excellent.  The  treatment  of  safety  valves  is 
likewise  too  meager  in  the  Massachusetts  rules.  While 
complete  uniformity  is  desirable,  considerable  difficulty 
would  be  avoided  for  the  inspector  and  the  boiler  manu- 
facturer and  a  much  wider  and  more  competitive  mar- 
ket for  the  purchase  of  boilers  would  be  afforded  the 
steam  user  in  the  State  of  Massachusetts  if  the  two 
sets  of  rules  could  be  harmonized  with  respect  to  the 
differences  pointed  out  in  this  article. 
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Two  things  sought  after  in  cooling-tower  design  are 
to  present  a  large  surface  of  water  to  the  air  and  to 
provide  for  bringing  constantly  into  contact  with  this 
surface  the  largest  possible  volume  of  new  air  with 
the  least  possible  expenditure  of  energy. 


They  did  not  quit  with  four  drives.     We'll  finish  ths 
Fifth  Loan. 
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Proportioning  Fuel  Economizers 


By  a.  B.  CLARK 


Shows  koto  economizers  may  be  proportioned  to 
give  desired  gas  and  water  temperatures.  The 
data  presented  show  the  advantages  of  contra- 
flow over  parallel  flow  of  water  and  gas. 

AS  economizers  are  being  used  to  a  much  greater 
extent  than  formerly,  a  discussion  on  the  char- 
acteristics of  this  class  of  apparatus  may  be  of 
interest.  Assume  that  an  economizer  is  to  be  so  pro- 
portioned that  the  combined  efficiency  of  both   boiler 

T=600 


)rAverage  Tempernfune  of  Oases  T^=  ^=5895  De^. 
^  Fahrenheit 


Average  Temperature  Difference  -  5893-ICS '=■4843 
"'  Deg.  fahrenheit 


the  boiler  is  capable  of  evaporating  this  amount  and 
that  under  these  conditions  the  gas  temperature  leaving 
the  boiler  will  be  600  deg.  F.  The  water  and  gases 
may  both  flow  in  the  same  direction,  called  parallel  flow, 
or  in  opposite  directions,  according  to  the  so-called 
contraflow   arrangeirent.     The  first   consideration   will 
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Square    Feet  of    Economizer    Surface 

FIG.  1.     G.^S  .\XD  WATER  TEMPERATURES  IN 
PARALLEL-FLOW    SYSTEM 

and  economizer  will  be  80  per  cent.,  with  a  coal  con- 
taining 10,000  B.t.u.  per  lb.  The  steam  has  a  pressure 
of  250  lb.,  gage,  and  250  deg.  F.  of  superheat,  the  feed 
water  entering  the  economizer  at  100  deg.  F.  Under 
these  conditions  the  heat  contained  in  one  pound  of 
steam  will  be  1340  B.t.u.  As  the  feed  water  contains 
68  B.t.u.,  the  heat  given  by  boiler  and  economizer  is 
1272  B.t.u.  per  pound  of  steam.  As  the  efficiency  is 
80  per  cent.,  8000  B.t.u.  of  the  10,000  B.t.u.  in  each 
pound  of  coal  is  used,  and  the  evaporation  is  8000  -^ 
1272  =  6.3  lb.  of  water  per  pound  of  coal. 

Allowing  for  excess  air  and  infiltration  of  air,  there 
will  be  about  12.25  lb.  of  flue  gases  produced  per  pound 
of  coal  burned.  Now,  the  heat  given  up  by  the  flue 
gases  must  equal  the  heat  absorbed  by  the  water,  if  the 
radiation  loss  is  neglected;  that  is,  the  product  of  the 
specific  heat,  weight  and  drop  of  temperature  of  the 
flue  gases  must  equal  the  product  of  the  specific  heat, 
weight  and  rise  of  temperature  of  the  water. 

Let  tg  represent  the  drop  of  temperature  of  the  flue 
gases  and  t„  represent  the  rises  of  temperature  of  the 
water.    Then 


0.24  X  12.25  X  t(,  =  1  X  6.3  X  U  and*- 


1  X  6.3 


.  =  2.14 
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be  with-  the  gases  and  the  water  flowing  in  the  same 
direction,  in  which  case  the  hottest  gases  meet  the  cold- 
est water,  as  showTi  in  Fig.  1. 

On  examination  of  Fig.  1  it  is  easily  seen  that  the 
average  temperature  difference  between  the  water  and 


0.24  X  12.25 

This  means  that  for  every  degree  of  increase  of 
temperature  of  the  6.3  lb.  of  water  the  12.25  lb.  of 
flue  gases  will  drop  2.14  deg.  in  temperature. 

The  weight  of  water  passing  through  the  economizer 
is  taken  to  be  100,000  lb.  per  hour.    It  is  assumed  that 
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FIG.   2.     CHAFl.\CTERISTICS  OF  ECO.XOMIZER  WITH  GASES 
AND  WATER  FLOWING  IX  SAME  DIRECTION 

gases  for  the  part  of  the  economizer  under  considera- 
tion is  484.3  deg.  F.  Tests  made  on  a  number  of  econo- 
mizers show  that  the  rate  of  heat  transfer  from  gas  to 
water  is  about  5.5  B.t.u.  per  square  foot  of  surface 
per  hour  per  degree   temperature   difference   between 
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lliL-  Knses  niid  the  water,  wlu-n  the  gas  pa.ssiiK'e  through 
the  fiKMiiniizor  !.•<  pioportioiu'd  for  a  flow  of  5000  lb. 
of  Kas  por  liour  per  siiuare  foot  of  area.  It  will  be 
rcduii'd  to  J  H.t.u.  per  sq.ft.  if  the  flow  is  reduced 
to  3000  lb.  per  hour  and  in  i)roportion  between  the.se 
two  points. 

UsiMR  the  hinher  value   for  calculafion,   it   is  found 


economizer  is  80  per  cent.  The  ashpit  loss  will  be  about 
3  per  cent,  and  the  unaccounted  for  losses,  radiation, 
etc.,  will  account  for  about  3.5  per  cent.  Therefore 
the  flue-Kas  lo.ss  will  be  13.5  per  cent.,  or  1350  B.t.u.  per 
pound  of  coal. 

Flue  Kases  from  a  coal  of  the  (crade  assumed  will  con- 
tain about  0.5  lb.  of  water  in  the  form  of  superheated 
steam;  therefore,  as  the  total  weight  of  gaaes  is  12.25 
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FIG.   3.     CHAR.\CTERIST1CS   OF   ECONOMIZER  ARRANGED 
FOR    CONTRA-FLOW    OF    GASES    AND     WATER 

that  the  heat  transfer  H  per  square  foot  per  hour  is 
5.5  X  484.3  =  2663  B.t.u.  Therefore,  the  surface  re- 
quired to  raise  100,000  lb.  of  water  through  10  deg.  F. 
is  100,000  X  1(^  ->  2663  =  376  sq.ft.  In  tabular  form 
this  is  represented  by  the  first  line  of  Table  I.  The 
next  step  is  to  take  new  figures  for  gas  and  water 
temperatures  and  tabulate  as  in  the  remainder  of  the 

T.\BLE  II.     CONTRAFLOW,  WATER  E.NTEKING  .\T   100  DEG.   F. 
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386  0 

364  6 

375  3 

170 
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364  6 
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1.369 

1,000,000 
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7,115 

343  2 

321  8 

332  5 

100 

90 

95 

237  5 

1,306 

1,000.000 

766 

7,881 

table.      For   convenience,   the   table   is   based   on   equal 
increases  of  10  deg.  in  the  feed-water  temperature. 

The  data  in  Table  I  are  plotted  ir.  Fig.  2.  It  is 
readily  seen  how  the  surface  must  be  increased  for  a 
given  rise  of  the  water  temperature  as  the  temperatures 
of  the  water  and  gas  approach  each  other.  As  pointed 
out    previously,    the    efficiency    of   the    boiler    and    the 
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lb.  per  pound  of  coal,  the  gaaes  will  weigh  11.75  lb.  and 
the  water  vapor  0.5  ih.  The  problem  now  is  to  find  the 
temperature  of  the  e.scaping  gases.  Assuming  that  the 
air  entering  the  boiler  is  at  a  temperature  of  70  deg. 
F.,  the  temperature  of  the  escaping  gases  may  be  found 
from  the  equation, 
11.75  X0.24  (^  -70)  +0.5X0.48  {t  -212)  +0.5  y 

970.4  +  0.5  (212  —  70)  =  1350 
from  which  t—340  deg.  F.     Now  referring  to  Fig.  2, 
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FIG.  4.     PARALLEL-FLOW  ARRANGEMENT.  WATER 
ENTERING  AT  150   DEG.  F. 

it  will  be  found  that  for  a  final  gas  temperature  of  340 
deg.  the  surface  required  is  8X100  sq.ft.  Also,  it  will 
be  observed  that  the  feed-water  temperature  will  be 
220  deg.  F.,  a  rise  in  temperature  of  120  deg.  Fahren- 
heit from  the  assumed  initial  temperature.  The  re- 
turn in  heat  units  per  pound  of  coal  as  fired  is  6.3  X  120 
=756  B.t.u.,  or  a  return  of  7.56  per  cent,  on  a  heating 
value  of  10,000  B.t.u. 
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The  contraflow  method,  in  which  the  hottest  gases 
meet  the  hottest  water,  will  next  be  discussed.  As 
before,  the  heat  given  up  by  the  gases  must  equal  the 
heat  given  to  the  water,  assuming  no  radiation,  etc. 
Therefore,  the  rise  in  temperature  of  the  feed  water 
for  a  given  drop  of  gas  temperature  will  be  the  same 
as  in  the  case  of  parallel  flow,  but  the  difference  will 
lie  in  the  amount  of  surface  required  to  bring  about 
these  conditions.  The  tabulation  will  therefore  start 
with  gases  entering  the  economizer  at  600  deg.  F.  and 
the  temperature  of  the  water  leaving  at  220  deg.  F.,  as 
given  in  Table  II. 

Fig.  3  shows  Table  II  in  graphical  form,  and  a  study 


quired  becomes  very  large  for  a  given  increase  of  water 
temperature  in  the  case  of  the  parallel  flow  as  against 
contraflow.  The  advantage  of  the  contraflow  system 
becomes  more  apparent  the  larger  the  economizer. 

The  next  question  of  interest  is  to  determine  just  how 
much  larger  an  economizer  must  be  so  that  the  same 
efl[iciency  may  be  obtained  with  water  entering  at,  say, 
150  deg.  F.  as  against  the  100  deg.  F.  assumed  in  the 
previous  calculations. 

As  the  water  is  to  enter  at  150  deg.  instead  of  100 
deg.  F..  the  evaporation  per  pound  of  coal  will  be  in- 
creased, but  not  the  efficiency.  Therefore,  the  fall  of 
gas  temperature  for  a  given  rise  of  water  temperature 
must  be  refigured.  The  heat  available  is  8000  B.t.u., 
as  before,  but  the  heat  given  to  1  lb.  of  water  is  1340 
—  118  =  1222  B.t.u.  Therefore,  the  evaporation  is 
8000  -^  1222=6.55  lb.  per  pound  of  coal.    The  ratio  of 

t,  1  X  6.55 

the  change  of  temperatures  is       — 
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FIG.   5.      COXTKA-FLOW   ARR.\NGEMENT,   WATEK 
EXTERING  AT  150  DEG.   F 

of  this  diagram  shows  that  to  obtain  a  final  gas  tem- 
perature of  340  deg.  F.  it  is  necessary  to  install  an 
economizer   surface   of   7300   sq.ft.,   which   is   just   700 

TABLE  IV.    CONTRAFLOW,  WATER  ENTERING  AT  150  DEG.  F 
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0.24  X  12.25 


=  2.23. 


sq.ft.  less  than  for  an  economizer  connected  for  parallel 
flow.  It  is  easily  seen  from  the  shape  of  the  two  dia- 
grams, Figs.  2  and  3,  that  as  the  temperature  of  the 
gases  and  water  approach  each  other,  the  surface  re- 


With  this  information,  the  tabulation  shown  in  Table 
III  for  the  parallel-flow  arrangement  may  be  made. 

Fig.  4  is  the  graph  of  Table  III  and  shows  that  to 
reduce  the  temperature  of  the  gas  at  the  outlet  from 
the  economizer  to  340  deg.  F.,  as  before,  the  surface 
must  be  increased  to  about  10,500  sq.ft.,  which  is  more 
than  30  per  cent,  greater  than  for  the  case  shown  in 
Fig.  2.  If,  however,  the  same  size  of  economizer  were 
used,  the  gas  temperature  at  the  outlet  from  the 
economizer  would  be  raised  to  about  363  deg.,  with  a 
corresponding  loss  due  to  the  flue  gases  of  about  1420 
B.t.u.,  or  14.2  per  cent,  of  the  heat  in  the  fuel,  an  in- 
crease of  0.7  per  cent. 

In  Table  IV  will  be  found  the  tabulation  correspond- 
ing to  the  case  of  the  contraflow  method  of  arrangement. 
In  Fig.  5,  the  graph  of  Table  IV,  it  is  seen  that  the 
economizer  surface  required  to  bring  the  final  tempera- 
ture of  the  gas  to  340  deg.  F.  is  8300  sq.ft.  This  is 
about  1000  sq.ft.  more  than  is  shown  in  Fig.  3,  or  an 
increase  of  nearly  14  per  cent.  If  the  surface  is  not 
increased,  the  gas-outlet  temperature  will  be  about  363 
deg.,  as  before,  with  an  increased  loss  of  0.7  per  cent, 
in  the  flue  gases. 

Any  particular  set  of  conditions  can  be  assumed  and 
the  results  can  be  easily  worked  out  by  the  methods 
given,  and  the  graphs  will  show  reliable  information 
as  to  just  what  to  expect. 

Buyer's  Acceptance  of  Engine 

A  gasoline  engine  was  sold  under  an  agreement  that 
it  might  be  returned  by  the  buyer  if  found  to  work  un- 
satisfactorily after  thirty  days'  trial.  But  he  was  in- 
duced to  retain  it  beyond  that  time  by  the  seller  on 
representations  that  trouble  which  developed  in  operat- 
ing the  engine  was  due  simply  to  the  fact  that  it  was 
new,  the  parts  were  tight,  and  that  it  would  not  operate 
well  until  used  for  some  time.  Under  these  circum- 
.stances  it  was  decided  by  the  Wisconsin  Supreme  Court 
in  the  recent  case  of  Barta  vs.  Blahnik,  170  Pacific 
Reporter,  281,  that  it  was  not  open  to  the  seller  to  recover 
the  agreed  purchase  price,  as  against  the  buyer's  ex- 
pressed desire  to  rescind  the  purchase  because  the  en- 
gine was  not  as  represented,  on  a  theory  that  the 
buyer's  retention  of  the  equipment  for  more  than  thirty 
days'  amounted  to  a  final  acceptance  of  it. 


tiU) 


r  ()  w  I-:  R 


Vol.  -19,  No.  Hi 


Tlu*  l^l<  <ii'i<-al  Sliid\  (;<)iirs<* — (^iirnMil  in  llir 
IiHlii(*laiH*rs  <)(' a  11ir(H*-Wirc*  (inic^ralor 


Discusses  the  ninfitier  iu  irhich  the  direct  current 
of  the  tieiitral  wire  is  SHperinipnsed  upon  the 
alternulitii/  curnnf  that  normally  flows  through 

the  Ixilniiriini   iiiiliirtnnrrs. 


THK  direction  of  tlie  currents  in  the  inductances 
u-*ed  with  a  three-wire  urenerator  depends  on  the 
relative  values  of  the  alternating  and  direct  cur- 
rents through  them.  In  any  event  the  current  flowing 
is  a  combination  of  a  direct  and  an  alternating  one,  and 
its  value  will  therefore  be  changing  from  instant  to 
instant.  Consequently,  we  shall  have  to  investigate  in- 
stantaneous   values    instead    of    continuous    ones.      To 


to  the  applied  volts  across  the  brushes  (220  volts). 
It  will  be  remembered  that  in  the  last  lesson  it  was 
shown  how  there  was  only  about  one  or  two  volts 
diflference  between  the  counter-voltage  induced  in  the 
inductances  and  the  voltage  across  the  direct-current 
brushes,  when  the  armature  is  in  the  position,  Fig.  1. 
and  that  this  difference  between  the  applied  volts  and 
the  counter-volts  caused  a  current  to  flow  that  mag- 
netized the  core. 

If  1000  ampere-turns  are  sufficient  to  set  up  a  mag- 
netic field  in  the  core  that  will  cause  to  be  generated  a 
back  pressure  in  coils  L,  and  L.  almost  equal  to  the 
applied  volts,  then  if  the  ampere-turns  are  increased 
slightly  the  counter-pres.-<ure  will  become  greater  than 
the  applied   volts   and   the   inductances  L,  and   L,  will 


Fie.  3  Fie.4- 

FIGS.    1    TO   4.      SCHEMATIC   DIAGRAMS  OF  THREE-WIRE    GEXER.VTORS    CONNECTED    TO    A    LOAD 


study  the  conditions  that  exist,  let  us  refer  to  Figs.  1 
to  4.  In  them  C  represents  the  commutator  and  S 
the  slip  rings  of  a  two-pole  Ihree-wire  generator,  and 
L,  and  L.  the  inductances  used  in  connection  with  it  to 
furnish  energy  to  a  three-wire  system  over  the  mains 
A,  N  and  B.  Let  us  assume  that  the  maximum  exciting 
current  taken  by  the  inductances  L,  and  L,  is  5  amperes 
and  that  the  inductances  have  100  turns  each.  Then 
the  maximum  ampere-turns  (amperes  times  turns')  is 
5  x  200  =  1000;  that  is  1000  ampere-turns  are  re- 
quired to  set  up,  through  the  core,  a  magnetic  field  that 
will  generate  a  counter-voltage  in  the  coils  almost  equal 


supply  power  to  the  system  instead  of  taking  power 
from  the  armature.  This  is  just  what  happens  in  a 
three-wire  generator,  as  will  be  shown  in  the  following: 
Assume  in  Fig.  1  that  the  load  on  the  system  is  un- 
balanced so  that  5  amperes  is  flowing  in  the  neutial. 
For  the  position  of  the  armature  shown  in  the  figure, 
up  to  the  point  where  the  unbalanced  current  is  capable 
of  supplying  all  the  ampere  turns,  the  current  in  the 
neutral  will  flow  through  L,  to  the  negative  point  in  the 
armature  through  the  armature  winding  to  the  positive 
brush.  Now  if  the  5  amperes  flows  through  L,  to  the 
negative  brush,  it  will  be  in  the  same  direction  as  the 
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magnetizing  current  flowing  from  c  to  d,  consequently 
will  increase  the  ampere-turns  by  the  value  of  the  cur- 
rent in  the  neutral  times  the  turns  in  L,,  or  in  this 
case  5  X  100  =  500.  The  total  ampere-turns  required 
are  1000;  then,  if  500  ampere-turns  are  supplied  by 
the  current  in  the  neutral,  flowing  through  L ,  only 
1000  —  500  ^  500  will  have  to  be  supplied  by  the 
current  flowing  from  c  to  rf  through  L,  and  L  .  The 
magnetizing  current  will  equal  the  ampere-turns  di- 
vided by  the  turns  in  L,  and  L„  or  500  -^  200  =  2.5 
amperes.  That  is,  with  5  amperes  flowing  in  the  neutral 
and  through  L,,  only  2.5  amperes  will  flow  from  c  to  d. 
This  will  give  2.5  amperes  in  L,  and  2.5  -f-  5  =  7.5 
amperes  flowing  in  L,.  The  ampere-turns  supplied  by  L, 
equal  2.5  X  100  =  250  and  those  in  L,  =  7.5  X  100  = 
750  or  a  total  of  250  +  750  =  1000,  which  is  correct. 
If  the  current  in  the  neutral  was  increased  to  10 
amperes  and  the  total  flowed  through  L„  then  this  in- 
ductance would  be  supplying  10  X   100  ^   1000  am- 


FIG.  6 
FIGS.   5   AND  6.      THREE-WIRE  SYSTEM  OBTAIXED  BY   RE- 
SISTANCES CONNECTED  TO  TWO-WIRE  GENERATOR 

pere-tums,  or  the  total  magnetizing  current.  There- 
fore no  current  will  flow  from  c  to  d,  but  the  counter- 
voltage  across  L,  will  now  be  approximately  110  volts 
since  the  magnetic  field  set  up  by  L^  also  passes  through 
L,.  The  counter-voltage  in  L,  is  also  approximately  110 
volts,  and  this  is  just  as  it  should  be,  since  at  the 
instant  shown  in  Fig.  1,  220  volts  exists  between  brush 
a  and  the  negative  point  d  in  the  armature  winding,  110 
of  which  is  absorbed  in  causing  the  current  to  flow 
through  the  lamps  between  A  and  N,  and  the  remaining 
110  volts  is  used  up  in  causing  the  neutral  current  to 
flow  through  L^  against  its  ohmic  resistance  and  coun- 
ter-voltage. Increasing  the  load  10  amperes  between  A 
and  N  over  that  between  N  and  B  has  caused  slight  un- 


balancing of  the  voltage,  so  that  at  the  instant  in  ques- 
tion the  voltage  across  A  and  B  has  decreased  to  a  point 
where  it  is  just  equal  to  the  counter-voltage  in  L,;  then 
an  increase  in  ampere-turns  in  L„  due  to  a  further  un- 
balancing of  the  load,  will  cause  the  back  pressure  in 
L,  to  be  higher  than  the  voltage  between  A  and  N,  and 
L,  will  begin  to  act  as  a  generator  to  supply  power  to 
the  load  between  A  and  N. 

The  foregoing  is  just  the  condition  that  we  had  with 
the  balancer  sets,  when  the  load  was  unbalanced  to  the 


FIG.    7.       DIAGRAM    OP    THREE-WIRE    GENERATOR 


point  where  the  machine  running  as  a  motor  was  supply- 
ing all  the  losses  in  the  set,  the  voltage  of  the  other 
machine  was  just  equal  to  the  voltage  across  the  side 
of  the  system  it  was  connected  to ;  with  any  further 
unbalancing  of  the  load  one-half  of  the  current  was  sup- 
plied from  the  machine  operating  as  a  generator  and 
the  other  half  from  the  main  generator.  Similarly, 
with  the  three-wire  generator.  Fig.  1,  if  the  load  is  in- 
creased 10  amperes  more,  making  a  total  of  20  amperes, 
5  amperes  of  this  increase  will  be  supplied  from  the 
armature  and  will  pass  through  L,  from  g  to  d  and  the 
other  5  amperes  will  be  supplied  by  L,  and  will  flow 
from  g^  to  c  in  an  opposite  direction  to  the  15  amperes 
flowing  through  L„  as  indicated  in  Fig.  2.  Consequently, 
the  5  X  100  =  500  ampere-turns  of  L,  is  in  opposition 
to  the  15  X  100  =  1500  ampere-turns  on  L„  which 
makes  the  effective  ampere-turns  equal  to  1500  —  500 
=  1000,  the  same  as  when  5  amperes  flowed  from  c  to 
d  through  L,  and  L„  or  when  10  amperes  flowed  through 
L,  only.  Any  further  unbalancing  of  the  load  will  con- 
tinue to  divide  up  equally  between  L,  and  L,  and  we  will 
have  a  current  flowing  in  one  direction  through  L,  and 
in  the  opposite  direction  through  L,. 

Next  let  us  investigate  the  condition  that  will  exist 
when  the  armature  has  made  one-quarter  revolution, 
as  in  Fig.  3.  In  this  position,  as  we  found  out  in  pre- 
vious lessons,  no  voltage  exists  across  c  d.  Consequently 
no  magnetizing  current  will  be  flowing  in  L,  and  L,.  and 
no  counter-voltage  will  be  generated  in  the  windings 
L,  and  L_.  However,  110  volts  exists  from  brush  a 
through  L,  to  g,  also  110  volts  from  a  to  ^  through 
L.;  therefore,  the  neutral  current  will  divide  up  equally 
between  the  two  inductances,  10  amperes  flowing 
through  L,  and  10  through  L  around  through  half  of 
the  armature  winding  to  brush  a.  This  is  just  as  it 
should  be,  since  the  currents  are  flowing  through  the 
inductances  in  opposite  directions  and  are  equal ;  the 
ampere-turns  of  one  are  in  opposition  to  those  of  the 
other  and  no  flux  is  caused  to  flow  through  the  core, 
consequently  no  counter-voltage  will  be  induced  in  L, 
and  L.. 
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("oMsidtT  lU'xt  the  condition  when  the  armature  has 
nuuk'  ono-half  revolution,  as  indicated  in  FiR.  4.  This 
is  identical  to  what  we  have  in  Fit?.  -  except  that  L,  is 
now  ct>nnected  to  the  negative  point  in  the  armature 
and  L,  is  connected  to  the  positive  point.  Conseciuently, 
with  the  load  unbalanced  20  amperes,  15  will  (low 
throujih  /y,  to  <•  and  5  amperes  throuRh  L,  to  d.  Now,  it 
will  be  seen  that  the  current  has  increased  in  L,  from  5 
•imperes  in  Vig.  2  to  15  amperes  in  Fig.  4,  also  in  L, 
the  current  has  decreased  from  15  in  Fig.  2  to  5  amperes 
in  Fig.  4.  It  is  this  variation  in  the  current  that 
generates  the  counter-voltage  in  the  inductances  an  the 
armature  revolves  and  takes  the  place  of  the  alternating 
current  that  Hows  in  the  winding  when  the  load  is 
balanced,  or  when  the  machine  is  running  without  load. 

It  must  be  remembered  that  although  the  discussion 
gives  the  impression  of  a  considerable  lapse  of  time 
from  one  position  to  another,  the  transition  in  reality 
is  very  rapid.  For  example,  such  an  armature  might  be 
revolving  at  a  speed  of  1500  r.p.m.,  which  is  equivalent 
to  25  revolutions  per  second,  and  it  would  therefore 
make  one  revolution  in  1  25  of  a  second.  Since  all  the 
changes  in  current  described  in  the  foregoing  take 
place  in  one-half  revolution,  they  occur  in  the  space  of 
one-fiftieth  of  a  second. 

We  now  .see  that  through  the  use  of  inductances  we 
are  able  to  cause  the  current  in  the  inductance  between 
g  and  the  positive  terminal  a  to  flow  from  g  to  o,  which 
is  impossible  to  do  when  resistances  are  used.  Thus,  in 
Fig.  5,  which  represents  resistances  instead  of  induct- 
ances, the  current  through  7?,  would  always  have  to  be 
in  the  same  direction  as  through  R,  for  the  position 
shown  in  the  figure,  the  only  difference  being  that  the 
current  through  one  would  be  greater  than  that  through 
the  other.  Thus,  in  the  position  shown  in  Fig.  5  the 
current  through  R..  would  be  greater  than  that  through 
A',.  Of  course,  for  the  position  shown  in  Fig.  6  the 
neutral  current  divides  equally  between  R,  and  /?.,  and 
flows  in  opposite  directions  as  indicated.  In  the  induc- 
tances Figs.  1  to  4,  however,  the  current  in  L,  is  in 
the  opposite  direction  from  that  in  L^  in  all  cases  except 
those  when  the  current  in  the  neutral  is  very  small. 
Such  an  arrangement  of  inductances  therefore  provides 
a  convenient  means  of  accomplishing  the  same  results 
as  are  obtained  with  a  balancer  set,  with  an  even  greater 
degree  of  economy,  and  with  the  further  advantage  of 
dispensing  with  moving  machinery. 

In  the  e.xplanation  of  the  action  of  the  inductance  and 
how  the  current  divides  between  them,  many  other  ele- 
ments that  occur  to  affect  the  actual  conditions  have 
not  been  considered.  This,  however,  has  been  done  to 
simplify  the  reasoning  as  much  as  possible. 

The  problem  of  the  preceding  lesson  concerned  the 
voltages  in  a  three-wire  generator,  such  as  that  repre- 
sented in  Fig.  7.  The  voltage  across  a  b  was  given  as 
being  220  volts,  and  that  across  r  d  190  volts.  It  wa.5 
required  to  find  the  voltages  across  a  c  and  d  b  and  to 
determine  whether  the  following  points  were  positive 
or  negative  to  each  other,  namely:  c  to  d,  c  to  a,  d  to 
b.  It  was  also  required  to  find  the  voltage  across  a  g 
and  g  h,  whether  g  is  positive  or  negative  with  refer- 
ence to  a  and  b,  and  whether  the  position  of  the  arma- 
ture has  any  effect  upon  these  latter  voltage  relations. 
The  sum  of  the  voltages  across  a  c  and  d  b  must  be  equal 
to  the  difference  between  the  voltage  across  c  d  and  the 
22a  volts  across  brushes  a  b,  and  must  therefore  be 
220  —  190  =  30.    Half  of  this  exists  across  each  of  the 


sections  a  r  and  '/  /),  so  that  the  voltage  acrosH  each  i-^ 
i  X  30  -      'fi  volts.     The  potentials  of  all  parts  of  the 
armature  winding  above  the  center  line  r  f  are  positive 
with    regard   to   the   potentials   of   all   points   below   it.  i 
{'on.sequently  c  is  at  a  higher  potential  than  d  when  in  I 
the  position   shown.     As   c   ai)proaches  a   its   potential 
becomes   greater   until    at   «    the   two   coincide;    whichj 
means  that  in  the  position  it  occupies  in  the  figure,  r 
at  a  lower  potential   than  a.      In   a  similar   manner 
must  be  at  a  higher  potential  than  b  since  its  potentiaF 
gradually  decreases  as  it  approaches  b.     Since  there  is  a| 
constant  voltage  of  220  volts  across  a   b,  and  since  it 
has  been  established  that  the  p:)tential  of  g  is  always 
midway  between  that  of  a  and  b,  it  follows  that   i   X 
220,  or  110  volts,  must  exist  across  a  g  and  g  b.     Since, 
g  is  between  a  6  it  must  be  negative  with  reference  to 


R,  -  5  C>/7ms 


FIG.     8.       RESISTAXCE.S     CROTTED     I'AR.\I.I>EI.-.SERIES 


the  former  and  positive  with 
Since  the  voltage  across  a  6  is 
the  mid-point,  the  position  o 
effect  on  the  voltage  relations 
and  b. 

Seven  resistances,  R„  R,,  R.^, 
dicated   in   Fig.   8.     A  voltage 
across  the  points  a  b.     What 
current  flowing  in  each  of  the 


reference  to  the  latter. 
constant  and  g  is  always 
f   the   armature   has   no 

between  the  points  a,  g 

etc.,  are  connected  as  in- 
of  240  volts  is  applied 
will  be  the  value  of  the 
resistances? 


There  are  various  tjT)es  of  boilers  and  most  of  them 
will  evaporate  the  same  amount  of  water  per  pound  of 
coal,  if  they  are  designed  with  the  proper  proportion 
of  heating  surfaces  and   grate   area. 


THE    BURSTIXG    T'OIXT 


Large  Power  Monopoly 
Economically  Difficult 

CHAIRMAN  Alonzo  R.  We^id  of  the  Massachusetts 
Gas  and  Electric  Light  Commission  uttered  a  most 
significant  truth  at  a  recent  hearing  before  the  legis- 
lative committee  on  waterways  and  terminals  at  Boston, 
when  he  stated  that  power  cannot  be  sold  in  large 
blocks  except  on  a  compstitive  basis.  For  this  reason 
the  man  with  a  demand  of,  say,  one  hundred  horsepower 
or  more  finds  himself  in  most  cases  in  a  strong  posi- 
tion to  deal  with  an  electric  service  company,  when  he 
comes  to  discuss  power-contract  terms.  The  fear  is 
sometimes  expressed  that  large  power  organizations  can 
so  completely  dominate  their  territories  that  no  one 
can  withstand  any  attempts  which  may  be  made  to 
"charge  all  the  traffic  will  bear,"  as  the  saying  goes. 
As  regards  the  larger  users, 
there  is  in  most  instances 
really  little  to  fear  in  this 
respect.  Rates  to  large  users 
cannot  attract  the  desired 
business  unless  they  come 
fairly  close  to  or  below  the 
cost  of  local  production,  in- 
cluding in  that  cost  all  the 
proper  fixed  charges  and 
valuations.  Even  the  small 
consumer  is  often  in  ?  posi- 
tion to  bargain  successfully, 
or  if  not.  the  possibilities  in 
the  way  of  isolated  -  plant 
service  may  reduce  thp  regu- 
lar rates  for  such  supply 
sufficiently  to  warrant  con- 
sidering buying  a  part  at 
least  of  the  energy  required. 
It  is  often  forgotten  that 
those  who  sell  electricity 
raally  face  competition  in 
quite  a  number  of  forms  and 
the  lesson  of  this  is  that 
every  operating  engineer  should  undertake  economic 
analyses  of  his  plant's  service  and  working  without 
the  least  hesitation,  requiring  every  outside  offer  of 
energy  supply  to  clearly  demonstrate  its  economic  su- 
periority to  existing  or  possible  results  under  skillful 
operating  control. 

Uniform  Boiler  Rules 

A  BOILER  knows  nothing  about  politics  or  geog- 
raphy. A  given  boiler  operated  with  the  same  de- 
gree of  care  and  intelligence  is  just  as  safe  in  Massa- 
chusetts as  in  Texas,  and  no  safer. 

On  page  611  some  of  the  principal  differences  be- 
tween the  Code  of  the  Massachusetts  Board  of  Boiler 
Rules  and  that  of  the  American  Society  of  Mechanical 
Engineers  are  set  forth,  as  they  apply  to  new  boilers 
and  new  installations. 


Liberty  has  a  message  for  all  of  us  when  she 
tells  us  that  we  must  keep  faith  with  those 
who  sleep  in  Flanders  Fields. 

HOW  CAN  WE  KEEP  THE  FAITH? 
By  over-suhscrihing  the  Victory  Loan. 
By  doing  justice  to  every  worker  and  by  meet- 
ing with  patience  and  in  a  spirit  of  compro- 
mise   the    troublesome    industrial   problems 
ahead. 
By  rendering  a  fair  day's  work  for  a  fair  day's 

pay. 
By  insisting  that  the  way  of  sound  progress  is 

by  evolution,  not  revolution. 
By  making,  each  in  his  particular  job,  ivhat- 
ever  sacrifices  are  necessary  to  bring  about 
that  reign  of  justice  for  which  our  sons  and 
brothers  suffered  and  laid  down  their  lives. 
They  died   that  we   might   live   in  peace   and 
happiness;  shall  we  cast  away  their  blood  and 
scoff  their  death  by  strife  and  disorder  and  in- 
justice? 


There  may  be  some  ju.stification  for  differences  in 
requirements  as  to  existing  installations.  A  state 
that  has  exercised  supervision  for  a  number  of  years 
may  have  gotten  its  boilers  by  gradual  rejection  and 
improvement  into  such  a  condition  as  to  admit  of  the 
application  of  rules,  which,  if  abruptly  imposed  in  a 
state  that  has  had  no  restrictions,  would  condemn  thou- 
sands of  boilers  still  reasonably  safe.  In  this  case  the 
danger  of  the  risk  from  explosion  must  be  balanced 
against  the  loss  by  confiscation,  the  positively  danger- 
ous removed,  and  the  process  of  gradual  improvement 
instituted  by  insisting  upon  approved  design  and  ma- 
terials for  new  work  with  a  gradual  retirement  of  less 
reliable  types. 

But  for  new  work  the  question  is,  or  ought  to  be,  one 
of  simple  engineering.  If  a  longitudinal  butt  joint  over 
twelve  feet  in  length  is  dangerous  in  Massachusetts,  it 

^_^      is  just  as  dangerous  in  Ohio. 

If  it  is  a  source  of  real 
weakness,  the  A.  S.  M.  E. 
code  is  at  fault  in  not  pro- 
hibiting its  use.  If  it  is  not, 
the  Massachusetts  Board  is 
unreasonable  to  exclude  it. 
If  the  use  of  the  fusible 
plug  is  so  essential  as  to  be 
required  by  law  in  Massa- 
chusetts, it  ought  to  be  re- 
quired by  the  A.  S.  M.  E. 
Code.  All  the  differences  to 
which  the  article  in  question 
calls  attention  are  suscep- 
tible of  conciliation  by  un- 
biased engineers  when  in 
possession  of  all  the  attain- 
able information  on  the  sub- 
ject. The  desirability  of  uni- 
formity in  regulations  of 
this  sort  is  too  obvious  to 
require  argument.  It  is 
particularly  desirable  to  the 
boiler  manufacturer,  w  h  o 
must  otherwise  keep  the  complicated  assortment  of  stock 
and  fittings  necessary  to  meet  a  variety  of  requirements, 
run  the  risk  of  having  his  boiler  rejected  through  the 
oversight  of  some  idiosyncrasy  of  the  law  of  the  locality 
into  which  it  is  going — for  cities  as  well  as  states  have 
rules — and  who  cannot  build  boilers  for  stock,  because 
each  must  be  built  to  the  code  of  the  state  or  city  where 
it  is  going.  It  is  also  desirable  for  the  boiler  inspector 
who  could  become  thoroughly  versed  in  one  set  of  rules 
and  keep  up  with  its  revisions,  but  who  sees  himself 
hopelessly  swamped  with  a  different  set  of  rules  for 
each  state  and  a  lot  of  others  for  different  cities.  And, 
too,  it  is  desirable  for  the  purchaser  and  user  of  boilers, 
for  a  uniform  code  would  make  standardization  pos- 
sible with  all  that  it  means  in  efficient  and  less  expensive 
production,  and  a  product  that  can  be  of  only  one  kind. 

Get  together,  gentlemen,  and  reconcile  your  differ- 
ences!    If  they  are  of  much  of  any  moment,  the  su- 
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poriority  of  oiu'  or  tin-  otluT  tri'iitiiu'iil  ou^'tit  to  be 
dfJiioriMtrahle.  ThoNo  which  are  not  of  suiriiicnt  mo- 
n\t'nt  to  1)1'  .so  (U't»'rmiiu'(l  louh!  well  be  oijliterated  by 
mutual  concession.^.  If  the  superiority  of  either  is  not 
suHuient  to  be  demonstrable  to  a  board  or  committee 
of  unprejudiied  experts,  adoj)t  either  the  one  or  tho 
other  and  let  us  have  a  standard  code  and  uniform  prac- 
tice. 

Thr  (llinkcr  Grindor 

WI  Til  the  continuinjr  wider  u.se  of  the  large  boiler 
and  the  stoker  capable  of  high  rates  of  combustion, 
mechanical  means  for  the  removal  of  ash  from  the  boiler 
furnace  became  necessary  to  expedite  operation.  This 
is  the  prime  function  of  the  clinker  grinder.  As  the 
road  of  refinements  is  the  direction  one  must  now  take 
to  better  power-plant  over-all  efficiency,  designers  of 
modern  clinker  grinders  strive  to  reduce  to  the  lowest 
practicable  minimum  the  combustible  in  the  ash  dis- 
charged from  the  furnace. 

Elsewhere  in  this  issue  is  an  article  treating  of  the 
development,  present  status  and  trend  in  the  design  and 
operation  of  these  new  appendages  of  the  mechanical 
stoker.  The  author  gives  emphasis  to  his  statement  that 
the  clinker  grinder  is  intended  for  the  exceptional  rather 
than  for  the  usual  power  plant.  That  is,  for  the  plant 
burning  large  quantities  of  coal  and  operated  by  highly 
compyetent  labor,  the  grinder  is  successful,  but  plants 
of  usual  capacity  with  the  changing  labor  to  which  they 
are  subjected  are  better  off  with  the  dump  plate,  which 
is  now  a  part  of  the  stoker,  than  with  the  clinker  grinder 
of  modern  design. 

Keeping  Faith  with  the  Fallen 

HISTORY  contains  no  finer  example  of  altruism  than 
that  displayed  by  America  as  a  nation  during  the 
recent  war.  With  no  aspirations  for  power,  no  secret 
yearnings  for  territory  and  no  ancient  grudges  to  settle, 
but  with  a  firm  and  unalterable  belief  in  those  principles 
of  freedom  by  which  she  herself  had  achieved  great- 
ness, she  spent  lavishly  of  her  abundant  wealth  and 
freely  of  her  blood  that  the  world  might  enjoy  with 
her  the  blessings  of  liberty. 

So  far  as  the  United  States  is  concerned,  the  war  was 
fought  and  won  by  a  united  people.  But  for  the  una- 
nimity of  thought,  purpo.se  and  action  of  a  hundred 
million  Americans  there  would  have  been  no  such  splen- 
did ending.  Our  soldiers  battled  so  sturdily  and  suc- 
cessfully because  they  knew  they  were  backed  by  the 
wealth  and  the  will  of  the  nation. 

Those  who  fell — may  we  never  grow  indifferent  to 
the  magnitude  of  the  debt  we  owe  them! — yielded  up 
for  an  ideal  the  one  thing  that  was  dearest  to  them. 
Faith  in  the  righteousness  of  that  ideal  and  in  the 
i-esolve  of  the  nation  to  bring  it  to  realization  sustained 
them. 

Shall  not  that  faith  be  kept?  Shall  it  be  said  that 
we  who  remain  and  on  whom  they  relied  are  recreant 
to  that  trust?  Shall  Liberty — depicted  so  graphically 
in  the  colored  insert  that  accompanies  this  issue — call 
in  vain  to  us  to  keep  our  promises  to  the  heroes  who  lie 
beneath  those  rows  of  mute  crosses  ? 

The  appeal  comes  in  a  score  of  ways.  We  can  keep 
faith  with  them  by  supporting  the  institution?  and 
principles  for  which  they  died — by  scotching  the  snake 
of  Bolshevism,  by  laboring  to  maintain  industrial  tran- 
quillity, by  meeting  taxes  cheerfully  and  philosophically, 


by  Americani/ing  the  immigrant  and  the  ignorant,  by 
fostering  patriotism,  by  doing  our  own  humble  task.s 
HH  efficiently  and  capably  as  they  did  theirs. 

We  can  keep  faith  with  the  dead  by  completing  the 
work  that  their  .sacrifice  made  certain  of  success.  Hut 
time  and  thought  and  money  must  still  be  .spent  to 
accomplish  that  end. 

Subscri|)tions  to  the  Victory  Liberty  Loan  will  show 
how  well  we  keep  our  pledged  word. 


Some  men  seem  to  think  that  as  soon  as  they  obtain 
a  posit i;)n  in  a  boiler  room  they  are  anchored  there  for 
life  as  firemen.  Be  this  as  it  may,  there  is  this  to 
remember:  The  man  who  knows  more  about  the  fuel 
he  burns  and  how  and  why  it  burns  and  puts  his  knowl- 
edge into  practice,  is  the  man  who  will  be  elevated  to 
the  higher  and  better  paying  boiler-room  positions. 


It  may  be  difficult  to  draw  the  line  between  bitumin- 
ous and  sub-bituminous  coals  on  the  basis  of  moisture 
content,  but  the  point  may  be  settled  by  the  behavior 
of  the  two  fuels  in  weathering.  Sub-bituminous  vari- 
eties shrink,  crack  irregularly  and  partly  disintegrate 
on  exposure,  while  bituminous  varieties  shrink  very 
little  and  do  not  disintegrate  while  drying. 


Engineers  hold  various  opinions  regarding  the  con- 
struction of  boiler  settings.  Some  are  in  favor  of  de- 
signing them  with  an  air  space  and  others  favor  the 
solid  wall  construction.  There  is  much  to  be  said  in 
favor  of  both  types  of  settings,  and  it  is  probable  that 
our  readers  may  have  interesting  data  on  the  subject. 


The  average  man  looks  with  favor  on  the  job  that  is 
permanent.  For  that  rea.son  there  should  be  a  ready 
response  to  the  appeal  of  the  United  States  Shipping 
Board  for  first  assistant  engineers  to  serve  on  our  mer- 
chant ships. 


Universal  raising  of  wages  cannot  permanently  im- 
prove the  condition  of  the  workers  if  it  is  accompanied 
by  smaller  output  and  shorter  hours.  There  must  be 
greater  efficiency  and  increased  production. 


When  we  see  some  fellow  take  the  floor  every  fifteen 
minutes  at  an  engineers'  meeting,  we  are  reminded  that 
a  babbling  stream  has  to  spread  itself  considerably  to 
make  up  for  its  lack  of  depth. 


After  the  Prohibition  Amendment  goes  into  effect, 
coroners'  juries  will  have  to  account  for  disastrous 
boiler  explosions  on  some  other  ground  than  that  of 
intoxicated  firemen. 


Americanization  is  a  filter  that  will  rid  us  of  such 
undesirable  trash  as  hyphenated  nationalities,  Bolshe- 
vist tendencies  and  fanatical  devotion  to  foreign  inter- 
ests. 


From  reports  that  come  to  us  from  time  to  time,  it 
is  evident  that  the  safest  place  in  the  world  is  not  to 
stand  in  front  of  a  cylinder  head. 


The  American  army  will  need  50,000,000  gallons  of 
fuel  oil  during  1919.     Sure!  we  have  oil  to  burn. 


April  22,  1919 
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Difficulty  Experienced  in  Getting  a 
Generator  up  to  Full  Voltage 

The  armature  of  a  240-volt  compound-wound  direct- 
current  generator  was  removed  for  rewinding,  and  upon 
being  replaced  the  machine  failed  to  generate.  On  the 
assumption  that  the  residual  magnetism  had  been  lost, 
the  shunt-field  was  flashed,  in  the  usual  way,  from  the 
bus  with  current  from  a  220-volt  battery.  This  gave  no 
result,  the  voltmeter  remaining  at  zero  when  the  ma- 
chine was  again  started. 

The  shunt-field  terminals  were  next  connected  with 
another  machine  generating  about  210  volts.  This 
brought  the  voltage  up  vo  about  one-half  normal  value, 
but  no  further.  Upon  replacing  the  shunt-field  connec- 
tions the  voltage  again  dropped  to  zero.  Reversing  the 
armature  leads  was  next  suggested,  and  this  being  done, 
the  machine  immediately  picked  up  but  in  the  wrong 
direction.  The  machine  was  stopped  and  the  field  again 
flashed  from  the  battery  and  this  ended  the  trouble. 

Now  I  wonder  if  any  of  Poiver's  readers  will  care  to 
give  the  explanation  for  the  benefit  of  those  of  us  who 
are  young  in  the  profession — especially  the  reason  why 
the  machine  generated  the  120  volts  when  separately 
excited.  ROBERT  Tomlinson. 

Wheeling,  W.  Va. 

Turbo-Blower  Valve  Control 

After  reading  the  article,  "Placing  Valves  in  Un- 
safe Positions,"  by  V.  R.  Hughes,  in  the  Feb.  25  issue 
of  Power,  it  occurred  to  me  that  perhaps  engineers 
would  be  interested  in  a  description  of  two  valves  in- 
stalled at  the  plant  of  the  Mark  Manufacturing  Co., 
Indiana  Harbor,  Ind.  These  valves  are  on  the  delivery 
side  of  turbo-blowers  that  supply  34,000  to  55,000  cu.ft. 
of  air  per  minute,  at  14  lb.  pressure,  to  the  blast  fur- 
nace. The  air  is  taken  in  through  two  72-inch  intakes, 
the  screened  top  of  one  of  them  being  visible  in  the 
illustration.  The  36-in.  discharge  lines  lead  from  the 
blowers  in  the  power  house  to  the  main  discharge  line 
outside.  Here  two  36-in.  gate  valves  are  located  at  the 
point  where  the  36-in.  lines  enter  the  48-in.  main  dis- 
charge line. 

From  the  illustration  it  will  be  seen  that  the  valves 
are  placed  approximately  15  ft.  above  the  ground,  hence 
they  would  be  very  inaccessible  to  operate  by  hand. 
Besides,  it  would  be  inconvenient  to  operate  the  steam 
throttle  on  the  turbo-blowers  and  valves  simultaneously. 
At  least  two  attendants  would  be  required  to  close  the 
throttle  of  one  turbine  and  a  gate  valve  at  anywhere 
near  the  same  time.  To  make  the  operation  of  the 
valves  convenient  and  to  guard  against  any  serious 
irregularities  of  the  air  flow  to  the  blast  furnace,  two 
Dean  valve  controls  were  installed  in  the  two  36-in.  dis- 
charge lines  with  the  valve-control  stations  near  the 
turbine  throttles.  With  this  equipment  the  engineer 
can  start  the  turbine  and  then,  by  merely  placing  the 
handle  of  the  valve-control  station  in  the  open  position. 


open  the  corresponding  discharge  valve.  This  conve- 
nient and  speedy  control  is  especially  desirable  when 
changing  from  one  turbine  to  another.  The  importance 
of  being  able  to  open  and  close  these  two  valves  rapidly 
will  be  appreciated  when  one  remembers  that  blast 
furnaces  are  seldom  shut  dovvTi,  but  it  is  often  neces- 
sary or  desirable  to  shut  down  a  turbo-blower. 

The  control  is  electrical  in  operation,  using  a  fully 
inclosed  motor  connected  to  a  system  of  combined  worm 
and  planetary  gearing  for  the  purpose  of  speed  reduc- 
tion to  the  valve  stem.  The  gearing  is  inclosed  in  an 
oil-tight  casing,  and  the  limit  mechanism  is  included 
in  a  space  above  the  gearing.  All  cables  from  the 
motor  to  the  limit  switch  are  incased  in  steel  conduit, 


A  :;C-IN.  GATE  VALVE  15  FT.  ABOVE  THE  FLOOR 
OPERATED  FROJI  A  CEXTR.A.L  STATION 

and  the  unit  is  as  impervious  to  moisture  as  it  is  pos- 
sible  to   make   it. 

The  valve  gate  is  driven  directly  into  the  seat,  under 
power,  and  to  the  exact  point  of  tight  closing,  after 
which  the  trip  mechanism  releases  the  motor  and  gears 
from  the  valve  stem,  thus  preventing  overtravel  du3 
to  momentum  of  moving  parts.  In  this  way  there  is 
obviated  any  inability  to  securely  seat  the  gates  be- 
cause of  the  motor  circuit  being  interrupted  before 
the  limit  of  travel  is  reached  and  the  gate  being  al- 
lowed to  drift  into  its  seat. 

Control  of  the  valves  is  secured  by  small  control  sta- 
tions placed  in  cast-iron  boxes  suitable  for  attaching 
to  wall  or  floor  standards,  and  as  many  poinds  of  control 
as  are  desired,  for  one  valve,  may  be  obtained,  at  any 
varying  distance  from  the  valve.  Each  station  is  fitted 
with  indicating  lights  showing  the  position  of  the  gate. 

Milwaukee,  Wis.  F.  M.  NouRSE. 
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1  luivp  had  tnuililo  with  woiIk*'  I'olt  l>roakitl^r  ofT  he- 
low  the  wodKo.  As  a  remedy  I  removed  the  J-in.  holt 
juid  put  in  a  :-iii  holt  with  n  nut  under  the  wedKe,  an 
shown   in  the   illustrntion.     This  overcame  mv   trouhle 


THROICIM    riOLT    KEPI.ACKS    TWO   CAPSOKliW.^ 


and  the  bolt  makes  a  better  and  safer  job  than  the 
commonly  u.^^ed  capscrew,  and  it  does  not  loosen  up  as 
does  the  ordinary  type  of  bolt.  M.  J.  Merrell. 

St.  Louis,  Mo. 

Sources  of  Fuel  Losses 

Following  is  a  copy  of  a  letter  I  wrote  some  time 
ago  to  the  engineers  in  charge  of  power  plants  under 
my  supervision,  pointing  out  wherein  some  of  the 
losses  are  likely  to  occur: 

It  is  demanded  by  the  United  States  Fuel  Administra- 
tion and  it  is  highly  desirable  that  we  spare  no  effort  to 
cut   down  the  consumption   of  fuel   in  our  plants. 

I  would  like  to  call  your  attention  to  some  of  the  most 
common  and  most  easily  preventable  sources  of  waste  of 
fuel  in  stationary  power  plants.  Probably  the  greatest 
loss  of  heat  is  up  the  smoke-stack.  In  the  best-designed 
and  most  economically  operated  plants  this  loss  will  be 
about  15  per  cent,  of  the  total  heat  in  the  fuel  and  may  be 
called  unpreventable.  In  a  poorly  designed  and  carelessly 
operated  plant  it  may  easily  be,  and  often  is,  50  per  cent.; 
that  is,  one-half  of  the  heat  in  the  fuel  gone  up  the  stack, 
from  which  we  have  derived  absolutely  nothing.  What 
are  the  causes  of  this  enormous  loss  and  what  can  we  do 
to  prevent  it? 

Are  you  aware  that  a  coating  of  soot  ie  in.  thick  on  the 
heating  surface  of  your  boilers  will  cut  down  the  heat- 
transmitting  efficiency  10  per  cent,  and  as  the  thickness  of 
soot  increases,  the  loss  increases  a  great  deal  faster? 

In  coal-burning  plants  the  engineers  should  see  that  the 
boiler  tubes  are  blown  out  thoroughly  with  dry,  high-pres- 
sure steam  or  air  at  least  two  or  three  times  each  24  hours. 
In  oil-burning  plants  once  a  day  will  be  sufficient  if  the 
fires  are  properly  handled.  You  will  find  that  it  is  quite 
an  art  to  get  just  the  right  adjustment  of  steam  and  oil 
and  air  to  the  burners  to  obtain  the  best  results.  Return- 
tubular  boilers  should  have  a  good  scraper  run  through 
the  tubes  once  a  week. 

Another  common  cause  of  heat  loss  is  scale  in  the  boil- 
ers; a  coat  of  scale  A  in.  thick  will  cause  10  per  cent,  of 
the  heat  in  the  fuel  to  go  up  the  stack  because  it  cannot 
get  through  the  scale  and  into  the  water.  And  remember 
this:  The  only  heat  that  makes  steam  is  the  heat  that  gets 
through  the  heating  surface  of  the  boilers  and  into  the 
water. 

So  with  a  coat  of  soot  A  in.  thick  on  one  side  and  a  coat 
of  scale  tV  in.  thick  on  the  other,  20  per  cent,  of  the  fuel 
value  which  should  have  gone  into  the  water  to  make 
steam  is  going  to  waste  up  the  stack.  So  be  sure  that 
your  boilers  are  kept   clean   inside   and   out. 

But  the  worst  is  yet  to  come.  I  believe  that  the  cause 
of  the  greatest  loss  of  heat  up  the  stack  is  excess  air.  For 
complete  combustion  every  pound  of  fuel  requires  just  so 
much  air.  If  we  could  admit  just  the  right  amount  of  air  to 
the  furnace  there  would  be  no  loss  from  this  source.  This 
is  impossible  in  practice,  but  by  careful  handling  of  the 
fires  and  intelligent  manipulation  of  the  dampers  we  can 
reduce  the  loss  to  a   minimum. 

Careless  firing  and  poor  adjustment  of  oil  fires  can  easily 
result  in  a  loss  of  25  or  30  per  cent,  from  this  source.    Add 


thill  to  the  20  nor  cent.  Iohb  from  HOot  and  Mcale  and  you 
have  a  (Ifploral)lc,  thoujfh  all  loo  common,  condition.  Kvcry 
pound  of  air  over  and  above  that  recjuircd  for  coinplclo 
combustion  ^oes  throujfh  without  doing  any  jjood  whatever; 
but  when  it  comes  out  at  the  top  of  the  Htack  it  is  mijfhly 
hot,  and  it  look  Kood  coal  or  od  that  cost  good  money  to 
make  it  hot  -all  lo.st. 

If  there  are  any  crevices  in  your  boiler  walls,  excess  :iir 
is  KoinK  in  there  and  takinjr  Kood  heat  units  up  the  Ht. 
If  your  damper  \»  wide  open   and   your  fire   is   too   thin 
has    holes    in    it,   larfje    (juantities    of   excess   air    are    >;<<.■. n 
through,  robbing  your  boilers  of  the  heal  they  shoulil  have. 
With   oil    (ires,    if  you    have   your   damper    wide    open   with 
a   liKht   fire,   great   quantities   of  excess   air   will    be   gu 
throuirh  your  boilers. 

It  is  up  to  us  to  get  onto  our  jobs  and  watch  these  thn  . 
closely  and  reduce  the  losses  to  a  minimum  and  show  that 
we  are  real  engineers,  not  just  starters  and  stoppers  of 
enjrines  and  pumps,  etc.  I  would  like  to  see  every  enjri- 
neer  on  the  division  take  at  least  one  good  technical  journal 
devoted  exclusively  to  power-plant  engineering.  If  closely 
studied,  you  will  get  the  worth  of  the  subscription  price,  and 
often  a  great  deal  more,  from  every  issue. 

May  I  ask  the  engineers  in  charge  of  plants  to  particu- 
larly interest  themselves  in  the  matters  referred  to  in 
this  letter  to  the  end  that  we  may  have  the  most  economically 
operated  plants  on  the  Santa  Fe?  If  we  do  our  part  and 
show  that  we  are  worth  it,  it  will  be  much  easier  to  gain 
recognition  of  the  fact  that  we  are  men  in  responsible  posi- 
tions in  whose  hands  rests  the  saving  or  wasting  of 
thousands  of  dollars — men  in  positions  requiring  skill  and 
intelligence  second  to  none. 

Another  matter:  See  that  the  water  from  the  feed- 
water  heaters  goes  to  the  boilers  as  hot  as  the  pumps  will 
handle  it — the  hotter  we  put  it  in  the  boilers  the  less  fuel 
it  will    take  to  make  steam  of  it.  yf^  q^  CaMP 

Winslow,  Ariz. 

Dynamite  Uncoupled  Pipe  Line 

Last  winter  I  had  a  peculiar  experience  that  I  would 
like  to  have  explained.  I  was  having  some  water  main 
laid,  and  as  the  ground  was  frozen,  dynamite  was 
used  to  loosen  up  the  ground  in  order  to  get  the  work 
along  faster.  One  stick  of  dynamite  was  used  in  each 
hole.  The  holes  were  about  four  feet  apart,  and  the 
dynamite  did  the  work  fine.  This  work  was  done  for  a 
state  institution  where  there  are  some  old  water  pipes 
in  the  ground. 

My  peculiar  experience  was  as  follows:  Two  charges  of 
dynamite  were  placed,  as  shown  directly  over  a  water 


^  DYNAMITE 

^  CHAISE    HERE 

^Bushing 


■PiaEiiNCOUPLED 
HERE 


PIPING    AND     POINT    OF    PULLING    APART 

line  having  a  tee  from  which  there  is  a  service  branch. 
This  tee  is  1}  x  It  x  1}  in.,  reduced  with  a  bushing 
to  I  in.,  and  the  exploding  of  two  sticks  of  dynamite 
uncoupled  the  water  pipe  at  the  tee,  although  neither  the 
threads  on  the  §-in.  bushing  nor  the  threads  on  the  2- 
in.  nipplei  were  damaged.  Repairs  were  made  with  the 
same  bushing  and  nipple,  and  the  joint  was  made  up 
tight  under  a  water  pressure  of  30  pounds. 

Chester,  111.  E.  S.  Kimmel 
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Loose  Air-Pump  Plunger  Made  Fast 

Our  air  pump  began  pounding  badly  and  the  vacuum 
dropped  back  at  intervals.  Upon  taking  out  the  plunger, 
I  found  the  piston  loose  on  the  rod,  as  shown  in  the 
illustration.  It  was  made  fast  in  the  following  way  and 
it  has  given  no  trouble  since.  I  made  a  washer  out  of 
^-in.  copper  to  fit  the  piston  rod  and  fastened  it  to  the 


PISTON  AND  ROD  BEFORE  AND  AFTER  REPAIRS 

piston  with  two  i-in.  capscrews.  I  replaced  the  piston 
and  rod  in  the  pump,  put  in  the  piston  packing  to  hold 
the  piston  central  and  bolted  the  follower  plate  down. 
Babbitt  metal  was  then  poured  into  the  recess  and 
peened  down,  and  after  fastening  the  washer  securely, 
the  job  was  done.  John  T.  Lockett. 

Trenton,  N.  J. 

Furnace  Heat-Resisting  Material 

The  present-day  operating  engineer  should  receive 
the  sympathy  of  everyone  for  having  to  listen  to  the 
line  of  talk  advanced  by  salesmen  who  are  presenting 
boiler-wall  cements,  high-temperature  cements,  firebrick 
that  will  not  melt,  heat-resisting  paint,  etc.  It  is  re- 
markable how  a  salesman  will  talk  about  the  heat-re- 
sisting qualities  of  his  furnace  cement  or  of  the  high 
temperature  that  his  firebrick  will  withstand.  He 
knows  of  the  difficulty  the  engineer  has  in  getting  a 
reliable  line  on  the  performance  of  any  refractory  ma- 
terial used  in  the  furnaces  of  the  larger  power  plants, 
as  the  boiler  load  on  the  individual  unit  of  a  large  plant 
is  at  best  a  variable  quantity. 

I  have  seen  the  very  best  of  the  so-called  heat-re- 
sisting materials  show  signs  of  deterioration  after  a 
prolonged  banking  period,  this  trouble  being  evidently 
due  to  checks  or  cracks  having  developed  during  periods 
of  comparatively  low  temperature.  Some  might  think 
that  in  furnace  practice  we  should  take  into  consider- 
ation only  the  maximum  temperature  conditions,  where- 
as the  lower  temperature  conditions  may  prove  to  be 
more  damaging. 

The  question  then  arises  as  to  the  best  method  of 
checking  the  performances  of  the  furnace  linings  on 
trial.  Some  suggest  a  record  of  the  steaming  and 
banked  hours,  others  the  maximum  rate  of  steaming  as 
indicated  by  the  record  of  a  steam-flow  meter;  others 
take  into  consideration  the  apparent  horsepower-hours 
developed;  but  with  all  these,  one  period  of  injudicious 
banking  with  the  doors  open  with  full  or  partial  draft 
may  do  more  damage  than  several  days  of  maximum 
service. 

I  have  found  that  a  good  way  to  get  a  line  on  the 
qualities  of  the  various  furnace  cements,  brick,  etc.,  is 
not  to  build  a  complete  furnace  with  any  one  product 
on  trial,  but  to  divide  the  surface,  say  using  one  make 
on  one  side  wall  and  another  make  on  the  other;  the 
bridge-wall  can  be  divided  also.     If  this  is  done,  the 


work  should  be  under  the  supervision  of  a  representa- 
tive of  the  manufacturers,  and  instead  of  being  placed 
upon  trial  the  material  should  be  paid  for  so  that  if  a 
failure  occurs,  as  it  generally  does,  the  engineer  will 
not  be  bothered  by  requests  for  a  repeat  trial.  Work 
installed  in  this  way  is  subjected  to  like  changes  in  fur- 
nace conditions,  and  after  the  test  there  is  no  doubt 
as  to  which  is  the  best  material.  John  F.  Hurst. 

Louisville,  Ky. 

Repairing  Oil  Rings  of  Gas  Engine 

On  examining  the  outboard  bearing  of  a  650-hp. 
vertical  gas  engine  that  had  been  giving  considerable 
trouble,  it  was  found  that  the  oil  ring  was  broken  in 
two  places,  leaving  it  practically  in  halves.  To  make  a 
new  ring  and  raise  the  shaft  to  get  the  bearing  out  to 
put  the  new  ring  in  place  would  take  approximately 
four  days. 

The  ring  was  151  in.  outside  diameter,  i  in.  thick  and 
J  in.  wide.  The  broken  pieces  were  removed  and  a  piece 
cut  out  of  one  side  of  the  ring  at  the  break  to  a  depth 
of  {;.;  in.  and  about  J  in.  long  on  each  side  of  the  break. 
Next  a  l-in.  hole  was  drilled  and  tapped,  one  hole  on 
each  side  of  the  break.  Pieces  were  then  fitted  in  the 
offsets  cut  in  the  ring  and  drilled  for  i-in.  screws  and 
in  line  with  the  tapped  holes  in  the  ring.  The  lobs  of 
the  plates  were  countersunk  on  one  side  to  allow  the 
screw  heads  to  come  flush  with  the  metal.  The  plates 
were  next  secured  to  the  ring  by  screws.  All  were  filed 
to  the  same  radius  as  the  ring,  both  inside  and  outside. 
The  ring  was  then  put  in  place  and  has  been  running 
and  doing  good  work  for  the  last  three  years.  It  is 
shown  at  the  right  of  the  illustration. 

Another  good  way  to  repair  broken  oil  rings  of  small 
size  is  shown  at  the  left  of  the  illustration.     For  rings 


TWO   METHODS   OF   REPAIRING   THE   OILING    RINGS 
OP    A    G.\S    ENGINE 

that  have  not  enough  stock  to  cut  out  and  set  in  a 
piece,  as  in  the  first  instance,  a  good  way  is  to  split 
the  ring  in  the  center  of  the  width,  as  shown.  This 
is  done  on  each  broken  end.  The  corresponding  ends 
are  then  put  together  and  pieces  of  tin  inserted  in  the 
slots  and  held  in  place  by  drilling  through  the  side  of 
the  ring  and  the  tin  keepers,  using  a  small  piece  of 
copper  as  a  rivet  to  hold  the  tin  and  ring  in  place.  If 
tin  is  not  at  hand,  a  piece  of  a  saw  blade  can  be  used 
after  drawing  the  temper.  R.  G.  Curren,  Jr 

Kittanning,  Penn. 
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I)iff<'r««noc   in    Vl'atrr   Lovel    in    Hoih'rH 

I  101(1  with  intt'iost  jiii  ailnlc  hy  V.  R.  iMcI,c;iii  in  tho 
Feb.  11  issui'  of  I'dwrr,  pajre  201,  relating  to  "UilTer- 
ence.s  in  Water  Levels  in  Boilers."  My  experiences  with 
steam  boilers,  especially  in  connection  with  water  levels, 
may  he  of  some  value,  and  are  as  follows: 

Upon  installin>r  feed-water  retrulators  on  three-drum 
horizontai-water-tube  l)oiiers.  I  have  noticed  effects  sim- 
ilar to  those  described  by  Mr.  McLean.  However,  I  have 
also  noticed  this  in  boilers  set  sinply,  as  well  as  in 
batteries.  I  have  observed  this  effect  on  hand-fired  as 
well  as  stoker-fired  boilers,  so  it  can  hardly  be  cau.sed  al- 
lojrether  by  the  condition  of  the  fire.  It  is  sometimes 
dillicult  to  observe  this  result  on  hand-fired  boilers,  be- 
cause firing  has  its  effect  on  the  water  level  also. 

I  believe  this  difference  in  water  level  is  due  to  the 
feed  or  method  of  feedinp  as  much  as  to  the  fire.  I  have 
found  that  low  water  freciuently  occurs  in  the  drum 
nearest  to  the  main  feed  and  the  highest  water  in  the 
drum  farthest  from  the  main  feed.  With  some  boilers 
it  is  customary  to  run  the  feed  line  over  the  top  of  the 
drum  heads,  dropping  down  to  each  drum.  When  the 
feed  is  throttled  so  that  the  flow  through  the  pipe  is 
gradual,  it  is  probable  that  most  of  the  water  drops 
down  the  first  pipe  it  comes  to,  hence  introducing  com- 
paratively cold  water  into  the  drum  nearest  to  the  main 
feed.  This  will  cause  a  circulation  through  the  boiler 
toward  the  farthest  drum  and  because  the  coldest  water 
is  in  the  near  drum,  most  of  the  steam  will  be  formed 
in  the  farthest  drum  cr  in  tubes  under  it.  This  theory 
is  borne  out  by  Mr.  McLean. 

He  also  says:  "When  the  individual  feed  line  to  one 
drum  was  found  obstructed,  that  section  would  show 
high  concentration  of  salts,  mud  and  scale.  By  in- 
stallation of  orifices  of  slightly  different  sizes  in  the 
individual  feed  lines,  a  reasonably  uniform  concentra- 
tion of  deposits  was  obtained  in  all  three  drums." 

Usually,  in  a  double  setting  the  feed  comes  from  both 
sides,  so  this  would  cause  the  highest  level  in  the  center 
of  the  setting.  I  believe  a  better  distribution  of  water 
would  be  obtained  by  running  the  main  supply  pipe 
under  the  drums  and  coming  up  to  them.  This  prob- 
ably would  interfere  with  the  doors  unless  the  con- 
nections were  made  short  or  curved.  Perhaps  it  would 
be  better  if  the  boiler  manufacturers  or  erecting  engi- 
neers would  increase  the  size  of  the  feed  line  progres- 
sively across  the  front  of  the  boiler,  instead  of  decreas- 
ing it  to  eliminate  as  much  friction  as  possible.  It  is 
doubtful,  though,  if  this  alone  would  prevent  most  of 
the  water  going  down  the  first  pipe  at  low  loads.  There 
are  so  many  factors  involved  that  a  single  orifice  under 
constant  pressure  can  hardly  be  expected  to  take  care 
of  all  conditions. 

I  have  also  noticed  the  difference  in  pressure  between 
drums  even  when  apparently  plentifully  supplied  with 
equalizers.  I  believe  it  is  possible  to  have  the  same 
level  shown  by  a  column  in  one  end  of  a  drain  as  the 
other,  provided  the  baffles  inside  the  drum  are  placed  so 
as  to  insure  this.  However,  there  is  no  doubt  that  with 
steam  rising  in  the  front  header  and  not  in  the  back 
header,  the  specific  gravity  in  the  front  of  the  boiler  is 
less  than  in  the  back.  Hence,  there  must  be  a  difference 
in  level.  This  was  shown  by  Paul  Bancel's  inten- 
esting  experiments  on  a  small  boiler,  as  described  in  the 
Transactions  of  the  A.  S.  M.  E.  It  has  also  been  borne 
out  by  innumerable  other  experimenters  and  observers. 

Erie,  Penn.  V.  V.  Veenschoten. 


Ovorhculinf;  Hoi  Water  Wasteful 

It  Wdiild  .ccni  ,il  (irsl  iriaiico  thai  llic  .statotiient  in 
the  letter  by  W.  T.  Meinzer,  on  page  2r,G  of  the  Feb.  18 
issue,  on  "Overheating  Hot  Water  Wasteful"  is  true, 
but  conditions  often  change  things. 

For  instance,  when  it  comes  to  dollars  and  cents,  it 
does  not  make  much  difference  whether  you  use  1000 
lb.  of  water  at  180  deg.  F.  or  whether  you  use  1800' 
lb.  at  100  deg.  F.  I  had  an  experience  along  thla  line 
several  years  ago  in  a  large  modern  factorj-  building 
designed  to  house  1000  employees.  Every  floor  was 
equipped  with  modern  lavatories,  and  the  help  were  sup-' 
posed  to  come  to  work  and  go  home  clean.  The  tank  for 
heating  the  water  was  suspended  high  enough  above 
the  boilers  to  return  the  condensate  from  the  coils  in 
the  tank  to  the  boilers  by  gravity. 

The  temperature  was  regulated  automatically  by  a 
thermostatic  control,  and  everything  apparently  was  ac- 
cording to  the  best-known  methods.  By  the  way,  the 
exhaust  steam  was  all  used  in  the  process,  so  it  was 
useless  to  think  of  exhaust  for  the  hot-water  service. 
More  or  less  hot  water  was  used  during  the  day,  but 
the  genuine  pulls  came  at  11:4.5  a.m.  and  4:45  p.m. 
Different  ones  were  detailed  to  fill  the  sinks  with  water 
for  each  floor,  and  they  turned  the  hot-water  faucets 
wide  open  in  about  twenty  or  thirty  lavatorie.'!  num- 
bering from  six  to  ten  sinks  each. 

Now  they  wanted  the  water  about  100  deg.  F.,  and  so 
it  had  been  carried  at  110  on  the  tank,  but  they  did 
not  get  it  half  fast  enough.  The  plant  was  designed  to 
carry  the  hot  water  at  180  deg.  F.  originally,  but  to 
try  and  save  a  little  fuel  the  engineer  had  cut  the  tem- 
perature. As  the  returns  from  the  coil  in  the  tank 
were  well  covered  and  came  back  properly,  the  saving 
was  verj"^  little  but  the  trouble  it  caused  was  consider- 
able. 

If  a  system  is  designed  to  furnish  a  certain  amount 
of  hot  water  per  hour  at  a  higher  temperature,  it  will 
do  it  on  smaller  pipe  than  a  lot  of  water  at  a  lower 
temperature.  This  was  the  trouble  in  the  case  cited.  It 
was  figured  that  the  hot  and  the  cold  water  faucets 
would  be  opened  together,  so  that  but  half  the  hot  wa- 
ter would  be  used,  thus  supplying  all  faucets  at  prac- 
tically the  same  time. 

I  put  the  temperature  back  where  it  was  intended  to 
be,  and  a  few  more  degrees  for  good  measure.  As  near 
as  we  could  weigh  the  coal,  we  could  not  detect  any 
difference  in  the  amount  burned,  but  the  superintend- 
ent, the  manager  and  even  the  president  of  the  company 
visited  the  power  plant  and  said  the  service  was  the  best 
it  had  been  for  two  years. 

We  also  lowered  the  ball  floats  in  the  toilets  about  one 
inch  and  saved  an  amount  of  water  almost  unbeliev- 
able. I  do  not  want  to  go  on  record  as  saying  that  coal 
cannot  be  saved  by  lowering  the  temperature — it  sounds 
very  good — but  I  am  citing  this  case  as  an  example. 

Some  years  after  this  experience  I  was  asked  by  an 
engineer  in  an  apartment  house  how  to  get  more  hot 
water  through  the  pipes.  I  told  him  to  heat  it  more 
and  send  it  up  hotter  and  perhaps  the  tenants  would 
use  more  cold  with  it  and  less  hot  water^  He  heated  the 
water  automatically  with  the  exhaust  from  a  lighting 
engine  and  an  elevator  pump.  I  saw  him  a  few  weeks 
after  and  he  said  everything  was  working  satisfactorily. 

Auburn,  Mass.  C.  W.  Peters. 
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Reconnecting  Induction  Motors — Can  a  60-cycle,  550-volt, 
three-phase  induction  motor  be  reconnected  to  operate  on 
440  volts  two-phase?  The  machine  now  runs  480  r.p  m.  at 
full  load,  has  168  coils  in  the  winding,  connected  in  single- 
circuit  star.  N.  W.  W. 

The  winding  as  now  connected  has  14  poles  grouped  four 
coils  per  pole  per  phase.  By  regrouping  the  winding  for 
two-phase  6  coils  per  pole  per  phase,  connected  in  series,  the 
motor  will  operate  on  a  440-volt  two-phase  circuit.  The 
two-phase  voltage  is  80  per  cent,  of  the  three-phase  volts, 
and  the  winding  as  reconnected  will  operate  on  81  per  cent. 
of  the  three-phase  volts,  or  550  x  0.81  =  445.5  volts,  con- 
sequently this  will  be  satisfactory  for  440  volts. 


Calculating  Power  Factor — Our  alternators  are  three- 
phase,  600-volt,  1500-kw.  machines.  If  the  wattmeter  in- 
dicates 1300  kw.  and  the  ammeters  each  read  2000  amperes, 
what  would  the  power  factor  be?  Is  low  power  factor  the 
cause  of  poor  voltage  regulation?  E.  Mc. 

The   kilovolt-amperes   of  a   balanced    three-phase   circuit 

EI  X  1.732 
IS  kv.-a.    = 


1000 


where    E    is    the    volts    between 


terminals  and  /  the  current  in  amperes  per  terminal.     Then 
600  X  2000  X  1.732 


in  this  problem  kv.-a.  = 


1000 


=  2018.4.    The 


power  factor  (p.  f.)  equals  kilowatts  (kw.)  divided  by 
the  kilovolt-amperes  (kv.-a.),  or  p.  f.  =  kw.  -^  kv.-a.  = 
1300  ^  2078.4  =  0.62.  Low  power  factor  is  one  of  the 
causes  of  poor  voltage  regulation.  A  power  factor  of  0.62 
is  considerably  lower  than  would  be  considered  good  oper- 
ating practice.  

Increase  of  Power  for  Pumping  Additional  Delivery — If 

a  pump  raises  150  gal.  of  water  per  minute  to  a  height  of 
25  ft.,  now  much  more  power  will  be  required  if  the  pres- 
sure is  increased  sufficiently  to  elevate  one-sixth  of  the 
water  12  ft.  higher,  or  a  total  height  of  37  ft.?        P.  F.  K. 

To  raise  the  water  to  a  height  of  25  ft.  would  require  the 
pump  to  work  against  a  head  of  25  ft.  plus  the  head  lost  in 
overcoming  pipe  friction,  and  to  raise  any  portion  of  the 
pump  discharge  to  a  height  of  37  ft.  would  require  the 
pump  to  discharge  the  whole  delivery,  or  150  x  U  =  175 
gal.  per  min.,  against  a  head  of  37  ft.  plus  the  head  lost  in 
pipe  friction;  and  the  original  150  gal.  per  minute  would 
be  discharged  under  a  head  of  12  ft.  plus  the  additional 
head  lost  in  pipe  friction  due  to  delivery  of  the  one-sixth 
more  watei*.     Neglecting  pipe  friction,  an  increase  of  head 

37 
from  25  to  37  ft.  would  require   —    as  much  power  and  for 

increasing  the   pump   discharge  from   150   to   175   gal.   per 

ij  •       1"5  V  .,,    .  37  ^^  175 

min.    would    require  ,^^  as  much   power,  so  that  „.  X  t^„ 

150  "^  25       loO 

=  1.726  times  as  much,  or  72.6  per  cent,  more  power  would 

be  required.  

Temperatures  Within  Boiler  Water  Column — In  a  water 
column  of  a  boiler  carrying  steam  at  a  gage  pressure  of 
125  lb.  per  sq.in.,  what  would  be  the  temperature  of  steam 
in  the  water  column  3  in.  above  the  level  of  th"  water 
and  the  temperature  of  the  water  3  in.  below  the  surface 
covered  by  steam?  J.  V.  H. 

For  all  practical  purposes  the  temperature  %  in.  above  or 
below  the  surface  of  the  water  would  be  the  same  as  that 
of  dry  saturated  steam  at  a  pressure  of  125-lb.  gage; 
namely,  353  deg.  P.  Radiation  of  heat  usually  is  taking 
place  from  the  steam  connection  of  water  columns  of  boil- 
ers while  under  steam  pressure,  and  consequently  there  is 
slightly  less  pressure  and  lower  temperature  of  the  steam 
at    or    near    the    water    level    in    the    column    and    gage- 


glass  than  the  temperature  of  steam  and  of  water  in  the 
boiler;  but  ordinarily,  the  difference  would  be  imperceptible. 
However,  the  column  might  be  so  exposed  to  cold  that 
the  water  any  distance  below  the  surface  would  be  con- 
siderably lower  in  temperature  than  the  temperature  of  the 
steam,  depending  on  circulation  and  insulation.  The  tem- 
peratures are  controlled  by  the  same  principles  as  those 
which  determine  temperatures  within  pipes  and  radiators  of 
a  two-pipe  gravity-return  steam-heating  system.  The  steam 
connection  of  the  water  column  corresponds  to  the  supply 
line,  the  steam  space  corresponds  to  the  radiators  and  por- 
tions of  the  system  not  flooded  with  water,  and  the  water 
connection  of  the  water  column  corresponds  to  the  flooded 
return  pipes  of  the  heating  system,  which  may  become  suf- 
ficiently chilled  by  the  surrounding  atmosphere  for  the 
water  within  them  to  become  frozen  from  the  radiators  clear 
back  to  the  boiler. 


Determining  Size  of  Motor  Required  for  Fan  Blower— 

We  have  a  42-in.  diameter  fan  blower  which,  when  driven 
at  750  r.p.m.,  will  handle  20  to  25  tons  of  ensilage  per  hour 
and  elevate  it  30  ft.  According  to  the  manufacturers,  the 
blower  doing  that  work  required  four  to  six  horsepower 
We  have  increased  the  speed  to  1200  r.p.m.  and  handle 
the  same  quantity  of  material  per  hour  elevated  62  ft. 
The  blower  is  driven  by  an  engine  and  we  wish  to  change 
to  motor  drive.     What  size  of  motor  should  be  provided? 

B.  H. 

The  data  and  conditions  are  not  sufficiently  complete  and 
exact  for  deciding  the  probable  characteristics  of  operation 
of  the  blower.  The  best  method  of  detei-mining  the  size 
of  motor  to  be  used  would  be  to  ascertain  the  power  re- 
quired by  indicating  the  engine  while  carrying  a  constant 
load  with  and  without  the  blower.  The  difference  will 
be  the  power  required  for  the  blower.  Another  method  is 
to  measure  the  power  with  some  form  of  transmitting 
dynamometer.  Other  ways  of  testing  would  be  by  sub- 
stitution of  an  ascertainable  brake  load.  If  the  power 
taken  by  the  blower  is  more  than  about  one-fourth  the 
capacity  of  the  engine,  run  the  blower  doing  regular  work, 
using  the  regular  throttle  valve  for  starting  and  stopping 
the  engine,  and  with  a  stop-valve  between  the  regular 
engine  throttle  and  the  boiler,  but  writh  the  regular  throttle 
wide  open,  throttle  down  the  supply  of  steam  to  a  point 
where  the  blower  doing  regular  work  will  be  driven  only 
just  up  to  proper  speed.  Then,  without  changing  the  po- 
sition of  the  stop-valve,  stop  the  engine  by  closing  the 
regular  throttle  valve,  remove  the  belt  from  the  blower  and 
apply  a  prony  brake  to  a  pulley  on  the  blower  countershaft 
and  determine  the  greatest  brake  power  that  can  be  de- 
veloped by  the  engine  with  full  throttle,  the  same  opening 
of  the  stop  valve  and  the  same  steam  pressure  as  before 
on  the  boiler   side   of  the   stop-valve. 

If  it  is  impracticable  to  thus  employ  a  stop  valve  for 
gaging  the  flow  of  steam  under  identical  conditions,  so  as 
to  obtain  the  same  development  of  power  when  the  engine 
carries  the  substituted  brake  load,  another  method  is  to 
drive  the  blower  countershaft  with  a  slack  belt  brought  to 
the  necessary  tension  with  a  weighted  tightener-idler  pulley 
by  means  of  which  the  tension  of  the  countershaft  driving 
belt  may  be  made  only  just  sufficient  for  driving  the  blower 
to  the  proper  speed.  It  then  can  be  ascertained  how  much 
prony  brake  load  can  be  laid  on  the  countershaft  as  a  sub- 
stitute for  the  blower  load  under  the  same  conditions  of 
belt  tension.  

[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications.— Editor.] 
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Syiicliroiioiis-IVIolor  Drive   for  Ice   Maeliiiies 


^^HK  manufacture  of  ii-o  niui  r^'fl•i^rt'|■»li^)^  is»  iiiiTfa.s- 
iiiK  rapidly  in  this  country  at  the  pn-ai-nt  tinu",  and 
.  the  I'ost  of  powiT  is  a  very  larjci'  item  in  the  value 
of  liiiished  product.  In  fact,  there  is  more  primary  power 
u.  e,l  per  $1000  of  product  in  the  manufacture  of  ice  than 
in  any  other  industry.  Census  reports  of  11)1-1  (in  ice- 
manufacturinjr  plants)  showed  7.G-1  of  installed  primary 
horsepower  to  every  $1000  of  annual  product. 

Many  ammonia  compressors  ranjjir.K  from  100  hp.  up 
are  now  beinp;  eiiui|)ped  with  direct-connected  synchronous 
motors.  A  synchronous  motor  is  the  only  type  that  is 
practical  to  use  at  the  slow  speeds  required.  What  are 
called  low  motor  speeds  (say  around  200  r.p.ni.)  are  high 
compressor  speeds;  in  fact,  it  is  only  within  the  last  few 
years  that  it  has  been  made  possible  to  build  compressors 
with  speeds  of  200  r.p.m.  or  higher.  This  was  mostly 
due  to  the  development  of  the  hiph-speed  plate  valve  with 
low  lift.  A  better  system  of  lubrication  for  reciprocating 
parts  has  also  helped.  Actual  piston  speed  has  not  been 
materially  increased  because  the  lenjith  of  stroke  is  cor- 
respondinirly  reduced  on  hiph-speed  compressors.  Large 
steam-driven  compressors  were  operated  at  varying  speeds 
according  to  the  output  of  ice  required.  Sometimes  the 
speed  was  as  slow  as  20  r.p.m. — sometimes  went  up  to  80 
or  90  r.p.m.  or  higher. 

Variable  Speed  of  Ice  Machines  No  Longer  Necessary 

Most  engineers  admit  that  it  is  no  longer  necessary  to 
provide  for  variable  speed  of  the  ice  machines  in  order  to 
take  care  of  fluctuating  demands  for  ice.  Plants  are 
planned  with  a  number  of  constant-speed  compressor  units 
which  can  be  operated  singly  or  in  parallel  so  that  any 
desired  ice-making  capacity  can  be  secured.  For  instance, 
a  typical  plant  with  400  tons  daily  capacity  (ice)  might 
have  four  compressors — one  rated  at  150  tons,  two  at  100 
tons  each  and  one  at  50  tons.  With  such  an  arrangement 
the  daily  output  could  be  maintained  at  any  desired  amount 
in  tons— 50,  100,  150,  200,  250,  300,  350  or  400.  The  ma- 
chines would  always  be  running  at  constant  speed  and 
practically  full  load,  at  their  highest  efficiency. 

An  ammonia  compressor  is  a  reciprocating  machine  with 
heavy  moving  parts  and  has  an  oscillating  torque  curve 
very  similar  to  that  of  a  steam  engine.  The  load  increases 
toward  the  end  of  the  stroke  and  this  recurs  at  regrular 
intervals,  so  that  unless  something  is  done  to  damp  out  this 
peak  it  may  start  the  motor  to  oscillating. 

Sufficient  flywheel  effect  should  be  supplied  to  reduce  the 
angular  displacement  of  the  poles  at  these  periodic  inter- 
vals to  about  three  electrical  degrees.  In  order  to  give  a 
clear  idea  of  what  this  means,  consider  the  displacement 
reduced  to  inches.  The  distance  from  the  center  of  one 
pole  to  the  center  of  the  adjoining  pole  on  a  rotor  is  180 
electrical  degrees.  On  a  36-pole  (200-r.p.m.)  motor  this 
distance  might  be,  say,  5.5  in. — three  electrical  degrees 
would  be  less  than  0.1  of  an  inch.  The  rotor  could  slide 
back  only  this  small  space  at  the  end  of  each  stroke — and 
of  course  it  would  have  to  regain  this  during  the  return 
stroke  so  as  to  be  ready  to  slide  again  when  the  piston 
approached  the  opposite  end  of  the  cylinder  (speaking  now 
of  a  double-acting  compressor). 

The  flywheel,  as  you  know,  can  act  only  during  a  change 
of  speed — and  the  change  of  speed  allowed  in  this  case  is 
limited  by  the  motor  characteristic  to  a  very  infinitesmal 
amount — the  time  it  would  take  the  rotor  to  drop  back 
0.1  of  an  inch. 

We,  as  motor  builders,  are  not  prepared  to  say  what  is 
the  proper  flj'wheel  effect  that  should  be  supplied  to  a 
certain  compressor;  that,  we  believe,  is  the  function  of 
the  engineer  who  designs  the  machine.  We  know  that 
it  is  advisable  to  keep  a  difference  of  at  least  20  per  cent, 
between  the  natural  frequency  and  the  forced  frequency 
(r.p.m.). 


'Abstract  from  a  paper  read  by  J.  R.  Watson.  Mar.  19.  1919, 
before  the  Eng^ineers'  Society.  Milwaukee.  Wis.,  under  the  aus- 
pices of  the  Milwaukee  Section  of  the  American  Society  of  Re- 
frigerating Engineers. 


Wlien  compressors  are  divcn  by  direct-connected  Htcam 
engines  there  i.s  a  combination  of  two  oscillating  torques^ 
that  of  tin-  reciprocating  engine  and  that  of  the  recipro- 
cating compressor.  In  some  cases  the  torcjue  of  the  engine 
piston  is  diminishing  at  the  time  when  the  torque  required 
l>y  the  compressor  piston  is  increasing.  Under  such  cir- 
cumstances the  flywheel  must  be  designed  to  take  care  of 
smoothing  out  the  unevenness,  both  on  tlie  engine  end  and 
tlie  compressor  end. 

But  with  the  synchnmous  motor  conditions  are  entirely 
different.  The  motor  delivers  to  the  compressor  a  smooth, 
even  flow  of  power.  It  has  no  low  point  or  dead-center 
such  as  in  the  case  of  the  engine.  Consequently,  it  does 
not  reciuire  the  flywheel  to  assist  it  to  anything  like  the 
same  extent.  As  a  matter  of  fact  the  line  itself  acts  as 
a  flywheel  to  carry  the  motor  over  sudden  loads.  It  is 
desirable  to  hold  down  these  jerks  of  power  on  the  lin(!, 
and  of  course  the  flywheel  does  help  materially  in  smooth- 
ing them  down.  It  should  be  remembered  that  the  central 
station's  attitude  today  is  somewhat  different  from  that  of 
a  few  years  ago.  Systems  are  now  so  large  and  the  di- 
versity factor  of  various  loads  is  such  that  they  can  stand 
a  great  deal  more  from  a  motor  than  was  formerly  allowed. 
For  instance,  a  large  power  customer  with  a  number  of 
big  motors  would  probably  have  no  difficulty  in  starting 
any  one  of  his  motors  singly  even  if  they  should  take  quite 
a  large  kv.-a.  from  the  line. 

Advantages  of  Direct-Connected  Motor 

It  seems  hardly  necessary  among  ice  and  refrigeratinf 
men  to  spend  much  time  outlining  the  advantages  of  hav 
ing  the  motor  direct-connected  to  the  compressor.  All  th( 
auxiliary  equipment  of  belts,  ropes,  pulleys,  etc.,  is  elimi- 
nated. Floor  space  is  valuable  in  artificial  ice  plants, 
which  are  generally  in  downtown  sections  of  large  cities 
where  ground  is  very  expensive.  Nearly  all  the  space  for- 
merly occupied  by  the  driving  engine  can  be  gained.  This 
means  a  saving  of  30  to  40  per  cent,  in  floor  space. 

Of  course  the  greatest  argument  in  favor  of  direct  con- 
nection is  the  saving  in-  power  by  the  cutting  out  of  all 
transmission  losses.  These  power  losses  in  an  average  plant 
are  seldom  less  than  10  per  cent,  and  may  run  as  high  as 
twice  this  amount.  The  tremendous  saving  in  yearly  power 
bills  is  what  interests  all  engineers.  The  efficiencies  on 
unity-power-factor  synchronous  motors  are  remarkably 
high,  and  this  is  the  compelling  reason  for  the  refrigerat- 
ing engineer.  For  instance,  a  certain  560-hp.  225-r.p.m. 
motor  driving  a  compressor  tested  as  follows:  Efficiency 
at  one-half  load,  95.6  per  cent.;  three-fourths  load,  98  per 
cent,;  full  load,  96  per  cent.;  and  125  per  cent,  full  load, 
95.4  per  cent. 

Economy  of  Direct-Connected  Synchronous  Motor 

It  is  believed  that  it  can  be  definitely  proved  that  the 
most  economical  drive  for  an  ice  machine  is  a  direct-con- 
nected synchronous  motor.  The  discussion  has  been  limited 
to  direct-connected  units  only.  There  are  many  belted  syn- 
chronous motors  driving  ammonia  compressors  that  also 
operate  at  high  efficiency  and  unity  power  factor.  It  is 
sometimes  necessary,  from  the  nature  of  the  conditions, 
to  use  a  belted  motor,  as  when  a  very  slow-speed  old-style 
compressor  is  to  be  driven.  Compressor  speeds  around 
200  r,p.m.  have  been  spoken  of.  It  is  possible  that  in  the 
future  synchronous  motors  may  be  direct-connected  at 
speeds  considerably  lower  than  this.  It  is  known  to  be 
feasible  to  design  and  build  a  motor  with  as  low  as  one 
kilowatt  capacity  per  pole.  If  it  should  be  found  advisable 
to  use  slower  speeds  than  those  mentioned,  motors  could  be 
designed  for  direct  connection. 

In  the  case  of  an  isolated  plant  generating  its  own  alter- 
nating current,  the  use  of  an  overexcited  synchronous  motor 
at  a  leading  power  factor  is  often  desirable.  Such  a  motor, 
if  properly  designed,  may  operate  at  a  pow.^r  factor,  say, 
80  per  cent,  leading  while  at  the  same  time  v-^arrying  0.75 
of  its  rated  mechanical  load  in  horsepower.  The  motor 
under  this   condition   may  exert  nearly  the   maximum  of 
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corrective  effort  on  the  system's  power  factor.  (The  con- 
dition of  the  system  as  to  kv.-a.  capacity  and  power  factor 
must  be  taken  into  consideration.) 

This  matter  of  power-factor  improvement  cannot  be  met 
111  the  future  as  it  has  been  in  the  past,  simply  by  the 
central  station  installing  large  synchi-onous  condensers.  It 
\vill  become  more  and  more  desirable  to  have  a  connected 
Iliad  of  many  fair-sized  synchronous  motors  scattered  over 
tlie  system.  This  is  much  better  from  the  standpoints 
uf  voltage  regulation,  transmission  efficiency,  etc.,  than  the 
old  method  of  combining  all  the  power-factor  correction  for 
the  circuit  in  one  or  more  synchronous  condensers. 

The  result  will  be  that  central  stations  will  encourage 
the  use  of  synchronous  motors  more  and  more  on  their  lines. 
This  tendency  is  already  apparent  in  many  sections  of  the 
country,  especially  where  heavy  individual  users  of  power 
are  scattei-ed  over  the  system. 

Growth  in  the  Electric  Light  and 
Power  Industry 

According  to  a  report  about  to  be  issued  by  Director 
Rogers,  of  the  Bureau  of  Census,  Department  of  Commerce, 
the  electric  light  and  power  stations  in  the  United  States 
during  1917  generated  more  than  twenty-five  billion  kilo- 
watt-hours of  electric  energy,  producing  an  income  of  more 
than  a  half  billion  dollars,  and  gave  employment  to  more 


The  total  income  of  the  stations  in  1917,  of  which  95.3  per 
cent,  represented  electric  service,  amounted  to  $526,886,408, 
an  increase  of  74.3  per  cent,  as  compared  with  1912  and 
of  200  per  cent,  as  compared  with  1907.    The  total  expenses 


TREXD  OF  POWER  INDUSTRY  IN  THE  UNITED  STATE.S 
COMPILED    FROM    SEVERAL    SOURCES 

were  $427,136,049,  or  82.1  per  cent,  more  than  in  1912  and 
218.3  per  cent,  more  than  in  1907.  The  employees  of  the 
light  and  power  stations  numbered  105,546,  an  increase  of 


ELECTRIC   LIGHT  AND  POWER  .STATIONS,    1917 


1917 

Number  of  establishments 6,54! 

Commercial 4,224 

Muoicipal 2,3!  7 

Income $526,886,408 

Electric  service $502,100,346 

All  other $24,786,062 

Total  expenses,  including  salaries  and  wages $427, 1 36,049 


105,546 
$95,239,954 
12,857,998 

7,464 
8,389,389 

2,946 
217,186 

3,357 
4,251,423 
9,001,872 
25,438,611,417 

554,917 
9,216,323 


256.838 

1.389.382 
t  Not  available. 


Number  of  persons  employed . 

Salaries  and  wages 

Total  horsepower 

Steam  engines: 

Number 

Horsepower 

Internal-combustion  engines: 

Number .      .    . 

Horsepower 

Waterw  heels: 

Number 

Horsepower 

Kilowatt  capacity  of  dynanms 

Output  of  stations,  kilowatt-hours 
Stationary  motors  served : 

Number 

Horsepower 

Number  of  street  lamps: 

Arc 

Inrandescent,  etc 

*  A  minus  sign  ( — )  denotes  decrease. 

than  100,000  persons,  whose  salaries  and  wages  aggregated 
nearly  $100,000,000.  The  output  in  1917  was  more  than 
double  that  for  1912  and  more  than  quadruple  the  output 
for  1907. 

This  report,  which  was  prepared  under  the  supervision 
of  Eugene  F.  Hartley,  chief  statistician  for  manufactures, 
covers  both  commercial  and  municipal  plants,  but  does  not 
cover  electric  plants  operated  by  factories,  hotels,  etc., 
which  generate  current  for  their  own  consumption,  plants 
operated  by  the  Federal  Government  and  state  institutions, 
nor  plants  that  were  idle  or  in  course  of  construction  at  the 
time  of  the  investigation. 

The  figui'es  show  gTeat  strides  in  the  industry  during 
both  of  the  five-year  periods  1907-12  and  1912-17.  The 
output  of  electric  energy  by  the  light  and  power  stations 
increased  at  a  considerably  greater  rate,  and  their  ex- 
penses at  a  slightly  greater  rate,  than  their  incomes;  the 
rate  of  increase  in  the  number  of  persons  employed  was 
much  smaller,  particularly  during  the  later  five-year  period, 
than  that  in  the  amount  of  business  done. 

The  total  number  of  establishments  increased  from  5221 
in  1912  to  6541  in  1917,  the  latter  comprising  4224  com- 
mercial and  2317  municipal  establishments.  The  increa.se 
indicated  by  these  figures  is  somewhat  misleading,  since 
2296  new  establishments  came  into  existence  between  1912 
and  1917,  but  as  a  result  of  combinations  in  the  commercial 
systems  and  various  other  changes  the  net  increase  was 
only  1320,  comprising  565  commercial  and  755  municipal 
stations. 


1912 

5,221 

3,659 

1,562 

$302,273,398 

$287,138,657 

$15,134,741 

$234,577,277 

79,335 

$61,161,941 

7,530,044 

7.847 
4,949,778 

1,116 
111,035 

2,939 

2,469,231 

5,165,439 

11,569,109,885 

435,473 
4,130,619 

348,643 
681,957 


,  UNITED  .STA' 

FE.S 

Per 

Cent,  of  Increase  * • 

1907 

1907  to  1917 

1912to  1917 

1907  to  1912 

4,714 

38  8 

25  3 

10  8 

3,462 

22  0 

15.4 

5  7 

1,252 

85  1 

48  3 

24  8 

$175,642,338 

200  0 

74.3 

72  1 

$169,614,691 

196  0 

74.9 

69  3 

$6,027,647 

311  2 

63  8 

151  1 

$134,196,911 

218  3 

82  I 

74  8 

47,632 

121  6 

33  0 

66  6 

$35,420,324 

168  9 

55  7 

72  7 

4,098,188 

213  7 

70.8 

83.7 

8.054 

—7.3 

—4  9 

—2  6 

2,693,273 

211.5 

69  5 

83  8 

463 

536  3 

164  0 

141  0 

55,828 

289.0 

95  6 

98  9 

2,481 

35.3 

14  2 

18  5 

1,349,087 

215.1 

72.2 

83  0 

2,709,225 

232  2 

74.3 

90  7 

5,862.276.737 

333  9 

119,9 

97  3 

167,184 

231.9 

27.4 

160  5 

1,649,026 

458.9 

123.1 

150  5 

t 

—26.3 

t 

103  7 

33  per  cent,  over  1912  and  of  121.6  per  cent,  over  1907; 
and  their  salaries  and  wages  aggregated  $95,239,954,  an 
increase  of  55.7  per  cent,  as  compared  with  1912  and  of 
168.9  per  cent,  over   1907. 

Fuel-OU  Prices  to  Shipping  Board 

The  Director  of  Operations  has  awarded  the  following 
fuel-oil  bid  for  United  States  Shippinp-  Board  vessels  to 
be  taken  during  the  next  twelve  months.  Quantity  not 
fixed.  All  U.  S.  S.  B.  vessels  loading  at  Port  Arthur, 
Texas. 


Delivery  and  Grade 
No.  I  "B" 
No.  1  "C" 
No.  2  "B" 
No.  2  "C" 


No.  3  "B" 
No.  3  "C" 


Price  per  Bbl.,   42  U.   S.  Gal. 


$0  Pt 


.84 


.74 
Plus   10c.  per  1)1>1.  for  liKhtcrage,  subject  to  iniriiiiuini 

charge  of  $500 
$0.84 

.74 
Plus  rail  freight,  rcfiner.v  to  wliarf,  f.o.b.  tank  cfirs 


In  a  series  of  tests  made  to  determine  the  light-trans- 
mitting properties  of  fresh  water,  it  was  found  that,  tak- 
ing the  illuminant  at  the  surface  of  the  water  as  1,  ap- 
proximately 0.75  part  would  be  transmitting  through  1  ft. 
of  water,  at  5  ft.  0.20  part,  and  at  100  ft.  only  about 
0.000,000,000,000,01  part  of  the  total  illuminant  at  the  sur 
face  reaches  this  depth. 
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FJcrtriral     and      llliiiniiialiii^     l<]ii<riiu>(>rs 
Hold    Joint    ]Mt'rtin<; 

On  Friday  ovoninR.  Apr.  11,  1919,  the  Americnn  Insti- 
tiitf  of  KK'ctriiiil  KiiKniii'irs  hold  its  :ii9th  roRular  nun'tinp. 
'I'liis  iiuH'tinjr  WHS  hold  under  tiio  au.'<pifi's  of  Uu-  Litrhtinj; 
and  Uluiiiinatioti  Cominittoo  of  the  A.  I.  K.  K.  and  was  a 
joint  n>ectin>r  with  the  Illuminating  KnKiiH'orinj;  Society. 
One  paper,  "Present  Status  of  Industrial  LijjhtinK  Codes," 
))resented  by  (!.  H.  Sticknoy,  kiwv  an  outline  of  the  neces- 
sity and  scope  of  industrial  linhtiiiK  codes  tojjether  with 
an  analysis  of  the  specilications  of  such  items  as  the  in- 
tensity, limits  of  jrlare  and  distribution  of  illumination 
as  related  to  modern  industrial  liKhtinjr-  The  paper  dis- 
cussed the  industrial  liKhtinjj  codes  based  on  the  Illumi- 
natinp  Enjrineorinp  Society's  code,  now  enforced  in  Penn- 
-sylvania.  New  Jersey,  New  York  and  Wisconsin.  It  also 
referred  to  the  cooperative  work  between  the  Depart- 
ments of  Labor,  Industrial  Commissions  and  other  agencies 
charged  with  the  enactment  and  enforcement  of  regrula- 
tions   reparding   industrial   lighting.   . 

Comfort  A.  Adams,  president  of  the  American  Institute 
of  Electrical  Engineers,  presided.  In  his  opening  remarks 
ho  referred  to  the  many  difficulties  in  establishing  a  light- 
ing code  satisfactory  to  all  parties  interested  and  said 
that  those  who  have  done  the  work  on  the  code,  referring 
to  that  of  the  Illuminating  Engineering  Society,  should 
get  considerable  comfort  out  of  their  work,  for  they  have 
performed  a  real  public  service. 


Repairing  Boilers  by  the  Electric    or 
Oxyacetylene  Process 

The  British  Board  of  Trade  has  published  for  official  use 
an  instruction  to  surveyors  of  vessels  on  the  subject  of 
making  repairs  to  the  boilers  of  passenger  steamers  by  the 
electric  or  oxyacetylene   process,   as   follows: 

The  repairing  of  the  boilers  of  passenger  steamers  by  the 
electric  and  oxyacetylene  processes  has  been  tentatively  in 
operation  for  a  considerable  period  and,  in  view  of  the  ex- 
perience gained,  the  surveyors  are  informed  that,  provided 
the  work  is  carried  out  to  their  satisfaction  by  experienced 
workmen,  these  processes  may  be  employed,  within  limits, 
for  repairing  cracks  in  furnaces,  combustion  chambers 
and  end  plates  of  boilers,  and  in  the  same  parts  for  re- 
inforcing the  landing  edges  of  leaky  riveted  seams  which 
have  become  reduced  by  repeated  chipping  and  calking. 

In  some  old  furnaces  which  have  been  repaired  by  these 
processes  it  has  been  found  that,  after  a  few  mondis'  work- 
ing, cracks  have  again  developed  at  parts  adjacent  to  those 
welded,  probably  owing  to  the  original  material  of  the  fur- 
nace having  become  fatigued  and  worn  out  by  long  and 
severe  usage.  In  dealing  with  old  furnaces,  therefore,  this 
fact  should  be  taken  into  consideration. 

It  has  also  been  brought  to  the  notice  of  the  board  of  trade 
that  a  shell  plate  of  a  cylindrical  marine  boiler  cracked  re- 
cently through  a  solid  part  where  some  surface  welding 
had  been  done  by  the  electric  process  two  years  ago.  The 
welding  had  extended  for  a  length  of  about  12  in.  along  the 
outside  calking  edge  of  one  of  the  middle  circumferential 
seams  at  the  bottom  of  the  boiler,  the  leaky  edge  of  the 
seam  and  the  adjoining  shell  plate  having  been  covered 
(soldered)  by  metal  deposited  by  this  process  in  the  usual 
way.  The  shell  plate  was  lj'2  in.  thick  and  the  crack, 
which  followed  the  line  of  surface  welding,  extended  in  a 
circumferential  direction  for  a  distance  of  2  ft.  9  in.,  the 
welded  part  being  situated  midway  along  the  crack. 

For  the  present  it  is  not  proposed  to  prohibit,  within 
limits,  the  reinforcement  of  the  circumferential  seams  of 
boiler  shells  if  the  end  plates  are  well  stayed,  but  no  weld- 
ing should  be  done  to  these  parts  by  any  process  which  may 
cause  local  heating  over  an  appreciable  area  of  the  plate, 
such  as  the  oxyacetylene,  oxyhydrogen,  or  other  similar 
methods.  In  no  circumstance  should  any  part  of  a  boiler 
of  a  passenger  vessel  be  welded  if  wholly  in  tension  under 
working  conditions,  such  as  a  stay  or  the  shell  plate  at  a 
longitudinal  seam,  the  failure  of  which  by  cracking  at  the 
welded  part  may  lead  to  disastrous  results. 

In  any  case  in  which  the  proposed  repairs  to  the  boilers 
of  passenger  vessels  by  either  of  these  processes  are  of  an 
uncommon  or  unusually  extensive  character,  the  particulars 


should  be  submitted  for  the  board'H  consideration  and  ap- 
proval. 

After  repairs  by  welding  have  been  completed,  the  parts 
at  or  adjacent  to  the  wolds  should  in  all  caHOH  bo  well 
hammer  tested;  and,  and  unless  the  welding  is  of  a  trifling 
eharact<^'r,  a  hy<lraulic  test  of  not  loss  than  one  and  a  half 
times  the  working  pressure  should  be  a|)plied  to  the  boiler 
after   the   hammer  testing  has  been  cITcctcd. 

Brains  Versus  Brawn 

Observing  that  a  young  workman  on  an  excavation  job 
was  accomplishing  about  twice  as  much  work  as  any  one 
of  his  fellows,  the  superintendent  kept  a  close  eye  on  him. 
When  a  problem  was  presented  of  lifting  a  heavy  piece  of 
steel  from  a  point  one  hundred  feet  beyond  the  reach  of  the 
derrick  boom,  every  workman  was  called  to  the  task.  After 
a  few  minutes  of  fruitless  effort  the  zealous  one  suggested 
that  the  boom  be  lowered  to  the  ground.  He  then  led  the 
cable  to  the  steel  beam  and  fastened  it.  The  engine  started, 
easily  drawing  the  beam  along  until  it  reached  the  boom- 
end.  The  boom  was  then  raised  in  the  usual  way  and  the 
big  steel  piece  which  had  defied  the  concerted  strength  of 
twenty  husky  workmen  was  quickly  lifted  and  deposited 
on  a  waiting  truck. 

Noting  the  quick-witted  young  man's  action,  the  "super" 
inquired  of  him  where  he  had  picked  up  his  engineering 
ability. 

"In  the  army,"  replied  the  worker.  "This  is  nothing  to 
what  we  engineers  did  in  France." 

"Well,  my  boy,"  said  the  superintendent,  "tomorrow  you 
go  on  our  payroll  as  a  construction  foreman." — The  Wall 
Street  Journal  Straivs. 

First  Assistant  Engineers  Wanted 

The  United  States  Shipping  Board  wants  first  assistant 
engineers.  There  is  a  present  shortage  in  this  grade  in 
the  merchant  marine  and  highly  paid  positions  are  ready 
for  men  who  can  fill  them.  Qualified  applicants  are  di- 
rected to  report  to  the  Sea  Service  Bureau  at  any  large 
American  port. 

Owing  to  the  great  demand  for  officers  in  the  grades 
mentioned,  the  Shipping  Board  has  ordered  its  officers' 
training  schools  to  accept  for  intensive  training  any  mer- 
chant marine  officer  who  wishes  to  brush  up  in  prepara- 
tion for  examinations  for  a  raise  in  grade,  and  second 
mates  and  second  assistants  are  urged  to  take  these  courses 
in  order  to  shorten  the  time  in  which  they  may  obtain 
first  mates'  or  first  assistant  engineers'  licenses. 

Schools  for  engineers  are  now  opening  new  classes  for 
a  month's  training.  The  following  technical  colleges  are 
giving  such  courses:  Massachusetts  Institute  of  Technology, 
Cambridge,  Mass.;  Case  School  of  Applied  Science,  Cleve- 
land; Armour  Institute,  Chicago;  Tulane  University,  New 
Orleans;  University  of  California,  Berkeley;  University  of 
Washington,  Seattle. 


It  has  been  found  that  by  keeping  hot  water  under  pres- 
sure in  contact  with  a  large  surface  of  iron  for  a  sufficient 
length  of  time,  it  is  possible  to  remove  and  fix  the  oxygen 
contained  in  the  water  and  thus  render  the  latter  prac- 
tically noncorrosive.  The  successful  application  to  practi- 
cal uses  of  this  method,  devised  by  F.  N.  Speller,  metal- 
lurgical engine  of  the  National  Tube  Co.,  has  been  demon- 
strated in  the  heating  system  at  the  Irene  Kaufmann  Settle- 
ment in  Pittsburgh,  where  test  lengths  of  uncoated  wrought- 
iron  and  steel  pipe  have  been  reexamined  after  two  years' 
service  and  found  to  be  practically  uncorroded.  Duplicate 
pipe  in  the  same  system,  but  unprotected  in  this  way, 
showed  considerable  corrosion. 


The  Electrical  Engineer,  London,  mentions  a  novel  method 
of  cleaning  condenser  tubes  by  blowing  through  them  water 
with  sand  in  suspension.  Originally,  an  air  pistol  was  used 
to  project  the  water,  but  subsequently  sand  was  introduced 
by  means  of  the  circulating  water,  about  IJ  cu.yd.  being 
added  to  the  water  daily.  After  three  weeks  of  this  treat- 
ment, it  is  said  the  condition  of  the  condenser  was  much 
improved.    The  size  of  the  condenser  is  not  stated. 


April  22,  1919 

Engineering  Affairs 


The    Indiana     State     Association    of     the 

N.  A.  S.  E.  will  hold  its  convention  at  Terre 
Haute,  Ind.,  on  June  26,  27  and  28. 

The    Master    Boiler    Makers'    Association 

will  hold  its  annual  convention  at  the 
Hotel   Sherman,    Chicago,    May   26   to   29. 

Tlie  Association  of  Iron  and  Steel  Elec- 
trical Engineers,  Pittsburgh  Section,  will 
hold  a  meeting  on  Apr.  26,  at  Chatham 
Hotel.  A  paper  entitled  "Electricity 
.\noat;  Steel  Mill  Practice  Applied  in  the 
.\'avy"  will  be  read  by  Lieut.  A.  M.  Mc- 
( 'utcheon,   U.   S.   N. 

The  Association  of  Iron  and  Steel  Elec- 
trical Engineers,  Chicago  Section,  will  hold 
a  meeting  on  Apr.  26,  at  the  Great  North- 
ern Hotel.  A  joint  paper,  "Safety  in  Steel 
Mills,"  will  be  read  bv  C.  M.  Brading,  super- 
intendent of  safety,  and  F.  A.  Wiley,  elec- 
trical superintendent,  Wisconsin  Steel  Co., 
South   Chicago,   111. 

The  New  York  Chapter  of  the  American 
.Association  of  Engineers  will  meet  at  8 
p.  m.,  Wednesday,  Apr.  23,  in  the  United 
Engineering  Societies  Building,  29  West 
3flth  St.  The  speaker  will  be  Dr.  George 
W  Kirchwey,  Director  of  the  United  States 
Employment  Service,  and  his  subject  will 
lie     'Solving    the    Unemployment    Problem." 

The  American  Society  of  Heating  and 
\eiitilating  Engineers,  at  a  meeting  of  the 
1  "uuncil  on  Apr.  7,  decided  to  hold  its 
■•^umi-annual  meeting  at  Pittsburgh,  Penn., 
on  June  10.  11  and  12.  This  meeting  is 
to  be  held  jointly  with  the  annual  conven- 
tion of  the  National  District  Heating  Asso- 
ciation. Announcement  of  the  headquar- 
ters will  be  made  later. 


A.  P.  Green  Fire  Brick  Co.,  of  Mexico, 
Jlo..  has  opened  an  Eastern  district  sales 
office  in  New  York  City  at  30  Church 
St.,  with  Howard  C.  Thayer,  formerly  field 
mechanical  engineer  for  the  J.  G.  White 
Engineering  Corp.  at  U.  S.  Nitrate  Plant 
Xo.    2,   in  charge. 

The  Schenectady  Power  Co.,  the  Mohawk 
Gas  Co.  of  Schenectady,  the  Edison  Elec- 
tric Light  and  Power  Co.  of  Amsterdam, 
and  the  East  Creek  Electric  Light  and 
Power  Co.  have  merged  into  the  Schenec- 
tady Illuminating  Co.  under  orders  passed 
by  the  public-service  commission.  The 
merger  of  the  corporations  has  been  un- 
der way  for  several  years,  and  is  a  step 
in  the  proposed  consolidation  of  the  Sche- 
nectady Illuminating  Co.  and  the  Adiron- 
dack Electric  Power  Corp.,  which  controls 
extensive  hydro-electric  power  develop- 
ments on  the  upper  Hudson  River.  The 
latter  consolidation  is  now  pending  before 
the  commission.  Electric-current  distribu- 
tion in  parts  of  five  counties — Schenectady, 
Rensselaer,  Montgomery,  Fulton  and  Her- 
kimer— has  now  been  brought  under  one 
management  and  control.  resulting  in 
greater  distribution,  improved  service  and 
reduced  demands  on  auxiliary  steam  plants, 
operated   with   coal. 


Trade  Catalogs 


The  Corliss  Carbon  Co.,  of  Bradford. 
Penn.,  has  just  published  Bulletin  No.  6, 
which  gives  complete  up-to-date  data  on 
brushes  in  condensed  form.  A  copy  may 
be  had  by  addressing  the   company. 

The  American  Malleable  Castings  Asso- 
ciation, Cleveland.  Ohio,  has  issued  a  book- 
let entitled  "Malleable  Iron."  This  is  only 
the  forerunner  of  a  more  comprehensive 
volume  to  be  issued  later ;  nevertheless  it 
is  filled  with  valuable  data.  A  copy  will 
be  sent  gratis,  on  request,  to  anyone  men- 
tioning this  paper. 

Schweitzer  &  Conra<l,  Inc.,  of  Chicago, 
111.,  has  issued  a  catalog  describing  high- 
voltago  protective  and  switching  equip- 
ment. It  is  divided  into  five  sections — 
Bulletins  Nos.  101,  102,  103,  104  and  105. 
Bulletin  No.  101  treats  of  fuses  and 
switches;  No.  102.  circuit  breakers;  No. 
103,  cutouts ;  No.  104,  lightning  arresters ; 
No.  105,  detectors,  relays  and  synchrono- 
scopes. 
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New  Construction 


BO.STON — Current  prices  per  gross  ton  f.o.b.  New 
York  loading  ports: 

Anthracite 

Company 
Coal 

Egg $7  80(5(7  95 

Stove 7  95C<i,8   15 

Chestnut 8  05@8  35 

Bituminous 

Cambrias 
and 
Clearfields       Somersets 
Fob,  mines,  net  tons  $2   I5cri2  75  $2  80(S  3  35 

Philadelphia,  gross  tons  4  20(n  4  90     5  00(3  5   40 

New  York,  gross  tons  .   .        4  50(«i5  25     5   35®  5,  80 
Alongside    Boston    (water 

coal) ,  gross  tons 6   10(36  85     b.90@7  65 

Pocahontas  and  New  Hivcr  are  (luoted  at  $470 
(3)5.25  f.o.b.  Norfolk  and  Newport  News,  Va.,  for 
spot  coal,  and  $7  20("  8  60  alongside  Boston,  these 
prices  being  on  a  gross  ton  basis. 

NEW  YORK— Current  quotations,  White  Ash, 
per  gross  tons,  f.o.b.  Tidewater,  at  the  lower  ports* 
are  as  follows; 

Company  Company 

Mine     Circular  Mine     Circular 

Broken   $5  95       $7  80        Pea 4.80         6  55 

Egg   .  .      5  85         7.70        Buck- 
Stove..      6.10         7  95  wheat     3  40         5.15 
Chest-                                        Rice..        2  75  4.50 
nut...      6.20         8.05        Barley.     2  25         4.00 

Bituminous 

Spot  Contract 

South  Forks $2  90  @  $3  25  $2  95  @  $3.50 

Cambria    County 

(goodgrades) 2  80®     3    10       2  95®     3  25 

Clearfield  County.  ..    2  65  @     2  95 

Reynoldsville 2  65®     2  85       2  85®     2  95 

Quemahoning 2  75®     2.95       2.95®     3    10 

Somerset  County 

(best  grades) 2  75®     2  95       2  95  @     3   10 

Somerset  County 

(poorer  grades)....  2.25®  2  50  2.':0@  2  75 
Western  Maryland. .    2.23®     2  75       2.50®     2.75 

Fairmont 2    10®     2  35       2   35  @     2  50 

Latrobe 2.10®     2.25      

Greensburg 2  35  ®     2  40       2  35  @     2.60 

Westmoreland 2  60®    2.75       2.65®    2  75 

Westmoreland     run- 

of-mine 2  40®     2  65       2.40®   2  65 

Quotations  at  the  upper  ports  for  both  bituminous 
and  anthracite  are  5c.  higher  on  account  of  the 
difference  in  freight  rates,  and  are  exclusive  of  the 
3%  war  freight  tax. 

PHILADELPHIA— The  price  per  gross  ton  f.o.b. 
cars  at  mines  for  line  shipment  and  f.o.b.  Port 
Richmond  for  tide  are  as  follows: 

Line     Tide  Line     Tide 

Broken $5.95  $7.80     Buckwheat....$3.  40  $4  45 

Egg 5  85     7.70     Rice 2  75     3  65 

Stove 6.10     7.95     Boiler 2  50     3.50 

Nut 6  20     8.05     B.irley 2   25     3.15 

Pea 4.80     6.40     Culm 1.25     2   15 

CHICAGO^Current  prices  per  ton  for  Illinois 
and  Indiana  coal  are  as  follows: 

lUinois 

Southern  Northern 

Williamson,  Saline  and       Illinois  Illinois 

Williamson  Counties      Fob.  Mines  F.o.b.  Mines 

Prepared  sizes $2.55@$2.75         $3  25 

Mine-run 2  35(a    2  50  3  00 

Screenings 1.85®   2.20  2  75 

BIRMINGHAM — Current  prices  per  net  ton  fob. 
mines  are  as  follows: 

Slack  and 
Mine-Run       Prepared     Screenings 

Big  seam $2.45  $2.75  $2  40 

Black  Creek  and 

Cahaba 3.45  3.75  3  05 

Jagger    -    Pratt 

Corona 2.85  3.05  2  45 

Blacksmith 5.25  

Domestic  quoations,  slightly  increased,  are  as 
follows: 

Lump  and  Nut 

Black  Creek  and  Cahaba 3. 85@$4.  50 

Corona 3  40 

Jagger 3.50 

Montvallo 5.00 

ST.  LOUIS — Thp  prevailing  circular  per  net  ton 
f.o.b.  mines  is  as  follows: 

Mt.  Olive 
and 
Franklin  County  Staunton        Standard 

Prepared  sizes,  lump, 

egg,  Nos.   i  and  2 

nut $2  75     

Williamson  County 
Prepared  sizes,  lump, 

egg.nut $2  55       $2  55         $l.90@2.25 

Mine-run 2.35         2  20  2  00 

Screenings 2.20  2  05  1.75 

3-in.  lump 2  30 

2-in.  lump 2, 15 

Williamson-Franklin  rate  to  St.  Louis  is  $1 .07^ 
other  rates  92Jc. 


PROPOSED    WOKK 

Mass.,  Foxboro — The  State  of  Massa- 
chusetts is  having  plans  prepared  by  R.  D. 
Kimball  Co.,  Engr.,  Beacon  St.,  Boston,  for 
the  construction  of  a  heating  and  power 
plant  to  be  installed  in  connection  with  the 
3-story,  50  x  160  ft.  hospital  which  it  plans 
to  build   on  the  State  grounds  here. 

Mass..  Springfield — The  New  York,  New 
Haven  &  Hartford  R.  R.,  New  Haven, 
Conn.,  plans  to  build  a  boiler  plant  at  the 
freight  yards  here.  Estimated  cost,  $25,000. 
E.   Gagel,   New   Haven,   Conn.,    Ch.   Engr. 

Conn.,  Bridgeport — H.  E.  Frank,  426  Bos- 
ton Ave.,  will  install  a  steam  heating  plant 
in  the  4-story,  170  x  194  ft.  apartment 
hotel  which  he  plans  to  build  on  Washington 
Ave.  and  Coleman  St,  Total  estimated  cost, 
$200,000.  E.  B.  Cladwell,  886  Main  St., 
Arch. 

Conn.,  New  Haven — A.  Gingold,  23 
Church  St.,  will  install  a  steam  heating 
plant  and  vacuum  cleaning  system  in  the 
5-story,  73  x  110  ft.  apartment  hotel  which 
he  plans  to  build  on  Orange  St.  Total  esti- 
mated cost,  $100,000.  C.  J.  Bailey,  94 
Church   St.,   Arch. 

Conn.,  New  Haven — The  Marlin-Rockwell 
Corp.,  Whitney  Ave.,  will  install  a  steam 
heating  plant  and  electric  power  in  the 
1 -story,  160  x  180  ft.  foundry  which  it 
plans  to  build.  Total  estimated  cost, 
$100,000. 

Conn.,  New  Haven — A.  D.  Mullen,  42 
Church  St.,  will  install  a  steam  heating 
plant  in  the  4-story,  70  x  155  ft.  apartment 
hotel  which  he  plans  to  build  on  Crown  and 
High  St.  Total  estimated  cost,  $100,000. 
W.  A.  Donovan,  3  Colony  St.,  Meridan, 
Arch. 

N.  y.,  Attica — The  Genessee  Light  & 
Power  Co.,  Batavia.  plans  to  issue  $220,000 
bonds;  $88,000  of  this  amount  will  be  spent 
for  the  construction  of  a  power  line  from 
Batavia  via  Attica  to  Le  Roy. 

N.  Y.,  Batavia — The  Batavia  Pure  Ice  and 
Storage  Co.,  recently  incorporated  by  P.  J. 
Marion,  F.  W.  Garnier  and  N.  J.  Schultz, 
has  purchased  the  ice  and  storage  plant 
of  W.  W.  Buxton  and  will  increase  the 
capacity  of  ice-making  machinery  from  12 
to  18  tons  per  day  for  its  own  use. 

N.  Y.,  Brooklyn — H.  Spiegel,  c/o  the  Shef- 
field Theater,  308  Sheffield  Ave.,  will  install 
a  steam  heating  plant  in  the  2-story,  100 
X  200  ft.  theater  which  he  plans  to  build  on 
Stone  Ave.  near  Pitkin  St.  Total  estimated 
cost.  $100,000.  Zipkes,  Wolf  &  Kudroff, 
25  West  42nd  St.,  Manhattan,  Arch, 

N.  Y.,  New  York — The  Chicago  Pneu- 
matic Tool  Co.,  343  South  Dearborn  St., 
Chicago,  111.,  will  install  a  steam  heating 
plant  in  the  12-story,  50  x  90  ft  office 
building  which  it  plans  to  build  at  6-8  East 
44th  St.  Westinghouse,  Church  &  Kerr,  37 
Wall   St.,   engr. 

N.  Y.,  New  York— B.  S.  Moss  Co.,  729 
7th  Ave.,  will  install  a  steam  heating  plant 
in  the  2 -story,  137  x  161  ft.  theater  which 
it  plans  to  build  on  181st  St.  and  Broadway. 
Total  estimated  cost,  $475,000.  De  Rosa  & 
Pereira,    110   West   40th   St.,   Arch. 

N.  Y.,  Oneida — The  Building  Committee 
of  the  Broad  St.  Hospital  will  install  a 
steam  heating  plant  and  forced  ventilating 
system  in  the  nurses'  home  which  they  plan 
to  build  in  connection  with  the  hospital. 
Total  estimated  cost.  $50,000. 

N.  J.,  Trenton — Essenwein  &  Johnson, 
Archts.,  EUicott  Sq.,  Buffalo,  N.  Y.,  will 
install  a  steam  heating  plant  in  the  9-story, 
110  X  200  ft.  hotel  which  they  plan  to 
build  here.  Total  estimated  cost,  $1,000,000. 
O.  E.  Goldschmidt,  116  West  39th  St..  New 
York  City,  Engr.     Owner's  name  withheld. 

Penn.,  Philadelphia — The  Bureau  of 
Y,ards  &  Docks,  Navy  Department,  Wash- 
ington, D.  C.  plans  to  install  heating  and 
humidifying  apparatus  in  Building  "D" 
here.      Estimated    cost,    $75,000. 

Penn.,  Tamaqua — The  M  &  G  Ice  and 
Ice  Cream  Co.  will  soon  receive  bids  for 
the  construction  of  a  30-ton  ice  plant. 
Machinery  and  eqitipment  will  be  instalhMl 
in  same.  Estimated  cost,  $50,000.  B.  R. 
Stevens,    1737   Filbert   St.,  Arch. 

Md.,  Baltimore — The  Standard  Oil  Co., 
Pier  2.  Pratt  St.,  will  install  a  steam  heat- 
ing plant  in  the  6-story,  100  x  100  ft.  oil 
storage  warehouse  wliich  it  plans  to  build. 
Total  estimated  cost,    $200,000. 

Md.,  Baltimore — C.  M.  Stieff,  Inc.,  9  North 
Liberty  St.,  will  install  a  steam  heating 
plant  in  the  3-story.  25  x  110  ft.  warehouse 
which  it  plans  to  build  at  315  North  Charles 
St.  Estimated  cost,  $100,000.  T.  W. 
Pietsch,   1210  American  Bldg.,  Arch. 
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Mil..  Ilnlllmorp— S.  T.  wmiiimB.  223  North 
Cnlxi'il  SI.,  IH  III  llu>  iimikil  f>ii  ii  l.')0-lii> 
t>oll.i.  Willi  III!  ntiiimB.  H>i>  111.  prrBHUii- ; 
rt'liiin  tuU-  or  \Viil<>r  lulu-  .  iiIho  ii  il>»  l" 
:iiin-kw.  Ki-nrialiii  oi  niKlnr,  dlrfi-l  nin- 
iiciUd.  JMi  vollH  n.C.  ;  l>.<'.  ••iiiiipoviiiil 
piikIm<>  ;  nUo  oomli'iim-r  iiiul  iilr  iminii,  liolli-r 
proMturo   100  lb.;  «\vltchl>oiiril,   liiHtruiiuMilM. 

I),  r..  \Va«liliiKli>ii.  -The  Miinlclpnl  Arehl- 
t.Tl.  Hooin  111.'..  IM.Htil.l  ni.lK.,  hiix  Ini.l 
pliins  pr.'piiif.l  r.>r  llii-  innnlnirlU.ii  i>t  « 
IHiwii-  hoii.sr  In  (iiiuifrlloii  with  Ihi'  nrw 
'JiilllliK"'!-  .Munl.lpMl  llii!<piliil  whl.li  will  hi' 
hum    h.T,-.   T..t..l   .•.stiiiml.'.l   .-.ist,   ?1,.Mm).(ii)iI 

nn..  Tiilliilii«»«rr — Thf  clly  will  r.-hiilM 
Iho  .•U-i-tru-  IlKht  ami  powi-r  plant  n'C«>nlly 
(loMlroyfil  liy  lire,  cntatllnK  n  Iohh  of  i->fK- 
"00.  C.  S  llaniiiii'lt,  .luckHonvllU'.  Stale 
Ktigr. 

MUk..  ll»Miiiiiliile — Till-  ConiinlsslonorH  of 
l;liu-k  llavou  l).l>..  Groenvllli'.  will  rn-elvi- 
l.lil><  iiiUil  May  i:uh  for  tho  i-onatruotlon  of 
ii  l-.storv  piiiiipInK  pliiiit  and  I'oncri'to  iluni. 
.Morgan  Kni;.  fo..  Uoodwyn  Institute. 
.M<-mpl)i.><.   Tenn.,    Kngrs. 

K.V..  I.aiilnvlll<> — Tho  I-ouisvillo  Water  Co 
!.•<  In  tho  inarkol  for  coal  loudinp:  and  carry- 
iiiR-  otpilpniont  and  Iho  latoMt  labor  saviiiB 
iiuichlnory  to  be  Installed  in  the  75  X  150 
ft.  boiler  house  whloli  II  plans  to  build  at 
tho  river  puniplns:  station.  J.  15.  Wilson. 
Ch.    Engr. 

Ohio,  nevelniicl— The  ISoard  of  Kduca 
lion.  340  I.oader-Nows  I?ldK..  will  install 
a  steam  heating  plant  in  the  3-story,  125  x 
•.'00  ft.  hiRh  school  which  it  plans  to  build 
on  Lee  Ud.  Total  esliinated  cost,  $300.- 
000.  D.  B.  Carpenter.  Pros.  F.  C.  Warner, 
76S    Hippodrome    Annex    Bldg.,    Engr. 

Ohio,  rievelaml— It.  S.  Rivltz  Co..  2112 
Ontario  Ave.,  will  install  a  steam  heating 
plant  in  the  3-story  warehouse  which  it 
plans  to  build  on  Kasl  40th  St.  and  tho 
X.  Y.  C.  Ry.  Total  estimated  cost,  $300,- 
|>00.  C.  Schwarzenherg.  1900  Euclid  Ave., 
Engr. 

Ohio,  Cleveliind — Van  Aken  &  Strouck, 
6523  Euclid  Ave.,  will  install  a  steam  heat- 
ing plant  in  the  4-.'itory,  SO  x  270  ft.  auto 
sales  building  which  it  plans  to  build  on 
East  66th  St  and  Euclid  Ave.  Total  esti- 
mated  cost,   $250,000. 

Ohio.  Eurlld — The  Board  of  Education 
has  awarded  the  contract  for  the  construc- 
tion of  a  2-story  school  which  it  plans  to 
build  on  Berwick  Rd.  to  Drummond  & 
Miller.  Guardian  Bldg..  Cleveland.  A  steam 
heating  svstem  will  be  installed  in  same. 
Total   estimated    cost,    $100,000. 

Ohio.  Warren — The  J.  Warner  Hotel  Co. 
will  install  a  steam  heating  plant  in  the 
.S-story  hotel  which  it  plans  to  build.  Total 
estimated    cost,    $300,000. 

Mich.,  Detroit — The  Chicago  Pneumatic 
Tool  Co.,  343  South  Dearborn  St.,  Chicago. 
111.,  will  install  a  steam  heating  plant  in 
the  5-story.  60  x  ISl  ft.  office  building 
which  it  plans  to  build  here.  Westing- 
house,  Church  &  Kerr,  37  Wall  St.,  New 
York  City.   Engr. 

III.,  Chicago — The  Ravenwood  Hospital 
.Association.    1917    Wilson   Ave.,   will    install 


n  Htcnin  heiiiinK  idiini  In  I  he  ll-Hlory.  1  r>0  x 
200  fi  iiddlllon  to  Iho  IiomiiIIhI  on  Wln> 
ohoHliT  and  Wllmm  .\vo,  Totiil  oHllmiitpil 
I'DNt,  }40li,liiii).  W.  II.  I'ruyn.  Jr..  122  Siiiilh' 
.MlohlKan    Avi- ,    Anh 

III.,  WomUlorU-  The  Oliver  Tyiiowrltor 
I'd.  1h  In  tho  market  for  u  bell  ilrlvo.  hIhrIo 
oyllndor,   horizontal   air  oomproMMor. 

Wl«.,  Krnoiihii- -The  TUiiinl  of  Education 
ivlll  liiHtall  a  Htoaiii  hoatlMK  lilaiit  In  tho 
2-Hl()rv.  H'i  \  IM'  ft.  school  wliUli  li  plaiiM 
lo  bililil.  Total  ostlmated  oosl,  $2iMl,000. 
.1,  IX  ("hubb,  mil  Norlh  Dearborn  St..  Chl- 
.ago.    111,,    Arch. 

In.,  i»p«  .MoliieH — Tho  Dph  Molnos  Wiitor 
Co.  plans  lo  build  a  boiler  houHo  and  will 
install  a  3oii-lip.  boiler  and  Htokors.  .Mvoid 
*  HurdU'k.  s  South  Dearborn  St..  •■lilcago, 
111..  Engr. 

Minn..  Kriiliierd — Tho  city  will  receive 
bids  until  .May  S  for  Improvements  to  tho 
waterworks.  Project  IncludoM  the  construc- 
lion  of  a  pumping  station  wllh  electric  pump 
e(|uipmenl.  Total  estimated  cost.  $250, 000, 
I,.  P.  WollT.  liiiHi  Guardian  Mfe  HIiIm..  St. 
Paul,    Consult.    lOngr. 

Minn..  I>iiluth — Tho  United  Yard  &  Ter- 
minal Association,  5S23  Oneida  St..  will  In- 
stall a  steam  heating  plant  in  tho  :!-slory. 
100  X  140  ft.  building  which  It  plans  to 
build.  Total  estimated  cost.  $100,000.  C. 
I'.   Randall.   Pres. 

Minn.,  SIliineupoUH— The  Mill  City  In- 
\estment  Co.  will  install  a  steam  healing 
plant  and  fan  ventilating  system  In  the  3 
story.  110x127  ft.  theatre  and  hall  which 
it  plans  to  build  on  Lake  St.  near  Nicollet 
St.  Total  estimated  cost,  $100,000.  D.  C. 
Swain,  Plymouth   Bldg.,  Arch. 

Minn.,  St.  Paul — The  North  American 
Casket  Co.  will  install  a  high  pressure 
boiler,  dry  kiln,  etc.,  in  the  1  -story,  50  x 
230  ft.  factory  which  it  plans  lo  build. 
Total  estimated  cost.  $50,000.  H.  Pir- 
minger,   40S   Oppenheim   Bldg.,   Arch. 

Minn.,  Winona — The  city  plans  to  install 
additional  water  supply  facilities,  to  con- 
sist of  air  lift  pumps  and  compressors. 
Alvord  &  Burdick,  S  South  Dearborn  St., 
<'hicago,   111.,    Engr. 

Kan..  Sedan — The  Sedan  Electric  Light 
&  Power  Co.  plans  to  build  extensions  to  its 
power  plant.  Estimated  cost,  $32,000.  Ad- 
dress JI.   W.   Hartzell. 

Neb.,  tineoln— The  city  voted  $100,000 
bonds  for  the  construction  of  a  main  inter- 
cepting sewer.  Plans  include  the  installa- 
tion of  centrifugal  pumps  or  ejectors.  A. 
Dobson,    945    D   St.,   City   Engr. 

Neb..  Omaha — The  Board  of  Education 
will  install  a  heating  and  power  plant  and 
probably  4  boilers  in  the  new  High  School 
of  Commerce  which  it  plans  to  build.  F. 
W.    Clark,    623    Brandeis   Bldg..    Arch. 

N.  D..  Fargo — The  pity  voted  $150,000 
bonds  for  the  construction  of  a  light  plant. 
F.    L.    Anders.    City    Engr.      Noted    Mar.    18. 

Mont.,  Bonan^T.  C.  Beach  has  been 
granted  a  franchise  to  build  an  electric 
light   and   power   plant. 

Mo.,  St.  .loseph — The  Conser  Laundry. 
HO.S  Francis  St..  is  in  the  market  for  an 
entirely    new    power    plant,    to    consist    of    2 


bollern  of  Mibiilur  ty|>o,  IS  x  72  ft.,  1  direct 
I'onnooted  Koiioralor  unit,  2  |iiiiiipH,  a  feed- 
vviili-r  beater,  a  water  MoflonlnK  plant  and 
olhiT  iipplliiiii-oH,  Hiioli  aH  oil  biiriiorH,  12,000 
KMlliin  oil  liiiik,  olo.      II    H.   LewiM,  Ch.  EiiKr. 

>■•>.,  N(.  Jonrpli— .Swlfl  &  <'».  Union  Hlock 
YnnlH.  ChlcaKo,  111.,  planH  to  build  2-Htory, 
40  X  fil  ft.  addition  lo  liH  boiler  room  here. 
EHllnialod    cost,    |'J<l,Oiiil. 

Aril..  l'liorMlx--Tlie  IIlKh  School  Trimteoii 
plan  elect  Ion  to  vole  on  $700,iiiiii  boiidH  for 
ImproveineiilH  at  Hie  high  hcIiooI.  I'Iuiih 
llK'liide  the  roiiHtruclloii  of  a  new  hiallllK 
plaiil         l':Hllnialed    conI.    $2.'i,0iiii, 

Ont..  Ollawa — Tho  Ilydro-Electric  Com- 
nilHHloii,  10'.)  liank  St.,  will  Hooii  award  the 
contract  for  iranHfoniier,  iiioters  and 
general  electric  Hupplles.  lOHtlmatod  noHl, 
$12,000.     J,   E,    Itrown,    Engr. 

Ont.,  Tnroiilo — Tho  PolUHlerlne  ProduclM 
Co.,  170  Ontario  St.,  Is  In  Iho  market  for 
a  25  hp.  Hteam  boUor,  2}  hp.  electric 
motor  and   ji    150    gallon   sli-am    kettle. 

Ont.,  Wetland— The  Provincial  Govern - 
Hunt  has  authorized  bill  for  the  coiiHt ruc- 
tion of  a  hydro-oloctric  power  line  from 
Welland  lo  Port  Colborno  via  Crystal 
Heach.  Rldgow.iy  to  P'ort  Erie  and  thence 
to  Nliig.ir.'i  F.ills.  Sir  Adam  licck,  Minister 
of    Power. 

Onl.,  York — The  city  will  vote  on  by 
law  April  15  for  $200,000,  to  be  uied  for 
extension  of  hydro-electric  system  high 
tension  'ln.jH,  distributing  system  and 
operation. 

H.  T.,  Pearl  Harbor — The  Bureau  of 
Yards  &  Docks.  Navy  Department,  Wash- 
ington, D.  C,  plans  to  improve  the  power 
plant  here.      Estimated  cost,   $80,000, 

C'ONTKACTS    .VW.\RI}KD 

Ind.,  Marion — The  city  has  awarded  the 
contract  for  installing  a  2000  cu.ft.  air  com- 
pressor in  connection  with  extending  and 
improving  the  wells  at  the  waterworks  to 
Laidlow-Dunn-Gordon    Co.,    Cincinnati,    O. 

III.,  Chicago — The  Illinois  Packing  Co.. 
3940  Normal  Ave.,  has  awarded  the  (con- 
tract for  the  con.struotion  of  a  meat  pack- 
ing plant  on  Auburn  and  38th  St.  lo  J. 
Rodatz,  209  South  La  Salle  St.  Plans  in- 
clude the  construction  of  a  1-story.  50  x  60 
ft.  power  house  and  refrigeration  plant. 
Total  estimated  cost,  $225,000.  Hensheim 
&  McLaren,  37  West  Van  Buren  St.,  Arch. 

Cal..  Los  .IngeleH — The  Clunes  Produc- 
tion Co.,  5350  Melrose  Ave.,  has  awarded 
the  contract  for  the  construction  of  a  1- 
story.  20  .x  74  ft.  electric  shop  and  genera- 
tor room  and  a  1-story,  80  x  150  ft.  motion 
picture  stage,  to  E.  Fossler,  6434  Hollywood 
Blvd.  ;  2  electric  generators  will  be  installed 
in    same.      Estimated   cost,    $15,000. 

Cal..  San  Jose — The  Richmond  Chase  Co. 
has  awarded  the  contract  for  the  construc- 
tion of  a  power  house,  warehouse,  cannery, 
etc.,  to  Z.   O.  Field,   167   South   14th  St. 

Cal.,  Seal  Beach — The  city  has  awarded 
the  contract  for  the  construction  of  a  com- 
plete sewer  system  to  Mlagenovich  & 
Gillespie.  219  Bloom  St,  Los  Angeles.  Plans 
include  the  installation  of  a  rotary  pump 
and  motor  and  2  auxiliary  booster  pumps. 
E.stimated    cost,    $42,000.      Noted    Mar.     1. 
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See  pages  87  to  95 
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He  is  faced  by  the  prospect  of  a  long  wait,  unless  he  decides  to  disregard  the  flood  and  drive  through 
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Saving  Coal 

in  the 

Blackstone  Power  Plant 


U<-ni<>(l<-liii<!  of  llic  lioilcr  fiiriiaro  lo<;;«-tlii-r  uitli  the  (>(>- 
o|M-i-ati4>ii  of  llir  o|>('raliii<j;  fttrrr  and  llic  iiil<-lli<r<-iit  iimc  of 
iiistriini<'nt8  resulted  in  a  sa\in<!  in  tiirl  aniountin<r  to  12  per 
rent.  One  of  the  <j;n'ateHl  features  incorporated  was  the  im- 
proved furnace  conditions  I)roii<!ht  ahout  hy  the  installation 
of  a  type  of  stoker  that  was  <iiiaranteed  to  tiperati*  with  an 
♦'(ficiency  of  70  per  ci-nt  un«l«'r  normal  ojierating  <-ondition~. 
The  efficiency  of  the  men  was  mainly  the  result  of  explaininj: 
things  to   them   and   what   was  expected   to  he  aecomplishetl. 


-«-^ 


IN  THESE  columns  the  power  plant  of  the  Blackstone 
Hotel  has  had  previous  mention.  The  present  article 
has  to  do  with  a  12.3  per  cent,  saving  in  fuel.  Last 
year  the  coal  consumption  was  1543  tons  less  than  the 
average  for  a  period  of  six  years.  In  other  words,  the 
average  consumption  of  12,561  tons  of  coal  was  reduced 
to  11,018  tons,  "fhe  saving  was  due  to  a  change  in 
))oiler-room  equipment  made  desirable  by  the  rising  cost 
of  fuel,  to  better  cooperation  from  the  operating  force 
and  intelligently  directed  support  from  the  management 
of  the  hotel.  One  of  the  greatest  factors  was  improved 
furnace  conditions.  The  stokers  originally  installed 
had  never  been  entirely  satisfactory,  owing  principally 
to  deviations  from  standard  design  to  conform  with 
space  limitations.  War-time  prices  for  coal  emphasized 
their  deficiencies  and  led  the  management  to  substitute 
stokers  better  suited  to  the  requirements.  The  results 
of  tests  made  on  duplicate  boilers,  show  that  the  change 
was  justified. 


cient  for  heating  purposes  when  the  temperature  is 
above  20  deg.  F.,  live  steam  being  needed  to  supplement 
the  exhaust  when  the  temperature  is  lower.  As  thi.s 
article  is  to  deal  primarily  with  the  boiler  room,  the 
steam-using  end  of  the  plant  may  be  passed  over  with 
the  statement  that  it  contains  the  necessary  apparatus 
to  supply  the  services  previously  mentioned,  and  is  con- 
sidered  modern. 

The  steam  load  is  greatest  in  winter,  when  it  reache.'- 
a  maximum  of  1200  boiler  horsepower  and  is  practically 
the  same  day  and  night.  The  temperature  determines 
the  load  after  20  deg.  F.  is  reached.  When  air  re- 
frigeration is  required  to  cool  the  restaurants,  the  sum- 
mer load  is  about  850  hp.  on  two  shifts  and  300  to  350 
hp.  on  the  third  shift.  Between  these  seasons  the  load 
is  around  750  hp.  for  two-thirds  of  the  day,  which  in 


TicsT  uicsri.r.- 


FKO.M  OLD  AND   XE-\V  FrRXACES 

( >1(1  Furnace       New  Furnace 


7 

8-14 

86.784 

101,232 

210 

210  9 

11,902 

11,763 

7  29 

8  6 

7  65 

9  03 

11.900 

12.179 

62 

71  5 

'I'inie,  hours,  minutes 

Total  water  evaporated,  11> 

Temperature  feed  water,  <ie:i.  I " 

Coal  burned,  lb    . 

Apparent  evaporation,  coal  as  f  red,  lb    . 

F-^quivalent  evaporation,  coal  as  fired,  lb 

B.t.u.  coal 

Efficiency,  per  cent  -       . 

Corrections  are  not  made  for  quality  of  steam  in 
either  test.  The  coal  cost  of  1000  lb.  of  .steam  at  the 
prevailing  price  of  $3.15  per  ton  was  21.6c.  with  the  old 
grates  and  18.4c.  with  the  new-  stoker.  The  ratio  of  the 
efficiencies  obtained  is  within  1  per  cent,  of  the  ratio  of 
the  annual  coal  consumption  figures  given  at  the  begin- 
ning of  the  article. 

The  duty  of  the  plant  is  to  furnish  lighting,  power, 
heating,  ventilation,  elevator  service,  air  and  icebox 
refrigeration,  ice  for  the  kitchen  and  restaurants,  water 
and  laundry  service  for  a  hotel  of  425  rooms.  The  ad- 
joining theater,  and  the  help's  dormitory  are  heated  and 
lighted  from  the  hotel  plant.     Exhaust  steam  is  suffi- 
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•Chief   engineer,    Blackstone    Hotel. 
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FIG.    2.      CO;   ELEMENT    FOR    USE    OF   FIREMEN 

hotel  work  is  always  a  full  24  hours.  For  the  balance  of 
the  time  the  requirements  are  the  same  as  the  midnight- 
to-morning  load  in  summer.  The  load  varies  from  day 
to  day  as  well,  being  affected  by  the  volume  of  business. 

The  boiler  plant  is  made  up  of  four  250-hp.  water- 
tube  boilers  equipped  with  side-feed  stokers.  The  boil- 
ers are  set  singly  with  a  scant  two  feet  between  them 
and  are  connected  with  a  long  breeching  to  a  stack  that 
rises  328  ft.  above  the  grates,  giving  more  draft  than 
is  needed. 

Individual  dampers,  with  the  controlling  rods  brought 
to  the  front  of  the  boilers  where  they  are  convenient  to 
the  fireman,  control  the  air  supply.  Draft  gages  are 
mounted  on  the  front  of  each  furnace.  Mechanical  soot 
blowers  have  been  in.^talled  recently,  but  have  not 
been  in  use  long  enough  to  have  had  much  influence  on 
the  figures  previously  given.  Coal  is  taken  from  over- 
head bunkers  by  means  of  an  electrically  driven  weigh 
hopper  and  delivered  to  the  furnace  without  the  neces- 
sity of  shoveling.  Coal  weights  are  recorded  on  suit- 
able forms  by  the  fireman  on  each  watch  and  checked 
against  the  venturi  meter  on  the  feed  line.  The  boiler 
settings  are  good,  and  a  rigid  inspection  with  prompt 
repairs  keeps  air  leakage  to  a  minimum.  Elastic  coat- 
ing on  the  brickwork  and  sealed  clean-out  doors  help 
in  this. 

With  conditions  as  outlined,  the  highest  everyday  effi- 
ciency with  the  old  furnaces  was  about  60  to  61  per 
cent.  Many  attempts  were  made  to  improve  these  fig- 
ures but  without  success.  When  the  load  was  just 
right,  which  was  a  small  part  of  the  time,  fair  results 
were  obtained.  The  trouble  seemed  to  be  lack  of  air 
control  and  flexibility.  Light  loads  meant  short  fires 
and  low  economy.     Heavy  loads  on  the  shorter.cd  grates 


meant  thick  fires  and  heavy  drafts  which  pulled  in  air 
around  the  end  of  the  grates  and  along  the  sides  where 
the  fuel  burned  away  faster  than  at  other  points.  There 
was  not  sufficient  space  between  the  settings  to  work 
the  fires  from  the  sides.  The  short  grates  called  for 
No.  3  or  No.  4  washed  nut  of  good  quality.  Moderate 
loads  could  not  be  handled  with  screenings  or  other  com- 
paratively slow-burning  coals.  Another  thing  that 
lowered  the  over-all  efl!iciency  was  the  necessity  of  keep- 
ing a  third  boiler  ready  to  work  at  all  times,  even  when 
two  boilers  would  handle  the  load. 

The  stokers  were  ordered  with  a  guarantee  of  70  per 
cent,  efficiency  under  normal  operating  conditions.  The 
first  unit  was  started  in  September,  1916,  and  after  a 
short  run  a  te.st  was  made  by  the  operating  force  that 
showed  an  efficiency  of  71.5  per  cent,  at  50  per  cent, 
overload.  A  second  furnace  was  dismantled  as  the  ma- 
terial for  its  replacement  was  shipped,  but  it  was  lost 
in  the  freight  congestion  that  occurred  at  that  time,  and 
did  not  reach  the  plant  until  late  in  January,  1917.  In 
October,  1916,  the  coal  situation  became  serious,  and 
from  that  time  until  spring  it  was  necessary  to  take  any 
kind  of  coal  that  could  be  obtained.  The  heating  load 
came  on  and  there  was  many  an  anxious  moment  with 
steam  at  a  point  dangerously  near  the  shutting-down 
point.  The  old  furnaces  could  do  little  with  the  fuel 
available,  and  the  brunt  of  the  work  fell  on  the  one  new 
stoker  that  had  been  installed.  These  conditions  pre- 
vailed until  early  in  February,  when  the  second  stoker 
was  ready  and  the  troubles  were  over,  as  the  two  would 
carry  the  entire  load,  which  at  one  time  for  a  week  of 
very   cold   weather   held    steadily   around    1200    boiler- 


FIG.    3.      COAL    BULLETIN    BOARD 
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hursopowi'r.  The  last  of  the  four  new  Htoker.s  wa.s  iii- 
stiilli'd  in  Ortober.  r.»17. 

Durintr  la.><t  suninuT  one  boiler  wa.s  made  to  carry  the 
entire  load  for  a  period  of  n  week  to  determine  the  limit 
of  it.s  capacity.  The  load  durinp  two  .shifts  was  700 
hp..  and  there  was  no  special  didiciilty  in  koepinir  up  the 
pressure.  Complete  data  were  not  secured  durinj?  this 
run,  but  it  was  noticed  that  the  CO,  was  uniformly 
hijrli — higher  in  fact  than  was  desirable,  16.5  per  cent, 
beintr  easily  obtained.  The  evaporation  was  somewhat 
lower  on  the  two  heavy  shifts  for  the  uptake  tempera- 
tures were  hiph.  Better  results  were  noticed  durinj?  the 
lijrht-load  period  when  the  load  dropped  to  around  350 
hp.  The  conclusion  drawn  was  that  the  grate  area 
was  excessive,  and  three  of  the  grates  have  been 
shortened.  It  is  planned  to  cut  them  down  still  further, 
and  run  that  way  until  winter.  A  large  reserve  capacity 
is  at  hand  for  emergency. 

The  new  outfit  has  demonstrated  its  ability  to  carry 
heavy  overloads,  to  burn  grades  of  coal  inferior  to  that 
used  regularly — No.  4  washed  nut — and  to  burn  them 
efficiently.  There  was  not  much  variation  from  the 
guaranteed  efficiency  of  70  per  cent,  even  when  burning 
screenings,  as  was  necessary  during  periods  of  coal 
shortage  last  winter  and  at  the  request  of  the  Fuel  Ad- 
ministration last  summer.  Burning  screenings  was 
profitable  when  the  price  of  coal  was  low  and  the  differ- 
ence in  the  price  of  washed  coal  and  screenings  was 
relatively  greater,  but  with  a  difference  of  only  40c. 
and  the  price  per  ton  $5.60,  there  was  no  inducement  to 
continue  with  this  fuel,  for  screenings  are  harder  to 
handle,  make  more  ash  and  foul  the  heating  surfaces 
more  than  washed  coal. 

Credit  Due  to  the  Boiler-Room  Crew  and 
Watch  Engineers 

For  the  saving  made,  credit  is  due  to  the  interest 
taken  by  the  boiler-room  crew  and  the  watch  engineers 
in  making  the  new  equipment  live  up  to  expectations. 
The  chief  engineer  claims  only  the  credit  of  procuring 
and  holding  a  set  of  men  who  have  cooperated  with  him 
so  well.  In  his  opinion  the  secret  of  getting  intelligent 
men  to  strive  for  high  efficiency  is  to  keep  them  in- 
formed as  to  the  aims  of  the  management,  letting  them 
know  the  results  they  are  getting  and  giving  them 
credit  for  their  efforts.  A  reward  in  money  cannot  al- 
ways be  given,  but  appreciation  can  be  shown  and  the 
men  impressed  with  the  fact  that  they  are  a  real  part 
of  the  business.  The  firemen  like  to  know  the  reasons 
for  things  that  involve  a  departure  from  their  accus- 
tomed methods,  and  they  have  a  right  to  know.  It  has 
been  the  policy  in  this  plant  to  explain  things  to  the 
men — what  is  expected  to  be  accomplished,  what  it 
means  to  the  hotel  in  general  and  to  the  reputation  of 
the  department  in  particular.  A  complete  set  of  records 
is  kept,  not  locked  in  a  vault,  but  placed  in  a  wall 
case  open  to  the  inspection  of  any  employee  at  any 
time,  and  they  watch  them,  too.  An  elaborate  bulletin 
board  ruled  in  columns  is  placed  in  the  boiler  room.  The 
first  column  shows  the  coal  burned  the  day  before,  the 
second  the  consumption  during  the  corresponding  day 
of  the  previous  year,  the  third  column  the  gain  over  the 
previous  year  and  the  fourth  the  loss,  if  any.  Recently, 
there  has  been  no  use  for  the  last  column. 

For  years  an  Orsat  has  been  used  on  special  occasions, 
but  when  the  new  installation  was  started  the  outfit 
was  rebuilt  to  make  it  easier  to  operate  and  lines  of 


permanent  piping  were  carried  from  each  boiler  to  a 
point  in  a  pleasant  place  where  the  work  could  be  done 
in  a  comfortable  manner.  A  sample  of  gas  is  drawn 
quickly  through  pipes  of  ample  size  by  the  house  vacuum 
system  and  then  through  the  burette  by  the  same 
means.  The  system  of  valves  is  such  that  it  is  only  a 
moment's  work  to  switch  from  one  boiler  to  another, 
bringing  over  a  fresh  sample  while  the  one  in  the  ma- 
chine is  being  analyzed.  Recently,  a  duplicate  of  the 
outfit  just  mentioned  has  been  permanently  in.stalled  at 
the  entrance  of  the  boiler  room,  for  the  exclusive  use  of 
the  firemen,  who  have  readily  learned  to  u.se  it  and 
to  make  use  of  the  readings  they  get.  It  .shows  its 
value  in  the  evaporation  column  of  the  daily  log  and  on 
the  bulletin  board. 

Double-Service  Boiler 

A  new  method  of  separating  scale-forming  solids, 
mud,  oil  or  other  foreign  matter  (with  the  exception  of 
common  salt),  such  as  is  commonly  found  in  stationary 
power  steam  boilers  is  illustrated  herewith  as  applied 
to  a  horizontal  return-tubular  boiler.  The  apparatus 
consists  of  a  live-steam  feed-water  purifier  located  in 
a  horizontal  fire-tube  boiler,  which  may  be  of  the  loco- 
motive, Scotch  or  horizontal  return-tubular  type. 

In  the  construction  of  the  purifier  first  a  plate  A 
is  attached  to  the  front  head  with  an  angle  iron  and  the 
flanged  sides  are  attached  to  the  shell  with  a  few  rivets, 
the  joints  being  made  tight  with  metal  cement.  Above 
the  plate  A  is  a  trough  E  P  supported  on  legs  attached 
to  the  plate  A  in  such  manner  that  the  trough  can  read- 
ily slide  out.  This  trough  is  open  at  the  end  nearest 
the  boiler  head  and  closed  at  the  opposite  end.  It  is  in 
two  parts,  one  being  a  water-seal  box  P  in  which  the 
feed  water  discharges.  In  the  water-seal  box  the  water 
escapes  into  E  by  overflowing  through  the  steam,  thus 
quickly  increasing  its  temperature  to  that  of  the  steam. 
From  the  end  of  E  the  water  reverses  and  flows 
forward  to  the  escape  slot,  which  discharges  into  the 
boiler  in  a  thin  film.  In  front  of  the  escape  slot  a  shield 
/  is  provided  that  causes  the  water  to  underflow  the 
shield  in  escaping  through  the  slot  into  the  boiler  proper. 
This  operation  is  simple.  Assume  the  water  level  to  be 
in  line  with  the  slot,  then  water  added  by  the  feed  raises 
the  level  and  water  escapes  from  the  slot  in  an  equiva- 
lent amount,  and  this  process  proceeds  constantly. 

At  the  head  end  containing  the  slot  a  door  is  pro- 
vided and  is  attached  with  bolts  having  their  heads  spot- 
welded  on  and  provided  with  brass  cay.nuts  so  arranged 
that  the  door  is  easily  removable,  thus  enabling  the 
trough  £■  P  to  be  slid  forward.  By  removing  the  inter- 
nal feed  pipe,  the  trough  may  be  readily  withdrawn  for 
cleaning,  inspection,  etc. 

Since  no  portion  of  the  fire  strikes  the  parts  of  the 
purifier,  it  follows  the  deposits  therein  being  in  water 
do  not  bake  on  as  they  would  in  the  boiler,  but  remain 
as  mud  easily  blown  out  through  the  blowoff  pipe.  In 
addition,  a  handhole  provided  in  the  front  head  affords 
an  opening  for  cleaning,  inspection,  etc. 

The  value  of  the  underflow  method  of  escape  is  based 
on  the  way  the  calcium  solids  are  liberated  and  become 
insoluble  or  in  suspension.  The  carbonates  and  sul- 
phates are  in  solution  owing  to  carbonic  and  sulphuric 
acids  respectively.  When  heated  sufficiently,  these  gases 
separate  from  the  atoms  of  calcium  and  rise  to  the  sur- 
face of  the  w'ater  and  escape  as  gases.  The  atoms  are 
carried  to  the  surface  in  this  progress  and  remain  there 
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until  finally  they  accrete  together  and  by  gravity  fall  i.o 
the  bottom,  since  the  shield  J  prevents  all  flocculent 
floating  matter  escaping  from  the  purifier.  Carbonates 
are  set  free  at  lower  t^iiperatures  than  sulphates,  the 
latter  being  liberated  at  or  under  '.280  deg.  F.,  which  is 
the  temperature  of  steam  at  50  lb.  absolute,  or  35  lb.  gage 
pressure.  The  purifier  receives  and  absorbs  heat  from 
the  water  on  its  bottom  sheet,  also  on  the  surface  of 
the  water  and  at  the  overflow  from  the  water-seal  box 
P  into  E.     The  result  is  that  the  feed  water,  when  it 


tained  in  the  boiler.  The  purifier  can  be  blown  down 
readily  at  any  time  while  the  boiler  is  under  pressure. 

Consider  the  scale  problem.  Take  a  200-hp.  boiler 
running  24  hours  per  day,  30  days,  using  water  con- 
taining only  15  grains  per  gallon.  At  the  end  of  the 
run,  there  would  be  over  1100  lb.  of  lime  deposits. 
Boiler-insurance  experts  say  that  over  50  per  cent, 
of  the  boiler  accidents  are  chargeable  to  foreign  mat- 
ter, scale,  etc. 

It  is  contended  that  not  only  does  the  "double-service 
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DOUBLE-SERVICE    BOILER   AND    DETAILS    OP    FEED-WATER  PURIFIER 


escapes  through  the  slot,  is  about  as  hot  as  the  water 
in  the  boiler  proper. 

The  diagonal  braces  are  not  interfered  with  in  any 
way,  and  the  steam  room  remains  ample,  in  fact  is 
greatly  in  excess  of  that  of  water-tube  boilers.  Foam- 
ing cannot  occur  since  the  cause,  flocculent  matter,  is  re- 
moved. The  purifier  is  an  integral  part  of  the  boiler 
and  has  no  upkeep  charges  and  requires  no  repairs  at 
any  time  in  the  life  of  the  boiler. 

Carbonates,  sulphates,  magnesia,  mud  and  oil  are  re- 
tained in  ths  purifier  just  as  otherwise  they  would  be  re- 


boiler"  purify  the  feed  water  at  small  expense,  but  also 
by  preheating  the  feed  water  the  boiler  is  not  sub- 
jected to  the  expansion  and  contraction  stresses  of  the 
common  methods  of  feeding.  The  apparatus  complies 
strictly  with  paragraph  315  of  the  A.  S.  M.  E.  Boiler 
Code  as  respects  an  auxiliary  feed-water  heating  and 
circulating  device,  also  with  paragraph  316  as  respects 
the  feed  not  discharging  near  riveted  joints  in  the  shell 
or  furnace  sheets. 

The   designer   and   patentee    of   the    Double    Service 
Boiler  is  Thomas  T.  Parker,  of  Brooklyn,  N.  Y. 
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Alleiiialiiig-(]iii*rriil  IMiinjjji^r-'rype  Relays 


By  victor  H.  TODD 


TnV.  Ki-oat  lU'fd  of 
coptiiiuou.s  sorvice 
uiuler  all  conditions 
has  Kiadualiy  cau>-ed  the 
crude  type.s  of  relays  of  a 
few  years  ago,  which 
somet'.mes  gave  protection 
under  special  conditions 
but  often  failed  at  the 
critical  moment,  to  be 
changed  to  the  highly  de- 
veloped present-day  types, 
which  are  built  with  the 
accuracy  of  a  watt-hour 
meter  and  can  be  de- 
pended upon  in  practically 
a  1 1  conceivable  cases  of 
electrical  distress.  In  al- 
ternating -  current  sys- 
tems, the  need  of  continu- 
ity of  service  is  so  great 
tha,t  the  lines  must  be 
kept  alive  until  there  is 
no  chance  of  the  disturb- 
ance   clearing    itself.     In 

some  states  the  public  utility  boards  require  an  ex- 
planation of  each  and  every  interruption  that  occurs  in 
an  operating  company's  service  as  well  as  a  report  of 
the  steps  taken  to  prevent  its  recurrence. 

Many  power-plants  and  factory  managements  have  re- 
quired in  the  past  duplicate  supply  lines,  so  that  their 
power  supply  would  not  be  interrupted  in  case  of  trouble 
on  other  parts  of  the  system.  Others  have  maintained 
stand-by  plants  ready  to  assume  the  load  in  case  of  elec- 
trical trouble. 

As  a  t.vpical  example  of  how  protective  relays  have 
eliminated  this  necessity,  one  operating  company  had  as 
.Tiany  as  25  interruptions  a  year,  but  after  making  an 
intelligent  survey  of  the  system,  a  few  changes  were 
made  in  the  sectionalizing  apparatus  and  accurate  re- 
lays    installed 
which    reduced 
the     interrup- 
tions to  about 
one    annually, 
although     the 
system    suffered 
not    less    than 
one     hundred 
short  -  circuits 
per  year  from 
various     causes. 
The   relays   instantly   sectionalize   and    isolate   a   de- 
fective line  or  piece  of  apparatus  without  disturbing  the 
rest  of  the  system.     This  allows  spare  lines  to  be  used 
continually,  and  the  great  saving  and  economy  of  cop- 
per will  often  finance  the  installation  of  relays. 

Before  describing  the  various  types,  or  deciding  on  a 
certain  system  of  protection,  it  is  v.'ell  to  consider  the 
basic  principles  of  protection.  What  is  an  interruption? 
How  long  may  an  overload  exist?  How  long  can  a 
short-circuit  exist  before  it  must  be  cleared? 

An  interruption  occurs  when  the  voltage  ceases  long 
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enough  to  cause  an  indm 
tion  motor  to  reduce  it 
speed  so  far  that  it  will 
draw  an  excessive  current 
should  the  potential  be  ai 
plied  suddenly,  or  wh 
.synchronous  apparali 
falls  out  of  step.  T  h  i 
time  is  usually  about  tv.  , 
seconds,  so  it  is  evident 
that  a  "dead"  short-circuit 
must  be  cleared  in  two 
second''  or  less.  Moderate 
overloads  of  a  few  hun- 
dred per  cent,  need  not  be 
cleared  so  quickly,  as  mod- 
ern generators  are  built 
with  enough  overload  ca- 
pacity to  withstand  con- 
siderable overload  without 
damage.  Consequently,  in 
a  simple  circuit  requiring 
protection,  the  time  .  be- 
tween the  instant  of  over- 
load and  the  opening  of 
the  breaker  should  be  inversely  proportional  to  the 
excess  of  current.  An  ordinary  fuse  gives  this  desired 
inverse-time  limit  to  some  extent,  as  will  be  seen  h^ 
referring  to  Fig.  3.  It  will  be  noted  that  a  current  of 
5  amperes  will  not  blow  the  fuse,  6  amperes  will  blow- 
it  in  6  sec,  7.5  amperes  in  3  sec,  10  amperes  in  1.25 
sec,  20  amperes  in  0.5  sec,  etc.;  bu<  above  this  value 
the  time  becomes  practically  instantaneous.  It  is  obvious 
that  instantaneous  operation  on  a  short-circuit  is  not 
always  desirable,  as  the  short  may  bum  out  or  clear 
itself  in  less  time  than  it  takes  to  cause  a  loaded  motor 
to  slow  down  appreciably. 
[Note:  The  terms  circuit- 
breaker  and  oil  switch  are 
used  synonymously  in  this 
article.] 

The  first  circuit-protect- 
ing relays  were  made  with 
an  inverse  time  limit.  In 
other  words,  instead  of  the 
load  current  acting  directly 
on  the  oil  switch  and  open- 
ing it  instantly  in  case  of 
trouble,  the  excess  current 
operated  a  relay,  which, 
after  a  predetermined  time, 
opened  the  circuit-breaker. 

Fig.  1  shows  a  typical 
overload  relay  which  obtains 
the  time  limit  by  means  of 
an  air  bnllows.  Fig.  2  shows 
the  same  relay  with  the  cover  removed, 
is  a  schematic  diagram  of  the  same. 


FIG.     4.       SCHEMATIC     DI- 
AGRAM   OF    RELAY 
FIGS.   1    AND  2 


and  Fig.  4 
The  iron  plunger 
A,  working  under  the  influence  of  the  solenoid  B,  car- 
ries at  its  lower  end  an  insulated  disk  D  having  on  its 
circumference  a  band  of  nonoxidizing  metal.  When  the 
solenoid  coil  B  is  energized  by  a  current  of  a  certain 
strength,  the  core  A  is  pulled  upward,  thus  forcing-  the 
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disk  D  against  the  contacts  E  and  F,  completing  a  cir- 
cuit to  a  shunt-trip  coil  on  a  circuit-breaker.  On  the 
upper  end  of  the  plunger  shaft  is  a  leather  bellows  G 
fastened  to  the  permanent  support  H,  so  that  as  the 
plunger  rises,  it  compresses  the  air  in  the  bellows  and 
resists  its  upward  motion.     This  air  is  permitted  to 
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FIG.    5.      TIME   CHARACTERISTICS   OF  BELLOWS-TYPE 
OVERLOAD   RELAY 

escape  gradually  through  a  little  opening  at  I  in  the 
casting,  and  this  gradual  escape  of  air  allows  the 
plunger  to  rise  in  a  certain  time  to  complete  contact 
at  E  and  F.    These  parts  are  also  indicated  in  Fig.  2. 

It   is  evident  that  the  greater  the   current  in   the 
solenoid  B  the  greater  will  be  the  upward  pull,  conse- 
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almost  nothing  to  15  or  20  sec,  and  still  have  the  in- 
verse time  limit. 

The  taps  K,  L,  M,  etc.,  are  provided  to  change  the 
number  of  turns  in  circuit  and  consequently  the  amount 
of  current  required  to  operate  the  relay.  For  instance, 
this  particular  relay  has  taps  for  4,  5,  6,  7  and  8 
amperes.  This  means  that  if  the  4-ampere  tap  is  in  cir- 
cuit, the  plunger  will  start  to  rise  when  the  current 
reaches  4  amperes;  with  the  5-ampere  tap,  the  plunger 
will  rise  when  the  current  reaches  5  amperes,  etc. 
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TO  DIRECT-CURRENT  TRIPPING  CIRCUIT 


FIG.    6.       DIAGRAM    OP    RELAY    CONNECTIONS    ON 
SINGLE-PHASE    CIRCUIT 

As  a  practical  example,  assume  that  the  relay  is  used 
with  a  100  to  5  current  transformer.  This  means  that 
when  the  full-load  current  of  100  amperes  is  reached 
there  will  be  5  amperes  passing  through  the  relay  coil. 
But  if  connections  are  made  with  the  4-ampere  tap,  the 
relay  will  operate  on  4  amperes,  which,  in  the  ratio 
of  5  to  100,  means  that  it  requires  only  80  amperes  to 
operate  the  relay  with  this  setting.  Should  the  8-am- 
pere  tap  be  connected  in,  the   relay  will  not  operate 
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DIAGRAMS  OF  RELAY   AND  TRANSFORMER  CONNECTIONS   FOR   A 
DIRECT-CURRENT   TRIPPING   CIRCUIT 


FIG.    8.      RESETTING    DEVICE    ON 
RELAY  SHOWN  IN  PIG.   9 


quently  the  greater  the  compression  in  the  bellows,  the 
quicker  the  escape  of  air  and  the  shorter  the  time.  That 
is,  the  greater  the  overload  the  quicker  the  circuit  will 
be  opened. 

This  inverse  proportion  is  not  a  fixed  factor,  however, 
since  by  varying  the  size  of  the  escape  aperture  at  / 
by  means  of  the  valve  J ,  the  time  may  be  varied  from 


until  there  is  a  load  of  160  amperes  on  the  primary  of 
the  transformer.  This  might  take  18  sec.  to  trip  the 
oil  switch.  But  with  the  same  setting,  a  load  of  300 
amperes  might  take  only  4  sec. ;  600  amperes  1.5  sec. ; 
1000  amperes  1  sec;  and  so  on  in  time  inversely  pro- 
portional to  the  current. 

This  inverse  time  is  not  a  straight-line  inverse  time, 
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but  follow.'?  a  rurvo  aui'h  a.s  that  Hhnwn  in  Fiff.  i).  It 
will  1)0  noticed  that  tlii.s  curve  is  very  .similar  to  the 
time  curve  of  a  fu.><e,  but  ha.s  the  distinct  advanta^rc  that 
it  may  bo  varied  at  will,  and  the  relay  is  accurate  and 
can  be  depended  upon,  and  is  automatically  reset  each 
time  it  operates. 

One  relay  is  necessary  for  the  protection  of  a  single- 
pha.se  circuit  and  two  for  a  two-phase  or  a  three-pha.se 
circuit.  Fij;.  6  shows  the  diagram  of  connections  of  a 
sinjrle-phase  circuit.  A  is  the  busbar  supplyinpr  the 
feeder  />,  which  in  turn  supplies  the  load  C,  and  the  cir- 
cuit-breaker I)  opens  and  do.ses  the  circuit.  E  is  the 
primary  windinp  of  a  scries  transformer  and  F  the  sec- 
ondary, which  is  connected  to  the  relay  and  energizes 
the  solenoid  H.  The  direct-current  circuit  is  connected 
to  the  shunt-trip  coil  of  breaker  D,  with  a  break  in  the 


lained  by  taps,  but  by  varying'  the  position  of  the  iron 
plunder  in  the  solenoid  by  an  .-idjustment  at  A.  Lower- 
ing' the  plunder  reciuires  more  current  to  raise  it,  and 
raising  the  position  requires  leas  current. 

The  time  setting  is  varied  by  an  air  valve  in  the  top 
of  the  bellows  casting,  as  shown  in  Fig.  8.  When  an 
overload  occurs,  the  solenoid  raises  the  plunger,  thereby 
raising  the  stem  A.  This  compres.ses  air  in  the  leather 
bellows  li,  forcing  it  up  the  channel  C,  through  the 
valve  I),  past  K  and  out  at  F.  The  time  is  adjusted  by 
varying  the  position  of  the  pin  E  by  turning  (i.  A 
good  feature  is  the  quick-resetting  device  shown  at  H 
and  /.  /  is  a  cylinder  which,  on  upward  travel  of  the 
stem  A,  is  forced  against  opening  //  and  effectually 
closes  opening  J.  When  the  relay  attempts  to  reset, 
the  air  is  rarefied  in  the  bellows  and  cvlinder  /  is  lifted. 


FIG.  9.   IXVERSE  TIME-LIMIT 
OVERLOAD   RELAY 


FIG.      10.        SHOWS      DASHPOT 
DETAILS    OF    RELAY.    FIG.    11 


FIG.    11.      DASHPOT-TYPE   INVERSE   TIME-LIMIT   RELAY 
WITH  COVERS  REMOVED  AND  IN  PLACE 


circuit  at  contacts  J  and  K.  This  diagram  shows  the 
normal  operating  position. 

If  an  overload  occurs  at  C  and  excess  current  in  the 
transformer  EF  results,  the  relay  plunger  rises,  short- 
circuits  the  contacts  JK  and  completes  the  trip  circuit; 
an  instant  later  the  oil  switch  will  open,  disconnecting 
the  line.  Fig.  7  gives  diagrams  of  relay  and  trans- 
former connections  for  protecting  single-phase,  two- 
phase  and  three-phase  circuits. 

Another  bellows  tj-pe  of  relay  is  showTi  in  Fig.  9. 
This  is  a  single-phase  unit,  but  they  are  also  made 
with  two  and  three  relays  mounted  on  one  casting  to 
protect  two-  or  three-phase  circuits.  However,  they  will 
require  two  or  three  separate  series  transformers  just 
as  the  relays  previously  described  will.  It  will  be  noted 
in  this  type  that  the  contacts  are  at  the  top,  and  pro- 
tected by  a  removable  cover,  permitting  ready  inspection. 

In  this  relay  the  various  load  settings  are  not  ob- 


allowing  air  to  enter  H  and  J,  thereby  insuring  a  quick 
resetting  of  the  plunger. 

One  drawback  to  the  leather-bellows  type  relay  is  that 
the  leather,  unless  attended  to  carefully,  will  harden  in 
time  and  crack,  thus  defeating  the  purpose  of  an  accu- 
rate time.  To  overcome  this,  relays  of  the  type  shown 
in  Figs.  10  and  11  have  been  developed.  These  have 
the  contacts  at  the  top,  as  in  the  type  Fig.  9,  but  the 
bellows  is  omitted  and  an  oil  dashpot  is  placed  at  the 
bottom  of  the  stem  as  shown  in  Fig.  11. 

Instead  of  forcing  air  through  a  needle  valve,  oil  is 
forced  by  a  piston  on  its  upward  travel  through  the 
valve  E  and  out  of  hole  F,  Fig.  10.  The  piston  C  has 
a  number  of  holes  in  the  bottom,  which  are  normally 
covered  by  the  disk  D.  Upon  upward  travel  the  disk 
closes  the  holes  practically  oil-tight,  but  on  downward 
travel  it  rises  and  allows  a  quick  resetting  of  the 
plunger. 
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These  relays  cannot  be  used  where  they  are  sub- 
jected to  extreme  changes  in  temperature,  and  no  other 
oil  except  that  supplied  by  the  manufacturers  should 
be  used  in  the  dashpot.  Their  time  may  be  varied  from 
almost  instantaneous  at  heavy  loads,  to  over  5  min.  at 
150  per  cent.  load. 


DIAGRAM    OV    CONNECTIONS    FOR    ."^ERIES-TYrE 
INVERSE   TIME    OVERLOAD    RELAY 

Sometimes,  as  in  radial  sy.stems  an  inverse  time  is 
not  so  desirable  as  a  definite  time.  To  obtain  this, 
the  relays  heretofore  shown  are  slightly  modified  so 
that  instead  of  the  plunger  being  rigidly  attached  to 
the  bellows  and  contact  shaft,  the  raising  of  the  plunger 
merely  compresses  a  spring,  which  in  turn  raises  the 


trip  or  circuit-opening  types.  The  secondary  of  the 
transformer  is  connected  to  the  trip  coil  on  the  breaker, 
but  this  coil  is  short-circuited  normally  by  the  relay 
contacts.  When  the  relay  operates,  it  connects  the  trip 
coil  in  circuit,  thereby  causing  all  the  current  to  flow 
through  it  and  open  the  oil  switch  This  is  shown  in 
Fig.  12,  in  which  the  feeder  B  is  supplying  the  load  C 
through  the  current  transformer's  primary  E  and  pro- 
tected by  circuit-breaker  D.  The  secondary  of  the 
transformer  F  is  connected  through  the  relay  H  and  the 
trip  coil  /  on  the  oil  switch  D.  The  trip  coil  is  short- 
circuited  by  the  contacts  J  and  K  on  the  relay.  An  over- 
load at  C  causes  excessive  current  to  flow  in  the  relay 
coil  H,  which  rai.ses  its  plunger  and  opens  the  contacts 
J  and  K,  causing  current  to  flow  through  the  trip  coil  /, 
which  opens  the  oil  switch.  Fig.  14  gives  diagrams  of 
relay  and  transformer  connections  for  protecting  single- 
phase,  two-phase  and  three-phase  circuits. 

The  series-trip  relays  have  an  advantage  in  that  they 
do  not  require  a  separate  circuit  to  trip  the  circuit- 
breaker.  However,  unless  they  are  equipped  with 
solidly  closed  contacts,  they  are  liable  to  trip  the  breaker 
on  a  slight  jar  or  knock. 

One  type  of  series-trip  relay,  Fig.  11,  closes  the  con- 
tacts C  by  a  toggle  T,  which  is  closed  on  the  downward 
travel  of  the  plunger,  thereby  insuring  very  positive 
connection.  When  the  plunger  rises,  this  opens  the 
toggle,  allowing  a  spring  to  open  the  contacts  with  a 


FIG.     13.  '    DEFINITE 
TIME  LIMIT  OVER- 
LOAD RELAY 


Single  Phase  2  Phoise  3  Phase 

FIG.   14.      DI.A.GRAM.'^  OF  RELAY  AND  TRANSFORMER   CONNECTKJNS   FOR   SERIES- 
TYPE  RELAY  TRIPPING   CIRCUITS 


shaft.  This  is  shown  in  Fig.  13.  The  plunger  A  is 
free  to  slide  up  on  the  shaft  N.  When  it  rises,  it  com- 
presses the  spring  0,  which  presses  against  a  stop 
rigidly  attached  to  the  shaft,  at  the  bottom  of  the  bel- 
lows, thereby  rising  in  the  shaft  and  contacts. 

It  will  be  readily  seen  that  no  matter  how  much  cur- 
rent is  passed  through  the  solenoid,  once  it  rises,  there 
can  be  no  greater  compression  from  the  spring  no 
matter  what  the  load.  Consequently,  the  contacts  are 
closed  in  a  definite  time,  depending  upon  the  time  set- 
ting after  the  raising  of  the  plunger.  Hence  the  name, 
"definite  time-limit  overload  relay." 

In  the  examples  shown,  it  was  assumed  that  there 
was  always  a  separate  direct-current  circuit  which  the 
relay  completed  to  trip  the  oil  switch.  Sometimes  a 
source  of  direct  current  is  not  available,  so  the  second- 
ary current  of  the  series  transformer  is  used  to  trip 
the  circuit-breaker.     These  relays  are  known  as  series- 


quick  positive  action.  It  is  possible  to  co.iibine  the  ad- 
vantages of  a  definite-time  and  an  inverse-time  relay 
in  a  single  unit,  which  is  made  on  the  same  lines  as  a 
watt-hour  meter  and  has  watt-hour  meter  accuracy,  but 
has  not  the  torque  necessary  to  operate  a  toggle.  This 
type  will  be  discussed  in  a  future  article. 


According  to  the  Bureau  of  Mines,  volatile  combus- 
tible containing  a  high  percentage  of  oxygen  appears  to 
be  more  difficult  to  burn  than  that  which  has  a  low 
oxygen  content.  Whether  this  is  due  to  the  oxygen 
or  to  some  other  chemical  property  has  not  been  de- 
termined. 

When  wood  is  used  as  a  boiler  fuel,  the  great  problem 
is  to  reduce  the  excess  air,  because  wood  does  not  make 
a  compact  fire  bed.  Sawdust  used  with  wood  will  aid  ir 
producing  a  more  uniform  thickness  of  fire. 
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XV — The  lubrication  of  crankshaft  bearings, 
crattk  pins,  piston  pins,  pistons  and  helical  gears 
f^orms  an  interesting  subject  for  the  evening's 
discussion. 
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ARN  the  cuss  that  invented  chain  oilers!"  ex- 
claimed Kelly  with  deep  feeling.  "I  wish  he'd 
strangled  to  death  on  his  nursing  bottle." 

The  silence  of  the  rest  indicated  tacit  approval  of  his 
sentiments.  A  main  bearing  on  one  of  the  500-hp.  en- 
gines had  run  hot  that  day  and  had  to  be  rebabbitted, 
and  the  men  were  tired. 

"Why  are  chain  oilers  used,  anyway?"  Kelly  ap- 
pealed to  Egan.  "I'd  think  a  ring  oiler'd  be  just  as 
good,  and  it  wouldn't  break." 

"To  answer  that  demands  a  rehash  of  bearing  lubrica- 
tion," said  Egan.  "Many  builders  prefer  a  bearing  with 
an  oil  cellar  and  one  or  two  rings  resting  on  the  crank- 
shaft. As  the  shaft  turns,  the  rings  draw  oil  up  and 
deposit  it  on  the  shaft.  This  design  is  all  right  for 
shafts  under  8  in.  in  diameter,  but  above  that  their 
use  is  objectionable." 

"Chief,"  Woods  interposed,  "I'd  think  that  the  larger 
the  shaft  the  more  positive  you'd  be  that  the  rings 
would  revolve." 

"The  objection  isn't  due  to  the  ring  not  revolving,  but 
to  the  width  of  bearing,"  Egan  explained.  "With  a 
shaft  9  in.  in  diameter,  at  least  6  in.  of  oil  should  touch 
the  ring.  Furtliormore,  the  oil  level  can't  be  as  high 
as  the  bottom  bearing  shell  or  it  will  leak  out  at  the 
end  of  the  bearing.  The  ring  must  drop  at  least  7  in. 
below  the  shaft,  and  with  a  9-in.  shaft  this  means  a 
ring  diamieter  of  16  in.  So  the  bearing  must  be  more 
than  16  in.  wide  to  allow  the  ring  to  be  inclosed.  To 
i.void  this,  a  brass  chain  is  used.  It  not  only  calls  for  a 
minimum  width  of  bearing,  but  draws  up  the  oil  faster. 
As  we  learned  today,  it  has  its  objections,  for  it  wears 
out  and  breaks.  A  brass  chain  is  used  rather  than  a 
steel   chain   because    it    saves 


noticed  that  it  was  getting  warm  and  run  the  oil 
hose  from  our  storage  tank  on  it.  It's  one  of  the  few 
times  Kelly  has  been  caught  asleep  at  the  switch." 

"Chief,  what  about  the  splash  system?"  inquired 
Woods. 

"The  splash  system,"  Egan  rejoined,  "is  probably  all 
right  on  an  automobile  engine,  but  you  can  never  be 
certain  that  the  oilways  are  open.  It  may  .sound  fishy, 
but  at  one  of  our  plants  a  shaft  bearing  burned,  even 
though  the  crank  case  was  properly  filled  with  oil. 
Someone  left  a  bunch  of  waste  on  the  bearing  cap  to 


/)   Lines  to  main  Bearings 
B  Lines  to  Connecting  Rods 
C    Line  to  Com  Shaft 


FIG.  1.      ARRANGEMENT  FOR  STREAM  LUBRICATION 

keep  out  dirt  while  taking  out  a  piston.  If  there  had 
been  some  kind  of  stream  lubrication,  the  lack  of  oil 
would  have  been  discovered.  Again,  if  an  emulsion  of 
water  and  oil  is  used,  water  may  get  into  the  bearing, 
and  you  know  that  a  little  water  soon  destroys  any  oil 
film  on  a  rotating  shaft. 

"Furthermore,  the  splash  system  uses  too  much  oil. 

We  use  two  quarts  of  crank-case  oil  every  two  hours,  or 

6  gal.  per  day,  on  our  225-hp.  engine,  which  means  an 

average     of     0.001     gal.     per 

wear    on    the    shaft.      But    I.^.i  ^  .        ,  ,.  ^,.  .  horsepower   per   hour.      Com- 

,,  Tr  11  y.   ^  J!      .Li-        At  tne  next -meeting  the  subiects  oi  discussion  ,,  .        .,,  „  ^.. 

blame  Kelly  somewhat  for  the     ^^^   ^^    f^^j    oils,   filters    and   storage   tanks  Pare  this  with  one  of  our  oOO- 

hot  bearing.     He  should  have hp.  engines  without  splash  lu- 
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brication.  Our  records  show  3.3  gal.  of  oil  per  day, 
and  on  a  20-hour  run  this  equals  0.00033  gal.  per  horse- 
power per  hour.  Neither  figure  takes  into  account  the 
oil  for  the  air  compressor,  as  that  is  about  the  same 
in  the  two  engines." 

"I  notice  that  you  throw  away  the  oil  each  time  we 
clean  out  a  crank  case."  observed  one  of  the  men.  "I 
should  think  the  oil  would  be  good  to  use." 

"At  first  I  thought  the  same,"  Egan  confessed.    "But 


^         If 
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FIG.  2.  DETAILS  OF  CONSTRUCTION  OF  OIL  BOAT 

it  wasn't  long  before  trouble  with  hot  pistons  and 
crankpins  showed  us  our  error.  It's  my  experience  that 
the  crank  case  should  be  emptied  every  three  months 
and  the  oil  thrown  away  or  else  used  on  lineshafts,  wa- 
ter-pump bearings  and  other  places  where  a  high-grade 
oil  is  not  needed.  The  trouble  with  using  this  emulsi- 
fied crank-case  oil  is  that  it  contains  water  globules  and 
so  does  not  flow  into  oil  grooves  very  rsadily." 

"Hew  much  oil  ought  to  be  put  in  the  crank  case?" 
someone  asked. 

"Our  practice  is  to  put  8  gal.  of  oil  in  the  pit  under 
each  crank  and  add  enough  water  to  bring  the  level 
about  2  in.  above  the  bottom  side  of  the  crankpin  when 
it  is  on  bottom  center.  After  the  engine  runs  awhile, 
the  emulsion  of  oil  and  water  has  a  much  higher  level. 
You  can  get  a  good  idea  of  the  amount  of  oil  in  the  case 
by  putting  your  forefinger  in  the  vent  hole  on  the  side 
door.  After  noting  the  feel  of  the  oil  as  it  strikes  your 
finger,  you  should  keep  that  degree  of  emulsion  by  add- 
ing water  and  oil  at  the  necessary  intervals.  But  this 
system  is  old-fashioned  and  it  is  profitable  to  chan?;e 
it  to  a  system  of  stream  lubrication. 

"One  of  our  plants  that  made  such  a  change  saved 
one-fourth  of  the  oil  bill  and  made  the  oiling  more  posi- 
tive. Fig.  1  shows  the  arrangement.  The  oil  wa; 
stored  in  an  overhead  tank  and  after  going  through 
the  bearings,  drained  off  to  a  filter  in  the  basement, 
from  which  it  flowed  to  a  sump  tank  that  was  emptied 
once  a  day  by  a  hand  pump,  the  oil  being  discharged 
into  the  overhead  tank  again." 


"I  don't  get  the  way  the  crankpin  is  oiled,  chief," 
spoke  up  Kelly. 

"We  had  aluminum  oil  boats  or  funnels,  like  those 
shoviTi  at  A,  Fig.  2,  clamped  together  on  opposite  sides 
of  the  connecting-rod,"  said  Egan.  "The  rod  was  tapped 
for  two  J-in.  capscrews  that  passed  through  the  boats 
and  kept  them  from  moving,  and  l-in.  brass  pipes  B 
led  to  the  brasses,  which  were  tapped  to  receive  the 
pipes.  The  length  of  the  boats  was  such  that  the 
oil  was  caught  no  matter  what  position  the  connecting- 
rod  was  in." 

"Well,  how  did  they  oil  the  piston  and  pin?"  Woods 
inquired. 

"A  groove  A,  Fig.  3,  was  cut  in  the  side  of  the  pis- 
ton and  from  the  bottom  of  the  groove  a  diagonal  hole 
was  drilled  through  the  side  of  the  piston.  Into  the 
hole  was  screwed  a  pipe  B,  the  end  of  which  was  di- 
rectly over  the  oil  hole  C  in  the  connecting-rod  and 
brass.  A  wavy  groove  was  cut  in  the  piston  face,  as 
shown  in  Fig.  4.  Then  three  other  holes  were  drilled 
through  the  water  jacket,  bushed,  and  fitted  with  check 
valves.  The  oil  was  injected  by  a  small  plunger  pump 
connected  to  the  needle-valve  bell  crank.  Every  time  the 
needle  valve  was  opened,  the  little  pump  squirted  a  shot 
of  oil  into  the  piston-pin  oiler  and  the  cylinder  oilers. 
This  oil  injected  onto  the  piston  flowed  along  the  groove 
and  lubricated  the  entire  circumference.  It  was  a  crude 
device,  but  it  was  cheap  and  satisfactory." 

"Couldn't  we  use  a  scheme  like  that  on  our  No.  1  en- 
gine with  those  chain-oiling  main  bearings?"  asked 
Kelly,  who  had  had  enough  of  chains. 

"I'm  planning  to  do  that  very  thing,"  Egan  replied. 
"It  will  be  simple.  All  the  oil  cellars  are  now  con- 
nected by  a  common  drain  pipe ;  so  I  plan  to  put  in  a  line 
of  nickel-plated  pipe  with  outlets  to  all  the  bearings. 
I'll  use  an  overhead  tank  and  run  the  drain  lines  direct 
to  the  filter,  which  we'll  put  in  a  pit." 


FIG.   3.      METHOD   OF  LU- 
BRICATING    PISTON    PIN 


FIG.  4.     LUBRICATION  OF 
PISTON   SURFACK 


"Mr.  Egan,"  Woods  interrupted,  "isn't  a  chain-  or 
ring-oiled  bearing  O.K.  if  you  use  one  of  these  me- 
chanical oil  pumps  that  lets  a  drop  of  oil  run  to  the 
bearing  ever  so  often?' 

"I  don't  think  so.  Such  a  lubricator  doesn't  give 
enough  oil  to  keep  the  temperature  down,  if  a  ring  fails. 
So  all  it  actually  does  is  to  furnish  new  oil  to  the  oil 
cellar. 
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"FiR.  5  .shows  another  oiliriK  system.  Tho  mainshaft 
is  drilled  diaK"nally  .o  that  the  pins  may  hv  oiled.  The 
oil  is  handk'd  h  •  a  rotary  putnp  jreared  to  the  engine 
shaft.  The  oil  line  runs  to  the  bottom  of  each  bearing' 
housing  where  it  enter.-,  the  bearing.  Part  of  the  oil 
enters  the  diat^onnl  holes  and  thus  oils  the  pins.  The 
oil  drips  into  the  crank  case,  flows  to  the  filter  and  oil 
cooler  and  then  back  to  the  pump. 


socrioff 
FIG.   5.      DIAGRA.M   OK    KOKCED-LUBRICATION    .SYSTEM 

"The  advantage  of  this  system  is  that  the  oil  is  forced 
into  the  bearing  at  the  point  of  heaviest  pressure.  Con- 
sequently, lubrication  is  positive.  There  is  no  danger 
of  the  oil  film  being  broken,  as  often  happens  with  ring 
oilers.  The  pressure  on  the  oil  line  as  recommended  by 
the  builders  is  1-5  lb.,  but  we  had  better  luck  with  25  lb. 
The  oil  pressure  is  registered  on  a  gage  that  furnishes 
an  excellent  way  to  learn  if  the  bearings  are  getting 
oil.  If  the  pressure  runs  up,  it's  plain  that  part  of  the 
pipe  line  is  clogged  or  one  of  the  bearings  has  gof 
hot  and  stopped  the  port.  If  the  pressure  decreases, 
the  filter  may  be  dirty.  A  leak  may  have  developed 
in  the  piping,  the  bypass  may  be  leaking,  or  the  oil  may 
be  escaping  from  the  edge  of  the  housing." 

"^^Tiat's  the  objection  to  this  system?"  asked  Kelly, 
who  always  expected  Egan  to  have  some  objection. 

"The  engine  we  use  it  on  has  water-cooled  pistons, 
and  the  telescope  tubes  often  leak,  letting  water  get  into 
the  crank  case  and  mix  with  the  oil,  causing  hot  bear- 
ings. So  we  put  in  a  water  separator  made  of  a  piece 
of  8-in.  pipe  with  the  drain  pipe  running  into  it,  form- 
ing a  trap,  as  shown  in  Fig.  6.  I  expect  this  to  be 
drained  of  the  accumulated  water  every  day,  but  I  have 
a  hunch  that  you  don't  always  do  it." 

The  embarrassed  laughter  of  the  men  was  proof  that 
the  chief  had  guessed  shrewdly. 

"To  lubricate  a  shaft  bearing  successfully  by  any 
oiling  system,  the  oil  mu.st  form  a  film  and  have  low  fric- 
tion. Many  oils  that  apparently  are  of  proper  viscosity 
and  free  from  filler  haven't  enough  cohesion  to  cover  the 
shaft  without  breaking. 

"Usually  bearing  oil  receives  less  attention  than  cyl- 
inder oil.  It's  true  that  a  cheaper  oil  can  be  used,  but 
experience  proves  that  bearing  trouble  is  more  prevalent 
than  piston  trouble. 

"Now,  let  us  consider  piston  lubrication.  Almost  all 
makes  of  engines  use  force-feed  lubricators  for  oil- 
ing the  cylinder  walls.  Many  of  these  pumps  are  giving 
satisfactory  service.  Parsonally,  I  prefer  the  kind  that 
is  £0  o-sared  that  the  oil  is  injected  onto  the  piston  sur- 


face when  the  piston  is  at  the  lower  end  of  its  stroki 
In  this  way  tho  oil  is  deposited  on  the  piston  when  it 
temperature  is  fairly  low.     The  piston  with  it.s  film  of 
cil  lubricates  the  entire  cylinder  on  the  up  stroke. 

"It's  practically  impossible  to  ^ct  "  suitable  cylinder 
oil  by  specifying  the  Hash  point  and  vi.scosity.  Person- 
ally, I  believe  in  trying  out  an  oil,  and,  if  it  works  rij^hi 
continue  to  use  it.  It  must  have  enoufh  body  to  seal  tin 
pi.ston  and  rings  and  so  prevent  loss  of  compression, 
and  it  must  burn  without  leaving  a  carbon  dsposit." 

"Burn?"     Kelly    repeated    wonderingly.      "I    alway 
thought  you  wanted  to  use  the  oil  to  oil  the  piston  ami 
not  to  burn  up." 

"I've  often  been  entertained  by  oil  .salesmen  talking  of 
the  nonburning  qualities  of  their  oil,"  Egan  replied 
dryly.  "But  the  fact  is  that  no  oil  on  earth  can  be  used 
in  a  cylinder  of  a  Diesel  engine  without  burning.  On 
each  power  stroke  the  flame  of  the  burning  fuel  charge 
absolutely  consumes  the  film  of  lubricating  oil  on  the 
cylinder  walls." 

"But,  chief,"  Woods  spoke  up,  "I've  read  that  the 
average  temperature  in  the  cylinder  isn't  above  250  deg. 
F.,  and  that  isn't  hot  enough  to  burn  lubricating  oil." 

"But  we're  dealing  with  maximum  instead  of  aver- 
age  temperatures.      I    doubt    that   250-deg.   statement. 
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FIG.     6         HO.ME-.MADE     WATER     SEPARATOR 

Maybe  the  side  of  the  cylinder  walls  in  contact  with 
the  cooling  water  is  that  cool;  but  if  you  drilled  a  hole 
into  the  wall,  you'd  find  the  temperature  running  high 
enough  to  burn  the  oil.  So  we  want  a  lubricating  oil 
that  will  burn  without  leaving  a  carbon  deposit.  Tt 
must  be  strictly  mineral,  neutral  and  free  from  animal 
or  vegetable  oil,  soap  compound,  mica,  graphite  or  soap- 
stone. 
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"The  chief  trouble  I  find  with  you  fellows  is  your 
habit  of  playing  safe  by  using  too  much  cylinder  oil. 
The  proper  way  is  to  reduce  the  drops  per  minute, 
gradually  until  you  are  feeding  just  enough  to  keep 
the  piston  lubricated.  If  you  use  too  much,  carbon  is 
bound  to  form  and  the  rings  will  gum  in  the  grooves  and 
cut  the  cylinder." 

"How  much  oil  ought  we  to  feed,  then?"  Kelly 
wanted  to  know. 

"You  will  find  our  lubricators  all  adjusted  to  give 
about  6  drops  per  minute  to  the  cylinder  and  15  drops 
per  minute  to  the  piston  pin.  As  to  camshafts  and 
valves,  it's  best  to  use  the  same  oil  as  with  the  pistons. 
One  of  our  engines  had  grease  cups  on  the  valve-lever 
bearings,  but  we  had  to  change  to  wick  oil  cups.  The 
grease  wouldn't  run  until  the  bearings  warmed  up, 
which  was  a  thing  we  wanted  to  prevent.  With  the 
valves,  it's  best  to  use  a  little  kerosene  every  day  and 
oil  about  every  four  hours.  The  kerosene  prevents  car- 
bon forming  from  the  oil." 

"Chief,  you  promised  one  night  to  say  something 
about  oiling  gears." 

"I'd  almost  forgotten  that.  Woods.'  The  trouble  with 
helical  gears  is  to  get  an  oil  that  will  maintain  a  film 
on  the  teeth.  If  the  oil  flows  readily  enough  to  form  a 
film,  it  is  likely  to  squeeze  from  between  the  teeth  as 
they  come  in  contact.  And  if  it  is  viscous  enough  to 
keep  from  being  thrown  off  by  centrifugal  force,  it  us- 
ually is  too  solid  to  form  a  film,  acting  more  like  a 
grease  than  an  oil.  The  best  way  is  to  carry  a  high 
oil  level  in  the  gear  case  and  have  an  oil  cup  that  drops 
additional  oil  on  the  teeth  where  they  come  into  con- 
tact." 

Egan  yawned,  rose  and  stretched  himself. 

"Now,  boys,  let's  hit  the  hay.  It's  hard  days  like  this 
one  that  make  me  feel  that  soon  the  plant  will  need  a 
new  chief." 

Brown  Boiler-Room  Signaling  Pyrometer 

Among  other  developments  in  boiler-room  practice, 
engineers  are  giving  attention  to  the  regulation  of  fir- 
ing by  the  temperature  obtained  in  the  furnace,  boiler 
passes  and  uptake. 

To  indicate  the  boiler  operation  when  the  tempera- 
ture is  too  high  or  too  low,  the  Brown  Instrument  Co., 
Philadelphia,  Penn.,  has  developed  a  signaling  pyrom- 
eter. Three  lights  are  grouped  for  each  furnace,  a 
green  light  indicating  that  the  temperature  is  too  low, 
white  that  the  proper  temperature  is  being  maintained, 
and  red  that  the  temperature  is  too  high. 

For  instance,  suppose  the  gases  in  the  boiler  uptake 
should  run  between  500  and  550  deg.  F.  with  satisfactory- 
firing  conditions.  If  the  temperature  drops  below  500 
deg.  the  green  light  is  automatically  lighted,  or  if  it  ex- 
ceeds 550  deg.  it  would  show  an  excessive  amount  of 
heat  passing  up  the  chimney  due  to  incompetent  firing. 
The  fireman  having  the  group  of  three  lights  before 
him  on  the  boilsr,  will  endeavor  to  keep  tha  white  light 
burning  by  means  of  careful  firing.  The  apparatus 
shown  herewith  operates  automatically  and  is  similar 
in  construction  to  the  ordinary  indicating  pyrometer. 

A  contact  table  adjustable  throughout  the  whole  scale 
range  carries  three  contacts  corresponding  to  the  three 
lights,  the  central  contact  operating  the  white  light, 
usually  covering  a  space  of  20  deg.  on  the  scale,  amount- 


ing to  10  deg.  plus  or  minus  the  desired  temperature. 
The  pointer  on  the  pyrometer  is  automatically  depressed 
once  a  minute  on  the  tungsten  contacts. 

An  automatic  three-position  relay  is  operated  by  the 
closing  of  the  contacts  in  the  in.strument.  Assume  that 
the  furnace  is  started  up  and  the  low  contact  is  closed, 
corre.sponding  to  the  green  light,  and  the  relay  com- 
pletes the  circuit  through  the  green  light.  The  con- 
tact in  the  instrument  is  closed  only  a  few  seconds  to 
operate  the  relay,  but  the  green  light  continues  to  burn 
until  the  temperature  rises  to  the  desired  point,  when 
the  relay  shifts,  causing  the  white  light  to  burn  and 
extinguishing  the  green.  The  proper  light  continues  to 
burn,  although  the  contact  in  the  instrument  closes 
only  for  a  few  seconds  once  a  minute. 

It  is  frequently  desirable  to  incorporate  a  hand-oper- 
ated switch  with  the  instrument  so  that  the  tempera- 
ture of  the  thermocouple  in  a  furnace  may  be  auto- 
matically signaled  and  the  temperature  of  other  thermo- 
couples may  be 
read  on  the  scale 
by  some  qualified 
official.  This  is 
easily  handled. 

We  will  assume 
that  the  tempera- 
ture of  No.  1 
thermocouple  is  to 
be  signaled  and 
the  switch  ordi- 
narily remains  on 
No.  1  point.  It 
can  be  thrown  by 
hand  to  Nos.  2,  3 
or  4  points  for  in- 
stance, and  when 
throwm  the  circuit 
through  the  lights 
is  automatically 
cut  off  from  the 
instrument,  but 
the  relay  con- 
tinues to  maintain 
the  light  burning 
on  No.  1  thermo- 
couple until  the 
other  tempera- 
tures have  been 
read  and  the 
switch  returns  by 

a  spring  to  No.  1  position.  Then  if  any  change  has 
taken  place  in  the  temperature  while  the  other  points 
were  being  read,  the  relay  will  automatically  operate 
again. 

By  introducing  an  automatic  motor  or  clock-driven 
switch  in  connection  with  a  pyrometer,  the  temperature 
of  practically  any  number  of  thermocouples  can  be  auto- 
matically signaled  by  one  instrument. 


SIGNALING    PYROMETER 


The  cubic  capacity  of  an  8-!n.  pipe  line  is  about  328 
bbl.  of  oil  per  mile.  As  the  length  of  the  principal  pipe 
lines  in  the  United  States  is  over  30,000  miles,  millions 
of  barrels  of  oil  are  required  simply  to  keep  these  lines 
in  operation. 


Victory  Liberty  Notes  make  saving  sure.     Buy  them 
and  keep  them. 
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Areas  of  Srijjmrnls  of  Itoiirr  Meads 


Hy   C.   II.   MKRUY* 


TUV)  hond  of  n  hoilor  drum  must  ho  tioaled  as 
a  tint  surfait'  to  ho  siii)porlod  hy  eithor  throuKh 
or  diauonal  stays  dosiKned  to  carry  the  full  load 
oxortoil  aniiiiist  tho  hoad  hy  the  internal  pressure.  In 
the  tire-tuhe  holier  the  tuhes  reduce  the  area  to  he 
stayed  in  two  ways:  First,  each  tuhe  reduces  the  load 
to  he  sujiported  hy  an  amount  equal  to  the  interna) 
pressure  multiplied  hy  the  area  of  the  tuhe  hole  in  the 
hoiler  head;  second,  each  tuhe  is  in  itself  an  excellent 
stay,  adequate  to  carry  the  load  due  to  the  pressure 
exerted  against  the  adjacent  portion  of  the  head.  Only 
in  cases  of  exceptionally  wide  tube  spacing  are  stays 
required  amoi.,;  the  tubes. 

The  shell  of  the  boiler  drum  also  acts  as  a  stay  and 
is  able  to  take  care  of  the  pressure  against  an  annular 
ring  around  the  edge  of  the  head,  the  width  of  this 
ring  depending  upon  the  thickness  of  the  head,  the 
pressure  allowed  and  the  radius  to  which  the  edge  of 
the  head  is  flanged.  In  most  cases  the  tubes  are  spaced 
sufficiently  near  the  shell  of  the  boiler  so  that  no  stays 
are  required  between  the  tubes  and  the  shell. 

These  successive  reductions  of  the  area  to  be  stayed 
fmally  leave  two  sections  of  the  head:  One,  the  seg- 
ment of  a  circle  above  the  top  row  of  tubes;  the  other, 
a  segment  of  a  circle,  or  sometimes  a  less  regular 
figure,  below  the  bottom  rows  of  tubes.  The  areas  of 
these  portions  of  the  head  that  require  staying  are 
determined  according  to  rules  laid  down  in  the  A.  S.  M. 
E.  Boiler  Code,  in  which  formulas  are  given  for 
obtaining  the  desired  result,  and  it  is  the  purpose  of 
this  article  to  discuss  two  charts  by  the  use  of  which 
the  desired  results  can  be  found  without  recourse  to 
tedious  numerical  work. 

The  A.  S.  M.  E.  Boiler  Code,  edition  of  1918,  reads 
as  follows: 

214.  Areas  of  Heads  To  Be  Stayed.  The  area  of  a  seg- 
ment of  a  head  to  be  stayed  shall  be  the  area  inclosed  by 
lines  drawn  2  in.  from  the  tubes  and  at  a  distance  d  from 
the  shell  as  shown  in  Figs.  15  and  16.  [Fig.  15  is  given 
here  as  Fig.  1  and  Fig.  16  as  Fig.  2.]  The  value  of  d  used 
may  be  the  larger  of  the  following  values: 

(1)   d  —  the  outer  radius  of  the  flange, 
not  exceeding  8  times  the  thickness 
of  the  head. 
5  XT 

1    'P 

where  d  —   Unstayed  distance  from  shell  in  inches; 

T  —  Thickness  of  head  in  sixteenths  of  an  inch; 

P   —   Maximum  allowable  working  pressure  in  pounds 
per  square  inch. 

217.  The  net  area  to  be  stayed  in  a  segment  of  a  head 
may  be  determined  by  the  following  formula : 

4(g  -  d  -  2)^      r-2,E  -  d) 
3  \(H  -  d  -2) 

=  area  to  be  stayed,  sq.  in. 

where 

H  —   Distance  from  tubes  to  shell,  inches; 
d  —   Distance  given  by  formula  in  Par.  214; 
R  —   Radius  of  boiler  head,  inches. 

218.  When  the  portion  of  the  head  below  the  tubes  in  a 
horizontal  return-tubular  boiler  is  provided  with  a  man- 
hole opening,  the  flange  of  which  is  formed  from  the  solid 

•  Until  recently  assistant  professor  of  heat  power  engineering. 
Cornell  University. 


(2)    d    = 


0.608 


plalc  and  turned  inward  to  n  depth  of  not  Ii'hk  than  three 
tiine.H  the  rctiuirod  IhicknrsH  of  the  hoad,  muaHurcd  from 
the  outside,  the  area   to  be  stayed   an   indicated   in    Fig.    16 

1  Fig.  2  of  this  article]  may  be  reduced  by  100  s  ,.in.  The 
surface  around  the  manhole  shall  be  supported  by  through 
stays  with  nuts  inside  and  outside  at  the  front  head.  The 
distance  in  the  clear  between  the  bodies  of  the  braces,  or 
of  the  inside  braces  where  more  than  two  are  used,  shall 
not  be  less  than  10  in.  at  any  point. 

The  two  charts  designated  as  Figs.  3  and  4  are  in- 
tended to  replace  the  two  formulas  quoted  in  Pars.  214 
and  217.  The  chart  in  Fig.  3  gives  the  value  of  the 
allowance  d,  and  that  in  Fig.  4  gives  the  area  to  be 
stayed.     The  first  of  these  charts  gives  the  value  of 

the  allowance  d  according  to  the  formula,  d  =■■      , — — 

V  P 

as  quoted  from  the  A.  S.  M.  E.  rules.  It  will  be  noted 
that  the  rules  state  that  d  may  be  the  larger  of 
two  values,  either  the  outer  radius  of  the  flange  or 
the  value  given  by  the  formula.  The  rules  further 
state  that  in  taking  d  equal  tc  the  flange  radius  the 
value  of  d  may  not  exceed  8  times  the  thickness  of  the 
head.  On  the  other  hand,  there  is  no  restriction  on 
the  value  of  d  as  given  by  the  formula.  This  means 
simply  that  when  the  formula  gives  a  value  greater 
than  8  times  the  thickness  of  the  head,  d  will  be 
dc5termined  by  the  formula,  regardless  of  the  flange 
radius,  and  that  when  the  formula  gives  smaller  values, 
the  flange  radius  must  be  taken  into  account.  It  is 
to  be  noted  from  the  chart  that  the  formula  gives 
values  greater  than  8  times  the  head  thickness  only 
when  the  pressure  is  less  than  100  lb.  per  .sq.in.  The 
value  of  the  thickness  T  in  the  formula  is  taken  in 
sixteenths  of  an  inch,  but  in  the  chart.  Fig.  3,  this 
quantity  is  laid  off  on  a  scale  of  inches,  divided  into 
spaces  representing  thirty-seconds  of  an  inch. 

Before  making  use  of  the  chart  in  Fig.  4,  it  is  neces- 
sary to  subtract  the  allowance  d  from  the  radius  of 
the  head  (in  inches),  thus  obtaining  {R  —  d),  and 
also  to  subtract  d  from  the  distance  H  (in  inches) 
between  a  line  tangent  to  the  top  (or  bottom) 
row  of  tubes  and  the  boiler  shell,  thus  obtaining  H  — 
d.  With  the  two  values  thus  obtained,  the  chart 
in  Fig.  4  may  be  used  to  obtain  the  net  area  of  the 
segment  to  be  stayed,  in  square  inches.  An  illustrative 
example,  showing  how  the  charts  are  used,  is  given  on 
the  page  containing  the  charts. 

If  the  area  to  be  stayed  is  of  the  form  shown  in 
Fig.  2,  it  can  be  figured  as  the  sum  of  the  area  of 
a  segment,  found  with  the  aid  of  the  charts,  plus  the 
area  of  a  rectangle  limited  on  one  side  by  the  chord 
of  the  segment  and  on  the  other  sides  by  lines  drawn 

2  in.  from  the  tubes. 


Engineers  and  chemists  have  for  many  years  decried 
the  waste  of  burning  raw  bituminous  coal.  They  have 
time  and  again  shown  that  it  is  far  more  economical 
to  break  the  coal  up,  by  means  of  carbonization,  into 
its  constituent  elements  of  solid  carbon,  gas,  ammonia, 
oils  and  tars,  thus  releasing  these  several  valuable  prod- 
ucts for  u.se  in  their  respective  fields. 
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E  X  P  L.  A.  N  AT  1  O  N 


F"ind     +he    allowance    d  ,  \vhich  equals 
t-he    larger    of   +wo    values'   ei1-her    +he 
ou-l-er   Rodius    o-F  -|-he    Flange,   no+   +0   ex- 
ceed 8  1-imes  +he  thickness   o-P  i-he 
Head,  or  -fhe    volue  awen  by  the  Chcir+, 
Fig.  3 


From     R 
From     H 


jb1-rac+    d 
jlo-t-rac+    d 


^\k- 


3.       Find    -from  +he    Chcir+,  Fig.  A-.   +he 
ne+    Ar-ea    +0  be    t>r-aced 


EX/VM  P>l_E 

Allowoble     Pressu^«»  =  ISO    lb. 

Thickness    o-F      Head  =  ^   in. 

Radius     o-P      Mead,    T?  =  4S    " 


Melg  h+,    H 
Allowance,     d 


Area   oP    Segmen-I" 


=  30  " 
=  4-.9  " 
=  43.1  " 
=  25.1  " 
=  I  ESfo  sc].  in. 
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Holtwood  (Near  IMcCalls 
Ferry)  is  on  the  Siisque- 
haiiiia  River  about  fifteen 
miles  from  Lancaster, 
Pennsylvania,  and  forty 
from  Baltimore.Marvland. 
The  station  has  hvdraulio 
capacity  of  11 8.500  horse- 
power in  eight  units  with 
generators  of  83.500  kilo- 
watts rated  capacitv.  It 
distributes  at  70,000  volts. 


OPERATION 
HOLTWOOD 

By         » 
Cha7'les  //.£7X>mley 


Tells  what  causes  may  in- 
duce the  governors  of  the 
hydraulic  turbines  to  hunt 
and  how  to  avoid  or  re- 
move these  causes.  Great 
care  is  taken  to  insure 
adequate  pressure  of  the 
fluid  for  the  governor 
system.  How  operation 
of  the  turbine  gates  is 
continued  should  this 
pressure  become  reduced. 


HUNTING  come?  abotjt  •  through  a  number  of 
causes,  chief  of  which  are  oversensitiveness,  too 
light  dashpot  oil,  lost  motion  in  the  governor- 
operating  mechanism,  needle  valve  on  the  dashpot  im- 
properly adjusted,  and  permitting  too  free  a  movement 
of  the  piston  in  the  dashpot.  Heavy  swings  of  load  may 
induce  the  governor  to  hunt.  After  an  interruption  of 
service  cross-currents  between  generators  usually  ag- 
gravate governor  troubles.  Serious  surging  in  the  tail- 
race,  which  may  make  and  break  the  vacuum  in  the 
draft  tube,  will  cause  the  governor  to  hunt.  Electrical 
hunting  of  the  generators  due  to  disturbances  on  the 
system  or  to  a  bad  shot  in  synchronizing  will  lead  to 
hunting  of  the  turbine  governors.  The  electrical  hunt- 
ing must  be  stopped.  Excessive  lost  motion  in  the  re- 
.storing  mechanism  also  may  cause  hunting.  Hunting 
can  usually  be  stopped  by  adjusting  the  dashpot  needle 
valve,  which  should  never  be  more  than  one-quarter 
turn   open. 

Holding  the  pilot-valve  stem  by  the  hand  in  a  fixed 
position  tends  to  stop  hunting.  The  valve  stem  must 
not  have  side  pressure  exerted  upon  it,  as  this  may 
cause  injury  to  the  valve. 

In^  rare  cases  all  governors  will  hunt  at  the  same 
time.  \^Tien  this  occurs,  as  many  attendants  as  pos- 
sible are  placed  at  each  governor  to  hold  the  valve  stem 


by  hand  until  the  water  in  the  forebay  and  tailrace 
stops  surging.  Widely  swinging  leads,  as  Sunday  or 
holiday  railway  loads,  induce  surges  easier  than  the 
combined  industrial,  railway  and  lighting  load  on 
weekdays. 

Stripped  Governor  Gears — Careful  observation  is 
kept  for  hot  governor  bearings,  for  if  these  seize,  the 
gears  will  be  stripped,  the  governor  made  inoperative 
and  the  wheel  gates  will  assume  their  balanced  position, 
approximately  50  per  cent,  gate  opening.  During  peak 
load  the  unit  is  cut  out  if  this  happens.  The  machine 
is  changed  over  to  hand  control  and  continued  in  serv- 
ice until  repairs  can  be  made. 

The  damaged  turbine  is  never  cut  out  suddenly,  as 
this  would  likely  result  in  frequency  disturbance. 

The  governor-regulating  valve  should  always  respond 
to  movement  of  the  pilot  valve.  When  it  does  not,  the 
regulating  valve  is  stuck.  Grit  or  scale  caught  in  the 
valve,  or  wiping  of  the  valve  against  the  seats  due  to 
poor  lubricating  quality  of  the  governor  fluid,  or  a  split 
valve  ring,  will  cause  the  regulating  valve  to  stick. 
When  it  does  stick,  it  must  be  taken  out  and  the  cause 
removed.  When  a  hissing  sound  comes  from  the  regu- 
lating valve,  it  is  an  indication  of  excessive  leakage. 
Should  the  restoring  mechanism  break  owing  to  exces- 
sive friction  in  the  pins  or  to  severe  surges,  the  gov- 
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ernor  is  cut  out  and  the  machine  continued  in  opera- 
tion by  hand  control. 

Supply  of  Pressure  Fluid  for  Governor  System — 
There  are  two  separate  systems  of  pressure  supply  lines, 
return  headers,  sump  tanks,  pumps,  etc. :  One,  the  gov- 
ernor control;  the  other,  the  hand-control  system.     Fa- 


FIG.  1.     SPEED-CONTROL  PANELS  FOR  THE  ALTERNATING-CURRENT  MOTORS  DRIVING  GOVERNOR  FLUID 

PRESSURE    PUMPS 
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cilitie.s  for  interconnpction  arc  provided,  but  normally 
the  two  systems  are  kept  separated.  There  is  a  third 
Kravity-pressure  siii)i)ly  furnished  by  a  concrete  tank 
on  the  hill  outside  of  the  power  house;  this  is  u.sed  only 
in  emergencies. 

The  Kovernor-conlrol  system  rereives  its  pressure 
fron)  four  centrifu^'al  pumps — two  alternating-current- 
driven  and  two  direct-current-driven.  The  hand  con- 
trol is  supplied  by  a  centrifugal  direct-current-motor- 
driven  pun\p  and  by  a  waterwheel-driven  plunger  pump. 
The  motors  of  the  alternating-current-driven  governor 
pumps  are  arranged  for  variable  speed,  the  adju.stment 
i)f  which  is  left  to  the  care  of  the  pumpman.  This  is 
accomplished  by  short-circuiting  resistances  connected 
in  the  slip-ring  rotor  circuit. 

The  direct-current  driven  pumps  are  started  up  auto- 
matically by  contact-making  pressure  gages  set  for  240 
lb.  (see  Fig.  3).  This  gage  is  mounted  on  the  same  panel 
with  the  solenoid-operated  starting  switches  located 
near  the  pumps  on  the  tunnel  floor.  The  standard  pres- 
sure gage  shown  on  the  illu.'?tration  to  the  left  of  the 
panel  is  used  in  connection  with  the  daily  routine  check 
made  on  the  automatic  starting  feature  of  these  pumps. 

If  the  alternating-current  power  supply  should  fail 
temporarily,      the      alternating-current-driven     pumps 


the  pressure  in  other  arrumulatora,  and  it  may  be  trans- 
ferred to  them  through  the  pipe  connections.  The  proc- 
ess must  be  repeated  as  many  times  as  may  be  neces- 
sary to  produce  the  required  compression. 

For  the  remote  contingency  that  the  entire  pumping 
.system  should  fail,  the  fluid  may  be  completely  drawn 
from  the  accumulator  tanks  and  the  compres.sed  air  in 
the  tanks  may  escape  through  the  governor  valves.  The 
first  step,  of  course,  is  to  restore  the  air  pre.saure. 
The  operator  has  his  mind  prepared  for  .such  a  con- 
tingency and  would  resort  to  the  air  in  the  accumulator 
tanks  of  such  units,  which  are  not  in  service  and  which 
can  be  used  to  refill  the  tanks  in  which  the  pressure 
has  been  lost.    Service  may  be  more  quickly  restored  by 


FIG.    2.      DIRECT-CURRENT    GOVERNOR  PUMP  SET 

would  Slow  down  and  both  direct-current-driven  pumps 
would  come  quickly  into  action.  For  a  short  time  the 
pressure  fluid  stored  in  the  accumulators,  located  on  the 
thrust  deck  of  each  unit,  could  continue  to  operate  the 
gate  cylinders  to  the  equivalent  of  four  full  strokes  of 
the  piston.  The  power  supply  to  these  motors  is  assured 
by  the  waterwheel-driven  exciters  and  by  a  large  emerg- 
ency storage  battery  that  would  discharge  automatic- 
ally into  the  direct-current  service  connections  in  case 
the  exciters  should  be  disabled  temporarily. 

High-Pressure  Accumulator  Air — This  air  is  nor- 
mally at  330  lb.  per  sq.in. ;  it  is  supplied  by  two  air  com- 
pressors (see  Fig.  5).  Should  both  compressors  go  out 
of  service  from  any  cause,  the  high-pressure  air  is  ob- 
tained by  filling  one  of  the  accumulator  tanks  with  at- 
mospheric air,  or  air  at  100  lb.  pressure,  which  usually 
is  available,  and  building  up  the  pressure  by  forcing 
water  from  the  central  pumping  system  into  the  ac- 
cumulator.    The  pressure  can  thus  be  increased  above 


FIG.     3.       AUTOMATIC     STARTING     PANEL     FOR 
DIRECT-CURRENT    DRIVEN    GOVERNOR 
PUMPS  ENERGIZED  BY  CONTACT- 
MAKING    PRESSURE    GAGE 

starting  a  unit  that  has  been  shut  down,  as  its  ac- 
cumulator has  the  normal  air  pressure. 

Sometimes,  when  the  pressure  is  insuflScient  to  move 
the  wheel  gates,  closing  the  supply  valves  on  units  out 
of  service  will  reduce  leakage  sufficiently  to  permit  the 
necessary  pressure  to  be  built  up. 

Emergency  Pumps  on  the  Governor-Control  System — 
There  is  a  pump  known  at  the  plant  as  the  Hill  pump 
because  it  forces  water  to  a  tank  on  "the  hill,"  which 
is  near  the  station,  the  tank  being  at  an  elevation  of 
320  ft.  from  the  pump.  In  the  event  of  complete  fail- 
ure of  the  governor  system  and  the  hand-control  system, 
"hill"  pressure  is  admitted  automatically  through  a 
check  valve  to  the  hand-control  system,  this  water  com- 
ing through  the  white,  or  filtered,  water  pipes  connected 
to  the  hill  pressure  system. 

To  protect  even  against  the  contingency  of  loss  of 
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FIG.     4      (ABOVE).       THE     HYDRAULIC-SYSTEM 
BOARD   ON  THE   GENERATOR-ROOM   FLOOR 

This  board  bears  the  same  relation  to  the  governor 
fluid  system  that  the  mimic  bus  board  bears  to  the 
electrical   system. 


FIG.  5  (BELOW).  HIGH -PRESSURE  AIR-RESERVE 
TANK   FOR   GOVERNOR   SYSTEM 

i.'he  high-pressure  tank  is  shown  to  the  right ;  the 
horizontal  compressor  with  the  small  tank  on  the 
left  part  of  the  picture  supplies  low-pressure  air  for 
cleaning  and  general  station  use ;  two  duplicate  sets 
of  high-pressure  air  compressors  are  located  on  tlie 
tunnel  floor  right  below  the  large  tank  shown  in  this 
picture. 
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hill  pressure,  provision  is  nimlo  for  (|iiickly  pulliiipr  into 
service  u  small  doiihli'-aitinjr  hand  pump,  pnxluciMtr  suf- 
ficient pressure  to  operate  the  e.xciter  Kntes.  A  bucket 
of  clean  water  is  poured  into  the  sump  tank  immediately 
beneath  the  operating  cylinder  for  the  Rates  of  the 
exciter  turbine.  The  balance  pipe  valves  leading  to  the 
jjovernor-  and  hand-control  .systems  are  then  closed,  the 
pump  operated,  and  the  valves  leading  from  a  four-way 
valve  opened  to  the  opening  and  closing  side  of  the 
operating  cylinder.  To  open  the  gates  the  four-way 
valve  lever  is  moved  to  its  extreme  forward  position; 
to  close  the  gates  the  lever  is  moved  in  the  opposite 
direction.  As  stated,  this  pump  is  for  use  only  in  a 
most  serious  emergency,  therefore,  the  crews  are  drilled 
in  its  use  so  that  when  trouble  arises,  lack  of  experi- 
ence by  the  operators  will  not  cause  unnecessary  delay. 
So  far  this  emergency  pump  had  not  yet  been  called  for 
actual  emergency  work. 

Sump  Tanks — It  is  the  practice  at  Holtwood  to  carry 
the  Iluid  level  higher  than  is  customary  in  hydro-elec- 
tric practice  to  safeguard  against  loss  of  fluid  and 
against  accident.  Therefore  the  sump  tanks  occasion- 
ally overflow  a  little  at  times  of  severe  governor  surges. 

Severe  pumping  disturbances  tend  to  clog  the  screens 
on  the  pump  sections.  This  is  indicated  by  an  increased 
vacuum  shown  by  a  gage  on  the  suction  side.  The 
screens  are  immediately  cleaned. 

Causes  of  Loss  of  Governor  Pressure — This  may  be 
due  to  loss  of  alternating-current  power,  loss  of  direct- 
current  power,  loss  of  both,  loss  of  fluid  or  bursting 
of  the  fluid  piping. 

The  piping  is  sectionalized  and  the  hydraulic  and  elec- 
tric operating  attendants  are  familiar  with  all  valves 
opened  or  closed  at  any  particular  time  from  the  posi- 
tion of  the  indicators  on  the  hydraulic  mimic  board. 
The  telltale  lamps  on  this  hydraulic  board  (Fig.  4), 
visible  from  the  benchboard  gallery,  will  show  at  a 
glance  which  pumps  have  dropped  out  of  service.  The 
operator  can  observe,  also,  recording  gages  on  the 
benchboard  platform  that  show  the  governor-  and  hand- 
control  pressures.  The  pumpman  again  gets  his  indi- 
cation of  the  pressure  section  in  the  two  systems  by 
large-dial  pressure  gages  mounted  on  a  bracket  in  the 
center  section  of  the  tunnel,  visible  from  both  sides. 
These  different  indicating  devices  have  been  installed 
for  the  specific  purpose  of  permitting  a  quick  diagnosis 
of  trouble  in  the  governor-pressure  system,  so  that  at- 
tendants can  restore  normal  condition  with  the  least 
possible  delay. 

Don't  Take  Chances  with  the 
Synchronoscope 

By  F.  Gillooly 

Modern  tendency  in  power-station  design  is  to  sep- 
arate the  control  room  from  the  generating  equipment, 
at  the  same  time  increasing  the  number  of  the  instru- 
ments used.  Therefore  the  operator  must  become  more 
familiar  with  his  instruments,  reading  more  from  them 
than  is  printed  on  their  dials,  when  operating  the 
station  from  them  alone. 

With  the  large  generating  units  now  being  used,  the 
synchronoscope  becomes  a  most  important  instrument, 
and  it  should  be  studied  carefully  by  the  operator. 
Only  from  long  experience  and  close  study  results  a 
thorough  familiarity  that  enables  one  to  correctly  in- 
terpret the  reading  of  instruments. 


I  once  strolled  in  on  an  operator  who  was  synchroniz-l 
ing  a  100(t-kv.-a.  alternator.  The  plant  was  old:  each  I 
of  the  engine-driven  geni-rators  had  its  belted  exciter 
and  was  controlled  by  hand-operated  oil  switches  located 
in  the  basement,  operated  through  a  long,  many-jointed 
rod  mechanism.  The  operator  was  not  sure  of  himself, 
as  he  fre(|uently  changed  his  mind  when  about  to 
close  the  oil-switch.  The  .synchronoscope  was  behaving 
quoerly;  it  would  jump  from  zero  to  90  deg.  slow,  l)ack 
to  zero,  then  to  180  deg.  fast  and  back  to  zero.  A  check 
on  the  conditions  revealed  the  fact  that  while  the  bu» 
voltage  was  GOOD,  the  incoming  machine's  voltage  was 
only  1000;  the  operator  had  forgotten  to  build  up  the 
exciter  voltage. 

Another  operator  on  another  system  was  not  so 
fortunate.  He  was  starting  up  a  OOOO-kv.-a.  frequency 
changer,  and  after  .synchronizing  the  motor,  he  checked 
the  generator  voltage  and  plugged  in  on  the  synchrono- 
scope. The  pointer  was  right  at  synchronism  and 
seemed  as  though  it  would  tarry  there  a  moment,  which 
was  rare  luck.  Seldom  did  a  machine  wait  at  exact 
synchronism  for  the  .switch  to  be  closed.  The  oil  switch 
was  of  the  motor-operated  type;  the  operator  pushed 
the  control  button,  and  in  went  the  switch. 

For  a  moment  he  was  not  sure  whether  he  had 
operated  an  oil  switch  or  discharged  a  ton  of  dynamite. 
The  oil  switch  tripped  out  with  a  flash  and  a  roar;  half 
a  dozen  coils  in  the  armature  were  burned  out,  the 
lamination  was  melted,  the  field  coils  were  damaged, 
the  shields  over  the  end  of  Uie  stator  coils  were  broken 
off  and  sucked  into  the  machine  by  the  magnetic  field, 
then  hurled  in  pieces  against  the  wall  and  through  the 
windows.  Had  the  operator  investigated  why  the  syn- 
chronoscope's  pointer  did  not  move,  he  would  have 
found  that  the  generator's  potential  transformer  fuses 
were  out. 

Another  avoidable  error  was  made  by  an  operator 
Avhen  he  tried  to  put  in  a  4000-kv.-a.  turbine  unit  and 
could  not  get  the  synchronoscope  to  work.  Investiga- 
tion showed  the  synchronoscope  selector-switch  open, 
and  after  closing  it,  he  hurried  on  with  the  synchroniz- 
ing. As  soon  as  the  oil  switch  was  closed  it  tripped; 
the  load  on  the  station  dropped  as  the  synchronous 
apparatus  kicked   out   of   step   all   over   the   system. 

The  dust  quickly  disappeared  from  the  machine, 
which  was  let  run  at  full  speed  and  voltage.  The  oper- 
ator found  the  machine's  voltage  even  with  that  of 
the  bus  and  the  frequency  the  same,  and  decided  that 
the  oil  switch  must  have  been  slow  to  close.  He  syn- 
chronized again  with  as  disastrous  results.  On  doing 
what  he  had  neglected  to  do  in  the  beginning — to  check 
the  synchronoscope — it  was  found  at  zero  when  the 
lamps  were  bright  and  at  180  deg.  when  the  lamps 
were  dark.  The  trouble  was  found  to  be  caused  by 
someone  working  on  the  synchronoscope  during  the 
day  and  not  testing  it  afterward.  These  experiences 
indicate  the  necessity  of  checking  the  synchronoscope 
before  paralleling  alternators. 


Under  Section  91  of  the  New  York  Labor  Law,  super- 
vision of  steam  boilers  by  the  factory  inspector  applied 
only  to  boilers  in  factories.  The  Bewley  Bill,  just 
passed  the  legislature  and  been  signed  by  the  Governor, 
calls  for  the  inspection  of  all  boilers  carrying  pressures 
over  15  lb.  per  sq.in.  in  all  classes  and  types  of  buildings. 


Add   your   mite   to   America's   might — Buy   Victory 
Liberty  Notes — Buy  before  the  sun  goes  down. 
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The  Electrical  Study  Course — Current  Division 
in  a  Three- Wire  Generator 


Explains  in  detail  how  the  unbalanced  current 
of  a,  three-ivire  system  divides  ai.iong  the  arma- 
ture u'indirigs  of  the  three-wire  generator. 


IN  THE  preceding  lesson  the  path  of  the  current  in 
the  neutral  wire  of  an  unbalanced  three-wire  system 
was  traced  through  the  inductances  used  with  a  three- 
wire  generator.  The  next  step  is  to  investigate  the 
path  of  the  currents  from  all  parts  of  the  system 
through  the  armature  winding.  For  this  purpose  a 
numerical  example  will  be  found  convenient. 

In  Fig.  1  G  is  the  armature  of  a  three-wire  generator 
supplying  current  to  a  three-wire  system  as  shown. 
Suppose  that  the  load  X  between  A  and  A^  is  composed 


through  the  armature  to  a.  If  the  load  Y  were  to  be 
made  larger  than  X,  the  current  in  N  would  flow  from 
left  to  right  instead  of  from  right  to  left  as  shown, 
and  the  currents  in  the  inductances  would  in  that  case 
flow  in  directions  opposite  those  they  previously  had ; 
namely,  toward  g  instead  of  away  from  it.  Just  how 
the  currents  divide  in  the  armature  in  either  case  will 
be  made  clearer  by  reference  to  Fig,  2. 

Let  us  first  assume  that  the  load  is  balanced,  each 
side  of  the  system  carrying  100  amperes,  under  which 
conditions  there  will  be  no  current  in  the  neutral  and 
consequently  none  in  L,  and  L,  other  than  the  alternat- 
ing current  through  them.  Consider  this  current  to  be 
5  amperes  for  the  position  shown  in  Fig.  2.  This  makes 
a  total  of  100  -f  5  =  105  amperes  going  in  at  the 
negative  point  of  the  armature  winding.  The  two  halves 
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FIGS.   1  TO   4.      DIAGRAMS  OP  THREE-WIRE  GENERATORS   SHOWIXG   DISTRIBUTION   OF   CURRENT 


of  100  lamps,  each  taking  one  ampere  at  110  volts,  and 
that  the  load  Y  between  A''  and  B  is  composed  of  60 
such  lamps.  Then  the  current  in  A  would  be  100  X  1 
=  100  amperes  and  that  in  B  60  X  1  =  60  amperes. 
The  neutral  N  would  carry  the  difference,  or  100  —  60 
=  40  amperes.  Since  brush  a  is  positive  and  brush  b 
negative,  the  directions  of  the  currents  will  be 
those  indicated  by  the  arrows.  Upon  reaching  g  the 
40  amperes  through  A^  will  have  two  paths  to 
the  armature,  one  through  the  inductance  L,  and  the 
other  through  L,  as  explained  in  the  preceding 
lesson.     Having  passed  through  L,  and  L,,  it  continues 


of  the  generator's  armature  to  the  right  and  left  of  the 
brushes  will  each  deliver  half  of  the  total  load  current, 
or  105  X  0-5  =  52.5  amperes.  The  direction  of  the  cur- 
rent through  the  armature  will  be  from  the  negative 
brush  b  to  the  positive  one  a,  as  shown  by  the  arrow- 
heads. 

Suppose  Ihat  the  load  is  now  unbalanced  as  in  Fig.  3 ; 
that  is,  the  load  at  X  is  100  amperes  and  the  load  Y 
60  amperes,  causing  a  current  of  40  amperes  to  flow 
in  the  neutral.  It  will  be  noticed  that  while  the  current 
leaving  the  brush  a  is  100  amperes,  that  entering  the 
brush  b  is  only  60  amperes,  the  difference  being  ac- 
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rnuntod  for  by  the  40  amperes  that  flow  from  the 
Mt'utrnl  throuph  tho  iiKUictancoH  iuu\  finally  to  the  ar- 
mature. The  GO  ampcri'H  (lowinir  from  Y  .split  at  the 
bru.sh  ^,  half  pa.ssiii^'  throiijfh  vmh  h:iif  of  the  armature 
winding  to  the  right  and  left  of  the  bru.shcs  a  and  h, 
as  indicated. 

In  the  la.st  lesson  it  was  .shown  how,  if  the  excitinjr 
current  in  the  inductances  was  .'>  amperes,  with  the 
armature  in  tho  position  in  Fit?.  3,  then  when  10  am- 
peres was  (lowinjj  in  the  neutral  all  the  excitat'on  for 


I-J5  d     ~  Ig-HO 

FIG.    5.      B.\I^\NCEK    .*<KT    O.X    THKIOK-WIKE    .'SYSTEM 

the  inductances  would  be  supplied  by  one  inductance; 
how,  when  the  armature  was  in  the  position  shown  in 
the  figure,  L.  would  be  supplying  all  the  ampere-turns, 
and  when  the  current  in  the  neutral  increased  above 
10  amperes,  the  increase  divided  equally  between  L,  and 
L,.  Therefore,  in  Fig.  3,  10  amperes  of  the  40  in  the 
r.eutral  will  flow  through  L.  to  supply  the  ampere-turns 
and  the  remaining  30  will  divide  15  through  L,  and  15 
through  L  ,  making  a  total  of  15  amperes  in  L,  and  25 
amperei  in  L,.  The  25  amperes  flowing  through  L^  enters 
the  armature  winding  at  d  and  divides,  12.5  amperes 
flowing  through  the  winding  to  the  right  of  brushes 
b  and  a  and  12.5  amperes  to  the  left,  making  a  total  of 
30  -|-  12.5  =  42.5  amperes  flowing  in  each  half  of  the 
armature,  or  a  total  of  42.5  -I-  42.5  =  85  amperes. 
This,  added  to  the  15  amperes  delivered  by  L„  makes  a 
total  of  85  -f-  15  =  100  amperes,  leaving  the  positive 
brush  as  indicated.  The  next  thing  is  to  investigate 
the  power  distribution  in  the  system.  The  entire  load 
on  the  generator  is  the  sum  of  the  loads  X  and  Y  and 
the  excitation  required  by  the  inductances  L^  and  L,. 

Since  the  current  in  X  is  100  amperes  and  the  volt- 
age across  it  is  110  volts,  we  have  X  =  100  X  HO  =" 
1 1,000  watts.  Similarly,  y  =  60  X  HO  =  6600  watts, 
and  the  watts  taken  by  L,  and  L,  at  the  instant  shown 
in  the  5  X  220  or  10  X  HO  ==  ilOO,  making  the  total 
load  that  the  generator  has  to  supply  equal  to  11,000  + 
6600  -f  1100  =--  18,700  watts.  The  total  current  flow- 
ing in  the  armature  is  42.5  -f-  42.5  =  85  ampere?;  this 
value  times  the  voltage  gives  the  load  supplied  by 
the  armature,  equals  85  X  220  =  18,700  watts,  which 
checks  with  the  sum  of  the  component  loads  on  the  ex- 
ternal circuit. 

In  looking  at  Fig.  3,  at  first  thought  it  might  appear 
that  the  15  amperes  through  L,  should  be  considered  in 
the  current  supplied  by  the  armature;  the  fact  is,  how- 
ever, that  this  current  is  not  supplied  from  the  arma- 
ture, but  is  220-volt  power  supplied  to  the  system  by 
the  armature  and  is  transformed  into  110-volt  power 
through  the  medium  of  the  inductances.  This  will  be 
more  readily  understood  by  referring  to  Fig.  4.  At  the 
instant  shown  in  Fig.  3,  if  the  inductances  were  discon- 
nected from  the  brushes  on  the  slip  rings  and  connected 
across  the  line  as  in  Fig.  4,  the  conditions  would  be 


identically  alike  except  that  the  current  flowing  through 
/..,  would  not  |)asH  tlirough  brush  a.  The  current  in  the 
armature  (GO  ampere.s  from  load  Y  and  25  ampereH 
through  /..).  that  is,  /  /«  |-  /,,  GO  |  25  85 
amperes.  This  gives  the  total  power  Hupplied  by  the 
generator  equaling  AV         220   X   85  18,700  wattH, 

which  check  up  against  the  lamp  load  of  17,600  wattH, 
plus  the  power  required  by  L,  and  L,  at  this  instant,  to 
excite  them,  of  5  X  220  or  10  X  HO  1100  watts  or 
a  total  of  17, GOO    ;     1100         18,700. 

Comparing  Figs.  3  and  4  with  Fig.  5,  the  last  repi 
.senting  a  three-wire  system  obtained   from  a  220-v' 
generator  (!  and  a  balancer  set  (7,  and  <7„   it  will   be 
.seen  that  all  three  are  alike.     The  balancer  set  has  been 
assumed   to   take   5   amperes   at   220   volts   to  drive    it 
without  any   load.     As  explained   in   previous  lessons, 
the  current  division  in  this  ca.se  would  be  as  indicated 
in  the  figure,  which  is  identical  to  that  in  a  three-wire 
generator.     In  Fig.  5  the  load  on  the  generator  is  W 
220  X  85  =^.  18,700  watts,  and  the  system  load  i;.  X 
Y  =  7,1  E,  4-  InE.^  --=  100  X  HO  +  60  X  HO  =  17,600 
watts.     To  this  must  be  added  the  5  amperes  at  220  or 
10  amperes  at  110  volts  required  to  drive  the  balancer 
set,  or  1100  watts,  making  a  total  load  on  this  external 
system  of  17,600  -4-  1100  ^  18,700  watts. 

If  the  armature,  Fig.  3,  is  turned  through  one-quarter 
revolution,  it  will  be  in  the  position  shown  in  Fig.  6. 
As  has  been  shown  in  previous  lessons,  no  voltage 
exists  across  points  c  and  d  when  the  armature  is  in 
this  position ;  therefore  no  exciting  current  will  flow 
in  the  inductances  L,  and  L.,  and  the  neutral  current 
will  divide  equally  between  them ;  that  is,  20  amperes 
will  flow  through  L,,  entering  the  armature  winding  at 
c,  halfway  between  brushes  a  and  b,  and  20  amperes 
through  L  ,  entering  the  right-hand  half  of  armature 
at  d,  halfway  between  the  brushes  a  and  b.  The  60 
amperes  in  B  enters  the  armature  winding  at  the  nega- 
tive brush  6  and  divides  equally,  30  amperes  going 
through  each  half  of  the  winding.     At  points  c  and  d 


FIG.    6.      THREE-WIRE   GENERATOR.    .\RMATURE   LOCATED 
ONE-QUARTER   REVOLUTION    FROM   THAT   IN   FIG.   3 

these  currents  combine  with  the  20  amperes  through 
L,  and  L,,  making  a  total  current  of  30  -f  20  =  50 
amperes  in  the  winding  above  points  c  and  d,  giving  a 
distribution  of  the  current  as  shown  in  the  figure. 

The  load  supplied  by  the  generator  at  this  instant  is 
that  at  X  and  Y  only,  since  the  inductances  do  not  take 
any  power  at  the  instant  shown  in  Fig.  6.  As  has 
already  been  shovra,  the  lamps  at  X  and  Y  take  160  X 
110  —  17,600  watts.  The  load  on  the  armature  may  be 
looked  at  two  ways;  namely,  100  amperes  at  110  volts, 
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en  the  half  of  the  winding  above  c  d,  plus  60  amperes 
at  110  volts  on  the  half  of  the  winding  below  c  d,  mak- 
ing a  total  of  160  amperes  at  110  volts;  or  that  the  half 
of  the  armature  above  c  d  is  carrying  50  amperes  at 
220  volts,  and  the  part  below  c  d  80  amperes  at  220, 
making  a  total  of  50  -f  30  amperes  at  220  volts.  This 
gives  160  X  110,  or  80  X  220  =  17,600  watts  in  either 
case,  therefore  the  watts  developed  in  the  windings  equal 
the  watts  supplied  to  the  load,  which  is  as  it  should  be, 
of  course  neglecting  the  losses  in  the  machine,  which 
have  not  been  considered  in  any  of  the  discussions. 

It  will  be  seen  from  this  discussion  that  although  the 
current  may  have  different  values  in  different  parts  of 
the  armature,  it  is  balanced  in  the  parts  to  the  right 
and  left  of  the  brushes  a  b.  The  general  statement  can 
be  made  that  the  ampere-conductors  (amperes  times 
conductors)  to  the  right  and  left  of  brushes  a  b  must 
always  be  equal,  so  as  to  make  the  available  voltage  in 
each  half  of  the  armature  winding  equal. 

From  the  foregoing  it  is  evident  that  the  inductances 
differ  from  the  balancer  set  in  that  the  latter  takes 
a  certain  amount  of  power  from  the  generator  continu- 
ously, as  long  as  it  is  connected  to  the  line,  while  the 
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R,  =  6000  Ohms 


Rz  -  2500  Ohms 


h-- E«  =  ? -J^ E^ .  ? ^ 

•^ -- -E  =  |IO— -    -    J 

FIG.  6 
FIGS.   7   AND   8.   RESISTANCE  CONNECTIONS 

inductances  take  a  maximum  power  when  the  armature 
is  in  the  position  shown  in  Figs.  2  and  3,  and  decreas- 
ing to  zero  when  the  armature  is  in  the  position  shown 
in  Fig  6. 

In  the  problem  of  the  preceding  lesson  it  was  re- 
quired to  compute  the  value  of  the  current  flowing 
through  each  of  seven  resistances  arranged  as  in  Fig. 
7,  if  a  voltage  of  240  volts  were  applied  to  them  across 
a  b.  Since  i?,,  R.,  R,  and  R,  are  in  parallel,  their  joint 
1  1 

1 


resistance  is  Ra  = 


R,      R,      R,      R, 


1,1,1 

4  "^  6  "^  10  ^  12 


=  1.667  ohms,  and  the  joint  resistance  of  R^,  R^  and  R, 

in  parallel  is  Ri,  =  -j ^ t-  =  ^ ^ y  =  2.553 

Ri      Rf,      Ri       5      8      15 
ohms. 

The  total  resistance  of  the  circuit  is  R 


1.667  +  2.553 


R(x   -\-  Rh 
4.22  ohms.     Let  /  equal  the  total 


current,  then  we  have  /  =^ 


E 


240 


R       4.22 


=  56.87  amperes. 


£■„  =  /  X  Rn  =  56.87  X  1-667  ^  94.8  volts,  and  E,. 
=  I  X  Rb  ^  56.87  X  2.553  =  145.2  volts.  To  check 
our  calculation  we  may  add  £"„  and  Eij  and  see  whether 
the  result  is  240  volts.  Thus,  E„  +  £"(,  =  94.8  +  145.2 
=^  240  volts,  as  it  should  be.  In  each  case  the  current 
would  be  equal  to  the  voltage  across  the  resistance 
divided  by  its  resistance  in  ohms.  Since  i2„  R.,  R,  and 
R,  are  all  connected  between  a  and  c  they  all  have  the 
same  voltage  across  them;  namely,  E„  =  94.8  volts. 
Likewise  the  voltage  across  R^,  R„  and  R,  is  the  voltage 
across  cb  or  Eij  =  145.2.  Let  the  current  through  /?, 
be  represented  by  /„  that  through  i?,  by  /„  and  so  on. 
We  then  have 
E., 


h    -  ^  = 


94.8 


R, 
918 
6 


23.7  amperes,   and   similarly  /^  = 


Ea 


p-  ^  -^  =  15.8  amperes,  I,  =    p- 

Ea 


R. 


918 
10 


9.48 


amperes,  I^  ~ 


R. 


94.8 

12 


Eb 


7.9  amperes,  ^s  =  p"    ^ 


145.2        „„„,  ,        Eb 

=  29.04  amperes,  /„  ^ 


— 7j  -  18.15  amperes, 


and  /t  = 


9.68  amperes.    These  results  may 


Eh      145.2 
R-,  '"    15 

be  checked  by  adding  /„  /,,  I^  and  /„  and  comparing  with 
the  sum  of  /„,  I^  and  /,.  The  two  should  be  the  same  and 
should  be  equal  to  the  total  current  /,  or  56.87  amperes. 
Making  the  additions,  we  have,  23.7  4-  15.8  +  9.48  + 
7.9  =  56.88  and  29.04  +  18.15  +  9.68  =  56.87.  The 
former  is  seen  to  be  0.01  ampere  too  great,  but  the 
slight  difference  is  accounted  for  by  the  fact  that  the 
decimals  in  the  computations  were  not  carried  out  to 
very  many  places. 

Two  resistances  R^  and  R,  of  6000  ohms  and  2500 
ohms  resistance  respectively  are  connected  in  series 
across  110  volts  as  shown  in  Fig.  8.  What  is  the  volt- 
age across  each  of  them?  If  a  voltmeter  whose  re- 
sistance is  14,372  ohms,  were  to  be  connected  across  R„ 
what  voltage  would  it  indicate?  What  voltage  would 
it  indicate  if  connected  across  RJ 

Representing  Capacity  of  Equipment 

In  the  late  case  of  Merkle-Hines  Machinery  Co.  v.s. 
Gaynor,  170  Northwestern  Reporter,  381,  the  Iowa  Su- 
preme Court  laid  down  the  following  rules  of  law  ap- 
plicable to  sales  of  power  equipment  where  the  sales- 
man makes  representations  concerning  the  capacity  of 
the  same: 

A  statement  that  second-hand  steam-turbine  gen- 
erators are  "in  first-class  condition  and  will  carry  the 
same  guaranty  as  a  new  machine,  as  neither  of  them 
have  been  run  to  exceed  six  months,"  amounts  to  a 
warranty  of  the  condition  of  the  equipment  and  not 
merely  to  the  expression  of  such  opinion,  com-tionly 
known  as  "dealer's  talk,"  as  is  not  actionable,  th.'  buyer 
having  had  no  opportunity  to  inspect  the  generators 
before  delivery. 

An  undertaking  on  the  part  of  a  seller  that  equipment 
is  "of  the  full  capacity,  efficiency,  and  other  qualifica- 
tions stated  in  the  attached  specifications,"  and  that  the 
seller  "agrees  to  correct  any  defects  which  may  develop 
within  one  year,"  is  not  a  mere  agreement  to  replace 
defective  parts,  but  constitutes  the  basis  of  a  damage 
claim  on  the  representation  proving  to  be  false. 


From  this  the  following  relations  can  be  determined; 


Put  another  service   star   on   your   pocketbook.    Buy 
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BoIumI   Motors  mid  <>roii|)   DrivcH 

I5v  \V.  II.  VVakkman 

Some  enflrineers  advocate  the  use  of  a  motor  for  each 
machine  in  the  .shop  or  factory,  rcjrnrtlle.ss  of  the  size 
required,  and  others  favor  the  group  drive  as  the  most 
convonicMt  and  otliciont.  In  many  cases  it  is  possible 
that  a  combination  of  the  two  systems  will  pive  the 
liost  results.  When  several  small  machines  are  located 
in  various  parts  of  a  shop,  it  becomes  necessary  to  pro- 
vide a  motor  for  each,  even  if  some  of  them  are  bui 
one  horsepower  capacity,  and  small  motors  are  less 
otlicient  than  one  large  enough  to  drive  them  all.  If 
machines  can  be  placed  close  together  and  driven  by  a 
single  motor,  the  first  cost  will  be  less  and  the  expense 
of  operation  will  be  more  satisfactory. 

To  illu.strate  this  point.  Fig.  1  shows  a  comparatively 
high-speed  motor  hung  from  the  ceiling,  and  as  the  ma- 
chines to  be  driven  run  at  low  speed,  two  belt-driven 
countershafts  are  used.  The  three  machines  are  set 
in  line  and  connected  by  a  chain-and-sprocket  drive. 
The  first  is  driven  by  a  belt  running  at  an  angle  of 
45  deg.,  which  is  the  right  position  for  good  results. 

When  a  score  of  motors  were  to  be  installed  at  my 
plant,  I  did  not  allow  them  to  be  hung  from  the  ceil- 
ing, but  all  were  set  on  the  floor  or  on  platforms  hung 
from,  the  ceiling  or  anchored  to  the  brick  wall.  Those 
that  are  on  the  floor  are  in  the  cooler  part  of  the  room 


largo  pulley  A  for  reducing  the  speed.  This  counter- 
shaft is  used  to  drive  another  machine,  not  shown. 
Another  belt  carries  power  to  the  second  counter- 
shaft li.  The  pulley  C  iy  on  a  shaft  that  transmits 
power  to  another  machine.    Of  course  the  load  is  light, 
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FIG.    1.      MOTOR   DRIVING    TWO    COUXTERSHAFTS 

and  are  always  convenient  for  care  and  adjustment. 
Those  that  are  on  platforms  are  not  in  the  warmer 
part  of  the  room,  and  it  is  not  a  difficult  matter  to  reach 
them  for  cleaning  and  oiling. 

Referring  to  Fig.  1,  if  instead  of  the  belt  A  there 
had  been  a  chain-and-sprocket  drive,  a  more  positive 
drive  would  have  been  obtained.  If  a  machine  is  de- 
signed to  run  at,  say,  300  r.p.m.,  then  that  speed  should 
be  maintained.  Should  the  belt  slip  on  the  driving 
pulley  until  the  speed  of  the  driven  machine  is  reduced 
to  270,  the  output  would  be  10  per  cent,  less  than  it 
ought  to  be,  although  the  expense  of  operation  would 
remain  the  same  as  when  full  speed  was  maintained. 
Although  a  belt  will  give  full  speed  to  the  driven  ma- 
chine if  it  is  wide  enough  for  the  load,  a  chain-and- 
sprocket  drive  for  light  work  and  a  silent-chain  drive 
for  heavy  loads  are  always  reliable  in  this  respect;  they 
are  best  adapted  to  low  speeds. 

Although  Fig.  2  shows  but  one  machine  in  operation, 
it  represents  a  group  drive.  The  motor  is  reversed 
and  is  bolted  to  the  ceiling.     On  the  countershaft  is  a 


FIG.    2.      MOTOR    BELTED   FOR    GROUP    DRIVE 

as  such  an  arrangement  would  not  carry  a  heavy  one, 
but  it  gives  satisfaction.  The  pulley  C  revolves  in  the 
direction  opposite  to  that  of  pulley  A  without  the  use 
of  a  crossed  belt,  which  always  creates  friction. 

These  two  belts  operate  to  good  advantage,  because 
the  lower  side  carries  the  load  as  indicated  by  the  arrow. 
Power  is  transmitted  from  the  first  countershaft  to  the 
pulley  D,  but  this  belt  cannot  work  to  the  best  possible 
advantage,  because  the  upper  side  carries  the  load, 
leaving  the  lower  side  to  fall  away  from  the  pulleys  and 
reduce    the    arc    of  .................... 

contact   when    it  v^^ ^ 

really  ought  to  be  in- 
cr eased.  Fig.  3 
shows  a  motor  belt- 
ed to  a  countershaft 
from  which  is  belted 
a  pipe-threading  ma- 
chine. A  vertical 
belt  always  works  at 
a  disadvantage,  be- 
cause none  of  the 
weight  of  the  belt 
rests  on  the  lower 
pulley,  hence  all  trac- 
tive power  must  be 
derived  from  a  tight 
belt.  If  a  tight  belt 
is  frequently  shifted 
from  one  step  of  a 
cone  pulley  to  an- 
other, it  soon  be- 
comes loose  and  will  not  carry  the  given  load.  If  the 
ceiling  of  the  room  is  high,  this  adds  to  the  difficulty 
of  changing  the  belts. 

The  lessons  to  be  learned  from  the  foregoing  are  that 
motors  ought  to  be  placed  as  the  builders  intended. 
Both  motors  and  countershafts  should  be  kept  as  low 
as  possible.  When  possible,  belts  should  be  placed  so 
that  the  lower  side  will  carry  the  load  and  vertical 
belts  avoided  when  conditions  permit. 


I 
I 


FIG.   3.      VERTICAL  BELT  DRIVE 


April  29,  1919 


POWER 


655 


©STOmiAIb 


Wages  and  the  Cost  of  Living 

SOME  enlightening  figures  upon  the  increased  cost 
of  living  and  the  corresponding  advance  in  wages 
in  a  number  of  industries,  particularly  the  light  and 
power  group,  are  contained  in  the  latest  bulletin  issued 
by  the  New  York  State  Industrial  Commission.  The 
basis  selected  for  comparison  is  June,  1914,  a  date 
representative  of  immediate  pre-war  conditions. 

According  to  these  statistics,  the  retail  cost  of  food- 
stuffs has  increased  from  that  time  to  the  present  about 
seventy-five  per  cent.,  whereas  the  advance  in  wages 
in  the  light  and  power  field  during  the  same  period 
has  been  sixty-eight  per  cent.  This  increase,  while 
not  nearly  so  great  as  that  in  certain  other  lines  and 
trades,  such  as  shipbuilding,  the  paper  industry,  etc., 
nevertheless  compares  favorably  with  that  in  the  greater 
number  of  manufacturing  plants,  exclusive,  of  course, 
of  those  manufacturing  war  materials.  Unfortunately, 
the  figures  do  not  discriminate  between  the  classes  of 
labor  in  the  light  and  power  industry,  therefore  it  is 
impossible  to  form  any  deductions  concerning  the  engi- 
neers and  other  operatives.  Moreover,  these  figures 
represent  averages  only,  and  do  not  take  into  account 
injustices  in  certain  individual  cases,  nor  undue  in- 
creases in  others.  However,  making  allowances  for 
averages,  it  would  appear  that  the  increase  in  wages 
has  not  quite  kept  pace  with  the  increase  in  cost  of 
living,  or  at  least  in  foodstuffs  which  may  be  taken 
as  an  index  to  the  cost  of  living.  While  the  difference 
is  not  so  great  as  is  generally  supposed,  it  would  appear 
that  the  average  man  in  the  light  and  power  industry 
is  economically  somewhat  worse  off  than  he  was  five 
years  ago.  It  is  merely  another  example  of  the  shrink- 
ing of  the  dollar. 

While  these  figures  are  for  New  York  State  only,  it 
may  be  assumed  that  they  are  fairly  representative 
of  the  North  Atlantic  States,  for,  strange  as  it  may 
seem,  the  figures  for  New  York  City  did  not  differ 
materially  from  those  of  the  entire  state. 

The  Art  of  Synchronizing 

THE  many  examples  which  could  be  cited  of  dam- 
age to  apparatus  and  interruptions  to  service 
caused  by  carelessness  in  synchronizing  or  neglect 
in  checking  the  synchronizing  connections  justify  the 
injunction  never  to  close  the  generator  switch  until  the 
whole  process  has  been  checked  up,  by  seeing  the 
synchronoscope  make  one  or  more  complete  revolutions 
in  a  natural  manner,  and  the  synchronizing  lamps 
checked  against  the  synchronoscope  to  make  certain 
that  the  latter  is  at  the  zero,  or  synchronizing,  point 
when  the  lamps  are  dark.  It  is  true  that,  except  in 
the  initial  installation  or  during  repairs  or  alterations, 
the  likelihood  of  the  synchronoscope  connections  be- 
coming reversed  is  remote.  This  has  happened,  however, 
and  the  possibility  always  exists,  particularly  in  plants 
where  the  operating  force  is  large  and  work  of  some 
sort    is    continually    being    done    on    the    switchboard 


apparatus.  The  man  who  considers  himself  capable  in 
this  line  of  work  is  due  sooner  or  later  to  suffer  a  stern 
disillusionment  unless  he  understands  the  principle  of 
the  entire  synchronizing  process  and  knows  the  layout 
and  location  of  every  circuit  and  every  piece  of  appa- 
ratus. Operators  of  today  have  little  excuse  for  poor  syn- 
chronizing, considering  the  good  regulation  of  the 
modern  units,  the  positive  action  of  the  control  appa- 
ratus and  the  stability  of  the  load  carried.  They  should 
consider  the  difficulties  encountered  by  the  operators  of 
a  few  years  ago,  who  had  to  synchronize  many  small, 
unstable  units  against  a  bus  carrying  a  badly  swinging 
load ;  when  the  cooperation  between  switchboard  oper- 
ator and  engine  room  was  scant,  and  the  engineer  could 
not  always  be  persuaded  to  oblige  by  trying  to  hold 
the  speed  steady  on  the  more  or  less  ancient  engine. 

Much  bad  synchronizing  is  caused  by  operators  not 
understanding  their  oil  switches.  Their  principles  and 
characteristics  should  be  closely  observed ;  for  this  pur- 
pose they  should  be  frequently  tried  and  inspected.  The 
operator  should  know  exactly  the  time  lapse  between 
the  operating  of  the  control  switch  and  the  closing  of 
the  oil  switch.  Motor-operated  switches  do  this  in  less 
than  one  second ;  solenoid-operated  switches  in  a  slightly 
longer  time.  To  the  operator  who  is  familiar  with 
them,  the  indicating  lamps  tell  the  whole  story  of  the 
remote-controlled  oil  switch's  actions — the  flicker  of  the 
lamp  as  the  control  is  applied,  the  period  when  both 
lamps  are  lighted,  then  both  dark,  the  positiveness  of 
the  second  lamp's  lighting — these  things  are  indicative 
of  the  accuracy  with  which  the  switch  is  working. 

An  operator  should  be  able  to  concentrate  his  mind 
so  intently  while  synchronizing,  that  no  distraction 
could  lead  him  into  making  a  false  move.  The  habit  of 
making  false  starts — nervously  fingering  the  control 
switch,  changing  the  mind  when  the  switch  is  almost 
closed — betrays  a  lack  of  confidence  and  should  be  over- 
come. "Long  chances"  seldom  pay,  because  usually 
some  invisible  factor  is  neglected.  Quick  thinking  is 
good — when  it  is  rational  thinking.  When  the  syn- 
chronoscope behaves  queerly,  taking  a  "pot  shot"  gen- 
erally only  makes  an  emergency  situation  worse,  as 
pointed  out  in  the  article  "Don't  Take  Chances  With  the 
Synchronoscope"  on  page  650  in  this  issue. 


Increased  Refrigerating  Demands 

THE  exceptionally  mild  winter  just  past  had  its  dis- 
advantages as  well  as  its  advantages.  It  was  wel- 
come as  a  factor  in  keeping  down  the  coal  bill,  but  it  is 
likely  to  contribute  toward  an  increased  bill  the  comincr 
summer.  The  resulting  scarcity  of  natural  ice  through- 
out a  large  section  of  the  country  will  be  felt  by  many 
communities  and  rural  sections  that  have  in  the  past 
depended  in  a  large  measure  upon  such  supply.  The 
result  will  be  greatly  increased  demands  for  artificial 
ice,  accompanied  probably  by  an  advance  in  price. 

Aside   from   any   price   considerations,   however,   not 
only  do  the  conditions  point  to  increased  demands  for 
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rofriKoratiiiK  oquipnu-iit  for  liolh  new  plant.s  and  ex- 
ten.Mions  to  old  one.'*,  but  i'xi.'<tinK  o<iiiipmcnt  will  ho 
taxed  to  the  limit.  Therefore  it  now  beboove.s  the  engi- 
neer to  practice  a  little  preparedness  in  Ketting  his 
machines  in  first-class  condition  for  the  Ki'iiclin^'  serv- 
ice of  the  summer  season. 

In  dointr  so  he  will  undoubtedly  run  across  many 
conditions  and  adopt  measures  that  will  be  helpful  to 
i)rother  engineers  confronted  with  like  problems. 

This  is  essentially  an  age  of  cooperation,  of  collective 
effort,  whether  applied  to  nations,  to  industry,  or  to 
labor,  and  in  no  field  is  this  more  true  than  in  that  of 
the  operatinjr  engineer,  who  usually  hixs  to  meet  and 
.solve  his  problems  single-handed.  In  this  connection, 
then,  he  is  urged  to  make  greater  use  of  the  discussion 
pages  of  Power  as  a  medium  for  such  an  exchange  of 
ideas. 

Put  the  Victory  Loan  Over! 

FAILURE  was  the  last  thing  to  enter  the  minds  of 
our  soldiers  who  braved  the  horrors  and  privations 
of  the  war.  Indeed,  it  is  doubtful  whether  they  even 
gave  place  to  the  thought.  Their  grim  determination 
to  carry  on  until  the  grueling  task  was  finished  drove 
out  every  unworthy  doubt. 

They  refused  to  be  dismayed,  for  their  courage  and 
honor  were  at  stake.  They  did  not  underestimate  the 
magnitude  of  the  resistance  they  would  have  to  over- 
come, but  their  pride  would  not  suffer  it  to  check  them. 
They  felt  that  they  had  a  sacred  duty  to  perform  and 
they  did  it. 

Therein  lies  a  lesson  for  subscribers  to  the  Victory 
Liberty  Loan. 

The  absorption  of  the  $4,500,000,000  of  notes  offered 
is  a  gigantic  financial  undertaking,  but  it  is  no  larger 
than  others  that  have  been  carried  out  successfully. 
The  size  of  the  loan  should  not  daunt  us,  therefore. 

Moreover,  the  full  subscription  of  this  amount  is  an 
obligation  laid  upon  us,  and  it  cannot  honorably  be 
evaded.  Pride  in  our  owti  steadfastness  of  purpose  and 
integrity  of  action  should  keep  each  of  us  from  attempt- 
ing to  shift  his  share  of  the  burden  to  other  shoulders. 

Early  reports  indicate  that  the  Victory  Loan  is  being 
received  enthusiastically  and  that  many  localities  sub- 
scribed their  entire  quotas  before  the  drive  opened. 

However,  well  begun  is  only  half  done.  Let  us  finish 
the  other  half  speedily ! 

Covering  Data  Marking 

THE  omission  of  little  things  frequently  leads  to 
considerable  inconvenience,  and  this  is  especially 
true  in  power-plant  practice.  Take,  for  instance,  steam- 
line  valves.  Considerable  trouble  and  expense  is  taken 
to  protect  the  steam-pipe  lines  against  condensation. 
When  the  work  is  finished,  it  is  attractive  as  well  as 
economical,  and  as  a  general  thing  all  goes  well  for  a 
time. 

Eventually,  however,  parts  of  the  valve  begin  to  give 
out,  and  in  order  to  determine  the  number  of  any 
particular  valve,  it  is  necessary  to  tear  away  the  cover- 
ing of  the  valve  body,  on  which  the  number  is  generally 
placed.  This  mutilation  of  the  pipe-line  insulation  is 
of  frequent  occurrence,  and  it  could  easily  be  avoided 
if  manufacturers  would  either  stamp  or  have  cast  on 
the  valve's  bonnet  all  necessary  distinguishing  marks. 


If  this  were  done,  such  valves  would  find  immediate 
favor  with  engineers,  provided,  of  course,  all  other 
points  of  design  were  equal  to  other  makes  of  similar 
valves. 

Take  for  anf)ther  example,  the  feed-water  heater.  In 
all  well-regulated  plants  it  is  covered  with  an  insulating 
material.  In  most  in.stances  the  nameplate  and  all 
other  markings  are  covered.  If  the  engineer  desires 
to  order  new  parts  from  the  manufacturer  for  any 
particular  size  of  heater,  he  has  no  means  of  deter- 
mining its  size  or  any  other  data  that  will  give  the 
maker  definite  information  as  to  its  exact  design  or 
size.  This  is  particularly  true  where  more  than  one 
type  of  heater  is  made  by  the  same  manufacturer. 

Why  would  it  not  be  well  for  manufacturers  of  all 
kinds  of  power-plant  apparatus  to  place  key  numbers 
in  such  positions  that  they  will  always  be  exposed  to 
view  regardless  as  to  whether  the  device  is  covered  or 
not? 


The  engineer  who  leaves  his  engine  room  to  attend 
to  work  on  the  outside  should  remember  that  if  an  ac- 
cident occurs  while  he  is  absent,  he  and  he  alone  will  be 
held  responsible,  and  if  he  is  operating  with  a  license 
the  chances  are  that  it  will  be  taken  from  him.  Let 
someone  else  do  the  outside  work. 


Almost  every  engineer  will  instruct  his  firemen  to 
keep  the  surface  of  the  steam  boilers  free  from  soot, 
but  for  all  that  there  are  a  good  many  firemen  who  do 
not  realize  that  their  work  would  be  made  easier  if  they 
would  follow  such  instructions. 


The  engineer  who  yearns  to  hold  the  manager's  job 
because  it  involves  nothing  but  wearing  good  clothes, 
smoking  fat  cigars  and  toying  with  a  paper  knife  is 
an  unconscious  Bolshevist. 


Setting  engine  valves  with  the  aid  of  a  knife  blade 
as  a  gage  may  have  been  illuminating  years  ago,  but 
the  question  arises,  What  is  the  standard  thickness  of  a 
knife  blade? 


The  perpetual-motion  crank  is  the  Bolshevist  of  the 
mechanical  world,  for  he  firmly  believes  that  he  can 
produce  unlimited  comforts  and  necessities  without  per- 
sonal exertion. 


When  it  comes  down  to  a  fine  point  the  modern  power 
plant,  if  it  is  to  be  efficient,  will  be  on  a  daily,  weekly 
and  monthly  test.  If  not  there  is  room  for  improve- 
ment. 


It  is  essential  to  have  indicating  and  recording  in- 
struments in  the  boiler  plant,  but  before  they  are  of 
any  benefit  the  fireman  must  be  educated  in  their  use. 


Bare  and  poorly  insulated  steam  and  hot-water  piping 
is  one  of  the  most  easily  preventable  causes  of  steam- 
plant  losses.     Why  allow  the  losses  to  continue? 


How  many  engineers  know  how  much  heat  goes  up 
the  chimney,  and  if  so,  how  the  amount  could  be  re- 
duced?    It  seems  simple,  but  how  about  it? 
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How  to  Do  a  Good  Job  Cutting  Conduit 

It  is  well-known  that  conduit  must  not  be  cut  with 
pipe  cutters  because  of  the  sharp  edge  or  burr  that  is 
left  on  the  inside.  Unless  this  burr  is  filed  or  reamed 
out,  it  will  damage  the  insulation  of  the  wires  when 
they  are  pulled  through  the  conduit.  For  this  reason  a 
hacksaw  is  used  on  most  conduit  jobs.  However,  the 
method  is  slow  and  it  is  also  difficult  to  make  a  straight 
cut  on  the  larger  sizes  of  conduit. 

A  method  that  I  have  found  very  satisfactory  is  to 
use  the  pipe  cutters  first,  cutting  as  deep  as  possible 
without  causing  the  burr,  then  finishing  with  a  hack- 
saw, which  will  not  take  long  and  will  assure  a  straight 
cut.      • 

It  is  surprising  how  this  speeds  up  a  conduit  job. 
The  value  of  this  method  increases  with  the  size  of 
the  conduit.  L.  W.  Wyss. 

Iron  Mountain,  Mich. 

A  Short-Circuit  on  Two  Compound- 
Wound  Generators 

In  his  letter,  "Generators  Would  Not  Operate  in 
Parallel,"  in  the  issue  of  Feb.  25,  E.  C.  Parham  de- 
scribes a  connection  of  two  compound  generators  that 
will  cause  a  short-circuit  when  they  are  connected  in 
parallel. 

In  Fig.  1  of  this  article  a  connection  is  shown  which 
is  also  unsatisfactory,  but  unlike  that  given  by  Mr. 
Parham,  the  equalizer  connections  are  made  correctly. 
The  generator  leads  were  run  in  conduit  from  the  ma- 
chines to  the  switchboard.  When  the  machines  were 
started  for  the  first  time,  the  following  points  were 
investigated   and   found   correct:      (1)   Voltage  across 
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FIG.    1.      WRONG    CONNECTIONS   FOR    PARALLELING    TWO 
COMPOUND  GENERATORS 

machine  terminals  were  equal;  (2)  positive  leads  of 
machines  to  go  to  positive  busbar  and  likewisa  negative 
leads  to  negative  bus;  (3)  equalizer  connection  to 
equalizer  bus  and  to  the  points  on  the  generators  where 
series  field  and  armature  are  connected;  (4)  each  ma- 
chine was  run  separately  under  load  and  found  to  be 
overcompounded  and  the  series-field  shunts  were  ad- 
justed for  the  correct  value  of  compounding. 

When  the  switches  were  closed  to  connect  the  ma- 
chines   in    parallel,    the    circuit-breakers    immediately 


opened.  An  examination  of  the  connections  shown  in 
Fig.  1  will  reveal  that  the  armature  of  one  generator 
is  connected  across  the  series  field  of  the  other,  thereby 
causing  a  short-circuit. 

It  is  evident  that  the  four  points  mentioned  will  not 
fulfill  all  the  necessary  requirements.  The  fifth  point 
is,  armature  terminals  should  go  to  the  same  busbar  and 
likewise  the  series-field  terminals,  as  in  Fig.  2.  When 
the  machine  leads  run  through  conduit,  care  chould  be 
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FIG.  2.     CORRECT  CONNECTIONS  FOR  PARALLELING  TWO 
COMPOUND    GENERATORS 

taken  in  testing  them  so  that  when  the  connections  are 
made  the  requirements  in  point  five  shall  be  fulfilled. 

J.  0.  Kammerman, 

Associate  Professor,  Department  of  Electrical  Engi- 
neering, University  of  Oklahoma. 

Norman,   Okla. 

The  Boiler  Blowoff  Cock  Gives 
No  Trouble 

I  have  read  considerable  lately  regarding  boiler  blow- 
off  valves,  and  I  would  like  to  contribute  a  little  of 
my  experience.  I  have  had  2-in.  asbestos-packed  blow- 
off  cocks  in  use  for  six  years  without  packing  them  and 
there  are  no  signs  of  any  leaks  as  yet;  it  is  all  in  how 
they  are  handled.  We  carry  90  lb.  pressure  on  the  boil- 
ers, but  we  do  not  blow  down  at  that  pressure;  that  is 
done  when  the  fires  are  banked,  when  the  water  is  still 
in  the  boilers  and  when  the  pressure  is  low. 

We  blow  into  a  tank  that  is  quite  a  distance  from 
the  boiler.  First  the  plug-cock  is  opened  a  little  in 
order  that  the  cold  pipe  leading  from  the  blowoff  valve 
to  the  tank  will  become  gradually  heated;  then  the 
cock  is  opened  wide.  In  this  way  we  get  better  results 
and  the  plug-cock  will  have  the  same  wear  all  around. 
Always  opening  the  cock  halfway  will  in  time  cause  a 
ridge  to  form  along  the  plug  and  it  will  leak.  We  blow 
the  boilers  down  every  day. 

I  have  never  found  it  good  policy  to  blow  boilers  down 
when  under  high  pressure,  as  it  is  dangerous  and  fails 
to  get  the  best  results.  Some  blowoff  valves  are  placed 
in  restricted  places,  and  if  the  blowoff  pipe  should  give 
away  while  blowing  down,  the  operator  has  no  means  of 
escaping  injury.  PATRICK  MOLLOY. 

New  York  City. 
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Thoniios -  Hottlr   Priiu-iplr 
Stcuiii    (iyliiidcrH 

I  notice  in  your  Apr.  8  is.><iie  an  article  entitled 
"Thermo.s-Botlie  Trinciple  Applied  to  Steam  Cylinders," 
from  which  it  would  appear  that  the  University  of 
Wisconsin  some  years  a^o  made  comparative  tests  with 
Jacketed  compound  condensinn:  eii)s'ines  with  steam  in 
the  jackets  and  also  with  the  jackets  connected  to  con- 
densers. The  conclusion  from  these  tests  was  that  the 
vacuum  in  the  jackets  had  not  the  slightest  effect  on 
the  steam  consumption. 

The  meanintr  of  this  is  not  perfectly  clear.  My  ex- 
perience has  shown  that  the  carrying  of  a  vacuum  in 
the  jackets  of  a  low-pressure  cylinder  effects  a  lower 
steam  consumption  than  if  this  jacket  were  filled  with 
air,  but  that  the  jacketing  of  the  low-pressure  cylinder 
with  steam  efTects  about  the  same  economy  as  when 
vacuum  is  carried  in  the  low-pressure  jacket.  It  is, 
however,  not  sufficient  to  simply  connect  the  jackets  with 
the  condenser,  as  then  it  will  not  be 
possible  to  extract  the  air  out  of  them. 
The  air  can,  however,  be  extracted  if 
the  jacket  is  connected  with  a  small  pipe 
directly  to  the  air  pump.  To  do  this 
a  small  hole  is  drilled  into  the  space 
between  the  suction  and  discharge 
valves  of  the  air  pump  to  which  the 
jacket  connection  is  attached  with  a 
small  check  valve  opening  toward  the 
air  pump. 

In  1905  this  question  was  tested  out 
on  an  engine  built  by  the  Nordberg 
Manufacturing    Co.    for    the    Sperry 
Flour  Mill  Co.  at  its  plant  in  Tacoma. 
This  engine  was  of  the  tandem-com- 
pound type  developing  about  450  hp. 
It  had   a   steam  jacket  on   the  high- 
and  low-pressure  cylinders,  the  jackets 
extending  also  over  the  cylinder  heads. 
The  engine  was  operated  with  170  lb. 
pressure,  and  a  very  high  degree  of 
expansion  was  carried   out.     Oil  was 
used  as  fuel,  and  the  tests  with  this 
engine  showed  an  oil  consumption  of 
0.748  lb.   of  oil  per  indicated  horse- 
power per  hour.    The  fuel  consumption 
was  the  same  whether  steam  pressure 
or  vacuum  was  carried  in  the  low-pres-  • 
sure  jackets,  but  increased  if  these  jackets  were  allowed 
to  fill  with  air.     It  seems  as  if  the  diminished  internal 
condensation  in  the  low-pressure  cylinder  is  about  offset 
by   the   radiation   losses   to   the   atmosphere   from   the 
heated  cylinder  walls  when  the  low-pressure  cylinder  is 
jacketed  with  live  steam.     These  radiation  losses  are 
eliminated  when  the  jackets  are  under  vacuum. 
Bruno  V.  Nordberg, 
President   and    Chief   Engineer, 

Milwaukee,  Wis.  Nordberg  Manufacturing  Co. 

Keeping  Explosion  Doors  Tight 

Explosion  doors  on  boiler  settings  frequently  give 
considerable  trouble  from  air  leaking  in  between  the 
door  and  the  frame.  It  is  poor  policy  to  go  to  the 
expense  of  applying  a  protective  covering  to  the  set- 
tings for  the  purpose  of  preventing  the  infiltration  of 
air  and  then  to  allow  the  doors  to  pass  large  quantities 


directly  into  the  furnace.  After  trying  many  ways  ol 
keeping  these  doors  tight,  I  have  at  last  found  a  very 
simple  method  which  has  solved  the  problem. 

With  doors  hinged  at  the  top,  the  frame  extends 
from  the  wall  .several  inches  at  the  bottom,  the  door 
resting  upon  a  packing  ring  laid  into  the  frame,  but  it 
is  difTicult  to  keep  this  joint  tight.  I  have  seen  many 
doors  standing  open  at  least  one-half  inch  on  the  lower 
side.  To  remedy  this  I  removed  the  J-in.  pin  from  the 
hinge  and  replaced  it  with  a  il-in.  one,  which  allowed 
the  door  to  adjust  itself  to  the  packing  ring.  This  is 
not  possible  when  the  door  is  held  rigid  by  a  tight- 
fitting  hinge.  A.  C.  McIIUGH. 

Norwalk,  Calif. 

Hunting  Vacuum  Troubles 

On  one  unit  it  was  formerly  possible  to  get  but  16 
in.  of  vacuum,  but  it  was  not  long  until  I  was  getting 
l^ptween   24   and   25   in.  with   the   cooling  water   going 


DESIGN   AND   APPDIC-ATIO.V    OF   THE    SPECIAL   GLAND 


to  a  cooling  tower.  The  condenser  was  of  the  baro- 
metric type.  We  have  been  told  to  test  for  air  leaks 
with  a  candle.  Now,  for  large  leaks  a  lighted  candle 
works  all  right,  but  I  find  the  following  to  be  a  good 
way  of  testing  out:  When  the  condensing  apparatus 
is  shut  down,  put  the  condenser  under  from  5  to  10 
lb.  of  water  pressure  and  the  leak  will  be  easily  found. 
Some  small  leaks  are  hard  to  detect  with  a  candle, 
especially  outdoors  where  the  wind  blows  the  flame  in 
all  directions.  On  the  relief  valve  I  tried  a  candle 
and  could  not  discover  any  leak,  but  when  I  used  a 
light  oil  on  it  the  leak  was  easily  found  and  one  could 
hear  the  noise  made  as  the  oil  was  pulled  in. 

I  also  run  a  tandem-compound  engine  that  pulled  in 
air  around  the  low-pressure  metallic  piston  packing, 
thus  causing  a  drop  in  the  vacuum.  This  was  remedied 
by  putting  on  a  steam  seal  in  the  form  of  a  special 
gland,  as  shown  in  the  illustration. 

Hartford,  Conn.  F.  W.  SCHNEIDER. 
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The  Mobile  Boiler  Explosion 

With  reference  to  the  boiler  explosion  at  Mobile, 
Ala.,  described  in  the  Mar.  25  issue,  it  might  be  of 
interest  to  know  that  we  previously  had  trouble  with 
the  stay-bolts  in  the  Heine  boiler.  In  January,  1917, 
we  found  five  of  these  stay-bolts  broken.  These  were 
immediately  replaced.  The  following  November  an- 
other was  replaced  and  in  October,  1918,  two  more. 
As  the  result  of  the  large  number  of  stay-bolts  being 
broken  we  took  the  matter  up  with  the  insurance  com- 
pany, and  their  inspector  advised  us  that  he  could  see 
no  reason  for  the  breakage  and  the  only  recommenda- 
tion which  he  could  make  was  that  the  bolts  be  replaced 
at  the  time  any  were  found  broken. 

On  the  night  of  the  explosion  and  at  the  time  of 
the  accident,  boilers  Nos.  1,  2  and  7  in  the  new  power 
house  were  in  use,  and  in  the  old  power  house  the 
Heine  boiler  was  being  fired  and  likewise  No.  8  Stirling. 
Stirling  boilers  No.  5  and  6  had  been  cleaned  and 
banked.  In  the  new  boiler  room  the  stoker  on  No.  3 
boiler  had  been  pulled  out  for  several  days,  having 
repairs  made  on  it. 

The  chief  fireman  in  the  new  boiler  room  stated  that 
he  was  standing  just  in  front  of  the  alleyway  between 
Nos.  2  and  3  boilers  when  he  heard  a  cracking  noise 
which  he  said  sounded  like  the  tearing  of  metal  and 
at  the  same  instant  he  saw  the  brick  wall  that  divided 
the  old  boiler  room  from  the  new  fall  down.  An 
instant  later  he  was  knocked  down  by  flying  bricks,  and 
made  his  escape  by  crawling  through  a  hole  into  the 
basement  and  thence  through  a  basement  window  to 
the  street.  This  statement,  together  with  the  trouble 
which  we  had  experienced  with  the  stay-bolt,  indicates 
to  me  that  it  was  the  Heine  boiler  which  exploded 
first.  Examination  of  this  boiler  after  the  explosion 
showed  that  the  rear  water-leg  broke  along  the  top  row 
of  tubes,  and  a  portion  of  this  rear  water-leg  was  found 
fastened  to  the  rear  drum  and  was  bent  very  much 
out  of  shape  so  as  to  be  in  a  position  that  would  indicate 
that  the  water-leg  was  forced  backward  and  very  nearly 
horizontal.  This  water-leg  gave  way  with  such  violence 
that  it  went  through  the  18-in.  wall  between  the  boiler 
room  and  hit  a  building  column  that  supports  both  the 
east  front  of  the  boiler  and  a  portion  of  the  overhead 
coal  bunkers.  The  force  was  so  great  that  this  column, 
which  is  made  up  of  channels  and  boiler  plate  riveted, 
was  bowed  at  a  point  half  way  between  the  floor  and 
the  top  of  the  setting  of  boiler  No.  3  so  as  to  be 
very  nearly  twelve  inches  out  of  line.  The  buck-stay 
on  the  same  side  of  the  boiler  was  also  bent  about 
the  same  amount.  The  whole  east  brick  wall  of  the 
boiler  setting  was  forced  in,  with  the  result  that  all 
the  brickwork  on  the  boiler  had  to  be  torn  down  and 
the  boiler  had  to  be  entirely  rebricked.  The  insurance 
company  thought  it  advisable  that  the  boiler  also  be 
retubed;  which  was  done.  This  boiler  was  set  singly, 
and  the  west  column  supporting  it  was  also  bowed  to 
nearly  the  same  extent  as  the  east  one.  The  chain- 
grate  stoker  which  had  been  rolled  out  was  hit  with 
such  violence  that  all  the  frame  castings,  such  as  side 
girders  and  side  frames,  had  to  be  replaced. 

Inasmuch  as  an  indentation  in  the  head  of  No.  6 
Stirling  was  found  after  the  explosion  and  as  the  head 
itself  was  found  practically  at  the  same  point  where 
the  mud  drum  of  this  boiler  landed,  it  would  seem  that 
this  head  was  knocked  out  and  not  blowm  out. 

On   the  night  of  the  accident  there  were  thirteen 


men  in  the  power  house.  The  first  assistant  engineer, 
William  Detlefsen,  who  has  been  an  employee  of  the 
company  for  about  eighteen  years,  was  in  the  lavatory, 
and  his  statement  was  to  the  effect  that  he  felt  a 
mighty  tremor.  Immediately  the  lights  went  out  and 
he  was  knocked  down.  He  regained  his  footing  and 
attempted  to  open  the  door,  but  was  again  violently 
knocked  down  and  finally  escaped  through  a  window. 

James  Hudson,  a  switchboard  operator,  was  standing 
near  a  division  wall  between  the  old  and  the  new  engine 
room.  He  stated  that  he  heard  no  violent  explosion 
and  was  quite  unaware  that  anything  had  taken  place 
until  he  realized  that  he  had  been  knocked  down  and 
was  unable  to  move.  He  was  buried  in  the  bricks  from 
the  fallen  wall  and  sustained  severe  burns  from  hot 
water    and    steam. 

Two  oilers  were  in  conversation  at  the  cylinder  end 
of  the  1000-kw.  Wiscon.sin  engine.     Both  were  knocked 
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BOILER   PIPING    AT    MOBILE    PLANT 

down,  one  being  severely  injured  by  flying  bricks, 
whereas  the  other  was  absolutely  unhurt. 

In  the  new  boiler  room  there  were  three  men.  The 
head  fireman  made  his  escape  as  already  stated.  An- 
other man  had  his  legs  broken  in  three  different  places 
and  received  burns,  and  died  within  a  few  days  at 
the  hospital.  The  third  man  was  so  severely  scalded 
that  he  died  within  a  few  hours  after  the  accident. 
The  man  firing  the  Heine  and  the  man  firing  No.  8 
Stirling  boiler  in  the  old  boiler  room  were  both  killed 
outright.  Two  firemen  who  had  come  off  of  duty  at 
8  p.m.  were  upstairs  changing  their  clothes.  These 
men  were  severely  scalded  and  also  died  within  a  few 
days.  In  the  basement  were  two  ash  pullers.  One 
was  unhurt,  whereas  the  other  received  a  few  bums. 

Attached  is  a  sketch  showing  roughly  the  steam 
piping  and  location  of  the  valves. 

A.    D.    QUACKENBUSH, 

General    Superintendent,    Mobile    Electric    Co. 
Mobile,  Ala. 
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In  your  editorial  of  Feb.  2r),  in  roKunl  to  revision  of 
teihnicnl  lourses,  yon  have  touihed  on  a  timely  subject, 
but  I  do  not  believe  that  you  have  covered  every  phase 
of  the  subject.  It  does  not  seem  to  me  that  more  time 
should  be  put  on  this  very  important  department  of 
studies,  but  that  the  work  should  be  jfiven  the  engineer 
in  a  sympathetic  manner  and  in  such  a  way  as  will 
enable  him  to  use  mathematics  as  a  tool  in  hi-*  sub.se- 
quent  work. 

For  a  lon^  time  mathematics  (one  of  the  three  funda- 
mental enjrineerinp  subjects)  was  jjiven  in  the  Science 
College  of  the  University  of  Washington.  For  the.se 
professors  mathematics  is  a  most  serious  subject.  In 
fact  it  is  the  only  subject,  and  they  think  that  the 
student  must  love  it  for  its  own  self.  Problem^'  of  the 
most  academic  sort  become  for  the  ;nathematics  teacher 
a  source  of  joy  and  delight.  The  following  story  is 
apropos:  A  mathematics  teacher  wrote  a  long  differen- 
tial equation  on  the  board  (two  miles  above  the  students' 
heads,  figuratively  speaking),  stood  back  looking  at  it 
and  said.   "Isn't  it  pretty?" 

We  in  the  progressive  engineering  .school  of  today 
now  stand  for  mathematics  to  be  so  given  as  to  enable 
the  student  to  use  it  as  a  tool.  He  should  have  as  com- 
plete and  thorough  training  as  it  is  possible  to  obtain 
in  the  high  school,  but  in  the  college  the  subject  must 
be  given  with  the  viewpoint  that  it  must  be  usable  and 
that  the  student  should  understand  what  he  is  doing 
and  how  he  may  make  use  of  it.  It  is  not  usually  under- 
stood that  in  the  regular  four-year  engineering  course, 
21  years  are  used  in  preparation  for  the  professional 
work  and  the  remaining  II  years  on  subjects  for  which 
the  student  elected  to  enter  college.  The  preliminary 
work  is  necessary,  but  it  must  be  given  in  a  sympathetic 
manner.  One  should  remember  that  the  engineering 
student  is  preparing  himself  for  a  certain  kind  of  work 
in  his  future  life.  He  has  selected  a  certain  branch  of 
engineering.  Therefore  if  the  connection  between  the 
preliminary  work  and  the  later  work  is  kept  clear  at 
all  times,  better  results  will  be  obtained. 

As  regards  a  review  course  in  mathematics  in  the 
senior  year,  I  believe  this  unnecessary.  Applied  me- 
chanics, hydraulics,  thermodynamics,  machine  design 
and  numerous  other  professional  subjects  are  the  review 
of  mathematics  which  engineers  need,  and  this  is  what 
they  get,  and  they  see  the  bread-and-butter  application 
of  mathematics  always  "before  them.  Therefore  I  stand 
for  better  presentation  of  mathematics;  a  method 
^hich  will  allow  the  engineer  to  apply  the  subject  to 
his  everyday  problems.  H.  J.  Macintire. 

Seattle,  Wash. 

The  Cost  of  Banking  Fires 

After  reading  your  editorial  on  the  "Cost  of  Banking 
Fires"  and  seeing  but  one  reply  so  far,  I  will  describe 
the  -method  I  use  in  the  plant  of  which  I  am  in  charge. 

The  manner  of  banking  fires  depends  largely  on  the 
kind  of  coal,  the  time  the  fires  are  banked  and  the  quick- 
ness with  which  the  banks  must  be  knocked  down  and 
the  fires  gotten  under  way.  Some  coals  ignite  easily  and 
require  only  the  hot  furnace  to  ignite  them,  but  with 
others  a  certain  amount  of  fire  must  be  left  upon  which 
to  throw  the  green  coal.  Sometimes  the  bank  has  to 
be  covered  with  ashes  to  keep  the  coal  from  burning 


out  and  running  up  the  presHure,  which  is  undesirable 
The  plant  under  consideration  coii.AislH  of  72-in.  x 
l(')-ft.  return-tubular  boilers  with  fi  x  G-ft.  hand-fired 
grates,  both  shaking  and  stationary.  The  fires  are 
i)anked  an  average  of  twelve  hours  each  day  of  the 
year. 

Contrary  to  usual  practice  I  have  the  fires  banked 
on  the  front  of  the  grates.  The  live  coal  is  pushed  well 
back  to  the  bridge-wall  and  all  ash  raked  out.  The  live 
coal  is  then  pulled  to  the  front  and  green  coal  is  piled 
upon  the  live  coals,  completely  covering  them  in  some 
cases  and  only  partly  so  at  other  times,  depending  on 
the  coal.  The  bank  can  be  placed  well  up  on  the  dead- 
plate  or  more  on  the  grate,  depending  on  the  kind  of 
coal.  This  gives  a  certain  amount  of  control  of  the 
bank,  so  that  the  pressure  will  not  run  up  and  cause 
the  safety  valve  to  blow;  at  the  same  time  the  bank 
can  be  allowed  to  burn  well  through. 

When  it  is  time  to  get  the  fires  going,  it  is  only 
necessary  to  spread  the  bank  and  put  on  the  draft,  and 
in  a  few  minutes  the  fire  is  good  and  hot,  ready  to 
make  steam  enough  to  pick  up  quite  a  load.  And  this 
ability  to  get  under  way  quickly  is  important  where 
boilers  are  banked  in  readiness  to  supply  steam  to  fire 
pumps  in  case  of  a  fire  alarm  or  when  considerable 
load  must  be  picked  up  quickly.  Some  bank  the  fires 
just  as  they  are  when  shutting  the  boilers  down,  by 
covering  the  fire  with  green  coal  and  then  cleaning 
when  starting  up,  but  I  do  not  like  that  method. 

The  quantity  of  coal  required  to  bank  a  fire  under 
each  boiler  as  I  have  described  runs  from  90  to  12.5 
lb.  As  a  rule  90  lb.  is  sufficient.  Plants  requiring  as 
much  as  one-third  of  the  total  coal  consumption  for 
banking  must  operate  but  a  small  part  of  the  time  or 
else  the  fires  must  be  kept  burning  slightly  in  order  to 
supply  leaks  and  thus  hold  up  the  pressure. 

To  obtain  the  best  results  from  banked  fires  and  keep 
stand-by  losses  down,  it  is  necessary  that  steam  leaks 
through  valves  and  traps,  also  hot-water  leaks,  be  kept 
as  low  as  possible. 

Where  the  steam  lines  are  kept  hot,  nothing  should 
be  lost  from  the  boilers  but  the  condensation,  and  some- 
times it  is  advisable  to  cut  the  boilers  out  entirely.  It 
is  surprising  how  much  water  a  boiler  will  lose  on 
account  of  a  few  steam  leaks  even  when  the  fires  are 
banked.  Clifford  F.  Banner. 

Lacombe,  Alta.,  Canada. 

Approximate  Capacity  of  Pump 

In  the  Feb.  4  issue  of  Power,  page  183,  is  a  formula 
for  the  approximate  capacity  of  a  pump,  which  is  as 
follows : 

_  D-  X  0.7854  X  L  X  JV 
^  ~  231 

where 

g  t=  Gallons  pumped  per  minute; 

D  --:  Diameter  of  plunger  or  piston  in  inches; 

L  =-  Length  of  stoker  in  inches ; 

A'^  =  Number  of  single  strokes  per  minute. 

This  is  then  simplified  to  read 

D'  X  LX  N  „         .^,        D'LN 

^  ^ 2947117 —  •  ^^^I'y  written,  -^^ 

This  can  be  simplified  still  further,  making  it  easier 
to  handle  and  as  well  to  remember:  g  =  D^LN  0.0034. 
Lakewood  N.  J.  L.  A.  Kewood. 
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Electrical  Generator  Running  in  a  Vacuum — Would  an 
electric  generator  operate  if  it  were  placed  in  a  vacuum? 

J.  V.  M. 

Yes,  as  far  as  generating  a  voltage  is  concerned,  and  the 
windage  losses  would  be  practically  zero.  However,  there 
being  no  means  of  ventilating  the  machine  and  a  vacuum 
being  practically  a  nonconductor  of  heat,  it  is  doubtful  if 
the  machine  could  supply  the  power  to  excite  its  own  field 
coils  without  overheating  except  for  a  very  short  period. 
If  the  field  coils  were  separately  excited,  they  would  soon 
overheat  for  the  reason  mentioned. 


Standard  Temperatures  of  Melting  Points — What  are  the 
temperatures  of  the  melting  points  of  various  substances 
that  may  be  used  as  standards?  W.  N.  A. 

The  melting  points  used  by  the  Bureau  of  Standards  as 
standard  temperatures  for  the  calibration  of  thermometers 
and  pyrometers  are  as  follows,  expressed  in  degrees  Fahr- 
enheit: 

Mercury 37  97  .Antimony. ..  .  1.166  Nickel 2,646 

Tin 449  4  Aluminum.    ..  1.2177  Iron 2,786 

Cadmium 609  6  Silver  1.760  9  Palladium  2,820 

Lpad 6213  0,>ld  1.945   5  Platinum  3.191 

Zinc 786  9  Copper  1.981    4  Tungsten  6,152 


Field  Discharge  Resistance — We  have  a  lOO-kv.-a.  alter- 
nator and  wish  to  build  a  field  discharge  resistance  for  it. 
How  is  the  ohmic  value  of  the  resistance  determined  ? 

M.  P. 

The  general  practice  for  alternators  is  to  make  the 
ohmic  value  of  the  discharge  resistance  equal  to  the  normal 
voltage  of  the  exciter  divided  by  three  times  the  minimum 
field  current,  that  is,  the  current  flowing  in  the  field  wind- 
ings, when  all  the  rheostat  resistance  is  cut  into  circuit. 
As  an  example  assume  the  exciter's  voltage  to  be  125  and 
when  the  rheostat  is  all  cut  into  the  alternator's  field 
circuit  it  takes  5  amperes;  then  the  ohmic  value  of  the  dis- 

125 
charge  resistance  is    ^  —  8J  ohms.    This  resistance  is 

o  X  o 

usually  made  so  as  to  carry  the  field  current  for  thirty  sec- 
onds without  overheating.  The  circuits  should  be  connected 
to  a  switch  so  designed  that  the  field  windings  cannot  be 
disconnected  from  the  exciting  circuit  before  it  is  connected 
to  the  discharge  resistance  as  indicated  in  the  figure. 


FIKLD    niSCHARGK    SWITCH 


For  a  synchronous  motor  the  discharge  resistance  is  cal- 
culated the  same  as  for  an  alternator,  but  the  resistance 
is  made  so  as  to  carry  the  field  current  for  two  minutes. 
For  a  direct-current  generator  the  ohmic  resistance  of  the 
field  discharge  resistance  is  made  equal  to  the  normal  volt- 


age of  the  machine  divided  by  the  field  current  in  amperes 
when  all  the  rheostat  resistance  is  in  circuit;  in  other  words, 
divided  by  the  minimum  field  current  at  normal  voltage. 


Reduction  in  Tensile  Strength  of  Piston  Rod— What  per- 
centage of  tensile  strength  of  a  piston  rod  is  lost  by  drill- 
ing a  1-in.  diameter  pinhole  through  the  center  of  the  rod 
where  it  is  3  in.  in  diameter?  M.  J. 

Referring  to  the  figure,  the 
1-in.  diameter  pinhole  abed 
drilled  through  a  3-in.  diam- 
eter piston  rod  whose  origi- 
nal cross-sectional  area  was 
equal  to  the  area  of  circle 
abecdf  would  leave  a  total 
cross-sectional  area  of  rod 
equal  to  the  sum  of  areas  of 
the  equal  segments  bee  and 
dfa.  As  1  in  -f  2H  =  3  in.,  then 
H,  the  height  of  each  circular 
segment,  would  be  equal  to  1 
in.  The  area  of  a  circular 
segment  is  given  by  the 
formula. 


Area 


0.608 


in  which  H  is  the  height  of  segment  and  R  the  radius  of 
the  circles.    As  H  =  1  in.  and  /?  =  IJ  in.,  by  substituting, 

4  X  1 


the  area  of  bee  or  bfa  is  found  to  be  ■ 


V 


2  X  1{. 


-  0.608 


3       \       1 

=  2.06  sq.in.,  or  for  both  segments,  2.06  x  2  =  4.12  sq.in. 
As  the  original  cross-section  of  the  rod  due  to  3-in.  diameter 
was  3  X  3  X  0.7854  =  7.07  sq.in.  and  as  drilling  the  hole 
would  remove  7.07  —  4.12  =  2.95  sq.in.  of  cross-sectional 
area,  the  loss  of  tensile  strength  would  be  2.95  x  100  -^ 
7.07  =  42  per  cent. 


Thickness  of  Plates  for  Boiler  Shell — What  should  be  the 
thickness  of  steel  plates  of  55,000  lb.  TS  for  a  boiler  shell 
6  ft.  6  in.  diameter  to  caiTy  a  working  pressure  of  125  lb. 
per  sq.in.  with  a  factor  of  safety  of  5,  if  the  longitudinal 
seams  are  triple-riveted  butt-and-strap  joints  of  84  per  cent. 
efficiency?  F.  J.  L. 

The  stress  on  one  inch  of  length  of  the  longitudinal  joint 
of  a  cylindrical  shell  is  equal  to  one-half  of  the  product 
obtained  by  multiplying  together  the  working  pressur2 
per  square  inch,  the  diameter  and  the  factor  of  safety,  or 
where  P  =  working  pressure,  in  pounds  per  sq.in.,  R  — 
radius  in  inches,  and  FS  =  factor  of  safety,  the  required 
stress  of  1  in.  length  of  longitudinal  joint  =  J  X  .P  X 
2R  X  FS  =  P  X  R  X  FS. 

The  resistance  of  1  in.  length  of  the  longitudinal  joint 
would  be  equal  to  the  product  obtained  by  multiplying 
together  the  ultimate  tensile  strength  of  the  material,  the 
thickness  of  plate  and  the  efficiency  of  the  joint,  or  where 
TS  ~  ultimate  tensile  strength  of  plate  in  pounds  per 
square  inch  of  cross-section,  t  =  thickness  of  plate  in 
inches,  and  E  =  efficiency  of  the  joint,  the  resistance  of  1 
in.  length  of  joint  —  TS  X   t   x  E. 

As  the  resistance  mus*^^  equal  the  stress, 

PX  RX  FS,  or  t  =^^  ^^^^ 


TS  X  f  X  E 
Calling  TS  =  55,000  lb.,  E  =  0.84,  P 


TSX  E 
125  lb.  per  sq.in., 
R  =  J  of  6  ft.  6  in.  =  39  in.,  FS  =  5,  then,  by  substitution, 
the  last  equation  becomes 


^  125  X  39  X  5 
55,000  X  0.84 


33 


0.5276,  or  about  ^  inch. 
64 
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Tests  of  Colloidal   Fuel 


IN  THF,  MAY  28.  1918.  issue  l)ricf  ri'fiTi-ncc  was  made  to 
tests  tliat  were  beinjr  eonducted  of  colloidal  fuid  at  New 
Huveri  by  the  .Sulxiiarine  Defense  Association  with  a  view 
to  eonservinjr  the  fuel-oil  supply  of  the  Navy.  It  is  now 
possible  to  >r  i  V  e 
further  detaileil  in  (9^000 

formation  concern - 
injr  these  tests, 
which  have  been 
worked  up  under 
the  direction  of 
I.indon  W.  Bates, 
secretary  of  the  as- 
sociation. 

The  trials  were 
conducted  on  the 
patrol  boat  "Gem," 
a  converted  yacht 
with  two  265-hp. 
oil-burnintr  boilers 
of  the  Normand 
Express  type,  and 
extended  over  a 
period  of  several 
months. 

The  idea  of  an 
oil-coal  combination 
is  not  new,  but  the 
difficulty  heretofore 
has  been  due 
largely  to  the  set- 
tling out  of  the 
heavier  coal  or  tar 
product.  In  the 
present  tests  highly 
satisfactory  results 
appear  to  have 
been  obtained  with 
a  mixture  consist- 
ing approximately 
of  69  per  cent, 
fuel  oil,  30  per  cent, 
pulverized  coal  and 
1  per  cent,  of  a 
fi  X  a  t  e  u  r  whose 
function  is  the  sta- 
bilizing of  the  separate  elements  of  different  specific  gra-n- 
ties  so  as  to  maintain  a  homogeneous  product.  Other  mix- 
tures also  gave  fairly  good  results. 

The  coal  used  in  the  tests  averaged  about  13,900  B.t.u. 
per  lb.,  with  an  ash  content  of  11.4  per  cent.  Before 
mixing,  it  was  ground  so  as  to  pass  through  a  screen  of 

TABLE   I.     COMPARATI\-E  COST  OF  OIL  TVEL  A\D  COLLOIDAL 

FLEL  WITH  COAL  AT  VARIOUS  PRICES 

Specific  gravity  cf  oil     =0.950 

Specific  gravity  of  coal  =   I   40 


COLLOIDAL,   FUEL   COMPARED   WITH    COAL   OF    VARIOUS    PRICES 


Price  of 

Price  of 

Straight 
Oil  per 

Straight 
Oil  per 

Coal  at 

Coal  at          Coal  at        Coal  at 

Coal   at 

Gal. 

Bbl. 

$1.00 

$2  00              $3.00            $4.00 

$5.00 

Ic. 

$0.42 

$0.65 

$0  74              $0.82            $0.91 

$0  99 

2 

.84 

.92 

I. 01                 I    10              1    18 

1.27 

3 

1.25 

I    20 

1   28               L37             1.45 

1.54 

4 

1.68 

1.47 

1.55                1.64              1.73 

1.81 

5 

2.10 

1.74 

1.83                1.91              2.00 

2.09 

6 

2.52 

2.02 

2.10               2.18             2.27 

2.35 

7 

2.94 

2.29 

2.38               2.46             2  54 

2.63 

8 

3.36 

2  56 

2  55               2.74             2  82 

2.91 

9 

3.78 

2.84 

2.92               3.01             3.09 

3.18 

10 

4.20 

3.11 

3  20                3  28              3.36 

3.45 

11 

4.62 

3.38 

3.47                3.55              3.54 

3  72 

12 

5.04 

3.65 

3.74               3.83             3.91 

4.00 

fuel  oil  alone— in  the  ratio  of  about  17,000  to  18,000;  but 
owinif  to  its  greater  specific  gravity  the  heat  value  per 
unit  of  volume  w.-is  slightly  greater.  Therefore,  although 
the  saving  of  oil  for  e(|ual  weight  was  .'U.2  per  cent.,  due 

to  the  lower  heat 
value  per  pound  of 
colloidal  fuel  com- 
pared to  oil,  about 
10  per  cent,  more 
of  the  former  by 
weight  is  needed 
to  produce  ef|ual 
results.  This  means 
a  net  saving  for 
efiual  volumes  of 
about  27  per  cent. 
Table  I  shows 
comparative  costs 
of  oil  fuel  and  col- 
loidal fuel  with 
coal  at  various 
prices.  This,  pre- 
sumably, is  exclu- 
sive of  the  cost 
of  pulverizing  the 
coal.  The  curves 
show  the  heat  value 
of  colloidal  fuel 
with  varying  per- 
centages of  solid 
fuel  in  suspension 
with  oil  of  18,200 
B.t.u.  per  pound. 

Further  tests  in- 
dicated that  it  is 
possible  to  produce 
a  stable  liquid  fuel 
from  about  45  per 
cent,  oil,  20  per 
cent,  tar  and  30 
per  cent,  pulverized 
coal,  together  with 
a  fixateur,  thereby 
replacing  over  one- 
half  of  the  oil. 
Also,  by  the  greater 
use  of  higher  sulphur  oils  or  coals,  the  sulphur  con- 
tent of  the  mixed  fuel  can  be  reduced.  The  latest  test  with 
a  mixture  consisting  of  30  per  cent.  Pocahontas  coal,  8J 
per  cent.  Texas  Navy  oil,  28.8  per  cent.  Mexican  topped 
oil,  31.2  per  cent,  pressure  still  oil  and  IJ  per  cent,  fixateur, 
gave  the  following  results  as  compared  with  those  obtained 
on  the  same  boiler  with  straight  Mexican  topped  oil : 

TABLE  II.     COMP.\RATIVE   TESTS  OF   COLLOIDAL  FUEL  GRADE 
No.  13  AND  MEXICAN  OIL 

Colloidal 

No.  1 3  Mexican 

Test  No 6  1 

Date , 3/24/19  3/7/19 

Length  of  test,  hours 8  8 

Quality  of  steam,  pi  r  cent 97.2  97.3 

Equivalent  evaporation  per  hour 17,485  15,200 

Fuel  as  fired,  lb.  per  hour 1.286  1,159.5 

.Actual  evaporation  per  pound  fuel 11.6  12.06 

Equivalent  evaporation  per  pound  fuel 13.5  13.97 

Boiler  horsepower  developed 507  481 .98 

Per  cent,  rated  capacity 1 26  119.6 

B.t.u 17,200  18,482 

Efficiency,  per  cent 75.8  7332 
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300-mesh,  or  90,000  holes  per  square  inch.  Very  little 
change  was  made  in  the  oil  storage  tanks,  the  piping,  pre- 
heating or  burning  mechanism,  except  that  five  instead  of 
seven  mechanical  burners  were  used.  At  approximately 
150  deg.  F.  and  150  lb.  oil  pressure  the  atomization  of 
the  colloidal  fuel  was  as  good  as  that  of  the  fuel  oil  alone, 
and  the  B.t.u.  consumption  per  indicated  horsepower  was 
about  equal  to  that  of  the  regular  fuel  oil.  The  heat  value 
of  the  colloidal  fuel,  per  unit  of  weight,  due  to  the  lower 
heat  value  of  the  coal,  was  somewhat  less  than  that  of  the 


For  several  months  the  British  admiralty  has  been  at 
work  raising  vessels  that  were  sunk  by  German  subma- 
rines. So  far,  over  four  hundred  merchant  ships  have 
been  salvaged,  although  most  of  them  had  heretofore  been 
counted  a  dead  loss.  Since  the  U-boats  preferred  to  lie 
in  wait  for  their  victims  near  the  coast,  a  large  propor- 
tion of  the  sinkings  took  place  in  comparatively  shallow 
water,  which  makes  the  salvaging  much  easier.  The  ship 
is  raised  by  patching  the  hole  in  its  side,  which  is  done  by 
divers,  and  then  pumping  out  the  hold.  Work  is  done  by 
huge  submersible  pumps  lowered  into  the  hold  of  the  shin. 
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Crude    Petroleum    in    the   United    States 

The  following  coiviparative  preliminary  estimate  by  the 
United  States  Geo'.ogrical  Survey,  of  the  quantity  of  crude 
petroleum  produced  and  marketed,  consumed  and  held  in 
storage  in  the  United  States  in  February  and  January, 
1919,  and  February,  1918,  is  based  on  reports  filed  by  about 
two  hundred  pipe-line,  marketing  and  refining  companies 
that  receive  crude  oil  directly  from  the  productive  fields 
east  of  the  Rocky  Mountains  and  upon  statistics  for  Cali- 
fornia compiled  from  secondary  sources  because  first-hand 
data  could  not  be  procured  without  undue  delay.  This 
statement,  which  does  not  take  account  of  imports,  indi- 
cates the  general  trend  of  conditions  in  the  domestic  crude- 
petroleum  industry. 

The  quantity  of  crude  petroleum  run  from  wells  and 
producers'  field-storage  tanks  and  delivered  to  pipe  lines, 
marketing  companies  and  consumers  in  the  United  States 
in  February,  1919,  amounted  to  approximately  26,511,000 
bbl.,  a  decrease  of  3,358,000  bbl.,  or  13  per  cent.,  compared 
with  January,  1919,  but  an  increase  of  758,000  bbl.,  or 
about  3  per  cent.,  compared  with  February,  1918.  The 
average  daily  rate  in  February,  1919,  was  946,822  bbl.,  a 
quantity  les&  by  16,695  bbl.,  or  nearly  2  per  cent.,  than 
the  average  daily  rate  in  the  preceding  month,  though 
greater  by  27,072  bbl.,  or  3  per  cent.,  than  that  in  the 
corresponding  month  of  last  year.  As  there  are  31  days 
in  January  and  only  28  in  February,  1919,  the  monthly 
rates  of  production  indicate  a  relative  decline  in  the  pro- 
duction of  crude  oil  in  February,  1919,  compared  with 
January,  1919,  that  is  more  apparent  than  real.  The 
average  daily  rates  of  production,  however,  which  in  a 
comparison  of  this  kind  give  an  accurate  index  to  the  rela- 
tive changes  in  movement  of  crude  oil  from  the  productive 
sources,  show  a  decrease  in  February,  1919,  compared  with 
January,  1919,  of  only  about  2  per  cent.,  a  condition  due 
to  the  failure  of  the  flush  production  in  Central  and  North 
Texas  to  offset  the  decrease  in  the  Cushing  pool,  Oklahoma, 
and  in  the  Illinois  field,  which  has  been  steadily  .declining 
in  oil  production  for  many  years. 

It  is  estimated  that  27,159,000  bbl.  of  domestic  crude 
petroleum   was    delivered    in   February,    1919,   to   refineries 
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and  other  consumers  of  crude  oil  and  used  for  the  manu- 
facture of  petroleum  products  and  for  fuel.  This  quantity 
is  less  by  1,463,000  bbl.,  or  about  5  per  cent.,  than  the 
quantity  so  delivered  and  consumed  in  January,  1919,  and 
by  1,143,000  bbl.,  cr  only  4  per  cent.,  less  than  the  con- 
sumption in  February,  1918.  However,  the  average  daily 
rate  of  consumption  in  February,  1919,  which  is  more  sig- 
nificant than  the  monthly  rate,  was  969,966  bbl.,  an  in- 
crease of  46,076  bbl.,  or  nearly  5  per  cent.,  compared  with 
the  daily  rate  in  January.  1919,  though  a  decrease  of  40,820 
bbl.,  or  4  per  cent.,  compared  with  the  rate  in  February. 
1918. 

The   surface   reserve   of   crude    petroleum    held    on    Feb. 
28,     1919,    by     pipe-line     and     marketing    companies     and 


rifinories  that  receive  it  directly  from  the  wells  was  ap 
proximately  128,910,000  bbl.,  a  decrease  of  648,000  bbl.. 
or  5  per  cent.,  compared  with  the  quantity  on  hand  Jan. 
31,  1919,  and  a  decrease  of  19,219,000  bbl.,  or  15  per  cent., 
compared  with  the  quantity  in  stoi'age  on  Feb.  28,  1918. 

Approximately  95  per  cent,  of  the  crude  oil  above  ground 
in   the   United    States   in   the   months   specified   is   included 
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in  the  table,  the  remaining  5  per  cent,  representing  unmar- 
Keted  oil  run  by  producers  to  private  tanks  and  held  as 
field  stoiage. 

STUCK.S  OF  CKUDE  PETROLEUM  AT  END  OF   MONTH 
(Barrels  of  42  gal.  each) 

Increase  or  Increa.se  or 

Decrease,  Decrease, 

Februarv,  January,       Feb. -Jan.,  February,     Feb,  19  9- 

Class   of   Oil            1919  1919                1919  1918           Feb.,    1918 

Appalachian...          3,969,000  3.777,000  -|-      192,000  3,924,000  -t-         45,000 

I.ima-Indiana. .        1,229,000  1,181,000  +       48,000  1,610,000  —      381,000 

Illinois* 3,026,000  2,504,000  -H     522,000  3,331,000—      305,000 

M  i  d  -  C  o  n  - 

tincnt 78,107,000  80,252,000—2,145,000  97,873,000—19,771,000 

Gulf  Coast 8,866,000  8,528,000+    338,000  9,522,000—      656,000 

Rocky     Moun- 
tain         1,042,000  1,016,000-1-      26,000  513,000-1-       529,000 

Californiat 32,671,000  32,300,000+     371,000  31,351.000+    1,320,000 

Total 128,910,000  129,558,000—    648,000     148,129,000-19,219,000 

*  Includes  Lima-Indiana  oil  stored  in  Illinois  by  the  Illinois  Pipe  Line  Co. 
t  Includes  field,  pipe  line  and  refinery  stocks  of  crude  oil,  rcsiduiun  and  unfinish- 
ed refinery  products. 

The  Making  and  the  Destruction  of  Steel 

Another  overflow  crcv^'d  attended  a  joint  meeting  of  the 
mechanical  engineering  section  of  the  Western  Society  of 
Engineers  and  the  Chicago  section  of  the  American  Society 
of  Mechanical  Engineers,  held  in  the  rooms  of  the  former 
society  on  Apr.  21.  Robert  J.  Young,  manager  of  the 
Department  of  Safety  and  Relief,  Illinois  Steel  Co.,  showed 
some  interesting  reels  illustrating  the  triplex  process  of 
making  steel.  As  an  introduction  the  first  reel  showed 
mining  methods  in  Minnesota,  where  three-fifths  of  the 
iron  ore  is  obtained,  loading  boats  at  the  dock  and  unload- 
ing at  the  mills.  Subsequent  pictures  followed  the  process 
through  the  oiast  furnace,  the  bessemer  converter  and  the 
openhearth  furnac^  and  the  refinement  of  the  metal  in  the 
electric  furnace,  of  which  the  company  recently  installed 
three  of  25  tons  capacity.  The  series  of  reels  presented 
were  exceptionally  good  for  steel-mill  pictures  and  were 
highly  appreciated  by  the  audience. 

Prof.  Herbert  F.  Moore,  Department  of  Experimental 
Engineering,  University  of  Illinois,  talked  on  the  "Fatigue 
of  Metal."  By  means  of  successive  photomicrographs  of 
metals  under  stress  the  speaker  showed  the  development 
of  a  fracture  due  to  repeated  loading.  Numerous  fine 
cracks  first  appeared  and  spread  on  the  surface  of  the 
metal,  and  eventually  at  the  point  of  greatest  stress  one 
or  a  series  of  these  surface  cracks  developed  into  the  frac- 
ture. The  old  theory  of  crystallization  could  no  longer  be 
accepted  and  failure  from  fatigue  due  to  repeated  stresses 
below  the  elastic  limit  was  quite  possible,  notwithstanding 
the  usual  conception  to  the  contrary.  Also  the  impact  test 
was  not  reliable.  On  numerous  occasions  it  had  been  dem- 
onstrated that  a  polished  surface  added  to  the  strength  of 
the  metal,  as  the  fine  surface  cracks  did  not  develop  so 
readily. 
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Prof,  ("liarlo  II.  !{i<Iianl8 

Chiirlfs  H  Uiilmnls.  Kmcriliis  I'lofisj^or  of  Mi-rhnnicnl 
Hnpinoerinn  al  YiiK'.  diiil  nl  his  irsidi-mi-,  liJ7  Kdwards 
St.,  New  liiivi'ii,  t'onn.,  on   Apr.  20,  in  his  8(5lh  your. 

I'rofo.ssor  Hii-hards  was  horn  in  Hroi)i<lyn,  N.  Y.,  Dec. 
2:<,  1S;U,  and  was  t-durati-d  in  private  schools  in  that  city. 
In  his  early  days  he  moved  to  Hartford,  Conn.,  and  upon 
his  removal  from  there  to  New  York,  tame  in  contact  with 
the  late  Charles  T.  Porter,  by  whom  he  was  employed  to 
assist  in  the  preparation  of  drawings  for  a  machine  for 
drilling  the  arms  and  halls  for  his  governor. 

He  later  established  himself  as  a  designer  of  machinery 
and  in  1861  was  commissioned  by  Mr.  Porter  to  desiffn  a 
stcam-enj;ine  indicator  that  would  overcome  the  faults  of 
the  instruments  then  in  use,  which  were  only  for  use  on 
entrines  of  slow  speed.  After  repeated  attempts,  young 
Richards  became  discouraged,  but  goaded  by  Porter's  in- 
sistence that  he  must  have  a  high-speed  indicator,  renewed 
his  efforts  and  the  celebrated  Richards  Indicator  was  the 
result.  When  asked  to  patent  the  indicator,  Richards  re- 
fused, saying:     "If  I   patent  everything  I   think  of,  I  shall 


CHARLES   H.    RICH.^RDS 

soon  be  in  the  poorhouse."  He  finally  agreed  to  sell  his 
right  in  the  invention  to  Porter  for  one  hundred  dollars, 
Porter  to  patent  it  and  to  employ  him  to  obtain  the  patent. 
For  the  achievement  of  inventing  the  indicator  he  was 
made  a  Chevalier  of  the  Legion  of  Honor  of  France. 

Fon  many  years  he  was  consulting  engineer  and  assist- 
ant superintendent  of  Colt's  Patent  Fire  Arms  Co.,  Hart- 
ford, Conn.,  and  while  there  designed  and  superintended 
the  building  of  the  two  pairs  of  Porter-Allen  engines  which 
are  still  furnishing  power  to  the  older  part  of  that  estab- 
lishment. The  beds  for  these  engines  were  cast  in  the 
foundry  of  one  of  the  old  engine  builders  in  Hartford, 
who  called  on  General  Franklin,  the  general  manager  of 
Colt's  Armory,  to  warn  him  that  if  Richards  was  permitted 
to  put  these  engines  in  the  second  story  of  the  building 
and  run  them  at  100  r.p.m.,  disaster  would  be  certain. 
The  engines  were  started  in  1867  and  have  been  running 
almost  continuously  since  that  time. 

Professor  Richards  was  superintendent  of  the  South- 
wark  Foundry  and  Machine  Co.,  Philadelphia,  Penn.,  from 
1880  to  1884,  and  was  called  from  there  to  take  the  chair 
of  mechanical  engineering  at  Yale.     He  served  as  professor 


in  that  branch  until  li)09,  since  which  time  he  ha:*  been 
professor  emeritus. 

He  was  United  Stales  Commissioner  to  the  Puris  Kxpo- 
:<ilion  of  IKHD  and  has  been  consulting  engineer  for  many 
public  buildings,  ncjtably  the  State  Ca))ilol  at  Hartford. 
He  was  a  member  of  the  Societe  Imlustrielle  ile  MulhouHe, 
a  fellow  of  the  American  Academy  of  Arts  and  ScienceH 
and  n  member  of  the  American  Society  of  Mechanical 
Engineers,  being  present  at  the  meeting  for  organizing  the 
last-named   society  on   Apr.   7,    1K80. 

Professor  Richards  was  married  in  1858  to  Miss  Agnes 
Kdwarcis  (loodwin,  of  Hartford,  Conn.,  who  with  four 
daughters  and  one  son  survives  him. 

Print'iples   of   Combustion  in   the  Steam 
Boiler  Furnace 

"Principles  of  Combustion  in  the  Steam  Boiler  Furnace" 
is  the  title  of  a  new  work  by  Arthur  D.  Pratt,  of  the 
Babcock  &  Wilcox  Co.,  which  publishes  the  book.  As 
assistant  to  Dr.  D.  S.  .Jacobus,  that  company's  advisory 
engineer,  Mr.  Pratt  devotes  much  of  his  time  to  combustion 
and  heat-transmission  problems.  The  book,  therefore,  em- 
bodies much  of  the  company's  practice. 

Instead  of  the  usual  review  it  is  believed  that  readers  of 
Power  would  like  a  more  comprehensive  "view"  of  this 
e.xcellent  book.  It  is  in  thirteen  sections,  dealing  with  the 
chemistry  of  combustion,  density,  weight  and  volume  of 
gases,  heat  of  combustion,  specific  heat,  temperatures  de- 
veloped in  combustion,  air  and  combustion,  combustion 
formulas,  combustion  loss,  smoke,  general  conclusions. 

Section  XII  deals  with  the  computation  of  combustion 
data  relative  to  coal,  wood,  oil,  natural  gas,  byproduct 
coke-oven  gas  and  blast-furnace  gas.  Section  XIII  treats 
of  the  heat  balance  for  solid,  liquid  and  gaseous  fuels.  These 
two  sections  are  particularly  valuable. 

The  following  table  is  from  page  10. 
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ELEMENTS  AND   COMPOUND.S  EN'COUNTERED   IN 
COMBU.STION 


.•\tomi 

■:  Wright 

Molecular  Weight 

Accurate 

.\pprox. 

Accurate    Approi 

12  005 

12 

t 

1   008 

1 

2  015           2 

16  00 

16 

32  00           32 

32.07 

32 

64   14           64 

M.OI 

14 

28.02  28 
28.01           28 
44  01           44 

16.03  16 
26.03           26 
28.03           28 
30  05           30 
64  07           64 
34     8           34 
18  02           18 
28  94           29 

Molecular 
Substance  Symbol 

Carbon C* 

Hydrogen H, 

Oxygen O, 

.Sulphur S« 

Nitrogen  t N', 

Carbon  monoxide CO 

Carbon  dioxide CO, 

Methane CH, 

Acetylene CjH, 

Ethylene C,H. 

Eth'ne. C.He 

Sulphur  dioxide SO, 

Hydrogen  sulphide HjS 

\\-dUi  vapor H,0 

Air 

*  .\tomic  symbol,  f  The  molecular  weight  of  C  has  not  been  definitely  deter- 
mined. Carbon  exists  in  a  number  cf  forms,  each  of  which  probal  ly  has  ita  own 
molecular  weight.  The  latest  investigations  indicate  that  a  molecule  of  carbon 
in  any  form  consists  of  at  least  1 2  atoms.  X  Atmospheric  nitrogen  as  dis- 
tinguished from  chemically  pure  nitrogen,  which  has  an  atomic  weight  of  less 
than  14.01. 

Table  II  is  from  page  18,  and  designated  Table  5. 

TABLE    n.      DENSITY,    WEIGHT   AND   VOLUME   OF   GASES   AT 
AT.MOSPHERIC  PRESSURE  AND   32  DEG.   F. 

Molecu- 
lar 
Substance       Symbol 

.A.ir 

Oxygen O, 

Hydrogen Hj 

Nitrogen N, 

Carbon  monoxiele   CO 
Carbon  dioxide.. .    CO, 

Methane CH, 

.\cetylene C-H, 

Ethylene C,H, 

Ethane C,H, 

Sulphur  dioxide.  .   SO., 

Carbontt S, 

Sulphur 

*  Based  on  approximate — ^ ^    -      - 

ceived  to  exist  as  a  gas.  under  standard  conditions  its  relative  density  would  be 
0.820:  its  weight  per  cubic  foot  0.0668  lb  .  and  its  volume  14.97  cu  ft.  per  pound. 

Experiment  shows   that   if  the   temperature   of   a   per- 
fect gas  at  32  deg.  F.  is  increased  one  degree,  the  pressure 

being  kept  constant,  the  gas  expands      ,,,,  .,■      part  of  its 

491.64 


Weight 

Value  of 

ReIati^ 

e  Density 

per 

Cu.Ft. 

Constant 

Air 

Hydrogen 

Cu.Ft. 

P-r 

R  in 

=  1 

=  1* 

Lb. 

Lb 

PV  =    RT 

1    0000 

0.08071 

12  390 

53.33 

1    1053 

16 

0.08921 

1 1   209 

48.24 

0  0696 

1 

0  0562 

177  936 

765.8 

0  9673 

14 

0  07807 

12  809 

55   13 

0  9672 

14 

0.07806 

12  811 

55.15 

1    5291 

22 

0   12341 

8   103 

34  88 

0  5576 

8 

0  04500 

22  222 

95.64 

0.9200 

13 

0.7425 

13.468 

57.97 

0.9674 

14 

0  7808 

12  807 

55.12 

1.0494 

15 

0.8470 

11    806 

50.81 

2  2639 

32 

0.18272 

145 

125 

5  473 
0  0069 
0  0080 

23.56 

molecular  weights. 

+  Solid. 

t  If  carbrn 

can  be  con- 
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■/olume.  If  such  a  rate  of  expansion  per  degree  increase 
in  temperature  held  good  at  all  temperatures,  and  experi- 
ment shows  that  such  is  the  case  above  32  deg.  F.,  if  its 
pressure  is  kept  constant,  the  gas  would  double  in  volume 
with  an  increase  in  temperature  above  32  deg.  of  491.64 
deg.  F. 

Since  the  volume  of  a  gas  at  constant  pressure  varies 
as  the  absolute  temperature  [ — 460  deg.  F.  is  absolute 
zero],  if  one  pound  of  gas  is  at  a  temperature  of  60  deg.  F. 
and  a  second  pound  at  500  deg.  F.,  the  respective  volumes 
at  a  given  pressure  would  be  in  the  ratio  of  60  +  460  =  520 
to  500  +  460  =  960. 

The  section  on  specific  heat  is  particularly  commendable. 
Mr.  Pratt  points  out  that  in  computations  on  combustion 
the  mean  specific  heat  and  the  specific  heat  at  constant 
pressure  should  be  used.  He  gives  the  values  in  Table  III 
(Table  7  in  his  book)  as  the  most  authoritative  at  60  and 
GOO  deg.  F. 

TABLE  III.     MEAN   SPECIFIC  HEAT  AT  CONSTANT  PRESSURE 
AND  ORDINARY  TEMPERATURES 

Molecular  Mean  Specific  Heat 

Substance                        Symbol  0-60  Deg.  F.       0  600  Deg.  F 

Air .' 0.2381                   0.2484 

Oxygen 0.2160                   0.2211 

Hydrogen 3.3850                   3.4750 

Nitrogen 0.2349                 0.2406 

Carbon  monoxide 0.2349                   0.2406 

Carbon  dioxide 0.2008                   0.2214 

Water  vapor 0.4542                  0  4586 

Methane 0.498                     0.649 

Ethylene 0.348                     0.461 

Sulphur  dioxide 0.1544                   

With  the  data  of  Table  8  in  the  book  available,  the 
development  of  formulas  to  give  directly  the  theoretical 
amount  of  air  necessary  for  the  perfect  combustion  of  any 
fuel  is  simple.  Such  formulas  are  given,  beginning  on 
page  49. 

Mr.  Pratt  strikes  a  responsive  chord  in  the  reviewer  when 
he  says,  on  page  47:  "It  seems  proper  to  emphasize  here  the 
necessity,  where  accurate  results  are  desired,  of  considering 
flue-gas  analyses  only  in  conjunction  with  analyses  of  the 
fuel  burned.  As  an  example  of  the  errors  that  may  arise 
where  the  two  analyses  are  not  considered  together,  we  may 
take  the  tables  of  preventable  losses  corresponding  to  vary- 
ing percentages  of  carbon  dioxide  present  in  the  flue  gases, 
which  are  given  in  numerous  publications. 

Such  tables  give  an  arbitrary  percentage  of  carbon 
dioxide,  which,  if  it  could  be  obtained,  would  represent  no 
preventable  loss,  with  increasing  losses  for  lesser  percent- 
ages of  carbon  dioxide.  For  any  fuel  there  will  be  a  definite 
percentage  of  carbon  dioxide  that  must  correspond  to  perfect 
combustion  and  therefore  to  zero  preventable  loss;  but  such 
percentage  will  vary  not  only  for  different  classes  of  fuel, 
but  even  widely  with  different  fuels  of  the  same  class.  How 
wide  this  variation  in  carbon  dioxide  may  be  for  perfect 
combustion  with  different  fuels  is  indicated  by  the  com- 
putations of  combustion  data  given  later  [in  the  book],  the 
range  in  examples  of  fuels  taken  being  from  9.4  per  cent, 
in  the  case  of  byproduct  coke-oven  gas  to  25.1  per  cent,  for 
blast-furnace  gas. 

The  book  is  6  x  9  in.,  114  pages.  Frankly,  it  is  not  suited 
to  the  man  who  has  not  a  fairly  good  "grounding"  in  the 
chemistry  of  combustion.  Others  would  do  well  to  gain  a 
working  knowledge  of  that  subject  before  using  the  book. 

In  an  early  issue  Power  will  publish  some  of  the  com- 
putations of  combustion  data  which  form  the  eleventh  sec- 
tion of  the  book. 

Oxyacetylene  Welding  and  Cutting 

The  following  rules  for  operation  of  oxyacetylene  weld- 
ing and  cutting  have  been  adopted  by  the  Western  Pennsyl- 
vania Division  of  the  National  Safety  Council: 

1.  Under  no  condition  should  acetylene  be  used  where  the 
pressure  is  greater  than  15  lb.  per  square  inch. 

2.  Special  care  should  be  given  to  the  storage  of  oxygen 
and  acetylene  tanks.  Acetylene  is  classed  as  an  explosive 
as  other  hydrocarbon  gases  and  only  a  limited  number  of 
containers  should  be  stored  in  one  place.  Oxygen  tanks 
should  be  stored  in  a  separate  place  from  acetylene  tanks. 

3.  Oxygen  and  acetylene  tanks  should  not  be  allowed  to 
remain  near  stoves,  salamanders,  furnaces,  steam  heaters 


or  other  sources  of  heat  and  should  not  be  exposed  un- 
necessarily to  the  direct  rays  of  the  sun,  as  an  increase  in 
the  temperature  of  the  gas  will  cause  a  corresponding 
increase  in  the  pressure  within  the  tank.  Any  excess  of 
heat  may  also  soften  the  fusible  safety  disk  with  which 
the  tank  is  provided,  causing  it  to  blow  out  and  permit  the 
gas  to  escape. 

4.  Oxygen  tanks  should  never  be  handled  on  the  same 
platform  with  oil  or  grease  which  might  find  their  way 
into  valves  on  the  tanks. 

5.  Oxygen  and  acetylene  tanks  should  never  be  dropped 
or  handled  roughly  and  should  never  be  stood  on  end  unless 
fastened  so  as  to  prevent  them  from  falling  over. 

6.  Tanks  should  not  be  handled  by  crane,  either  magnetic 
or  mechanical. 

7.  All  empty  tanks  should  be  marked  plainly  with  the 
word  "empty"  and  returned  promptly  to  the  storeroom. 

8.  An  open  flame  should  never  be  used  for  the  purpose 
of  discovering  leaks  in  acetylene  tanks.  Leaks  can  general- 
ly be  detected  by  the  odor  of  tVie  acetylene  gas,  and  their 
location  can  be  determined  by  applying  soapy  water  to  the 
surface  of  the  tank  and  watching  for  the  soapy  bubbles 
formed  by  the  escaping  gas. 

9.  No  repairs  to  oxygen  or  acetylene  tanks  or  equipment 
should  be  made  or  attempted.  All  defects  should  be  re- 
ported promptly  to  the  foreman,  and  by  him  to  the  manu- 
facturer. 

10.  Leaking  acetylene  tanks  should  not  be  used,  but 
should  be  placed  in  the  open  air  and  all  open  lights  kept 
away  from  them.  All  leaking  acetylene  tanks  should  be 
reported  promptly  to  the  foreman  and  immediately  returned 
to  the  manufacturer. 

11.  All  open  flames  should  be  kept  away  from  any  place 
where  there  is  any  possibility  of  acetylene  escaping. 

12.  Care  should  be  taken  to  protect  the  discharge  valves 
of  the  tanks  from  being  bumped,  as  a  jar  may  damage  the 
valve  and  cause  it  to  leak. 

13.  Grease  in  contact  with  oxygen  under  pressure  may 
cause  spontaneous  ignition.  Great  care  should  be  taken 
not  to  handle  threads  or  valves  with  oily  hands  or  gloves, 
and  gages  should  not  be  tested  with  oil  or  any  other 
hazardous  carbon.  If  a  lubricant  must  be  used,  the  purest 
glycerin   is   permissible. 

14.  Gages,  apparatus  and  torches  requiring  repairs  should 
be  sent  to  the  manufacturer,  and  local  repairs  should  not 
be  attempted.  Valve  seats  should  never  be  replaced  except 
by  the  manufacturer. 

15.  The  use  and  operation  of  the  pressure  regulator  or 
reducing  valve  on  oxygen  or  acetylene  tanks  should  be  as 
follows:  (a)  Open  the  discharge  valve  on  the  tank  slightly 
for  a  moment  and  then  close  it.  This  is  to  blow  out  of  the 
valve  any  dust  or  dirt  that  might  otherwise  enter  the 
regulator,  (b)  By  means  of  the  stud  or  nut  connection  on 
the  regulator,  connect  the  regulator  to  the  discharge  open- 
ing of  the  tank,  (c)  Eelease  the  pressure-adjusting  screw 
of  the  regulator  to  its  limit,  (d)  Open  the  needle  valve 
slightly  if  there  is  one.  (e)  Open  the  discharge  valve  on 
the  tank  gradually  to  its  full  width,  (f)  Open  the  needle 
valve  to  its  maximum  if  there  is  one.  (g)  Adjust  the 
pressure  regulating  screw  until  the  desired  pressure  is 
shown  on  the  low-pressure  gage. 

16.  The  discharge  valves  on  the  tanks  should  be  opened 
slowly  and  care  should  be  taken  to  avoid  straining  or  damag- 
ing them  by  the  use  of  a  hammer  or  improper  wrench.  A 
special  wrench  should  be  made  for  use  in  opening  these 
valves  in  case  they  stick. 

17.  When  the  operation  of  the  cutting  or  welding  torch  is 
stopped  for  a  short  time,  the  needle  valve  on  the  regulator 
should  be  closed,  or  the  pi'essure-adjusting  screw  should  be 
released  to  keep  the  pressure  off  the  hose.  The  torches 
should  be  opened  momentarily  to  let  the  pressure  out  of  the 
hose  lines. 

18.  All  tanks  should  be  inspected  at  the  close  of  the  day's 
work. 

19.  Proper  precautions  should  be  taken  to  protect  the  hose 
from  flying  sparks. 

20.  All  hose  should  be  examined  periodically  at  least  one? 
every  week.     This  should  be  done  by  cutting  the  hose  off 
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lit  the  end  of  the  connection  and  exnminintr  it.  In  udiiition, 
after  n  few  month^^'  use,  the  hosi-  should  be  cut  off  nhout 
two  inches  back  of  the  connection  and  examined  for  defects. 
.V   defective   liose   should   never  be  used. 

21.  Special  care  should  be  taken  to  avoid  the  interchanRC 
of  oxyncn  and  acetylene  hose  or  piping',  as  this  mlKht  result 
in  a  mixture  of  these  ^rases  that  would  be  highly  explosive. 
The  practice  of  usin>r  rijrht  and  left-hand  threads  is  recom- 
mended. 

22.  White  lead,  jrrcase  or  other  similar  substances  should 
i.ever  be  u.sed  for  makinjr  tiirht  joints.  All  joints  and  leaks 
m  equipment  should  be  made  tijrht  by  solderinK  or  brazing. 

2;{.  The  oxygen  and  acetylene  valves  at  the  base  of  the 
torch  should  be  tested  daily  for  leaks. 

24.  Where  hydrogen  or  other  gns  is  used  instead  of 
acetylene,  the  same  precautions  should  be  observed  as  for 
acetylene. 

25.  A  fire  extinguisher  should  be  carried  as  regular  equip- 
ment to  be  used  in  case  of  fire. 

2G.  Men  using  welding  apparatus  should  wear  suitable 
welding  goggles  for  eye  protection,  having  frames  that  are 
nonconductors  of  heat  (not  celluloid),  side  shields  to  protect 
against  hot  particles  of  metal,  and  lenses  of  proper  color. 

27.  Operators'   clothing   should   be    fireproof. 

28.  If  valves  become  frozen,  they  should  be  thawed  by 
hot  water,  not  by  flame  or  hot  metal  i-od. 

29.  Home-made  g-enerators  should  never  be  used  as  they 
are  unsafe.  As  the  Board  of  Underwriters  has  jurisdic- 
tion over  all  generators,  only  generators  pennitted  by  the 
underwriters  should  be  used. 

30.  Where  acetylene  is  used  from  generators  or  is  piped 
through  the  plant,  an  approved  water  seal  should  be  inter- 
posed between  the  generator  and  the  piping  system  and 
individual  water  seals  should  be  placed  at  each  blowpipe. 
Water  seals  should  be  inspected  daily,  without  fail. 

31.  Portable  generators  should  not  be  used  inside  of  the 
building. 

32.  Safety  devices  on  tanks,  generators  or  apparatus 
should  not  be  removed  or  tampered  with. 

33.  In  welding  brass  or  bi-onze,  injurious  fumes  may  be 
given  off,  making  it  desirable  to  wear  a  respirator. 

34.  Smoking  while  on  duty  should  positively  be  prohibited. 

35.  Electric  lights  in  a  generator  house  should  be  inclosed 
in  vapor-tight  globes  protected  by  the  regulation  guard. 

36.  Snap  switches  should  be  placed  outside  of  the  gener- 
ator house  in  a  suitable  place,  provided  the  house  is  isolated. 

37.  Piping  which  is  used  to  carry  acetylene  or  hydrogen 
should  be  painted  a  distinctive  color  so  that  it  will  not  be 
possible  to  mistake  that  line  for  anything  else. 


.'IH.  The  manufacturers  should  provide  couplings  for  the 
hose  which  cannot  be  mistaken  and  put  on  the  wrong  hose. 
If  the  couplings  could  be  made  with  proper  conneclionH,  it 
would  be  impossible  to  make  any  mistake. 

.'?!).  In  storage  houses  where  hydrogen  or  acetylene  tanks 
are  stored,  the  wiring  should  conform  to  the  same  rules 
as  for  the  generator  house  so  that  it  would  be  impossible  to 
(ause  an  explosion  from  defective  wiring  or  a  break  in  the 
bulb. 

40.  The  valves  on  the  piping  should  contain  neither  cop- 
per, brass  nor  bronze. 

41.  In  opening  the  outlet  valve  of  a  full  tank,  do  not 
lemove  the  regulator. 

42.  The  operator  should  not  stand  in  front  of  the  gages 
when  opening  the  discharge  valves  on  the  tank.  If  the 
pressure  goes  off  suddenly,  it  may  possibly  destroy  the 
gage,  and  if  it  does,  the  glass  and  parts  will  be  blown  out 
at  the  front. 

43.  A  label  should  be  placed  on  every  tank  of  oxygen  that 
comes  into  any  mill,  that  it  should  be  kept  away  from 
grease.  Some  of  the  manufacturers  put  on  a  tag  while 
ethers  do  not. 

44.  Acetylene  is  now  capable  of  making  a  24-in.  cut. 
Beyond  that  it  is  necessary  to  use  hydrogen. 

New  Society  of  Massachusetts  Engineers 

The  initial  meeting  of  the  Engineering  Society  of  Western 
Massachusetts  was  launched  at  a  dinner  of  over  300  at  the 
Hotel  Kimball,  Springfield,  on  the  evening  of  Apr.  16. 
The  speakers  were  Prof.  L.  P.  Breckenridge,  who  discussed 
engineering  organizations;  W.  S.  Murray,  who  spoke  on 
the  conservation  of  natural  resources  with  particular  ref- 
erence to  a  super-power  system  covering  the  territory  be- 
tween Boston  and  Washington;  and  Dr.  George  Otis  Smith, 
director  of  the  Geological  Survey,  who  also  spoke  upon  the 
power  problem. 

During  the  course  of  the  evening  there  were  received 
1072  applications  for  membership.  The  following  officers 
were  elected:  President,  Charles  L.  Newcomb;  vice  presi- 
dents, C.  C.  Chesney  and  George  E.  Williamson;  secretary 
and  treasurer,  W.  E.  Holmes.  The  following  directors 
were  also  elected:  Dr.  H.  C.  Emerson,  F.  O.  Wells,  S.  M. 
Greene,  J.  C.  Eobinson,  E.  E.  Lochridge  and  G.  P.  B.  Al- 
derman. 

The  membership  is  divided  into  four  classes:  Honorary, 
full  members,  associate  members  and  juniors.  The  initial 
fees  and  dues  are  each  $5  for  the  three  first  classes  and 
$3  for  the  fourth  class.  The  third  Tuesday  in  May  has 
been  fixed  as  the  date  for  annual  meetings. 


New  Publications 


THE  GREEX  BOOK 

Containing  nearly  100  pages,  the  "Green 
Book,  Progressive  Combustion."  just  is- 
sued by  the  Green  Engineering  Co.,  of  East 
Chicago,  Ind..  is  an  excellent  example  of 
modern  publicity  methods  now  favored  by 
ihe  progressive  manufacturer.  It  is  not 
the  old-time  catalog.  Green  products  are 
ihoroughly  illustrated  and  the  construc- 
tion made  evident,  but  the  discussion  is  on 
an  engineering  basis.  The  book  in  fact 
is=  a  treatise  on  combustion,  including  a 
survey  of  the  coals  of  the  v.orUl.  their  tyi)i- 
cal  analyses  and  burning  characteristics. 
The  latter  is  such  desirable  information 
that  in  itself  it  should  create  a  large  de- 
mand for  the  new  publication. 

As  an  introduction  the  economic  feat- 
ures of  mechanical  stokers,  such  as  labor 
saving,  fuel  saving,  increased  capacity  and 
smokele.«sness,  are  discussed.  Coals  are 
classified  as  to  grade  and  firing  character- 
istics, and  attention  is  given  to  the  four 
requirements  that  make  a  stoker  auto- 
matic. The  Green  chain  grates  of  the 
K  and  L  t>-pes  are  fully  illustrated  and 
improvements  such  as  rear  drums  in  place 
oi  sprockets,  chain  skids  in  lieu  of  rolls, 
a  perfected  air-sealing  system  and  water- 
cooled  rear  girder  and  ledge  plates,  em- 
■^hasized.  There  is  description  of  other 
Green  products  such  as  the  "Sealflex  '  ven- 
•=lated  arch,  the  pressure  waterback,  the 
s'eam-jet  ash  conveyor  and  the  cast-iron 
storage  hopper. 


A  17-page  section  devoted  to  combustion 
engineering  gives  the  fundamentals  of  com- 
bustion, furnace  design  and  draft,  includ- 
ing chimney  and  breeching  design,  dra>.t 
loss,  combustion  rates  and  boiler  capaci- 
ties. An  instructive  feature  is  the  presen- 
tation of  ten  typical  settings  for  different 
types  of  boilers  equipped  with  chain  grates 
to   meet   varying  conditions. 

In  the  concluding  section  coals  of  the 
world  receive  general  comment  and  esti- 
mates are  given  of  tlie  coal  reserves  in 
Xorth  and  .South  .\merica.  .\frica.  Asia, 
Europe  and  Oceania.  Following  are  proxi- 
mate analyses  of  these  coals  by  name  of 
seam  or  bed  in  the  various  states  and  coun- 
tries in  the  United  States  and  in  the  vari- 
ous foreign  countries  producing  coal.  Such 
information  is  most  interesting  and  valu- 
able to  the  engineer  and  should  prove  an 
excellent  guide  in  the  purchase  of  fuel 
or  in  the  design  of  the  boiler  plant  to  burn 
a  .specific  coal. 


Obituary 


George  H.  Phillips,  president  and  treas- 
urer of  the  Hev.es  &  Phillips  Iron  Works, 
Newark.  N.  J.,  died  at  his  home  in  Brielle, 
X.  J.,  on  the  afternoon  of  Apr.  22.  He  had 
not  been  in  the  best  of  health  for  a  year, 
but  his  illness  took  a  serious  turn  only 
about  a  week  before  his  death  Mr.  Phil- 
lips was  born  in  the  old  Phillips  home-stead 
on  Lincoln  Ave.,  Xewark.  over  sixty-six 
years  ago  and  lived  in  that  city  practically 
all  his  life,  having  removed  to  Brielle  only 


five  years  ago.  He  received  his  early  edu- 
cation at  Xewark  Academy  and  the  Hill 
School,  Pottstown,  Penn..  after  which  he 
entered  Cornell  University.  On  his  gradua- 
tion from  the  university  he  became  asso- 
ciated with  the  iron  works  in  which  his  life 
has  been  spent.  He  was  unmarried  and  is 
survived  by  three  brothers  and  three 
sisters. 

ATarshall  Ten  Broeck  Davidson,  president 
of  the  M.  T.  Davidson  Co..  builders  of  the 
well-known  line  of  "Davidson"  pumps  and 
pumping  engines,  died  at  his  home  in 
Brooklyn  on  Apr.  10.  Mr.  Davidson  was 
one  of  the  oldest  members  of  the  American 
Society  of  Mechanical  Engineers,  also  a 
member  of  the  Society  of  Xaval  Archi- 
tects and  Marine  Engineers,  the  Xaval  Or- 
der of  the  United  States.  Associate  Society 
U.  S.  Grant  Post.  Xo.  327,  the  Columbia 
County  Association  and  life  member  of  the 
X'avy  League.  He  was  born  in  Albany,  in 
1837,  and  from  his  early  boyhood  showed 
great  interest  in  sttain  machinery,  par- 
ticularly the  locomotive  and  steamboat  en- 
gines. In  1S57  he  entered  a  marine-engine 
machine  shop,  and  later  went  to  sea  as 
assistant  engineer.  Upon  the  breaking  out 
of  the  Civil  War.  he  was  assistant  engineer 
on  a  steamer  running  from  San  Francisco 
to  the  various  settlements  on  Puget  Sound. 
He  came  east  in  1862  as  volunteer,  second- 
nssistant  engineer  in  the  naval  service,  but 
was  requested  to  accept  a  position  as  chief 
engineer  of  an  army  transport,  building  at 
Wilmington,  Del.  At  the  close  of  the  war, 
he  became  a  contracting  engineer,  and  in 
1878  started  the  business  which  is  now 
carried  on  in  Brooklyn,  N.  Y.,  building 
pumps   and   pumping   engines. 
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Personals 


Alex  Girtanner,  formerly  vice  president 
of  the  American  Steam  Conveyor  Corp.,  of 
Chicago,  111.,  is  now  president  of  the  Girt- 
anner Engineering  Corp.  of  New  York,  with 
offices  at  1400   Broadway. 

R.  E.  Thompson  has  been  appointed 
manager  of  the  Deming  Ice  and  Electric 
("o.,  Deming.  N.  M,,  to  succeed  M.  E.  De 
France,  who  has  gone  to  Trinidad,  Colo.. 
IIS  superintendent  of  power  for  the  Trini- 
dad Electric  Transmission  Railway  and 
Gas  Co. 


THE   COAL   MARKET 


Eneineerine  Affairs 


The  Canadian  Association  of  Stationary 
Engineers  will  liold  its  annual  convention 
and  exhibition  of  power-plant  equipment 
and  supplies  at  Convention  Hall.  Brant 
Ave..  Brantford,  June  24.  25  and  26.  An 
elaborate  program  has  been  provided,  cov- 
ering both  the  presentation  of  technical 
papers  and  special  features.- 


Miscellaneous  News 


The    Tallahassee    Light    and    Power    Co.'s 

plant  was  totally  destroyed  by  fire  Apr.  12. 
plunging  the  capital  city  of  the  state  into 
semi-darkness,  with  the  legislature  in  ses- 
sion and  no  adequate  means  of  lighting  the 
capitol,  hotels  or  homes.  The  loss  of  the 
plant  IS  estimated  at  $75,000. 


Business  Items 


The  Bailey  Meter  Co.  will  move  its  main 
office  and  works  from  Boston  to  Cleveland, 
Ohio,  on  May  1.  The  Boston  office,  with 
H.  D.  Fisher  as  manager,  is  retained  to 
handle  sales  and  engineering  service  work 
in  the  New  England  district.  For  the 
present  New  York  and  Philadelphia  dis- 
tricts will  be  covered  from  Boston  and  all 
other  districts  will  be  covered  from  Cleve- 
land. 

Ball    Bearing    Manufacturers'    Combine — 

Of  interest  to  all  users  of  bearings  is  the 
reorganization  on  May  1.  whereby  the 
products  of  the  Hess-Bright  Manufactur- 
ing Co..  the  S  K  F  Ball  Bearing  Co..  the 
Atlas  Ball  Co.  and  the  Hubbard  Machine 
Co.  will  be  sold  through  one  central  or- 
ganization. The  new  company,  under  the 
name  of  S  K  F  Industries.  Inc..  will  offer 
a  comprehensive  line  of  ball  bearings,  in- 
cluding the  Hess-Bright  deep-groove  tj-pe. 
S  K  F  self-aligning  radial  and  thrust  bear- 
ings, ball  bearing  pillow-blocks  and  shaft- 
ing hangers. 

The  Curtis  &  Curtis  Co.,  Bridgeport. 
Conn,  has  just  completed  an  important 
addition  to  its  plant.  The  new  building  is 
150  X  125  ft.  and  includes  an  exhibition 
room  and  a  new  hardening  and  tempering 
department  with  all  latest  facilities. 

Akerlow  &  Lundqulst  have  opened  an 
office  at  415  Seventeenth  St..  Denver,  and 
besides  having  the  agency  for  boiler-room 
equipment,  they  will  do  general  engineer- 
ing work  for  power  plants  and  coal  and 
oil  users. 

The     Chicago    Pneumatic    Tool    Company 

has  moved  its  Milwaukee  office  from  Room 
1305.  Majestic  Building,  to  Room  1418  in 
the  same  building,  where  more  convenient 
quarters  necessitated  by  the  growing  busi- 
ness of  the  company  in  this  district  have 
been  obtained. 


I  Trade  Catalogs 
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Chas.  A.  Schieren  Co.,  New  York  City, 
has  issued  Catalog  No.  10  on  "Schieren 
Leather  Beltings."  describing  the  different 
grades  of  belting,  rawhide  rope,  cut  lac- 
ing, lace  leather,  hydraulic  leather,  pack- 
ing, belt  cements,  dressings,  etc..  with  the 
general  price  list  for   each. 


BiiiMiiiuiuii")"' 

BOSTON' — Current  prices  per  gross  ton  f.o.b.  New 
Vork  loading  ports: 

Anthracite 

Company 
Coal 

Egg $7.80@7  95 

Stove 7.95@8   15 

Chestnut 8 .  05@  8  35 

Bituminous 

Cambrias 
and 
Clearfields       Somersets 

F.o.b.  mines,  net  tons $2.I5@2  75  $2  80(5  3  35 

Philadelphia,  gross  tons...    4.20((i4.90     5.00(«i5  40 

New  York,  gross  tons 4.50@5.25     5,35@5.80 

Alongside    Boston    (water 

coal) ,  gross  tons  6.  I0@6  85     6.90^7  65 

Pocahontas  and  New  River  are  quoted  at  $4' 70 
@5.25  f.o.b.  Norfolk  and  Newport  News,  Va.,  for 
spot  coal,  and  $7.20((i:8.60  alongside  Boston,  these 
prices  being  on  a  gross  ton  basis. 

NEW  YORK— Current  quotations.  White  Ash, 
per  gross  tons,  f  o.b.  Tidewater,  at  the  lower  ports* 
are  as  follows: 

Company  Company 

Mine     Circular  Mine     Circular 

Broken   $5  95       $7  80        Pea 4.80         6.55 

Egg...      5  85         7  70        Buck- 
Stove..      6.10         7.95  wheat     3  40         5   15 
Chest-                                      Rice.    .      2  75         4  50 
nut...      6.20         8.05        Barley.     2  25         4.00 

Bituminous 

Spot  Contract 

South  Forks $2  90  @  $3  25  $2.95  @  $3  50 

Cambria    County 

(goodgrades) 2  80®     3   10      2.95©    3  25 

Clearfield  County.  .  .    2  65®    2  95     

Rcynoldsville 2  6'^  @    2  85       2  85®    2  95 

Quemahoning 2.75®    2.95       2.95®    3   10 

Somerset  County 

(bestgrades) 2.75®    2.95       2.95®    3.10 

Somerset  County 

(poorer  grades)....  2.25®  2.50  2.50®  2  75 
Western  Maryland.  .    2.25®     2  75       2.50®    2.75 

Fairmont 2    10@     2  35       2.35®     2  50 

Latrobe 2.10®     2.25      

Greenshurg 2  35  ®     2  40       2  35  @     2.60 

Westmoreland 2.60®     2.75       2.65®     2.75 

Westmoreland     run- 

of-mine 2.40®    2  65       2  40  ®   2  65 

Quotations  at  the  upper  ports  for  both  bituminous 
and  anthracite  are  5c.  higher  on  account  of  the 
difference  in  freight  rates,  and  are  exclusive  of  the 
3%  war  freight  tax. 

PHILADELPHIA— The  price  per  gross  ton  f.o.b. 
cars  at  mines  for  line  shipment  and  f.o.b.  Port 
Richmond  for  tide  are  as  follows: 

Line     Tide  Line     Tide 

Broken $5.95  $7.80     Buckwheat.. ..$3.  40  $4.'45 

Egg 5  85     7   70     Rice 2  75     3  65 

Stove 6.10     7  95     Boiler 2.50     3  50 

Nut 6.20     8  05     B.^rley 2  25     3.15 

Pea 4  80     6  40     Culm 1.25     2   15 

CHICAGO — Current  prices  per  ton  for  Illinois 
and  Indiana  coal  are  as  follows: 

Illinois 

Southern  Northern 

Williamson,  Saline  and        Illinois  Illinois 

Williamson  Counties       Fob.  Mines   F.o.b.  Mines 

Prepared  sizes $2  55@$2  75  $3   25 

Mine-run 2  35«'    2   50  3  00 

Screenings 1   85®   2  20  2  75 

BIRMINGHAM — Current  prices  per  net  ton  fob. 
mines  are  as  follows: 

Slack  and 
Mine-Run       Prepared     Screenings 

Big  seam $2.45  $2  75  $2  40 

Black  Creek  and 

Cahaba 3  45  3.75  3.05 

Jagger    -    Pratt 

Corona 2.85  3.05  2.45 

Blacksmith 5.25  

Domestic  quoations,  slightly  increased,  are  as 
follows: 

Lump  and  Nut 

Black  Creek  and  Cahaba 3. 85@$4  50 

Corona 3 .  40 

Jagger 3.50 

Montvallo 5.00 

ST.  LOUIS — The  prevailing  circular  per  net  ton 
fob.  mines  is  as  follows: 

Mt    Olive 
and 

Franklin  County  Staunton        standard 

Prepared  sizes,  lump, 

egg,  Nos.    I  and  2 

nut $2.75     

Williamson  County 
Prepared  sizes,  lump, 

egg,  nut $2  55       $2  55         $l.90®2  25 

Mine-run 2.35         2.20  2  00 

Screenings 2.20         2  05  I    75 

3-in.  lump 2  30 

2-in.  lump .    .  2.15 

Williamson-Franklin  rate  to  St  T.ouia  is  $1  075: 
other  rates  925c. 


PROPO.SED     WORK 

Mass.,  Campello — H.  E.  Keith  &  Co.  will 
soon  award  the  contract  for  the  construc- 
tion of  a  1)4  X  71  ft.  power  house.  Esti- 
mated cost.  $56,000.  Jenks  &  Ballou,  735 
Grosvenor  Bldg..  Providence,  R.  I..  Engr. 
Noted  Jan.   21. 

Mass.,  Lynn — J.  Grossman.  401  Grossman 
Bldg..  will  install  a  steam  heating  plant 
in  the  7-story  apartment  hotel  which  he 
plans  to  build  on  Lynn  Shore  Dr.  and  Wade 
St.      Total    estimated   cost,    $250,000. 

Mass..  New  Bedford — H.  T.  Borden,  Chn. 
of  the  Comn..  154  Fair  St..  will  soon  award 
the  contract  for  the  construction  of  a  power 
house,  laundry,  etc.,  in  connection  with  the 
hospital  group,  which  it  plans  to  build  on 
Mt.  Pleasant.  Myrtle,  Van  Buren  and  Jef- 
ferson St.  Total  estimated  cost,  $100,000. 
J.  R.  Worcester  &  Co..  79  Milk  St.,  Boston, 
Engr.      Noted   Feb.    11. 

Conn.,  Bridgeport  —  The  Carlisle-Cord- 
Tire  Co.  Andover,  Mass..  will  install  a 
steam  heating  plant  and  electric  power  in 
the  1 -story.  150  x  250  ft.  factory  which  it 
plans  to  build  on  Fairfield  Ave.  Total 
estimated   cost.    $100,000. 

Conn.,  Bristol — E.  Ingraham  Co..  392 
North  Main  St.,  has  awarded  the  contract 
for  the  construction  of  a  5-storv,  50  x  100 
ft.  factory  to  the  H.  Wales  Lines  Co..  134 
State  St.,  Meriden.  A  steam  heating  sys- 
tem and  electric  power  will  be  installed 
in  same.     Total  estimated  cost.   $100,000. 

Conn.,  New  London — The  New  Haven 
Dairy  Co  ,  Hazel  St.,  New  Haven,  plans  to 
build  a  2-story  artificial  ice  plant  on  Pe- 
quot  Ave.      Estimated  cost,   $50,000. 

Conn.,  Wallingford — The  Masonic  Charity 
Foundation  Co..  Meriden,  has  awarded  the 
contract  for  the  construction  of  a  4-storv, 
86  X  105  ft.  home  to  the  H.  Wales  Lines 
Co..  134  State  St..  Meriden.  A  Brownell 
vapor  heating  system  will  be  installed  in 
same.      Total   estimated    cost,    $150,000. 

N.  Y..  Antwerp — The  Antwerp  Light  & 
Power  Co.  has  had  plans  drawn  for  the 
development  of  the  company's  water  power 
on  the  Indian  River.  Plans  include  the 
construction  of  a  dam.  flume  and  power 
house,  transmission  line  and  the  installa- 
tion of  generator  units.  Address  J.  A. 
Baumert,   Antwerp. 

N.  Y..  Buffalo — The  Armour  Grain  Co.. 
Abbott  Rd..  is  in  the  market  for  conveying 
and  transmission  equipment  and  grinders 
to  be  Installed  in  the  addition  to  its  mill 
which  it  plans  to  build.  Estimated  cost. 
$25,000. 

N.  Y.,  Cambridge — The  Rice  Seed  Co. 
will  install  a  heating  plant,  temperature 
and  humidity  controlling  equipment,  etc.. 
in  the  75  x  275  ft.  storehouse  and  shipping 
building  which  it  plans  to  build  near  the 
Delaware  and  Hudson  R.R.  Estimated  cost. 
$35,000. 

N.   Y..   Long   Island    City — The   Board   of 

Education.  500  5th  Ave.,  New  York  City, 
will  install  a  steam  heating  plant  in  the 
3-story,  100  x  100  ft.  high  school  addition 
which  it  plans  to  build  on  Wilber  Ave. 
Total  estimated  cost,  $500,000.  C.  B.  J. 
Snyder.  Municipal  Bldg.,  New  Y'ork  City. 
Engr. 

N.     Y..     Long     Island     Cit.v — Loft.     Inc.. 

Broome  and  Center  St..  New  York  City, 
will  install  a  steam  heating  plant  in  the 
5-story.  150  x  2iHi  ft.  factory  which  it 
plans  to  build  on  \'crnnn  Ave..  Dayton  to 
Hamilton  St.  Total  estimated  cost.  $850,- 
000.  J.  P.  Dunn.  514  1st  Ave.,  New  York 
City,  Arch. 

N.  v..  Madison — The  War  Department 
plans  to  install  a  new  steam  lieating  plant 
in  the  old  stone  quarters  here.  Estimated 
cost.    $60,000. 

N.  Y.,  New  York — Cuneo  &  Posta.  73 
Washington  Sq..  will  install  a  steam  heat- 
ing plant  in  the  5-story.  100  x  130  ft. 
garage  which  they  plan  to  build  at  541- 
551  West  Broadwav.  Total  estimated  cost. 
$100,000.  F.  E.  Vitolo.  56  West  45th  St.. 
Arch. 

N.  Y..  New  York — R.  H.  Macy  &  Co.. 
Bway.  and  34th  St,  has  awarded  the 
contract  for  the  construction  of  a  17-story. 
50  X  200  ft.  addition  to  its  department 
store  at  liO-155  West  34th  St.  to  Marc 
Eidlitz,  30  East  42nd  St.  A  steam  heating 
plant  will  be  installed  in  same.  Total 
estimated    cost.    $500,000. 
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N.  v..  N>»»  York— Tho  N'ntloiial  AHWncld- 
tlon  llullilliiK  <'<'ii>.  :(>  W.-Mt  U>lli  SI  .  will 
liiNtiill  II  Hti'iiin  lii'iilliiK  pliiiit  111  lliit  20- 
morv.  iirc-mli*.  mIoiv  uiuI  ollli-i'  Imthllntr 
whii'li  It  pluMH  to  Inillil  at  ::7  Wi-.il  KInl 
SI.,  tliroUKli  l«  I'fl-L'S  WiMl  4<lh  St  T>>tiil 
I'Htlniati'il  coHt,  $KOO.(iiMi  SluiTcIt  &  Van 
VIook.   »   \Vfnt   40tli  St  .   Knur. 

N.  v..  N>w  York— Tli««  Now  York  In- 
Urninrv  for  Woim-ii  &  rhililioii.  S'.!!  Kant 
15lh  St..  will  Install  ii  Hti'ain  hoatlnK  plant 
In  tlu>  11  X  tio  ft  illMpfn.MMiy  which  II  planH 
lo  l.ulhl  at  MvhiKslon  IMai-c  ami  I6lh  St. 
Total  .•Nllmat.Hl  <i)»i.  Jirir.,miii.  Hullcr  Uoil- 
inun.   5G   \Vi-»l   4Jnil  SI..   Arch. 

N.  Y..  New  York  -M.  HiiMn.  lOfiO  AniHlor- 
(lain  .\vi'..  will  Install  a  stt-ain  httatliiK  plant 
In  Iho  L'-slory.  liHl  x  LMI3  fl  KaruK''  which 
hi>  plans  lu  hulUI  at  Juniol  I'l.  ami  lC7th 
St.  Total  ostlinaica  cost.  j:;n(l.oOO.  V. 
C'uplln.    It!   Court   St..   nrookl.vn.   Arch. 

N.  Y..  .SnlUbur.v  CVnltr— G  \V.  Boyle. 
Pur.  AKt..  Hcrklincr  Co.  (Ucrklinor).  will 
install  a  steam  hciitint;  system  In  the 
tuberculosis  hospital  which  will  be  built 
on  the  Hellor  Karin  here.  Total  estimated 
cost.   $100,000. 

N.  J..  Cnpe  May — The  Bureau  of  Yards 
&  Pocks.  Navy  Department.  Washington,. 
II.  C..  will  soon  award  the  contract  for  the 
construction  of  a  cold  .storuRc  buildiiiB  at 
the  Section  Base  here.  Kstlmate<l  cost. 
$50,000.  Speciflcatian  Xo.  3G85.  Noted 
Dec.    31. 

N.  J..  Hopewell— W.  C.  Slack.  42  Fisher 
PI..  Trenton,  plans  to  build  a  1-story.  42 
X  120  ft.  rofriporating:  plant  here.  Esti- 
mated  cost.   $18,000. 

N.  J.,  Newark — Otto  Heineman  Co.,  Inc.. 
145  Jackson  St..  will  install  a  steam  heat- 
ing plant  In  the  4-story.  80  x  400  ft.  fac- 
tory which  It  plans  to  build  on  Thomas  St. 
Total  estimated  cost,  $600,000.  R.  G. 
Cory,  39  Cortlandt  St.,  New  York  City, 
lOngr. 

Penn.,  Pittsburich — The  T.  M.  C.  A.  will 
Install  a  hoatinfr  system  in  the  4-story,  81 
X  120  ft.  association  building  which  it 
plans  to  build  on  Center  and  Francis  St. 
Total  estimated  cost,  $100,000.  E.  B.  Lee, 
Chamber  of  Commerce   Bldg.,  Arch. 

Md..  HUhlandtown  (Baltimore  P.  O.)  — 
Jones  &  Lamb  Co.,  Pennsylvania  and  Ful- 
ton Ave.,  Baltimore,  plans  to  remodel  the 
plant  of  the  Monumental  Brewery  Co..  and 
construct  several  buildings  on  Lombard  St.. 
same  to  be  used  as  meat  packing  plant  and 
oil  refinery.  A  steam  heating  system,  en- 
gines and  boilers  will  be  installed  in  same. 
Total  estimated  cost.  $500,000.  C.  C.  Com- 
stock.  110  West  40th  St.,  New  York  City, 
Engrs. 

Ohio.  Cleveland — G.  W.  Hale.  Leader- 
News  Bldg..  will  install  a  steam  heating 
system  in  the  3-story,  165  x  180  ft.  garage 
which  he  plans  to  build  on  East  9th  St. 
and  Bolivar  Rd.  Total  estimated  cost, 
$250,000. 

Ohio.  Cleveland — The  Purity  Ice  Cream 
Cone  Co..  5119  Euclid  Ave.,  will  install  a 
steam  heating  plant  in  the  4-story  factory 
which  it  plans  to  build  at  8804  Hough  .\ve. 
Total    estimated    cost.    $100,000. 


Olilo.  Piirinn-  Thi'  Ilimnl  of  I'Vlucatlon 
will  ItiHlall  a  Hli'UMi  hi-alhiK  plant  In  the 
:i-Htiirv  Ni'hool  which  II  planH  li>  hulhl  Total 
I'Nlliimleil  coHl.  $100.00(1.  WrlKllI  A  Ilohl, 
407   American  Trust  llldif .   Clevelaml.   Arch. 

MIrh.,  Delrolt — The  Crand  Itlver  Parish, 
Oraml  Ulver  and  Mc(}raw  St.,  will  Install 
comph'l<'  Hlenni  lioutlnK  ■■(lulpinetit  In  Iho 
2-Mtorv  70  X  180  fl.  si'liool  which  It  plaiiH 
lo  build  on  (Jranil  Ulver  and  Uulncy  y\ve. 
Total  eHtlnmted  cost,  $130,000.  Von  Leyen, 
SchlllhiK  and  KeouRh,  1121  Union  TruHt 
Hldic.    Arch. 

Mlrh.,  Urtrolt — Tlie  SeamleHs  Steel  Tube 
Co.,  841  West  Jefferson  Ave  .  plans  to  build 
a  power  plant  In  connection  with  the  fac- 
tory which  It  plans  to  build  on  WyomInK 
and  West  Warren  Ave.  Total  esllmaled 
cost,    $1,700,000.      A.   A.   Templeton,    Pres. 

WIm.,  Wniipurn — F.  H.  Josslyn.  Algoma 
Hldg..  Oahkosh.  plana  to  build  a  2600  hp. 
hvdroelectric  power  plant  on  the'  Little 
Wolf  River.  Estimated  cost.  $200,000.  E. 
Orblson.   Appleton.    lOngr. 

Minn.,  Kralnerd — The  city  will  receive 
bids  ■until  May  8  for  building  a  water  sys- 
tem. Work  involves  (a)  distribution  sys- 
tem (1)  furnishing  pipe  and  castings,  fob. 
Bralnerd.  (2)  fire  hydrants,  (:i)  valves  and 
boxes.  (4)  laying  pipe;  (b)  buildings  in- 
cluding pumping  station,  pump  houses, 
pump  pits  and  niiinholes  for  2  tubular  well 
groups,  also  800.000  gal.  reservoir ;  (c) 
pumping  plant  including  the  removal  of 
two  6-in.  motor  driven  centrifugal  pumps 
to  the  new  pumping  station  and  Installing 
2  motors  and  engine  driven  ceiUrifugal 
pumps  for  well  system  together  with  neces- 
sary pipe  and  fittings.  L.  P.  Wolff,  Guardian 
Life    Bldg.,   St.    Paul,   Consult.   Engr. 

Minn.,  Viricinia — The  Commissioners  of 
St.  Louis  Co.  (Dulutli)  will  install  a  steam 
heating  and  mechanical  ventilating  system 
In  the  3-story  addition  to  the  court  hou.se 
which  thev  plan  to  build.  Total  estimated 
cost,  $150,000.     W.  II.   Bargen.  Co.  Aud. 

Neb.,  Omaha — The  Skinner  Packing  Co., 
904  First  National  Bank  Bldg.,  will  receive 
bids  until  May  15th  for  the  construction 
of  an  8-story,  99  x  132  ft.  cold  storage 
plant  on  12th  and  Douglas  St.  Estimated 
cost,  $500,000.  H.  C.  Christianson,  7258 
Union  Ave.,  Chicago,  III.,  Engrs.  Noted 
Apr.   1. 

Mo..  St.  Louis — The  St.  Louis  ■V\Tiolesale 
Cut  Flower  Co..  1419  Pine  St.,  will  install 
a  refrigerating  system  in  the  50  x  109  ft. 
flower  storage  building  which  it  plans  to 
build  at  1406-8  Pine  St.  Estimated  cost. 
$50,000.  Grewe  Construction  Co.,  Century 
Bldg.,   Engr. 

Mn.,  St.  Louis — Swift  &  Co.,  39th  and 
Papin  St..  will  soon  award  the  contract  for 
the  construction  of  a  1-story.  60  x  60  ft. 
addition  to  its  boiler  house.  Estimated  cost, 
$70,000.     K.  A.   Green,   Supt. 

Ore.,  Warrenton — The  Mountain  Meat 
Co.,  Portland,  is  having  plans  prepared  for 
the  construction  of  a  cold  storage  plant 
here.      Address  W.   C.    Pratt,   c/o   company. 

Cal.,  Sacramento — The  city  plans  elec- 
tion  in   May  to   vote  on  $2,400,000   bonds   to 


liurchaie  a  Nile  and  bullil  a  iiuin|>lnK  planl. 
Illlratliin  plant  and  culHmin  In  the  Saeru- 
iiieiiio  lllv.r.     !•'.  (,'.  Miller.  City  Hull,  Haur. 

((UP.,  .Moiilniusny — The  clly  |ilaii>i  to 
build  II  power  lioUHe,  dam.  eleelrlc  line  aiitl 
Install  machinery.     lONtlmali'd  cOHt.  $400.(100. 

V.  I.,  <iivlt.--The  llureaii  of  V.ir.lH  & 
Docks.  .N'.ivy  Iteparlmiril,  Wanhlnicl'in.  D. 
C,  iiluns  to  InHlall  i>ower  plant  eiiulpment 
here.  l':Hllmated  coHl,  $90,000.  .Speclllca- 
tlon   No.    3H71. 

CONTK.ViTH    AWAItI)i:i> 

N.  Y.,  OcdrnNburB — The  Iloanl  of  ICiluca- 
tlori  has  awarded  llie  contract  for  liiHtallliiK 
a  heatliiK  and  ventilating  HyHterii  In  1^.  .S. 
.No.  2  to  the  American  WarmltiK  &  Veii- 
tllatlng  <'o..  317  I'l'iuiHylvanla  Ave.,  101- 
rnlra.      Estimated   cost.    $7427, 

N.  Y.,  Korkuwii)' — The  Bureau  of  VardH 
&  Docks,  Nav.v  Department,  WaHhlngtoii, 
I).  (',  received  bids  for  the  const  ruction  of 
a  i)um|)  house  for  electric;  remote  control 
KiiMolInu  Hystem  at  the  .Naval  Air  Station 
li<-re  from  C.  Mead,  38  Park  Row,  New 
York  City,  $1664;  Rjingley  CoiiBtruction 
Co..  405  Lexington  Ave.,  New  York  City. 
$1739  (46  days)  ;  Post  &  McCord,  101  Park 
Ave.,  New  York  City.  $1923  (60  dayH). 
Siieclficatlon    No.    3836. 

N.  Y.,  Thl..||B— L.  F.  Pllcher.  State  Archl- 
lect.  has  awarded  the  contract  for  building 
an  addition  to  the  central  heating  plant  ai 
Letchworth  Village,  to  the  G.  B.  Wriglil 
Co..  C.arnersvillc,  $32.inn);  contract  for  eh  c- 
tric  work  has  been  awarded  to  the  W.  II. 
Straut  Co.,  14  New  Main  St.,  Haverstraw. 
$850. 

I'onn..  Pliiladelphia — The  Bureau  of 
Yards  &  Docks.  Navy  Department,  Wash- 
ington, D.  C,  has  awarded  the  contract 
for  installing  pumping  equipment  In  .Navv 
Yard  here  to  the  W.  G.  Cornell  Co.,  Colonial 
Trust  Bldg.  Estimated  cost,  $7286  (45 
days). 

Wis.,  Menaslia — The  Gilbert  Paper  Co. 
has  awarded  the  contract  for  thefconstruc- 
tion  of  a  60  x  107  ft.  power  hou.se  to  C.  R. 
Meyer  Sons,  50  State  St.,  Oshkosh.  Esti- 
mated cost.   $75,000. 

Ore.,  Salem — The  Pheasant  Northwest 
Products  Co.,  Ferry  St..  plans  to  build  a 
boiler  house  adjoining  the  company's  plant 
between  Trade  and  Ferry  St.  Estimated 
cost.  $5000.  Work  will  be  done  by  day 
labor. 

Cat.,  Glendale — The  city  has  awarded  the 
contract  for  furnishing  electrical  materials 
as  follows:  U.  S.  Steel  Products  Co'.. 
Rialto  Bldg.,  San  Francisco,  13.600  lbs. 
2.-0  triple  braid  copper  wire  at  $19.42 
I)cr  100  lbs.  f.o.b.  Los  Angeles;  General 
Electric  Co.,  Rialto  Bldg.,  San  Fran- 
cisco, 60  kv.-a.,  150  ampere  type  C  in- 
duction feeder  at  $2238,  f.o.b.  Los  An- 
geles ;  Pacific  Electric  Manufactdring  Co., 
827  Folsom  St.,  San  Francisco,  3-pole, 
single-throw.  15.000-volt.  200-ampere.  oil 
circuit  breaker  at  $725,   f.o.b.   Los  Angeles. 

Cal.,  Pasadena — The  City  Light  Depart- 
ment has  awarded  the  contract  for  fur- 
nishing electrical  material  as  follows:  the 
Ananconda  Copper  Co.,  42  Bway..  New 
York  City,  copper  wire ;  Maloney  Electric 
Co.,  San  Fernando  Bldg.,  Los  Angeles,  2 
transformers. 
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Setting  the  Boss  Straight 


Bv  J.  O.  Batzer 


With  a  pleasant,  "Good  morning,  sir,"  the  chief  engineer 
entered  the  luxurious  office  occupied  by  the  president  of  the  great 
corporation.  The  day  was  dark  and  cold,  and  the  cozy  comfort  of 
a  properly  heated  and  lighted  room  contrasted  pleasantly  with 
the  gloom  outside. 

"How  do  you  do,  chief,"  the  president  responded.  "What  is 
your  trouble  today?" 

"None  at  all,"  the  engineer  answered.  "I  only  wanted  to  see 
whether  you  were  comfortable  this  morning." 

"Thank  you.  My  office  seems  very  agreeable.  How  are  things 
going  down  in  your  plant  this  weather?" 

"Very  smoothly,"  said  the  engineer.  "If  they  weren't,  you'd 
quickly  discover  the  fact." 

"Yes,  if  your  boilers  should  blow  up  or  your  engines  break 
down,  I  presume  that  I  would  hear  about  it,"  the  president 
remarked  jocosely. 

The  engineer,  who  during  the  number  of  years  the  plant  had 
been  in  operation  had  never  had  the  honor  of  a  personal  inspec- 
tion of  his  domain  by  the  "big  boss,"  thought  the  time  opportune 
to  give  the  president  a  better  understanding  of  the  importance  of 
the  plant  service,  so  he  replied : 

"Yes,  you  would  undoubtedly  hear  about  it;  but  such  a 
calamity  would  not  be  required  to  spoil  the  comfort  of  your 
office.  A  little  slip  or  inattention  on  the  part  of  one  of  the  lowest 
paid  plant  employees  would  be  sufficient  to  ruffle  your  feelings 
and  interfere  with  your  important  work." 

The  president  looked  interested. 

"Chief,"  he  said,  "I  must  admit  that  I  am  unfamiliar  with  the 
details  of  your  plant,  but  I  also  am  unconscious  that  my  peace  of 
mind  depends  solely  on  the  successful  operation  of  your  plant." 

The  engineer  hesitated  for  a  moment,  looking  around  the  room. 
The  lights  were  bright  and  clear,  indicating  that  the  steam 
pressure  was  up  to  the  notch  to  keep  the  overloaded  units 
generating  current  at  the  required  voltage.  Small  flags  fluttered 
from  the  ventilating  registers  in  the  steady  current  of  heated, 
washed  and  humidified  air,  while  the  smoke  from  the  president's 
cigar  whirled  in  a  blue  streak  through  the  exhaust  duct  on  the 
wall.     The  engineer  smiled. 

"During  the  years  this  plant  has  been  in  operation,"  he  said, 
"did  you  ever  find  the  elevators  refuse  to  give  you  instant 
service?" 

"No." 


"Did  not  these  push-buttons  always  furnish  you  the  desired 
illumination?" 

"They  surely  did." 

"You  never  once  in  all  these  years  stepped  out  to  your  lavatory 
to  find  the  faucets  unresponsive  to  your  push  for  hot  or  cold 
water;  the  drinking  fountain  in  your  office  bubbles  cheerfully 
with  clear,  sterilized  and  refrigerated  water;  the  fan  systems  are 
faithfully  pumping  into  your  room  an  abundance  of  clean, 
washed  air  with  the  most  healthful  degree  of  humidity,  while 
the  used  air  is  drawn  out  through  those  registers.  If  you  examine 
the  recording  thermometer  over  there,  you  will  find  that  in  spite 
of  the  variation  of  outside  temperature,  it  shows  a  practically 
true  and  unbroken  circle  for  the  whole  week.  Are  not  every  one 
of  these  things  very  essential  to  your  comfort?" 

"Yes,  chief,  I  admit  all  that  " 

"The  complex  system  required,"  the  engineer  continued,  "for 
the  production  of  all  these  apparently  insignificant  but  necessary 
details  is  rather  difficult  to  grasp;  but  a  shutdown  of  even  a  part 
of  the  system  for  the  shortest  duration  would  be  detrimental  to 
your  ease  and  comfort." 

"True  enough,"  the  president  remarked,  "but  your  modem, 
expensive  plant  ought  to  insure  continuous  service  without 
such  absolute  dependence  on  the  operating  force.  The  automatic 
features  of  an  up-to  date  plant  like  ours  should  relieve  the 
engineer  of  a  great  amount  of  work." 

"But  you  must  remember,"  the  chief  engineer  retorted,  "that 
the  modem  plant  is  dependent  to  a  far  greater  degree  than  ever 
before  on  the  unceasing  attention  of  the  operators.  A  plant 
equipped  with  a  multitude  of  automatic  devices  does  not  function 
very  long  without  the  controlling  human  element.  Modern 
mechanical  developments  do  not  eliminate  labor,  but  elevate  it 
to  a  position  where  it  must  display  skill  and  knowledge." 

The  president  looked  out  of  the  window  in  silence  for  a  moment. 
Then  he  turned  to  his  visitor.  "Chief,  your  talk  was  very  inter- 
esting. No  doubt  the  years  of  splendid  service  of  your  plant 
have  made  us  forget  the  importance  of  the  faithful  attention 
you  and  your  men  have  given.  At  the  first  opportunity  I  am 
going  to  visit  the  plant  and  learn  more  about  it." 

The  chief  could  not  hide  his  satisfaction  at  this  announcement. 

"We  shall  welcome  your  visit,"  he  assured  the  president,  "even 
if  it  is  only  an  annual  inspection,  for  your  personal  interest  will 
be  a  spur  to  greater  effort  for  efficiency.  More  than  that,  it  will 
make  us  feel  that  we  are  not  buried  and  forgotten,  but  that  we 
also  are  vital  parts  of  your  great  organization." 
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luyenioiis  nppnintiis  of  iniiisiinl  dr-iii/n  for  Hetrr- 
niinitig  dircrthi  tlir  linrscpnirrr  of  aiitnniobilc  cn- 
•//hp.s',  thr  infliiciicr  of  impart,  hearin<i  friction, 
belt  slippafir  and  heal  flow  throitf/h  auy  material 
that  can  be  prepared  in  fiat  slabs.  Other  intrr- 
rstin;;  eqiiipvicnt  at  the  Insititte  inrliidrs  a 
boiler-room  control  board  and  at  complete  ice- 
making  plant  tvith  facilities  for  measurin<j  all 
heat  exchanges. 


THK  Research  Coiiiinittee  of  the  American  Society 
of  Mechanical  Enginees  has  inaugurated  re- 
cently ^-everal  activities  tending  toward  the  better 
use  of  facilities  available  in  the  laboratories  of  the  va- 
rious technical  schools,  universities,  large  industries  and 
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FIG.    1.      DIAGRAM   OF   DIRECT-READING   HORSEPOWER 
METER 

private  investigators.  One  of  the  objects  is  to  avoid 
duplication  by  publishing  results  of  tests  of  value  to  the 
profession  that  have  been  conducted  and  by  giving 
notice  of  interesting  work  to  be  undertaken.  It  is 
acknowledged  that  the  equipments  of  certain  labora- 
tories are  specially  fitted  for  definite  kinds  of  research, 
and  if  it  were  known  what  each  had  in  the  way  of 
special  equipment,  problems  would  naturally  go  to  those 
laboratories  best  fitted  for  the  w^ork.  A  survey  of 
laboratory  facilities  is  the  first  essential,  and  in  this 
connection  the  following  outlines  of  special  testing 
equipment  obtained  from  Prof.  G.  F.  Gebhardt,  of  the 
Armour  Institute  of  Technology,  Chicago,  may  be  of  in- 
terest. 

Horsepower  Meter — One  of  the  most  ingenious  and 
useful  of  the  various  testing  outfits  in  the  gas-engine 
laboratory  is  the  horsepower  meter  shown  diagram- 
matically  in  Fig.  1.  This  apparatus  enables  the  driver 
of  a  chassis  to  determine  the  traction  effort  and  the 
horsepower  delivered  to  the  rear  wheels  at  any  instant 
without  the  need  of  calculation.  The  chassis  is  backed 
up  on  the  test  platform  so  that  the  rear  wheels  engage 
with  corresponding  pulleys  of  an  absorption  dynamom- 
eter and  the  frame  of  the  vehicle  is  attached  to  an  in- 
dicating traction  dynamometer.    The  driver  then  needs 


only  lo  drivi"  the  rtiachinc  at  variouH  speeds,  and  the 
traction  pfTort  ami  horsepower  developed  at  the  rear 
wheels  are  automatically  indicated  by  the  mechanism 
of  the  meter. 

Referring  to  Fig.  1,  rotation  of  the  rear  tires  is 
transmitted  to  the  two  large-diartieler  wheels  of  the 
dynaniopieter.  The  brake  load  on  the  dynamometer 
arm  is  tiansniitted  through  a  copper  tube  from  an  oil- 
filled  chamber  on  a  platform  .sca!(!  to  an  oil  reservoir,  as 
indicated.  The  oil  pressure,  throuifh  the  agency  of  a 
mercury  column,  actuates  a  balanced  float,  the  move- 
ment of  which  is  transmitted  to  an  endless  roll  of 
paper.  The  displacement  of  the  paper  roll  is  a  direct 
measure  of  the  torque  since  the  brake  arm  is  of  con- 
.stant  length.  The  brake  is  of  the  Alden  dynamometer 
type,  and  the  load  required  to  ab.sorb  the  power  is  con- 
trolled hydraulically  from  any  convenient  point. 

The  spend  of  the  dynamometer  is  transmitted  through 
flexible  shafting  to  a  special  tachometer  so  arranged 
that  the  index  needle  moves  axially  acro.ss  the  paper 
drum.  The  intersection  of  the  tachometer  index  with 
that  of  the  torque  index  give.s  the  horsepower  directly. 
Thus  a  glance  at  the  meter  proper  gives  the  load  on  the 
scale  in  pounds,  the  torque  in  foot-pounds,  the  speed  of 
the  dynamometer  in  revolutions  per  minute  and  the 
horsepower  developed  at  the   rear  wheels.     The  scale 


FIG.     2.       IMPACT     MACHINE     WITH     9000-LB.     TUP 
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;IXG   FRICTION'   TESTIXG    MACHIXE 


beam  offers  a  check  on  the  float  mechanism,  and  a  small 
setscrew  in  the  body  of  the  oil  chamber  permits  ad- 
justments to  be  made  for  any  temperature  variation 
therein. 

Impact  Machine — This  is  one  of  the  few  machines  of 
this  size  in  the  country.  The  tup  is  a  simple  steel 
casting  weighing  9000  lb.  and  having  a  maximum  drop 
of  20  ft.  It  is  lifted  by  an  electromagnet  actuated  by 
a  10-hp.  motor.  This  device  is  used  primarily  for  de- 
termining influence  of  impact  on  hea\T  railway  appli- 
ances, such  as  draft  gears,  springs,  knuckles  and  the 
like. 

Bail-Bearing  Friction  Machine — This  machine  (Fig. 
?>)  differs  from  that  ordinarily  designed  for  this  pur- 
pose in  that  both  radial  and  end-load  friction  may  be 
determined  simultaneously  or  separately.  The  various 
levers  exerting  pressure  on  the  bearings  are  so  propor- 
tioned that  one  set  of  weights  suffice  for  all  conditions 
of  loading.  The  device  consists  essentially  of  four 
ball-bearing  cages  (two  rigid  and  secured  to  the  frame 
and  two  floating  but  constrained  against  rotation)  fitted 
with  bearings  and  riding  on  a  special  heat-treated  shaft. 
The  radial  load  is  applied  to  the  bottom  of  the  two 
center  cages,  and  since  all  bearings  are  equal  distances 
apart  this  radial  load  is  uniformly  distributed  over  each 
bearing.  The  end  loads  are  applied  through  the  agency 
of  suitable  levers  to  the  bearing  cages  in  such  a  manner 
that  all  end  thrusts  are  obviated  except  that  incident 
to  the  bearings  themselves.  The  shaft  is  free  to  move 
axially,  and  the  power  absorbed  in  overcoming  fric- 
tion is  measured  by  means  of  a  sensitive  electric  cradle 
dynamometer.  The  entire  construction  is  such  that 
only  the  friction  of  the  bearings  is  measured  by  the 
dynamometer. 

Oil-Friction  Machine — In  basic  principle  this  device 
is  similar  to  the  "Thurston  Railroad  Oil  Tester."  but 
differs  considerably  in  detail.  It  is  capable  of  meas- 
uring friction  loads  as  high  as  700  lb.  per  sq.in.  of  bear- 
ing surface.     The  boxes  surrounding  the  bearing  are 


jacketed  so  that  any  uniform  temperature  ranging  from 
— 20  deg.  F.  to  400  deg.  F.  may  be  maintained.  For 
the  lower  temperatures  refrigerated  brine  is  circulated 
through  the  jackets  and  for  the  higher  ranges  high- 
pressure  steam  is  used.  With  this  device  it  is  not  nec- 
essary to  establish  thermal  equilibrium  between  bear- 
ing friction  and  heat  dissipation  from  the  machine  as  is 
the  case  with  unjacketed  oil-friction  machines.  Total 
pressure,  speed  and  temperature  may  be  varied  in- 
dependently. 

Belt-Testing  Machine — The  unusual  feature  of  this 
device  lies  in  the  method  of  speed  measurement.  The 
horsepower  input  and  output,  total  tension  and  stretch 
are  obtained  by  the  usual  laboratory  appliances,  though 
attention  should  be  called  to  the  use  of  an  electric  cradle 
dynamometer  for  measuring  power  input  and  the  liberal 
use  of  ball  bearings  for  eliminating  sliding  friction. 
The  speed  of  the  driving  and  the  driven  pulley,  slips  and 
creeps  of  the  belt  are  measured  photographically.  Two 
continuous  speed  counters,  connected  by  flexible  shaft- 
ing to  the  driving  pulley  and  driven  pulley  respectively, 
are  mounted  together  with  a  .split-second  watch  under  a 
long-focus  camera.  By  means  of  a  number  of  nitrogen- 
filled  lamps  sufficient  illumination  is  effected  to  photo- 
graph the  counters  and  watch  in  one  twenty-fifth  of  a 
second.     By   comparing  the  photograph   taken   at   the 
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beRinnint;  of  the  run  with  that  at  the  end,  ttie  total 
number  of  revolutions  for  each  counter  and  the  elapsed 
time  to  one-fifth  of  a  second  may  be  readily  obtained. 
The  counters  and  watch  operate  continuously,  so  that 
no  contact  mechanisms,  releases  or  clutches  are  neces- 
sary when  bejrinninji  or  completinji  a  run.  A  differ- 
ence of  one  revolution  in  ."JO.OOO  per  unit  of  time  is 
obtained  with  the  same  decree  of  accuracy  as  one  in 
fifty. 

Boiler  Control  Board — In  the  boiler  room  the  instru- 
ment board  is  of  interest.  It  is  plainly  visible  to  the 
fireman  when  operating  the  boiler  and  contains  only  in- 
dicating instruments,  as  the  recording  elements  are  lo- 
cated in  the  engine  room.  Tnis  board  enables  the  fire- 
men to  note  the  flow  of  steam,  flow  of  feed  water,  flue 
temperature,  sieam  pressure,  draft  pressure  drops 
through  fuel  bed,  furnace  and  boiler  and  the  percent- 
age of  CO,  in  the  flue  gases  at  any  instant.  In  this 
respect  it  diff'ers  in  no  way  from  a  number  of  test 
boards  in  general  practice.  The  distinguishing  features 
lie  in  the  addition  of  a  control  valve,  adjacent  to  the 
draft  gages,  for  opening  and  closing  the  boiler  damper, 
and  a  fuel  counter.  By  turning  the  handle  of  the  con- 
trol valve  the  opening  of  the  damper  may  be  regulated 
to  suit  conditions,  and  the  effect  is  at  once  visible  on 
the  draft  gages.  An  indicating  needle,  in  plain  view 
of  the  fireman  but  not  mounted  on  the  board,  shows  the 
amount  the  damper  is  open.  Since  the  coal  burned  is  a 
washed  nut  of  uniform  size,  the  height  of  the  coal  gate 
and  the  speed  of  the  chain  are  direct  functions  of  the 
■weight  of  coal  burned.  Thus  an  ordinary  electric 
counter,  actuated  by  the  driving  gear  of  the  chain 
grate  and  calibrated  for  the  given  size  of  fuel  and  gate 
«jpening,  records  the  weight  of  coal  fired.  Numerous 
tests  show  a  maximum  error  of  only  2  per  cent,  be- 
tween the  counter  readings  and  the  fuel  as  actually 
weighed.  A  special  tachometer  has  just  been  con- 
structed which  will  show  the  rate  of  combustion,  pounds 


of  coal  per  hour  :iiid  |)er  square  foot  of  grate  area  per 
hour  at  any  instant.  This  will  be  mounted  on  the  l)()ard 
and  will  take  the  place  of  the  presr-nt  counter. 

Thermal  (^onductometer-This  is  a  particularly  accu- 
rate instrument  designed  for  measuring  the  heat  fl(AV 
tlirough  materials  such  as  are  generally  used   in  cold- 


FIG.    7.      HOILEH-CONTKOL    BOARD 

storage  construction.  Among  such  materials  may  be 
mentioned  cork  board,  mineral  wool,  lith,  rock  cork, 
etc.  The  instrument  may  be  used  to  measure  heat  flow 
through  any  material  that  can  be  prepared  in  flat  slabs 
or  plates. 

It  consists  essentially  of  three  flat  plates,  each  ap- 
proximately 18  in.  square.  One  is  provided  with  & 
winding  of  resistance  ribbon  distributed  uniformly  over 
the  surface,  through  which  a  current  of  electricity  may 
be  passed  to  heat  the  plate.  The  other  plates  are 
made  hollow  and  are  kept  cool  by  circulating  water 
through  them. 

When  the  instrument  is  in  use,  the  hot  plate  is  set 
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FIG.    8.      THERMAL    CONDUCTOMETER    FOR    MEASURING    HEAT   FLOW   THROUGH    CONSTRUCTION   MATERIALS 


up  in  a  vertical  position  with  a  cold  plate  on  each  side. 
Two  samples  of  the  material  to  be  tested  are  pre- 
pared, and  placed  one  on  each  side  of  the  hot  plate  be- 
tween the  latter  and  one  of  the  cold  plates.     Thus  the 


heat  generated  in  the  hot  plate  passes  through  the  test 
material  on  both  sides  and  into  the  water-cooled  cold 
plates. 

From  the  resistance  of  the  winding  on  the  hot  plate 


FIG.    9.      COMPLETE   ICE   PLANT   EQUIPPED  TO   MEASURE   ALL  HEAT   EXCHANGES 
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and  the  current  used  the  heat  input  in  readily  lal- 
lulated.  The  temperature  dilTerenee  between  the  hot 
phite  and  the  cold  plate  i.s  mea.sured  by  copper  con- 
sUiiitnn  thermocouples  connected  to  a  portable  jti'lvu- 
nometer.  Thus  since  the  rate  at  which  heat  is  jriven  ofT 
per  unit  of  surface  on  the  hot  plate  is  known,  and  also 
the  temperature  dilTerence  between  the  hot  plate  and 
the  cold  plate,  the  heat  na.ssinjr  thmuKh  the  material 
per  degree  of  temperature  difference  is  easily  deter- 
mined. 

Ice  Plant — An  ice  plant  complete  in  every  detail  is 
one  of  the  features  of  the  laboratory  equipment.  It 
consists  of  a  standard  five-ton  vertical  steam-driven 
compressor,  a  double-pipe  ammonia  condenser,  a  double- 
pipe  brine  cooler,  an  ice  tank  containinfr  100-lb.  ice  cans, 
and  a  complete  gravity  distilling  plant  for  the  manu- 
facturing of  ice. 

The  apparatus  is  so  arranged  that  the  various  heat 
exchanges  from  the  "coal  pile  to  ice  ready  for  delivery" 
may  be  accurately  determined.  The  quantity  of  am- 
monia circulated  is  obtained  by  means  of  duplicate 
liquid  receivers  placed  on  platform  scales.  Thermometer 
wells  are  placed  at  the  various  inlets  and  outlets  of  wa- 
ter, brine  and  ammonia  pipes  leading  to  and  from  all 
parts  of  the  system.  The  condenser  and  brine  cooler 
are  insulated  with  six  inches  of  granulated  cork  with- 
in a  specially  constructed  tight  box. 

The  engine  is  supplied  with  steam  from  a  25-ht).  semi- 
portable  internally  fired  boiler,  which  is  fully  equipped 
for  standard  A.  S.  M.  E.  tests.  The  engine  can  be  run 
condensing  if  desired  or  the  steam  may  be  condensed  in 
the  atmospheric  steam  condenser  of  the  distilling  .sys- 
tem. 

The  System  Log-Sheet  Index 

By  Frank  Gillooly 

The  details  of  last  month's  interruption  or  of  last 
year's  big  shutdown  are  likely  to  be  fresher  in  mind 
than  the  exact  date  of  the  occurrence.  If  some  special 
method  of  filing  such  happenings  is  not  pursued,  to 
locate  the  record  of  any  event  might  entail  a  day-by- 
day  perusal  of  the  voluminous  diary.  In  one  large  sys- 
tem where  the  load  dispatcher's  log  was  the  official  oper- 
ating record,  that  volume  became  so  bulky  as  to  neces- 
sitate some  means  of  making  its  contents  more  acces- 
sible; and  an  index  was  devised  for  notating  accord- 
ing to  classification,  all  major  operating  events. 

The  index  is  filed  according  to  months  and  serves  the 
additional  purpose  of  affording  a  monthly  summary  of 
events.  It  is  made  up  on  loose-leaf  ledger  sheets  of  the 
same  size  as  the  load  dispatcher's  log,  though  ultimately 
filed  in  a  volume  separate  from  that  report,  and  the  en- 
tries are  made  at  the  end  of  each  day.  Two  sheets 
are  used — a  service  record,  shown  in  the  upper  part  of 
the  figure,  and  an  apparatus  record,  in  the  lower  part 
of  the  figure.  All  service  interruptions  are  listed  under 
the  class  of  distribution:  High-tension,  or  primary- 
voltage  consumers;  low-tension,  alternating-current 
and  direct-current  distributions;  railway;  and  street 
lighting.  Storms  and  switching  mistakes  causing  in- 
terruptions, are  noted;  as  well  as  all  out  of  the  ordinary 
operating  conditions. 

The  apparatus  record  gives  the  failures  of  lines  and 
cables,  according  to  the  class  of  service  on  which  they 
are  used;  failures,  changes  and  removals  on  all  other 
station  apparatus,  according  to  stations ;  and  a  record 


of  all  new  e(|uipment.  Only  one  entry  is  made  for  each 
event ;  it  gives  the  date,  station  and  identity  of  the  ap- 
])HratuM  or  load  affected  -  excepting  that  a  failure  caus- 
ing five  kinds  of  interruptions  would  be  considered  hh 
constituting  one  and  causing  five  other  events,  and  six 
entries  would  be  made  on  the  index,  ('ables  are  not 
con.sidercd  as  station  apparatus  and  are  listed  by  num- 
ber only. 

On  the  interruption  report  the  word  "all"  has  the 
meaning  of  "total"  or  "complete"  interruption  to  the 
class  of  .service  denoted  by  the  heading  of  the  column  in 
which  it  appears.  If  the  load  of  one  distribution  cir- 
cuit is  lo.st,  the  number  of  that  circuit  is  given;  if 
■several  circuits  are  interrupted,  the  word  "miscel- 
laneous" appears;  if  all  the  load  is  lo.st,  the  word  "all" 
is  written. 

In  the  two  years  during  which  it  has  been  in  use,  the 
index  has  proved  a  valuable  time  saver  for  locating  ma- 
terial for  various  reports  and  studies,  as  well  as  pro- 
viding a  complete   summary   of  operating   conditions. 
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SERVICE-RKCORD   AND  APPARATUS-RECORD   SHEET.S 

With  modifications  to  suit  local  conditions  the  method 
should  prove  of  equal  value  on  any  system,  large  or 
small,  and  could  be  made  a  yearly  instead  of  a  monthly 
record.  The  loose-leaf  ledger  has  the  advantage  over 
the  card-index  file  of  being  more  agreeable  to  handle, 
the  complete  index  being  contained  in  one  volum.e. 

Engineer's  Assumption  of  Risk 

Where  the  engineer  of  a  stationary  engine  and  boiler 
is  charged  with  the  duty  of  inspecting  and  repairing 
the  equipment  or  to  report  need  for  repairs,  his  em- 
ployer will  not  be  liable  for  his  injury  resulting  from 
an  explosion  of  the  boiler  due  to  its  defective  condition, 
the  engineer  having  given  no  notice  of  needed  repairs. 

The  reason  for  the  foregoing  rule  relieving  the  master 
of  liability  to  the  injured  servant  whose  duty  it  is  to  in- 
spect and  report  defects  is  apparent.  Negligence  is  the 
violation  of  some  duty  which  the  party  charged  with  it  is 
under  obligations  to  perform,  and  necessarily,  if  there  is 
no  duty  to  do  the  thing  complained  of,  there  can  be  no 
negligence  in  failing  to  do  it.  The  duty  of  the  master  to 
repair,  in  cases  like  this,  arises  only  when  he  is  notified 
by  his  servant  of  the  necessity  of  such  repair,  and  if  the 
servant  fails  to  give  such  notice  and  continues  to  work,  he 
assumes  the  risk,  and  if  injured  he  cannot  look  to  the 
master.  (Kentucky  Court  of  Appeals,  Drake's  Adminis- 
trator vs.  Mountain  Central  Railroad  Co.,  208  Southwestern 
Reporter,  76.5.) 


A  Dutch  engineer  has  evolved  a  new  method  of  freeing 
boiler  feed  water  of  oil.  He  subjects  the  water  to  the 
action  of  110-volt  continuous  current,  which  causes  the 
oil  particles  to  combine  ii^to  larger  masses,  after  which 
they  are  removed  by  pressure  filters. 
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Care  of  Heating  and  Ventilating  Equipment — IX 


By  HAROLD  L.  ALT 


Several  vapor  systems  are  taken  wp  in  this  article 
and  their  characteristics  are  explained,  together 
%oith  informatio7i  reffarding  some  of  the  special 
apparatus  used  with  each. 

THE  ordinary  term  "vapor  system"  may  be  inter- 
preted as  any  system  of  steam  heating  that  oper- 
ates at  or  near  to  atmospheric  pressure  and  in 
which  the  condensation  is  not  returned  to  the  boiler  by 
a  mechanical  pump  or  other  positive  displacement  de- 
vice. Such  systems  are  designated  by  many  different 
terms  and  in  this  variety  of  names  lies  the  cause  of  a 
large  am.ount  of  the  confusion  that  exists  in  regard  to 
them.  "Vacuum-vapor,"  "atmospheric,"  "modulated," 
"vapor-vacuum"  and  "thermo-grade"  are  all  terms  ap- 
plied to  the  various  tj'pes  of  such  systems.  There  are 
numerous  patented  devices,  made  and  developed  by  the 
various  vapor  heating  companies,  which  have  con- 
tributed much  toward  popularizing  and  making  com- 
mercially successful  the  vapor  heating  idea. 

Primarily,  vapor  heating  plants  were  developed  for 
small-residence  work,  but  their  success  has  gradually 


FIG.    1.      PIPING    OF    VAPOR    SYSTEM 

given  them  an  increased  field  so  that  now  they  are  used 
in  the  largest  buildings.  This  justifies  their  discus- 
sion at  considerable  length. 

Vapor  systems  may  be  classified  as  those  employing 
traps  on  the  radiator  returns  and  those  employing  open 
returns.  These  two  systems  are  subdivided  into  those 
returning  their  condensation  to  the  boiler  by  gravity 
and  those  which  employ  a  special  trap  of  some  sort  to 
return  the  condensation  to  the  boiler  against  the  boiler 
pressure.  The  fundamental  idea  back  of  all  vapor  sys- 
tems is  that  it  takes  a  less  intense  fire  to  evaporate 
water  at  or  below  atmospheric  pressure  than  it  does 
at  higher  pressures.  Therefore  a  circulation  of  vapor 
can  be  obtained  with  less  fire  than  would  be  possible 
were  it  necessary  to  generate  steam  under  pressure.  In 
some  systems  a  pressure  slightly  above  the  atmosphere 
is  fir.st  generated  in  order  to  blow  cut  the  air  and  then 
the  vapor  in  the  system  is  allowed  to  condense  and 
form  a  partial  vacuum.  Other  systems  use  a  slight 
pressure  (a  few  ounces  only)  at  all  times,  and  still 
others  endeavor  to  maintain  a  partial  vacuum  at  all 
times  by  various  expedients. 


Any  hot-water  radiator  with  a  graduated  valve,  any 
steam  boiler  with  sensitive  control,  any  two-pipe  grav- 
ity system  of  piping  with  a  dry  return  open  to  the  at- 
mosphere in  conjunction  with  a  thermostatic  trap  for 
each  radiator  may  be  easily  converted  into  a  true 
"vapor"  sy.stem,  as  will  be  seen  in  Fig.  1.    Other  special 


FIG.  2.   REGULATOR  FOR  BOILER  CONTROL 

devices  may  be  added  and  the  piping  may  be  modified 
until  the  original  layout  is  hardly  recognizable.  Steam 
is  generated  in  the  boiler  and  passes  up  into  the  steam 
main  supplying  the  radiators,  just  as  in  a  two-pipe 
gravity  system,  and  enters  the  radiators  through  the 
top  inlet  (where  usually  a  graduated  valve  is  placed) 
and  fills  a  portion  of  the  radiator,  as  determined  by  the 
graduation  of  the  inlet  valve  G.  In  entering  the  radia- 
tor the  steam  pushes  the  air  ahead,  forcing  it  out 
through  the  return  connection  at  the  opposite  end,  and 
in  this  respect  the  "vapor  system"  resembles  the 
"vacuum  system."  The  steam  entering  only  at  the 
rate  permitted  by  the  valve  condenses  within  the  radia- 
tor, the  condensation  passing  down  and  out  of  the 
return  connection  along  with  the  air.  If  the  valve  is 
opened  full  so  that  the  radiator  is  filled  with  steam. 


FIG.     3.       R.\DIATOR    RF.TT'RX    TR.VPPRP    ELROW 

the  trap  T  on  the  return  line  becomes  hot  and  closes 
off  until  sufficiently  cooled  condensation  has  collected 
and  reduced  in  temperature  to  such  a  degree  that  the 
trap  opens  and  relieves  the  water.  The  radiator  traps 
used  on  the  returns  of  a  "vapor"  system  are  identical 
with  those  used  on  "vacuum"  systems  and  serve  the 
same  purpose;   namely,   they  prevent   the   entrance  of 
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.steam  into  tho  letiiin  liiu-  and  tlii'rfl)V  prcvfiit  the  ac- 
iiimulntioii  of  piTssiirt'  in  t)iat  liiic.  The  nir  and  water 
then  pass  down  the  return  hues  to  the  main  return 
and  alon>;  this  main  to  the  point  where  it  ha.s  a  vent 
taken  off;  here  the  air  and  water  separate,  the  air  ro- 
inf?  out  at  the  ve'it  and  the  water  flowir\K  into  the 
boiler. 

If  it  is  desired,  this  system  as  shown  can  ht  oper- 
ated at  a  pressure  of  one  or  two  pounds  provided  the 
di.'^tance  A'  (between  the  water  level  in  the  l)oiler 
and  the  low  point  in  the  return  header)  i.s  made  about 
three  feet  for  every  pound  of  steam  carried.  Unless 
such  a  distance  is  maintained  the  water  in  the  boiler 
havinjr  the  steam  pressure  e.xerted  on  its  surface,  while 
the  water  in  the  return  has  only  atmospheric  pressure, 
will  cause  the  boiler  water  to  back  up  in  the  returns 
until  a  state  of  equilibrium  is  reached,  and  if  the  re- 
turn main  is  too  low  it  will  be  flooded  and  airbind  the 
system.  Should  it  be  desired  to  operate  the  .system,  at 
times,  below  atmo.spheric  pressure,  an  "impulse"  check 
valve  (C.  V.)  installed  in  the  vent  line  will  effectually 
prevent  the  air  rushing  back  into  the  .system  when  tho 
fire  goes  down,  and  the  resulting  vacuum  will  produce 
a  circulation  of  vapor  throughout  the  system  for  .some 
time. 

Should  it  be  desired  to  dispense  with  the  radiator 
traps  and  use  an  open  return,  additional  "condenser" 
surface  amounting  to  anywhere  from  10  to  25  per  cent, 
must  be  installed  on  each  radiator.  The  purpose  of 
such  additional  surface  is  to  care  for  any  slight  excess 
vapor  that  may  be  delivered  to  the  radiator  by  the 
graduated  valve  when  turned  on  full.     It  has  been  found 


To  Vnxff-  Regu/cff/orr 


valves  and  return  traps  (of  the  types  already  de 
.scribed  under  vacuum  syste:r.s)  and  have  special  dr 
vices  for  air  venting,  boiler  regulation  and  for  return 
ing  the  water  of  conden.'^ation  against  the  boiler  pre- 
sure  when  thv  system  is  operating  under  pressure. 


Return  Oui-fet 
FIG.     4.       RECEIVER     "OR     AIR     VE.XTIXG 

impossible  to  set  the  graduated  valves  to  control  the 
vapor  to  any  limits  smaller  than  this,  and  it  has  proved 
impractical  to  vary  the  valves  for  every  small  change 
in  radiator  surface.  On  the  other  hand,  if  the  same 
valve  is  used  on  a  radiator  of  40  sq.ft.  as  on  one  of 
50  sq.ft.,  then  the  40-sq.ft.  unit  must  have  25  per  cent, 
additional  surface  to  condense  all  the  steam  the  valve 
will  supply  when  turned  on  full.  Most  of  the  patented 
systems    of    vapor    heating    employ    special    graduated 


'-,^ .^iC  f^'E^ ^ 


FK'..    :,.      I'IPINCi    OF   V.M'OR    fOXDENSER 

In  the  system  known  as  the  "Adsco"  an  open  return 
is  used  together  with  piping  somewhat  along  the  lines 
of  that  shown  in  Fig.  1  excepting  that  a  special  means 
cf  damper  regulation  is  used.  A  graduated  valve  is  ar- 
ranged to  give  a  different  quantity  of  steam  for  each 
5  sq.ft.  change  in  the  radiation  and  opens  and  closes 
with  a  three-quarter  turn  of  the  handle.  On  the  return 
end  no  special  trap  or  fitting  is  used,  simply  a  union 
elbow,  and  in  order  to  prevent  steam  blowing  out  into 
the  return  line  the  inlet  valve  is  designed  to  supply  only 
.sufficient  vapor  to  heat  80  per  cent,  of  the  radiator. 
This  means  that  the  radiator  surface  is  some  20  per 
cent,  greater  than  would  be  required  if  all  the  surface 
was  active.  The  most  distinctive  feature  of  this  system, 
however,  is  the  boiler  control,  which  is  by  means  of  a 
.special  regulator  connected  as  shown  in  Fig.  2.  Th? 
regulator  itself  consists  of  a  cast-iron  chamber,  with  a 
dial  and  pointer  on  the  front  as  shown,  inside  of  whicli 
there  is  a  float  which  rises  and  falls  as  the  water  fro  n 
the  boiler  backs  up  in  the  returns.  This  controller  is  cor.- 
nected  to  the  damper  chains  and  can  be  made  to  rcgul;:t 
the  draft  and  fire  so  as  to  produce  anv  pressure  desired 
determined  by  the  setting  of  the  regulator. 

Another  vapor  system,  called  the  "Broomeir'  e.Tiploys 
the  so-called  "Quintuple"  valve  and  is  an  open-retu.n 
sj'stem.  It  involves,  however,  the  use  of  a  special  tap- 
ped elbow,  Fig.  3,  on  the  radiator  return  with  a  water 
seal  of  sufficient  depth  to  prevent  the  vapor,  at  the  very 
slight  pressure  maintained,  from  passing  through, 
while  a  little  hole  in  the  partition  permits  a  small  but 
constant  venting  of  air  from  the  radiator  into  the  re- 
turn line.  This  answers  in  a  very  simple  manner  the 
purpose  of  a  trap  by  the  use  of  the  water  seal.  In  this 
system,  however,  the  most  di.stinctive  feature  is  the  re- 
ceiver and  method  of  air  venting.  The  return  line, 
carrying  air  and  water,  instead  of  being  connected  di- 
rectly to  the  air  vent  and  boiler,  's  run  to  a  receiver, 
two  sectional  views  of  which  are  shown  in  Fig.  4.  This 
receiver  consists  of  a  hollow  cylinder  inside  of  w-hich  is 
a  float  connected  to  damper  chains,  the  operation  be- 
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ing  similar  to  the  regulator  already  described;  but  ow- 
ing to  its  peculiar  construction,  it  does  more  than  con- 
trol the  dampers  by  the  float  rising  as  the  water  backs 
up  from  the  boiler  into  the  receiver.  At  the  opening 
marked  "Return  Inlet"  there  is  a  water  seal,  but  there 
is  no  hole  in  the  partition,  as  there  is  in  the  water  seal 
at  the  radiators,  for  the  air  to  pass  through;  instead, 
it  finds  its  way  out  through  the  opening  marked  "Air- 
Pipe  Outlet"  to  a  condenser,  usually  hung  on  the  base- 
ment ceiling,  thence  to  the  chimney  or  stack,  as  shown 
in  Fig.  5.  Any  vapor  that  may  be  mixed  with  the  es- 
caping air  is  condensed  in  this  condenser.  The  outlet 
of  the  condenser  is  run  to  a  chimney  flue  and  opened  in- 
side of  the  flue,  so  that  whatever  chimney  draft  there 
may  be  will  assist  in  drawing  out  the  air. 

The  receiver  performs  another  function  also.  On 
the  side  of  the  receiver  and  set  at  90  deg.  with  the  in- 
let is  an  opening  which  is  connected  to  the  steam  space 
of  the  boiler,  but  the  vapor  is  prevented  from  flowing 
through  bv  a  weighted  valve.  If  any  unusual  pressure 
is  generated  in  the  boiler,  the  float  rises  far  enough  to 
strike  the  lower  end  of  the  adjusting  rod  opening  the 
valve,  which  may  properly  be  considered  a  safety  valve, 
thereby  relieving  the  boiler  pressure  by  allowing  the 
excess  vapor  to  escape.  The  water  in  the  receiver  (ow- 
ing to  the  reduced  pressure)  then  sinks  down  and  the 
valve  closes  ready  to  repeat  the  cycle.  The  return  wa- 
ter flowing  into  the  receiver  finds  its  way  back  to  the 
boiler  through  the  bottom  opening  marked  "return 
outlet."  Thus  it  can  be  seen  that  this  receiver  is  really 
a  combined  air  relief,  damper  regulator  and  safety 
valve. 

The  Hutchinson  is  also  an  open-return  system  em- 
ploying a  modulating  valve  on  the  radiator  inlet  and  a 


FIG.    6.      DRAFT-CONTROL,   CONNECTIONS 

simple  union  elbow  on  the  outlet.  The  radiator  sur- 
face is  about  20  per  cent,  greater  than  the  modulated 
valve  is  expected  to  supply  to  prevent  vapor  getting  into 
the  returns,  and  the  air  vent  is  taken  off  the  top  of  the 
return  somewhat  similar  to  the  method  illustrated  in 
Fig.  1,  but  between  this  vent  and  the  boiler  there  is 
a  unique  device  which  controls  the  draft  by  means  of  a 
hollow  sphere  mounted  at  the  end  of  a  flexible  connec- 
tion pipe.     When  the  vapor  pressure  is   low,  the  hol- 
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FIG.    7.      SPECIAL   RE- 
TfRN  FITTING 


low  bulb  is  partly  or  entirely  empty  and  is  pulled  into 
the  upper  position  by  the  spring  attached  to  the  draft 
chain.  As  soon  as  the  vapor  pressure  is  sufficient,  it 
forces  the  water  in  the  receiver  back  into  the  water 
seal  on  the  return  until  it  reaches  the  branch  pipe  run- 
ning horizontally  out  to  the  bulb.  The  water  enters 
the  bulb,  increasing  the  weight,  and  causing  it  to  over- 
come the  spring  tension,  thus  operating  the  draft-regu- 
lating chains.  The  various 
connections  are  shown  dia- 
grammatically  :n  Fig.  6.  The 
small  pipe  connected  from  the 
top  of  the  bulb  to  the  return 
main  is  a  balance  pipe  which 
allows  the  free  flow  of  water 
into  and  out  of  the  bulb.  The 
receiver  also  has  a  balance 
pipe,  so  that  the  water  in  the 
boiler  connection  really  does 
not  rise  up  into  the  receiver, 
but  instead,  the  boiler  pres- 
sure is  applied  on  top  of  the 
water  in  the  receiver,  and 
forces  the  receiver  water  back 
through  the  water  seal  so  that 
it  is  the  receiver  and  seal 
water  which  really  floods  the 
bulb.  If  the  bottom  door  is 
left  open,  however,  and  the  movement  of  the  bulb  fails 
to  check  the  increase  in  pressure,  a  more  or  less  danger- 
ous condition  develops.  The  vapor  pressure  continues 
to  increase  in  the  receiver,  blows  out  through  the  water 
seal  and  back  into  the  return  line,  from  which  it  is  re- 
lieved by  the  air  vent  to  the  outer  air. 

The  Mouatt  vapor  heating  system  is  another  pat- 
ented arrangement  with  an  open  return.  The  radiation 
is  increased  like  the  other  open-return  systems  and  a 
graduating  valve  is  used  on  the  radiator  supply.  On 
the  radiator  return  connection  a  special  return  fitting  is 
used,  its  construction  being  shown  in  cross-section  in 
Fig.  7.  The  condensation  comes  back  in  the  return 
main,  which  is  air-vented  where  the  line  drops  down  to 
enter  the  boiler,  and  a  check  valve  is  placed  close  to  the 
boiler  tapping.  The  air  vent  itself  is  terminated  in  a 
chimney  flue  so  that  the  chimney  draft  will  help  draw 
the  air  out  of  the  system.  The  return  in  this  system  is 
in  no  way  connected  to  the  damper  regulator. 

The  regulator  deserves  a  brief  description,  since  on 
its  operation  depends  the  success  of  the  whole  system. 
The  regulator,  as  shown  in  Fig.  8,  consists  of  a  cylin- 
drical tank  A,  mounted  on  a  lever  B  which  is  counter- 
balanced by  a  weight  on  the  other  end.  When  the  tank 
fills  with  water  it  outweighs  the  counterweight  and 
falls,  operating  the  draft  chains.  This  lever  is  sup- 
ported on  a  pivot  pin  on  a  small  receiver,  which  is 
filled  with  water  through  a  filling  plug.  A  vapor  pres- 
sure pipe  is  connected  from  the  top  of  this  receiver  to 
the  steam  space  of  the  boiler,  and  an  overflow  pipe  is 
also  provided  so  that  any  excess  water  will  flow  back  to 
the  boiler.  Upon  the  vapor  pressure  increasing,  the 
water  in  the  receiver  is  forced  out  through  the  bottom 
opening  into  the  flexible  connection  running  to  the 
lever  arm  and  finds  its  way  into  the  tank  A,  causing  it 
to  close  the  draft  as  described.  When  the  pressure  has 
been  reduced  a  few  ounces,  the  water  runs  back  into 
the  receiver  and  the  tank  is  lifted  bv  the  counterweight, 
again  opening  the  drafts. 
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The  Molmo  .sy.Htem  iise.s  an  open  ri'turn,  but  incoriior- 
ato.><  a  koy -operated  valve  thiToon  .xo  Ji.s  to  permit  the 
euttinj;  olT  of  any  radiator  by  the  .simple  clo.sinjr  of  the 
jrrnduated  valve  u.'^ed  on  the  radiator  .supply  and  the 
lock  shield  valve  on  the  return.  In  other  respects  the 
system  does  not  follow  the  lines  of  those  previously 
described.  The  return  line  has  a  seal,  and  a  positive 
vacuum  is  maintained  in  it  by  a  steam  ejector,  so  that 
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FIG.    S.       KRCn.ATOR    -VND    PIPING 

expelling  air  from  the  system  is  promptly  acco:iipli.shed; 
and  after  the  air  is  once  expelled,  its  reentrance  is  pre- 
vented, so  that  the  system  continues  to  operate  under  a 
vacuum  of  greater  or  lesser  degree  until  inleakage 
destroys  the  vacuum. 

The  details  are  as  follows :  The  return  line  is  car- 
ried back  to  a  point  near  the  boiler  as  usual  and  is 
cross-connected  with  the  return,  or  bleeder,  end  of  the 
steam  main,  which  is  also  brought  back  as  in  a  one- 
pipe  circuit  system;  this  cross-connection  is  made  as 
illustrated  in  Fig.  9,  with  the  ejector  tee  fitting  ar- 
ranged so  that  the  blowing  of  steam  or  air  through  the 
fitting  will  produce  a  suction  on  the  return  line,  thus 
drawing  the  air  and  vapor  out  of  the  return  and  accel- 
erating the  flow  through  the  radiators.  As  the  steam 
opening  in  the  ejector  fitting  is  small,  only  a  small 
amount  of  steam  is  included  in  the  m.ixture  of  air  and 
vapor  discharged  by  the  ejector;  this  discharge  passes 
into  a  small  coil  of  pipe  which  serves  as  a  condenser, 
where  the  vapor  is  reduced  to  water  and  finds  its  way 
back  to  the  boiler  through  a  drip  at  the  end  of  the  con- 
denser. The  air  itself  is  relieved  through  a  large  air 
valve  at  the  end  of  the  condenser  loop,  with  which  is 
combined  a  vacuum  valve  which  prevents  the  reentrance 
of  air  at  this  point.  The  damper  regulator  is  of  sensi- 
tive type,  but  is  in  no  way  connected  with  the  piping 
system.  This  regulator  is  connected  directly  to  the 
boiler  in  much  the  same  manner  as  the  ordinary  boiler 
regulator,  simply  controlling  the  dampers  according  to 
the  pressure  to  a  fine  degree. 

When  this  system  is  started,  a  slight  steam  pressure 
is  necessary  in  order  to  blow  the  air  out  of  the  steam 
main  through  the  ejector  tee.  This  action  at  once  starts 
the  suction  on  the  radiator  return  line  so  that  the  steam 
rapidly  fills  the  radiators  to  the  degree  permitted  by  the 
position  of  the  supply  valve  and  progresses  down  the 
return,  driving  the  air  ahead  of  it  and  finally  reaching 
the  ejector  tee.  The  vapor  or  steam  following  the  air 
soon  fills  the  condenser,  and  being  much  more  than  the 
condenser  can  handle,  the  steam  and  vapor  pass  through 


this  coil  of  pipe  and  strike  the  air  trap,  which  cIohch 
against  any  further  Mow.  At  this  time  the  system  haH 
been  entirely  rid  of  air,  and  if  the  fire  is  allowed  to 
go  down  the  condensation  of  the  steam  in  the  system  at 
once  tends  to  produce  a  high  degree  of  vacuum  and  the 
lower  the  fire  the  more  nearly  perfect  this  vacuum 
becomes.  lU^cause  there  is  practically  no  air  in  the  sys- 
tem, the  va))or  fills  the  entire  system  and  keeps  all  the 
radiators  hot.  After  considerable  air  has  leaked  in 
through  various  small  openings  and  the  vacuum  is  re- 
duced, it  is  then  nece.s.sary  to  generate  a  little  steam 
pressure  for  the  purpose  of  again  blowing  out  the  sys- 
tem. The  periods  between  blowing  out,  however,  are 
usually  more  than  24  hours,  so  that  starting  the 
fire  each  morning  (or  at  the  most  morning  and  even- 
ing) is  sufficient  to  maintain  a  good  degree  of  vacuum 
at  all  times. 

With  the  systems  using  the  closed  return  may  be 
classed  the  Webster  modulation  system.  This  uses 
graduating  valves  on  the  supply  and  thermostatic  traps 
or  valves  on  the  radiator  returns.  The  chief  advantages 
of  the  clo.sed  or  trapped  return  are  the  more  or  less 
positive  obstruction  to  vapor  getting  into  the  return 
line  and  the  fact  that  it  is  unnecessary  to  increa.se  the 
radiator  surface  over  that  actually  required  to  do  the 
heating,  as  in  the  case  of  the  open-vent  systems.  The 
chief  disadvantages  to  the  employment  of  traps  on 
radiator  returns  are  increased  co.st  and  the  danger  of 
some  foreign  particle  lodging  on  the  seat,  interfering 
with  the  operation  of  the  valve.  In  the  Web.ster  system 
the  return  line  is  brought  back  and  connected  to  the 
boiler  through  a  check  valve,  but  before  dropping  the 
return  down  below  the  level  of  the  water  line  in  the 
boiler,  an  automatic  air  trap  is  connected  in.  The  func- 
tion of  this  trap  is  to  relieve  the  air  from  the  system, 
and  a  check  valve  on  the  air-vent  pipe  prevents  its  re- 
entrance, so  that  the  only  way  air  may  enter  the  system 
is  through  normal  leakage. 

The  Mdrsh  modulation  vapor  system  is  quite  similar 
to  the   Webster   as   far   as   piping   is   concerned.     The 


FIG.    9.      EJECTOR    FOR    PRODUCIXG    STCTION 

radiators  are  controlled  by  a  graduated  valve  on  the 
supply  and  a  thermostatic  trap  on  the  return  of  a 
slightly  different  design.  Where  the  return  drops  be- 
low the  boiler  water  line,  a  rapid  air  vent  or  eliminator 
is  used.  This  is  really  only  an  automatic  air  valve  of 
large  size  operated  by  a  thermostatic  disk  and  an  in- 
verted cylinder  float. 

In  so  far  as  the  operation  of  vapor  systems  is  con- 
cerned, it  has  been  the  endeavor  of  all  manufacturers  to 
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make  them  and  the  devices  which  go  with  them  aa 
nearly  automatic  as  possible,  so  that  the  chief  duty  of 
the  operating  engineer  is  to  keep  his  fires  up  and  to 
know  when  his  equipment  is  doing  the  work  it  should 
do.  The  most  serious  difficulty  is  teaching  of  the  occu- 
pants of  the  various  rooms  to  manipulate  the  radiator 
valve  rather  than  to  open  the  windows.  For  this  reason 
most  graduated  valves  are  of  the  quick-opening  type, 
giv'mg  all  settings  from  closed  to  full  open  in  less  than 
one  full  turn  of  the  spindle  in  order  that  it  will  be 
found  easier  to  close  the  valve  than  it  is  to  raise  the 
window. 

The  foregoing  covers  in  a  general  v/ay  the  more  com- 
mon types  of  vapor  heating  systems,  although  there 
are  many  others  more  or  less  popular  to  which  the 
same  principles  apply  with  slight  modifications,  so  that 
further  discussion  is  hardly  necessary. 

Heating    Caused   by    Cracked    Craukpin 
of  Diesel  Engine 

By  D.  L.  Fagnan 

An  early  type  of  vertical  three-cylinder  Diesel  engine 
had  been  operating  for  some  years  pretty  well  loaded, 
but  giving  the  finest  kind  of  service.  It  was  a  marvel 
to  every  mechanic  who  watched  it  work.  Then  suddenly 
it  developed  a  hot  crankpin  on  No.  2  cylinder.  The 
engine  was  equipped  with  bronze  bearings  throughout, 
the  main  bearing  being  spotted  with  babbitt  metal  and 
plain  bronze  being  used  on  the  crankpin.  The  engineer 
had  scraped  and  cleaned  the  brasses  three  times  and 
was  ready  to  swear  that  there  was  no  cause  for  fur- 
ther heating.  In  fact,  he  had  expended  all  his  me- 
chanical knowledge  of  how  to  fit  a  bearing  of  this  kind, 
but  apparently  to  no  purpose.  The  crankpin  bearing 
heated  again  and  again  and  all  the  oil  in  the  world 
could  not  keep  it  cool. 

In  despair,  a  telegram  was  sent  to  our  company, 
and  although  we  had  not  built  the  engine  originally, 
I  was  sent  to  set  things  right.  The  engineer  was  a 
fine  mechanic,  and  when  I  first  looked  at  the  engine  I 
realized  that  I  was  up  against  the  real  thing. 

I  lit  my  old  pipe  and  examined  the  engine  thor- 
oughly, observing  the  cam  setting  on  the  cylinder  whose 
piston  was  nearest  dead-center  position,  and  making 
a  mental  note  that  it  looked  about  correct.  I  next 
examined  the  interior  of  the  crankcase  with  a  portable 
lamp.  The  oil  seemed  to  be  new  and  of  good  body 
and   the   interior   of   the   case   clean   and   orderly. 

Next  I  calipered  the  crankpin  in  at  least  a  hundred 
places  and  could  detect  very  little  variation  from 
roundness — certainly  not  enough  to  bother  about.  The 
engineer  watched  my  operations  and  volunteered  the  in- 
formation that  after  the  second  scraping  he  had  spent 
fourteen  hours  filing  and  truing  up  the  crankpin,  finally 
polishing  it  highly,  and  still  the  heating  persisted.  When 
he  impatiently  asked  what  I  thought  of  that  bearing, 
I  answered  that  I  had  only  begun  to  do  some  real 
thinking  and  that  I  would  find  the  cause  of  the  heating 
or  else  admit  that  Diesel-engine  tricks  were  too  much 
for  me. 

A  magnifying  glass  or  reading  glass  about  three 
inches  in  diameter  is  always  a  part  of  my  kit,  being 
used  principally  to  locate  the  railroad  stations  given 
in  small  print  on  Western  maps.  I  used  this  glass 
on  the  crankpin,  also  a  mirror  to  reflect  light  into 
the  corners  and  angles,  but  I  could  detect  no  flaws  or 


anything  wrong.  However,  common  sense  told  me  that 
there  must  be  something  radically  wrong  with  either 
the  pin  or  the  bearing,  and  possibly  with  both. 

I  had  heard  that  after  repeated  heating  a  bronze 
bearing  will  lose  some  of  its  antifriction  properties. 
So  I  reexamined  the  brasses,  testing  the  bearing  sur- 
faces in  many  spots  with  my  small,  sharp  scraper 
to  see  whether  any  very  hard  spots  exi.sted.  I  tried 
each  half  of  the  bearing  in  the  rod  end  to  see  whether 
there  was  any  binding  and  found  that  each  pu-shed 
home  fairly  easily,  so  that  here  at  least  was  no  chance 
for  trouble. 

Finally,  I  poured  kerosene  on  the  crankpin  and  rubbed 
some  Prussian  blue  on  it,  working  this  over  the  pin 
thoroughly  by  using  a  half  shell.  It  showed  a  fine  bear- 
ing and  plenty  of  clearance  where  required.  I  then 
lighted  a  ga.soline  torch  and  approached  the  crank  case, 
protecting  my  face  and  body  in  case  there  should  be 
explosive  gases  pre.sent.  Finding  none,  I  gradually 
worked  the  torch  up  to  the  crankpin,  poured  more 
kerosene  on  the  pin  and  heated  this  up  with  the  torch 
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until  the  pin  could  scarcely  be  touched  with  my  bare 
hands.  With  a  rag  having  prussian  blue  on  it  I 
rubbed  the  pin  hard  all  over  and  then  with  clean  cloths 
wiped  it  off.  If  there  are  any  cracks  or  flaws  in  a 
piece  of  metal,  this  treatment  will  show  them  up. 

To  my  great  joy,  my  glass  showed  dirty  oil  and 
Prussian  blue  oozing  out  from  a  fine  crack  lengthwise 
of  the  pin,  as  shown  in  the  illustration.  Wiping  it 
off  twice  did  not  blot  it  out.  The  engineer  was  jubilant, 
although  he  admitted  he  could  hardly  believe  that  a 
little  crack  like  that  could  cause  such  a  lot  of  trouble. 
The  crack  must  have  been  of  some  depth,  for  after 
five  wipings  it  still  continued  to  ooze  oil  slowly.  As 
it  was  lengthwise  of  the  pin,  we  concluded  that  it  did 
not  weaken  the  pin  greatly. 

It  was  our  opinion  that  the  sharp  edges  of  the  crack 
working  on  the  brasses  when  the  engine  was  running 
caused  heating  by  continually  scraping  off  the  lubri- 
cant and  also  by  making  a  powder  out  of  the  brasses. 
So  we  decided  to  file  the  pin  down  until  it  was  about 
.'_.  in.  low  in  the  neighborhood  of  the  crack,  as  indicated 
by  the  area  outlined  in  the  illustration,  so  that  the 
pin  surface  at  the  crack  could  not  touch  the  brasses 
again.  We  then  assembled  the  engine  and  started  it 
carefully.  We  ran  it  for  four  hours,  feeling  that  crank- 
pin bearing  often,  but  not  a  sign  of  heating  developed 
after  the  initial  heating  that  always  manifests  itself 
when  a  new  bearing  is  started. 
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Geared  and  Gearkss 
Tjadion  f levator  Machines 
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IN  THE  traction  type 
of  elevator  machine 
the  car-hoisting 
ropes  travel  at  the  pe- 
ripheral speed  of  the 
driving  sheave,  and  the 
friction  between  the 
ropes  and  sheaves  must 
give  sufficient  traction  to 
care  for  all  conditions  of 
car  loading  without  slip- 
page.        The      driving 

sheaves  used  must  be  of  large  enoujrh  diam- 
eter so  that  the  bending  stresses  caused  by 
the  ropes  traveling  around  the  sheaves  will 
not  be  sufficient  to  cause  short  rope  life.  Inas- 
^  much  as  the  bending  stresses  are  smaller  in 
the  larger  size  sheaves,  it  is  good  practice  and  economy 
to  use  as  large-diameter  sheaves  as  convenient.  The 
maximum  size  of  the  driving  sheave  is  limited  by  two 
factors:  Fir.st,  it  must  not  exceed  the  span  distance 
between  car  and  counterweight  centers  (see  Fig.  3)  ; 
secondly,  by  the  allowable  speed  of  the  driving  sheave, 
since  an  increase  in  diameter  with  the  same  speed 
of  rotation  results  in  an  increased  car  speed. 

In  the  worm-geared  type  of  traction  machine  as 
shown  in  Fig.  1,  a  high-speed  motor  is  used,  and  the 
desired  speed  of  the  car  is  obtained  by  using  the  proper 
gear  reduction.  The  motor  speeds  for  this  type  of 
installation  vary  from  GOO  to  1200  r.p.m.,  depending 
on  the  motor's  horsepower,  the  larger  horsepowers  be- 
ng  possible  only  at  the  slower  speeds.  In  worm-geared- 
traction  machines  manufacturers  endeavor  to  use  as 
high-speed  motors  as  possible  compatible  with  good 
engineering  practice.  It  is  well  known  that  for  a  given 
horsepower  rating  a  slow-speed  motor  is  larger  than  a 
high-speed  one,  which  results  in  higher  costs.  The 
torque,  or  pull,  of  a  high-speed  motor  is  less  than  that 
of  a  slow-speed  machine  of  the  same  horsepower. 
Therefore  the  size  of  brake,  which  is  designed  to  hold 
full-load  motor  torque,  the  size  of  the  wormwheel  shaft, 
and  in  fact  the  entire  machine  is  lighter  when  using 
a  high-speed  motor  as  compared  with  a  slow-speed 
machine  of  like  horsepower. 

The  size  of  the  driving  sheave  on  a  worm-geared 
machine  depends  on  the  gear  ratios  available  for  the 
high-speed  motors  used  with  this  type  of  machine,  and 


the  speed  of  the  motors  de- 
pends on  the  duty.  It  has 
been  found  that  the  diam- 
eter of  sheaves  for  good 
rope  service  depends  not 
only  on  the  size  and  kind 
of  rope,  but  also  on  the 
rope  speed.  It  is  general 
practice  to  use  S-in.  extra- 
flexible  steel  cables  on  36- 
in.  sheaves  for  traction  ma- 
chines with  1:1  roping 
for  speeds  of  600  ft.  per 
min.,  roped  as  in  Fig.  3.  On 
2  :  1  traction  machines,  roped  as 
in  Fig.  4,  it  is  general  practice  to 
use  28-in.  sheaves  and  J-in.  cables 
for  car  speeds  up  to  450  ft.  per 
min.  On  slower  speed  traction 
machines  it  is  permissible  to  reduce 
the  sheave  diameter.  In  a  number  of  installations, 
on  the  higher  speeds,  smaller-sized  sheaves  are  used, 
but  this  results  in  shorter  rope  life  for  like  operating 
conditions  than  with  sheaves  of  standard  sizes.  Short 
rope  life  may  also  result  from  poor  quality  of  ropes 
due  to  manufacturing  conditions  or  to  neglect  in  keep- 
ing all  the  hoisting  ropes  under  equal  tension.  There 
is,  however,  a  difference  of  opinion  among  engineers 
as  to  the  proper  diameter  of  sheave  to  use  for  various 
sizes  of  ropes  under  different  conditions. 

Summing  up  the  preceding,  in  a  worm-gear-traction 
installation  the  manufacturers  of  elevator  machines 
use  high-speed  motors  to  keep  down  the  cost  and  use 
sheaves  as  large  as  the  worm-gearing  reduction  will 
permit  without  exceeding  the  span  distance  of  car 
center  to  counterweight  center.  This  limits  the  speed 
of  the  worm-gear-traction  machine  to  450  ft.  per  min. 
for  loads  up  to  2500  lb.,  as  it  is  possible  to  get  only 
certain  minimum  worm-gear  reductions.  For  instance 
on  this  duty  the  motor's  speed  would  be  600  r.p.m. 
With  1 : 1  traction  ^-in.  ropes  would  be  used  on  mini- 
mum-sized sheaves,  of  30-in.  diameter,  for  good  rope 
service  at  this  speed.     The  driving  sheave  would  rotate 


at  450 


30  X  3.1416 

12 


=  57.4  r.p.m.    With  a  600-r.p.m. 


•Engineer  with  Geo.  W.  Goethais  &  Co.,   Inc. 


motor  the  gearing  reduction  would  be  about  10  to  1. 
This  is  about  the  limit  of  worm-gear  reduction  for 
elevator  machines,  although  a  12-thread  worm  has  been 
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FIG.    1.      WORM-GEAR   TYPE   TRACTION-ELEVATOR 
MACHINE 

used  with  a  108-tooth  gear  wheel  giving  a  speed  reduc- 
tion of  9:1.  It  is  obvious  that  it  is  not  practical  to 
build  worm-geared-traction  machines  for  speeds  in 
excess  of  450  r.p.m.,  and  this  speed  presents  difficul- 
ties in  manufacturing  on  account  of  the  large  number 
of  threads  on  the  worm.  The  worm-geared-traction 
machine  is  most  suitable  for  speeds  up  to  350  ft.  per 
min.,  and  where  a  speed  of  450  ft.  per  min.  is  desired 
either  herringbone-gear  reduction  machines  or  the  2:1 
gearless-traction  machine  is  preferable. 

Elimination  of  the  worm  and  gear  results  in  smoother 
operation  and  quicker  acceleration.  The  gearless-trac- 
tion machine  shown  in  the  headpiece  and  in  Fig.  2 
uses  a  driving  sheave  and  brake  wheel  attached  directly 
to  the  motor  shaft.  Inasmuch  as  the  dimensions  of  a 
motor  for  a  given  horsepower  increase  as  the  speed 
decreases,  gearless-traction  elevator  motors  are  very 
large  for  their  horsepower  rating.  A  standard  60-r.p.m. 
motor  rated  at  38  hp.  is  several  times  larger  and  more 
costly  than  the  same  size  motor  of  600  r.p.m.  used  on 
the  worm-geared-traction  machine.  The  brakes  are  also 
larger  and  more  costly  since  the  torque  of  a  60-r.p.m. 
motor  is  ten  times  as  much  as  the  torque  of  a  600- 
r.p.m.  one  of  like  horsepower.  In  general  the  gearless- 
traction  elevator  motor  used  on  the  2 : 1  installations, 
as  shown  in  Fig.  2,  has  about  twice  the  speed  of  the 
motor  used  on  the  1 : 1  installation,  shown  in  the  head- 
piece,  and   is   consequently  much   lighter   in  weight. 

As  the  driving  sheave  rotates  at  the  motor's  speed, 
on  the  gearless-traction  machine,  this  machine  is  in 
general  practical  for  installations  requiring  high  car 
speeds,  from  450  to  700  r.p.m.  This  range  of  speed 
is  in  general  required  only  in  very  tall  buildings,  with 
the  exception  that  an  installation  of  this  character  is 
sometimes  used  in  medium-height  buildings,  such  as 
department  stores,  to  obtain  the  advantages  of  the 
smooth  operation  and  quick  accelerating  characteris- 
tics of  this  type  of  machine. 

For  2:1  installations  roped  as  in  Fig.  4,  ^-in.  ropes 
are  generally  used  on  28-in.  sheaves.  For  a  450-ft.-per- 
min.  car  speed  the  driving  sheave  and  motor  must  rotate 

.    ..^  28  X  3.1416  ^„„  ^,  , 

at  450  -^    — ^„  y  2 —    "==   122  r.p.m.     Slower  speeds 


than  450  ft.  per  min.  are  sometimes  obtained  by  the 
use  of  smaller  sheaves  than  28-in.  but  experience  has 
shown  that  this  will  result  in  short  rope  life.  In  the 
2 :  1  type  of  installation  the  ropes  travel  at  twice  the 
car  speed  and  around  two  more  sheaves,  one  on  the 
counterweight  and  one  on  the  car,  than  in  the  1 : 1 
type.  The  rope  life  in  this  type  of  installation  is  liable 
to  comparatively  short  life,  caused  by  ths  ropes  traveling 
around  so  many  sheaves  at  high  speed.  This  disadvan- 
tage may  be  outweighed  where  heavy  traffic  f  .om  floor 
to  floor  i-equires  quick  acceleration  for  rap:  I  traveling. 

The  1 : 1  gearless-traction  machine  is  used  only  with 
high  car  speeds  and  high  rises,  from  300  ft.  up.  The 
usual  installation  has  a  36-in.  sheave  and  uses  §-in. 
ropes.  A  36-in.  sheave  driven  by  a  60-r.p.m.  motor 
gives  a  car  speed  of  570  ft.  per  min.  Elevators  of  this 
type  give  good  rope  service  and  are  built  for  .speeds 
up  to  700  ft.  per  min.,  which  is  the  maximum  allowed 
by  law  in  New  York  City.  For  a  2500-lb.  carload  at 
GOO  ft.  per  min.  the  motor  has  a  rating  of  38  horse- 
power. 

Certain  installations  require  the  application  of  a 
gearless-traction  motor  of  the  very  slow-speed  type 
to  a  comparatively  slow-speed  in.stallation,  as  the 
amount  of  power  that  can  be  transmitted  by  a  worm 
and  gear  is  limited  to  approximately  50  hp.  There  is 
no  limit  to  the  amount  of  power  that  can  be  applied 
to  a  gearless-traction  elevator,  except  the  space  re- 
quirements for  the  machine.  In  the  New  York  subways 
at  certain  stations  lifts  are  provided  from  the  train 
platforms  to  the  street  levels  capable  of  handling  11,000 
lb.  at  350  ft.  per  min.,  using  gearless-traction  ele- 
vators  roped   2 : 1. 

In  Fig.  5  is  shown  the  roping  of  a  V-groove  traction- 
elevator  machine.  This  type  of  drive  is  now  under 
test  with  gearless-traction  machines  to  determine  the 
relative  life  of  ropes  as  compared  to  the  standard  type 
using  a  secondary  sheave. 

In  the  case  of  the  standard  type  the  ropes  make  two 
!;alf-turns  around  the  driving  sheave  and  one  half- 
turn  around  the  secondary  .sheave,  as  compared  to  one 
lialf-turn  on  the  driving  sheave  of  the  V-groove  type. 
The  pinching  effect  of  the  V-grooves  on  the  ropes  may, 
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howevn-,  laii.so  iiioio  woiir  tliim  the  Iwo  i-xlrii  half- 
turns.  AnothiT  (iiH'stion  is  th«'  woiiriiiK  of  the  V- 
jfroove.s  In  the  ropi'.s;  ui'aiiiiK  of  tlio.sp  >rn)ov«'.s  would 
result  in  loss  of  tnii-tion.  jiikI  if  the  sheaves  had  to  be 
replaeed  or  reiiit  fre(|uently,  this  would  he  more  ob- 
jeetionahle  than  iiistallinn  new  ropes.  The  writer  be- 
lieves, however,  that  th<^  V-jtroove  ^rearle.ss-traction 
elevator  is  a  stroiijr  possibility  of  the  future,  as  the 
machine  can  be  built  at  lower  costs  than  the  standard 
type,  owinjf  to  the  downward  pull  on  the  driving  sheave; 
bcinv'  only  one-half  that  in  the  latter  type.  This  results 
in  a  'i^hter  sheave,  a  smaller-diameter  armature  shaft 
and  bearinjrs,  smaller  supports  and  lijrhter  frame,  and 
the  secondary   sheaves,   with   their   bearings,   supports, 


DR;y/N6  SHEAVE 


Some  modern  buildings  of  medium  \\v\v\\\  use  alter- 
iiatiiijr  current,  but  all  Iheir  reciuirementH  lo  date  have 
been  met  with  jreared-traction  elevatrirs.  AltortHitinR- 
current  direct-traction  mine  hr)ists  have  been  built  and 
I)ul  in  operation,  and  when  there  is  a  demand  for  the 
alternutinK-current  KearlesH  type  traction-elevator  ma- 
chine we  may  expect  to  see  it  supplied. 

Duly  To  Warn  l^inployrc 

Where  a  tar-boilin>r  tank  was  connected  with  ;i  high- 
pressure  steam  boiler  for  use  in  the  proce.ss  of  melting 
the  tar  and  there  was  a  relief  valve  in  the  head  of  the 
tank,   the  owner   is   liable   for   injury   to   an   employee 


'j!'  SWIVEL  HITVH 
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COUNTERWE/6HT 
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FIG.     3.       DIRBCT-TRACTIOX    ELE- 
VATOR   MACHINE.    1:1    ROPING 


'~\  OIL  BUFFER 


FIG.     4.       DIRECT-TRACTION     ELE- 
VATOR  MACHINE.   2:1   ROPING 


5.     V-GROOVED  TRACTION 
ELEVATOR    MACHINE 


etc.,  are  eliminated.  In  cases,  however,  where  the  V- 
grooved  sheave  does  not  span  the  distance  from  center 
of  car  to  center  of  counterweight  an  idler  sheave  must 
be  provided  to  lead  off  the  ropes  properly.  This  sheave 
can  be  of  light  construction  compared  to  that  of  a 
secondary  sheave  in  an  equivalent  standard  installation. 
The  gearless-traction  elevator  has  been  developed  to 
date  for  direct-current  motor  drive  only.  It  is  possible 
to  build  alternating-current  motors  to  drive  direct- 
traction  elevators,  but  this  has  not  been  done  because 
modern  buildings  requiring  550  to  700  ft.  per  min. 
car  speed  are  all  users  of  direct  current. 


while  at  work  at  the  tank,  resulting  from  the  employer's 
negligence  in  failing  either  to  see  that  the  valve  was 
open  when  live  steam  was  being  forced  into  the  tank, 
or  to  w'arn  the  employee  against  the  danger,  which  was 
unknown  to  him. 

The  injury  resulted  from  overpressure  of  steam  in 
the  tank,  causing  the  head  to  be  forced  off  suddenly. 
I  Iowa  Supreme  Court,  Garren  vs.  Ottumwa  Gas  Co., 
170  Northwestern  Reporter,  428.) 


Pay  your  debt  to  Pershing's  men.     Buy  Victory  Lib- 
erty Loan  Notes 
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The  fluid  for  actuating  the  governor-operating 
mechanism  consists  of  filtered  water,  soluble  oil 
and  barium  hydrate;  its  normal  pressure  is  275 
lb.  Many  proviMons  are  made  against  loss  of  the 
fluid  pressure.  Cooling  coils  in  the  governor-fluid 
reservoirs  are  cleaned  every  three  months.  Tanks 
and  piping  tested  to  500  lb.  to  reveal  weaknesses 
caused  by  corrosion.  Extra-heavy  galvanized 
pipe  and  gate  valves  with  bronze  parts  are  iised. 


THE  pressure  fluid  for  operating  the  governing 
mechanism  is  handled  by  a  centra!  pumping  plant. 
The  piping  in  this  system  is  all  extra-heavy  steel, 
and  all  valves  are  extra-heavy  and  of  the  gate  type. 
Formerly,  the  gates,  toggles,  yokes  and  stems  of  these 
valves  were  of  cast  iron ;  but  bronze  is  now^  used,  which 
obviates  corrosion  troubles.  New  extensions  and  re- 
placements to  the  piping  are  made  with  galvanized  pipe. 
The  fluid  consists  of  filtered  water  with  a  certain  ad- 
mixture of  barium  hydrate  and  soluble  oil.  To  each  250 
gal.  of  filtered  water  one  pound  of  barium  hydrate  is 
added  and  thoroughly  mixed.  This  solution  must  stand 
eighty  hours  before  it  is  admitted  to  the  system — that 
is,  to  the  sump  tank.  The  barium  hydrate  acts  as  a 
neutralizing  agent  against  the  corrosive  action  of  the 
river  water.  To  give  the  solution  lubricating  proper- 
ties 10  gal.  of  soluble  oil  to  30  gal.  of  filtered  water 
are  mixed  and  2  gal.  of  this  lubricant,  or  emulsion,  is 
admitted  daily  to  the  sump  tank,  there  being  little  leak- 
age. A  30,000-gal.  concrete  tank  on  the  stop-log  gallery 
is  used  for  mixing  the  barium  solution. 

The  alkalinity  of  the  fluid  is  tested  daily  by  the  hy- 
draulic floorman,  with  phenolphthalein  solution,  which 
is  a  simple  procedure,  taking  only  a  few  minutes;  he 
is  seen  doing  this  in  Fig.  2.  Several  drops  of  the 
phenolphthalein  are  let  into  the  test  tube  containing  the 
fluid;  if  the  fluid  is  slightly  alkaline  and  not  acid, 
the  chemical  turns  it  pink.  A  fluid  that  is  just  neutral 
may  not  be  noncorrosive.  Where  the  solution  is  very 
dilute,  the  dissolved  salts  may  be  so  dissociated  as 
to  start  and  maintain  the  progress  or  corrosion.  The 
carbon  dioxide  or  the  sulphuric-acid  radical,  or  both, 
attacking   the   metal,   combine   with   it,   then   separate. 


E  RAT  I  ON 

MOLTWOOD 

ci/n/encince  of  ihe  Governor 
Control  Sysfem 

■     By 

Charles  H.  Bromley 


then  attack  again,  the  cycle  being  continuous. 
To  avoid  this  action  the  aim  is  to  maintain  an 
excess  of  barium  hydrate  in  the  fluid. 

F.  W.  Wood,  of  the  Maryland  Steel  Co.,  diag- 
nosed the  corrosion  troubles  at  Holtwood,  and 
the  engineers  there  are  grateful  to  him  for  his  investi- 
gations and  the  remedial  measure  suggested. 

The  sump  tanks  are  the  main  reservoirs  for  the  gov- 
ernor fluid  and  are  kept  nearly  half-filled  with  fluid ; 
the  other  half,  or  60  per  cent,  to  be  exact,  is  fiiled 
with  air.  The  pressure  normally  maintained  on  the 
fluid  is  275  lb.  per  sq.in.  The  tanks  have  cooling  coils 
through  which  cold  water  circulates  to  keep  down  the 
temperature  of  the  fluid.  These  coils  are  drained  and 
cleaned  with  air  and  water  every  three  months,  or 
oftener  if  indications  show  that  they  are  covered  with 
sludge. 

While  there  is  no  definite  time  for  testing  the  central 
pumping  system  for  the  governor-control  mechanism,  at 
least  once  every  two  years  the  piping,  tanks,  etc.,  are 
tested  to  500  lb.  hydrostatic  pressure  to  detect  fittings 


FIG.     1        THE    TAILRACB    AT    HOLTWOOD 
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iiiul  pipo  woiikonod  l)y  corro.sioii.  This  tost  is  ii.muilly 
Kivt'ii  duriMK'  the  low-tlow  .Heji.son,  when  a  portion  of  the 
still  ion  is  .shut  down  for  .several  hours  in  the  niorniiiK. 
The  .sy.stem  i.s  .scctionaii/.ed  for  Ihi.s  lest  and  the  air 
removed  from  the  aiiumuiator  tanks  under  test  to  mini- 
mize the  danjrcr  of  explosion.  The  pressure  is  built 
up  by  a   hand-operated   pump. 

As  may  be  seen  from  the  headpiece,  the  valves  in 
the  system  are  plainly  numbered.  The  piping  must  of 
(ourse  be  kept  clear  of  .sediment,  sludge,  scale,  etc.  The 
extent  to  wliich  the  sump  tanks  have  sludge,  .scale,  etc., 
deposited  in  them  indicates  how  seriously  the  headers 
and  piping  may  be  affected.  The  deposit  of  sediment  in 
the  accumulator  tanks  stives  one  an  idea  of  the  con- 
dition of  the  headers.  This  is  al.so  apparent  when  the 
pumpman  attends  to  the  routine  cleaning  of  the  twin 


1 

FIG.    2.      HYDR.A.UL,IC   FOREMAN   MAKING   DAILY   TEST    OF 

GOVERNOR-PRESSURE    FLUID.    DETERMINING 

ALKALINITY  WITH   PHENOLPHTHALEIN 

strainers  in  the  suction  line  between  sump  tank  and 
governor  pumps.  For  supphing  water  for  cleaning,  the 
300-hp.  pump  is  used  and  only  one  section  is  cleaned  at 
a  time. 

To  clean  headers  and  piping,  the  valves  in  the  balance 
pipe  to  the  governor  and  hand  control  are  closed,  the 
governor  pilot  and  regulating  valves  removed,  and  a 
tapered  wooden  plug  driven  into  the  valve  side  of  the 
head  cover.  The  valve  chamber  is  closed  by  bolting  the 
head  cover  to  the  chamber.  This  is  to  prevent  the  escape 
of  fluid.  The  two  valves  on  the  accumulator  tanks  are 
now  opened.  The  units  dependent  upon  this  part  of 
the  system  for  governor-operating  pressure  are  operated 
by  hand  control — entirely  separate  from  the  governor- 
control  system- — if  it  is  desirable  to  keep  them  in  service 
during  this  cleaning  period ;  the  governor-header  section 
valve  is  closed  and  the  governor  return-header  valve  to 


No.  1  governor  sump  tank  <ipene<i.  A  Kovernor  pump 
is  now  started  and  the  greatest  possible  quantity  of 
water  circulated  for  about  ten  minutes.  If  there  is 
much  sludge  or  sediment,  the  lluid  in  the  sump  tank  will 
be  discolored,  turning  from  a  milky  to  a  brick  color. 
The  sump  tank  i.s  next  drained  and  flushed. 

Close  examination  of  the  governor-regulating  valve 
ia  made  for  .scale,  etc.,  before  replacing  it.  Ah  scah' 
may  be  loo.se  and  washing  about,  the  governor-regu- 
lating valve  i.s  carefully  watched  for  some  time  after 
cleaning.  The  .scale  usually  finds  its  way  to  the  sump 
tank.  Once  every  three  months  the  check  valves  on  the 
accumulator  tanks  are  lubricated  with  waterproof 
graphite  grease. 

[Record  forms,  fdled  out  by  the  chief  machinist  and 
kept  in  the  oflice  of  the  chief  operator,  tell  at  a  glance 
when  the  system  was  inspected,  what  was  done  and  by 
whom.  These  forms,  together  with  the  many  other.s 
used  at  Holtwood,  are  the  subject  of  an  article  on 
record  keeping  and  follow-ups  which  will  appear  a 
few  weeks  later.  An  article  to  follow  this  present  one 
on  operation  at  Holtwood,  which  will  appear  .soon,  tells 
of  the  thorough  way  in  which  the  submerged  pins  of 
the  governor-operating  mechanism  are  lubricated,  and 
how  the  corrosion  and  rapid  wear  of  these  pins  have 
been  reduced  to  a  negligible  minimum. — Editor.] 

Improper  Fusing  of  Circuit  Caused 
Motor  To  Burn  Out 

By  E.  C.  Parham 

The  main  auxiliaries  of  a  motor-driven  feeder  voltage- 
regulator  equipment  are  the  contact-making  voltmeter 
and  the  relay  .switch.  The  voltmeter  includes  the 
contact-making  parts  of  a  direct-current  generator 
voltage  regulator.  If  the  voltage  varies  a  small  per- 
centage above  or  below  standard,  the  voltmeter  needle 
makes  a  contact  that  energizes  one  of  the  two  operating 
coils  of  the  relay  .switch,  causing  that  switch  to  estab- 
lish the  proper  circuit  for  rotating  the  motor  in  the 
right  direction.  The  current  handled  by  the  contact- 
making  voltmeter  is  very  small,  where  that  in  the  relay 
switch  may  be  very  appreciable  if  the  motor  or  the 
regulator  is  out  of  order.  As  the  pendulum  contacts  of 
the  relay  .switch  are  spring-supported  and  as  current 
passing  through  a  .spring  tends  to  draw  its  temper,  the 
springs  of  relay  switches  have  soft-copper  shunts  con- 
nected in  parallel  with  them. 

A  feeder  regulator  the  frequency  of  operation  of 
which  had  been  gradually  increasing  for  some  time, 
began  to  blow  fu.ses.  At  first  the  operator  replaced 
the  fuses  with  similar  ones,  but  the  blowings  got  to 
be  so  annoying  that  heavier  ones  were  installed  and 
finally,  to  avoid  buying  fuses,  copper  wire  was  wound 
around  the  fuse  clips.  The  next  stage  of  the  progressive 
destruction  was  burning  of  shunts,  contacts  and  .springs, 
and  it  was  at  this  stage  that  a  complaint  was  made  that 
the  regulator  "was  not  working  right."  An  inspection, 
which  then  was  about  a  year  late,  disclosed  that  the 
stator  winding  of  the  regulator  motor  was  burned  al- 
most to  a  crisp  and  that  there  was  no  relief  excepting 
to  rewind  it  or  get  another  one. 

Occasional  blowing  of  a  fuse  may  be  no  reason  for 
alarm ;  the  fuse  may  have  been  defective  or  it  may  have 
been  carelessly  installed.  Frequent  blowing  of  ap- 
parently standard  fuses,  hov/ever,  calls  for  an  investi- 
gation. 
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DIESEL 

Engines 

.M.  Morrison 


XVI — During  the  week  the  companji  had  been 
conducting  tests  of  fuel  oil,  preparatory  to  award- 
ing the  year's  fuel-oil  contract.  So  the  men  were 
prepared  to  hear  a  discussion  of  oil  at  the 
evening  meeting. 


W 


HY  do  our  three  makes  of  engines  act  so 
different  with  the  very  same  oil?"  It  was 
Kelly  who  fiied  this  opening  gun. 

"Because  the  results  obtained  depend  a  great  deal  on 
the  engine,"  said  Egan.  "If  the  oil  is  a  little  heavy, 
the  compression  will  affect  the  combustion.  If  the  com- 
pression pressure,  and  consequently  the  temperature, 
is  low  there  isn't  enough  heat  in  the  combustion  cham- 
ber to  ignite  the  oil  thoroughly  and  the  exhaust  will  be 
smoky  because  of  unburnt  carbon  passing  into  the 
exhaust.  Another  evidence  of  the  poor  combustion  will 
be  the  decreased  horsepower.  As  to  the  high  compres- 
sion necessary  to  secure  proper  combustion  of  the 
heavier  oils,  it  is  well  to  bear  in  mind  that  this  re- 
quires a  higher  injection  pressure." 

"Why  so,  chief?"  asked  Kelly,  who  was  trying  out 
one  of  Egan's  cigars  and  was  devoting  most  of  his  at- 
tention to  that  piece  of  "rope." 

"A  little  exercise  of  your  gray  matter  would  prevent 
that  question,"  retorted  J.  R.,  who  rather  objected  to 
Kelly's  cigar  confiscation  habits.  "Can't  you  see  that 
if  the  pressure  in  the  cylinder  is  high,  the  air  pressure 
must  also  be  high  to  have  the  same  pressure  drop 
through  the  atomizer?  If  heavy  oil  is  to  be  used,  of 
course,  the  engine  compression  can  be  increased  by  in- 
serting shims  between  the  connecting-rod  and  the  big 
end.  But  even  with  the  compression  high  enough  to 
burn  this  heavy  oil,  you  must  raise  your  injection  pres- 
sure anyway.  Before  Kelly  asks  why,  I'l!  say  that  the 
heavy  oil  has  greater  frictional  resistance  going  through 
the  atomizer,  and  a  higher  air  pressure  must  be  used." 

"Well,  chief,"  began  Woods,     — — .^^^^_«.^___ 
"what  kind  of  fuel  oil  do  you 
recommend?     I've  just  read  a 
catalog,  and  it  looks  like  that 
engine    can    burn    any    oil." 


"Yes,  I've  read  those  catalogs,  and  they  claim  to  burn 
anything  from  anthracite  to  buttermilk.  But  there  is 
a  lower  limit  as  well  as  a  higher  limit  to  the  gravity  of 
oil  that  can  be  used  continuously.  I  can  take  any  oil 
that  will  flow  through  an  inch  pipe  and  make  our  en- 
gines handle  it  for  a  day;  but  I  won't  state  definitely 
the  length  of  time  the  engines  will  be  down  for  cleaning 
the  cylinders  and  loosening  up  the  rings.  The  desirable 
oil  is  one  that  will  burn  clean,  with  no  carbon  deposits." 

"How  about  kerosene,  then,  chief?" 

"That  is  a  reminder.  Woods,  of  your  old  days  of  run- 
ning a  hot-lall  engine.  Kerosene  is  the  thing  in  such 
a  mill.  With  a  Diesel  engine  it  is  too  light  and  volatile. 
Even  if  the  fuel-valve  cage  is  water-cooled,  it  is  pretty 
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In  the  next  article  the  chief  will  describe  va- 
rious methods  of  cooling,  forms  of  cooling 
towers  and  troubles   that  are  caused  by  scale 
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FIG.    1.       PROTECTING   A   BURIED  .STEEL  STORAGE  TANK 

warm  down  close  to  the  nozzle,  and  a  good  deal  of  the 
kerosene  will  vaporize.  This  is  especially  the  case  with 
an  open  nozzle.  When  the  needle  valve  opens,  the  air 
pressure  blows  this  gas  into  the  cylinder  without  any 
'braking'  effect.  We  then  have  the  ignition  of  a  con- 
siderable mass  of  fuel  gas,  which  will  cause  a  knock  or 
preignition  pound.  The  engine  has  a  tendency  to  run 
hot.  This,  of  course,  is  due  to  the  fact  that  most  of  the 
-^.— ^— — ^^^^.^^  kerosene  is  injected  at  or  be- 
fore dead-center,  which  means 
less  power  production  and 
more  heat  absorbed  by  the 
engine  itself. 
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"Tho  .tnmo  ohjcrtion  iipplies  to  the  oil  that  is  jxipu-  their  oxporienre,  imd  the  reply  was  favorable.     DurinK 

larly  known  as  distillate,  having  a  gravity  of  from  'M>  these  tests  I  learned  from  the  oil  man  that  this  identical 

lo  41  deR.  Haumi'.     I've  found  we  have  had  more  luck  plant    was    having    trouble.      It'.s    strange    how    people 

with  the  distillate  known  as  desulphurized  fuel  oil.   Thi.s  always  write  Kood  letters  abf)ut  a  thinjf  that  they  have 

has  n  gravity   from  28  to  ;M   dejr.    Haume,   and   while  been  fussing  ever  since  they  had   it.     I   remember  the 

black  in  color,  is  clean  and  prnctiially  free  from  jrrif.  first  n:"«  engine   I   ever  ran.     It  wa.s  about  the  worst 

It   Hows  fairly   freely,  which   is  a  boon  in  winter  when  piece  of  cast  iro'i   that  ever  had   flywheels  on   it.     But 


Section  A-B 


FIC.    2.      HOME-MADE    FILTER    FOR    FX'EL    OIL 

the  heavier  oils  are  practically  useles.s  unless  heating 
coils  are  used  in  the  storage  tank." 

"What  oil  showed  up  best  in  the  te.sts,  chief?"  Kelly 
inquired. 

"The  28-  to  34-deg.  oil  burned  better,  the  exhaust 
showed  clearer,  and  after  a  ten-hours'  run  the  cylinders 
were  clean,  and  the  valves  free  from  carbon.  It  will 
cost  more  per  gallon  than  the  20-deg.  oil  that  we  tested 
the  first  day,  but  the  amount  used  per  year  will  be  less 
and  our  repairs  lots  easier." 

"How  about  that  'slop'  which  came  from  Mexico?  I 
didn't  fancy  that  when  we  ran  it  out  of  the  barrels." 
It  was  Kelly  that  relieved  himself  of  this  caustic  opinion 
regarding  the  fuel  from  our  southern  neighbor. 

"Your  taste,  Kelly,  for  once  was  very  good.  I  con- 
fess I  was  attracted  by  that  cheap  oil.  I'd  heard  of 
several  plants  using  it.     We  wrote  to  one  plant,  asking 


FIG.    3.       CONSTRUCTION'    OF    CONCRETE    .STORAGE    TANK 

whenever  anyone  dropped  in  to  investigate  that  make, 
I'd  praise  it  to  the  skies,  though  I  knew  I  was  a  liar. 
I  don't  know  if  it's  because  we  want  to  be  kind  even  to 
things  we  feel  like  damning  or  whether  it's  a  desire  to 
see  another  sucker  bite.  That  is  why  I  never  care 
much  for  letters  of  recommendation." 

"But  what  about  that  oil?"  Kelly  did  not  intend  that 
his  question  should  go  unanswered. 

"The  trouble  with  that  1^4-deg.  oil  is  that  it  gums  up 
the  engine.  You  know  how  much  work  we  had  cleaning 
the  piston  heads  and  loosening  up  the  rings.  Such  an 
oil  wouldn't  do  where  an  engine  was  to  be  fully  loaded 
for  hours  at  a  time.  It  has  no  place  in  an  engine  unless 
used  in  connection  with  an  ignition  oil." 

"What  oil?"  Woods  v.-as  quick  to  inquire. 

"In  a  minute.  Woods,  we'll  look  into  what  I  mean  by 
ignition  oil.     I  believe  you  fellows  should  know  what 
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oil  we'll  use  this  year.  Here  are  the  specifications: 
Heat  value,  not  less  than  18,500  B.t.u.  per  lb.;  gravity 
at  60  deg.  F.,  from  28  to  34  deg.  Baume;  residue,  not 
over  10  per  cent,  after  a  sample  has  been  heated  in  an 
oven  for  100  hours  at  550  deg.  F. ;  flash  point,  160  to 
220  deg.  F. ;  burning  point,  180  to  275  deg.  F.;  sulphur, 
not  over  0.5  per  cent. ;  water,  not  over  0.25  per  cent. ; 
and  the  oil  to  have  an  asphaltum  base. 

"There  should  be  a  filter  between  the  storage  tank 
and  the  engine  tank.  We  use  the  home-made  kind  showTi 
in  Fig.  2.  As  you  see,  the  top  and  the  inside  screen 
can  be  removed  for  cleaning  without  breaking  a  single 
pipe  joint.  By  the  use  of  two  filters,  one  can  always 
be  at  work.  There  is  but  one  feature  that  requires 
care.  Always  be  sure  that  the  felt  packing  rings  are  in 
place  when  you  insert  the  screen.  This  screen  is  made 
of  perforated  brass  sheet  and  is  covered  with  two  folds 
or  layers  of  terry  cloth,  although  we  are  actually  using 
Turkish  toweling,  since  we  have  no  real  terry  cloth." 

"Mr.  Egan,  what  sort  of  storage  tank  is  the  best?" 


dies  in  a  pit  about  a  foot  deeper  than  the  diameter  of 
the  tank,  and  pack  earth  in  the  pit,  leaving  about  4  in. 
between  the  dirt  and  the  tank,  as  shown  by  the  cross- 
f'ection,  Fig.  1.  Then  pour  in  concrete,  covering  the 
entire  surface  of  the  tank.  If  wooden  forms  are  u.sed, 
the  concrete  covering  can  be  made  as  low  as  2  in.  thick. 
Of  course,  the  concrete  must  be  fairly  neat  to  run 
through  this  narrow  space.  You  then  have  a  rust- 
proof storage. 

"In  making  concrete  tanks  I  favor  the  vertical  cylin- 
drical type.  A  good  many  square  tanks  have  been  built, 
but  they  all  tend  to  crack  at  the  corners.  Some  people 
say  that  if  oil  leaks  into  the  surroundi  .g  dirt  it  will 
form  a  cement  and  prevent  further  leakage.  The  trouble 
is  that  a  lot  of  oil  is  lost  before  this  cement  job  is 
finished. 

"It  is  easy  to  build  a  round  concrete  tank.  Dig  a 
circular  pit  of  the  necessary  diameter  and  depth  as 
shown  in  Fig.  3,  and  inside  it  build  up  a  cylindrical 
form  made  of  boards  1  in.  by  12  in.  held  to  shape  by 
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FIG.   4.      SliCTIONAL  VIEW  OF  KOERTING   NOZZLE   FOR   GAS  OIL  AND  TAR  OIL 


Woods  que.stioned,  since  it  was  evident  Egan  was 
through  with  his  filter. 

"If  a  plant  is  under  500  hp.  a  steel  tank  is  best,  I 
think.  It  is  more  expensive  than  a  concrete  tank,  but 
the  ordinary  concrete  man  cannot  build  a  leakproof 
tank.  The  size  required  will  not  justify  securing  an 
expert,  and  so  the  .steel  tank  is  the  best  to  use." 

"How  about  a  wood  tank?" 

"A  wood  tank  has  one  thing  attractive  about  it — its 
low  cost.  But  the  low  cost  proves  expensive  in  a  year's 
time,  owing  to  the  rapid  evaporation  of  the  oil.  No 
matter  how  low  grade  it  is,  there  are  some  lighter  por- 
tions, and  the  hot  sun  seems  to  draw  these  through  the 
wood  staves.    I'd  estimate  a  loss  of  at  least  10  per  cent. 

"As  to  the  steel  tank,  it  doesn't  pay  to  use  too  light 
a  plate.  The  shell  should  be  of  ,■■',.-  or  1-in.  material 
and  the  heads  should  be  1  in.  thick.  The  longitudinal 
seams  .should  be  double-riveted,  but  the  girth  seams 
may  be  single-rivsted.  If  a  capacity  of  8000  gal.  is 
required,  one  tank  will  do,  but  for  a  greater  capacity 
use  two  tanks.  Then  you  have  a  chance  to  clean  out 
the  slime  from  one  while  the  other  is  full." 

"How  about  putting  the  tanks  in  the  ground?"  broke 
in  Woods. 

"By  all  means,"  said  Egan.  "If  they  are  above  ground, 
there  is  always  a  fire  hazard,  and  the  pipes  are  exposed 
to  injury  and  meddling.     Place  them  on  concrete  sad- 


the  segments  .4.  Use  hog  wire  netting  to  reinforce  the 
bottom,  insert  the  vertical  reinforcing  rods  about  18 
in.  apart,  and  to  them  wire  the  circles,  spaced  about  a 
foot  apart.  Then  run  in  the  concrete  between  the  wooden 
form  and  the  sides  of  the  pit." 

"How  about  the  top?"  asked  the  Scotsman. 

"That's  the  hardest  part,"  said  Egan.  "Some  use  a 
wooden  roof,  but  we  covered  ours  with  concrete  slabs 
supported  by  reinforced  girders.  Our  tanks  were  12 
ft.  in  diameter  and  16  ft.  deep,  and  we  used  four  girders 
D,  each  8  in.  by  12  in.  cross-section.  To  make  them 
we  built  a  wooden  form  having  that  cross-section  and 
inserted  twelve  1-in.  iron  rods  to  reinforce  the  con- 
crete. We  ran  the  girders  of  different  lengths,  to  suit 
their  position  on  the  tank.  The  slabs  E  were  not  re- 
inforced, but  were  grouted  together,  and  the  job  was 
very  satisfactory." 

"Chief,  you  spoke  of  14-deg.  oil  needing  heating  coils 
in  the  tank.  I  notice  that  our  tank  has  coils,  even  if 
we  do  use  light  oil." 

"That's  a  thing  all  storage  tanks  should  have.  It 
makes  the  fuel  easier  to  handle  and  no  steam  boiler  is 
needed.  There  are  two  ways  to  operate  the  coils  with- 
out a  boiler.  The  first  method  is  to  operate  the  engine 
cooling-water  system  under  pre.ssure,  or,  as  it  is  called, 
use  a  closed  system.  By  arranging  the  necessary  regu- 
lating valves,  part  of  the  discharge   can   be   bypassed 
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through  the  tnuk  i-oil.s.  It  takes  n  pood  whilo  to  Kvt  the 
oil  up  to  120  di'K-  1'-.  l>i't  once  it  is  warm  the  coHm  will 
keep  it  up  to  thi.s  ti'mponituro.  Tlio  socoiul  method  i.s 
to  nrraiiKe  a  jacket  about  part  of  the  enxine  exhau.st 
pipe.  Connect  this  to  the  overhead  water  tank,  usinp 
a  check  valve  in  the  line.  Run  the  other  end  to  the  coils, 
and  then  arrange  to  discharpe  the  coils  into  the  cool- 
inp-water  sump.  l?y  crackinp  the  repulatinp  valve  a 
slipht  amount  a  circulation  of  hot  water  is  set  up. 

"If  you  ever  put  in  an  outfit,  use  a  lot  of  pains  with 
the  oil  pipinp.  Every  joint  should  be  threaded  carefully 
and  made  up  without  any  red  lead  or  other  compound. 
Remember  that  oil  will  leak  at  joints  that  are  water- 
tight. Never  use  anything  hut  heavy-pattern  brass 
valves  with  nickel  seats  and  valve  disks. 

"A  very  important  adjunct  to  every  Diesel  plant  is  a 
starting  tank  of  kerosene.  Even  with  a  good  prade  of 
fuel  oil  it's  hard  to  start  an  engine  on  cokl  mornings. 
Using  kero.sene  for  the  first  five  minutes  will  bring  the 
engine  up  to  speed  quickly  and  warm  up  the  combus- 
tion chamber  and  valves." 

"Now,  chief,  what  did  you  mean  by  ignition  oil?" 
Woods  inquired. 

"Well,  as  I  stated,  low-grade  oils,  such  as  Mexican, 
ignite  slowly.  If  an  engine  runs  at  180  r.p.m.,  there 
are  three  revolutions  per  second.  If  the  period  of  com- 
bustion is  10  per  cent,  of  the  piston  stroke,  it  cannot 
exceed  tjV  of  a  second.  "When  you  recognize  that  the 
beginning  of  the  injection  of  the  fuel  and  its  atomiza- 
t'on  are  necessarily  slow  and  consider  the  time  spent  in 
mixing  the  atomized  fuel  and  the  air,  as  well  as  the 
cooling  effect  of  the  injection  air,  it  is  evident  that 
there  are  many  factors  that  tend  to  retard  the  combus- 
tion. Even  with  a  high-grade  oil  this  period  is  none  too 
long. 

"Low-gravity  oil  demands  a  longer  time  in  which  to 
be  atomized,  mixed  with  the  air  charge  and  ignited. 
The  oil  particles  are  larger  than  in  the  case  of  light  oils 
and  the  actual  time  of  burning  is  longer.  To  allow  a 
very  low-grade  petroleum  oil  or  tar  to  be  burned,  one  of 


sevfral  methods  must  be  adopted.  The  first  method  in 
to  heat  the  heavy  oil  or  tar  to  a  temperature  around 
200  dep.  V.  and  to  raise  the  injection-air  temperature 
to  avoid  any  chillinp  action  durinp  the  atomization  of 
the  charge.  This  method  is  fairly  satisfactory  with  oils 
above  IG  dep.  Haume.  hut  with  lower  prade  oils  and 
tar  I've  never  heard  of  any  plant  usinp  this  succe.ssfully. 

"The  second  niethod  is  a  variation  of  the  first.  The 
oil  is  heated  and  a  small  amount  of  pas  oil  of  from  25  to 
35  deg.  Baum6  is  mixed  with  it  in  the  storage  tank. 
It's  practically  impossible  to  keep  the  two  oils  thor- 
oughly mixed  without  resorting  to  .some  form  of  me- 
chanical agitator.  In  one  plant  a  motor-driven  paddl^ 
wheel  such  as  is  found  in  a  brine-coolinp  tank  was  em- 
ployed. The  light  oil  thus  added  is  called  an  ignition 
oil.  Its  purpo.se  is  to  supply  a  fuel  that  will  ignite 
quickly,  raise  the  cylinder  temperature  and  produce  a 
flame.  This  plan  works  with  any  petroleum  fuel,  but  is 
not  very  good  when  tar  oil  is  u.sed.  In  tests  using 
mixtures  of  tar  oil  and  gas  oil  it  has  been  proved  that 
25  per  cent,  of  tar  oil  and  75  per  cent,  of  gas  oil  is  the 
best  mixture  when  the  engine  is  to  operate  on  a  vary- 
ing load.  If  the  engine  is  to  develop  full  load  all  the 
time,  a  50-50  mixture  can  be  used,  because  a  high  tem- 
perature is  maintained.  Consequently,  it  would  be  ad- 
visable to  use  gas  oil  for  low  and  half  loads,  reserving 
the  use  of  the  tar  mixture  for  three-quarters  and  full 
loads  only. 

"Another  method  involves  the  use  of  a  small  amount 
of  gas  or  solar  oil  that  is  deposited  close  to  the  nozzle 
and  blown  into  the  combustion  chamber  ahead  of  the 
tar  oil.  The  oil  ignites  at  the  ordinary  Diesel  tem- 
perature and  provides  a  flame  to  positively  ignite  the 
tar  when  it  enters  the  combustion  chamber.  This  plan 
demands  a  fuel  valve  that  has  separate  tar-oil  and  gas- 
oil  connections,  as  well  as  separate  fuel  pumps.  In  the 
Koerting  valve  in  Fig.  4,  the  ignition  oil  is  deposited 
at  A,  just  behind  the  nozzle  plate,  and  the  tar  at  B, 
and  as  the  valve  opens  the  air  blast  blows  the  ignition 
oil  in  ahead  of  the  tar." 


The  Electrical  Study  Course — Types  of 
Three- Wire  Generators 


Discusses  the  various  types  of  generators  that 
can  be  used  for  three-ivire  service,  and  brings 
out  the  differences  in  operation  that  must  be 
observed  and  the  points  that  require  attention 
when  making  field-coil  connections. 

THE  discussion  regarding  three-wire  generators 
that  has  preceded  the  present  lesson  was  confined 
almost  entirely  to  a  consideration  of  two-pole 
machines,  and  nothing  was  said  regarding  the  method 
of  excitation  to  be  used.  A  brief  summary  of  the 
various  t\'pes  of  machines  that  can  be  used  for  the 
purpose  will  therefore  be  given. 

■  In  the  fir.st  place  it  is  to  be  understood  that,  as 
in  other  direct-current  generators,  the  armature  is 
drum-wound  and  not  ring-wound,  as  indicated  in  the 
diagrams    used    throughout    the    discussion.      As    pre- 


viously explained,  the  ring  type  of  representation  was 
employed  merely  in  the  interest  of  clearness  of 
presentation.  The  armature  winding,  therefore,  does 
not  differ  from  that  which  would  be  used  in  any  direct- 
current  generator  of  the  same  voltage,  the  only  dif- 
ference between  the  armature  of  an  ordinary  two-wire 
generator  and  that  of  a  three-wire  generator  being 
that  the  latter  is  provided  with  slip  rings  in  addition 
to  a  commutator,  and  that  these  rings  are  connected  to 
points  on  the  winding  that  are  diametrically  opposite 
one  another. 

Since  the  object  of  the  three-wire  generator  is  to 
supply  current  at  a  constant  voltage,  it  must  be  of 
the  constant-voltage  type.  It  was  found  at  the  time 
that  generators  were  under  discussion  that  there  are 
two  tj-pes  that  may  be  classed  as  constant  potential; 
namely,  the  shunt  and  the  compound.  It  follows  that 
three-wire  generators  may  be  of  either  of  these  two 
tjTjes.      As    in    the   case   of   two-wire    generators,    the 
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compound  type  is  the  one  used  most  extensively,  since 
the  voltage  is  not  only  self-governing,  but  by  suitable 
overcompounding  can  be  made  to  increase  with  increase 
of  load  in  order  to  compensate  for  the  voltage,  or  so- 
called  IR,  drop  in  the  mains,  thereby  maintaining  a 
constant  voltage  at  the  load  itself.  Moreover,  just 
as  in  shunt  and  compound  two-wire  generators,  inter- 
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FIG.     1.       TWO-WIRE    COMPOf^-T1  WorXD    OKXKUATOR 
CONNECTED   TO    A   LOAD 

poles  may  be  used  in  three-wire  machines  and  are  so 
used.  The  choice  of  the  number  of  poles  is  a  matter  of 
design  as  it  is  in  the  two-wire  generators,  and  there 
is  no  condition  met  with  that  does  not  also  figure  in 
the  two-wire  type. 

In  the  case  of  a  compound  three-wire  generator 
there  is  one  complication  to  which  attention  must  be 
drawn.  Referring  to  the  connections  for  a  two-wire 
generator  of  this  type,  such  as  illustrated  in  Fig.  1, 
it  is  clear  that  whatever  current  flows  in  one  main  A 
must  also  flow  in  the  other  one  B,  and  therefore  all 
the  current  delivered  by  the  armature  G  must  flow 
through  the  series  field  F. 

Consider,  now,  the  case  of  a  three-wire  generator 
connected  to  a  three-wire  system,  as  illustrated  in  Fig. 
2.  When  the  system  is  balanced  there  will  be  no 
current  in  the  neutral  N  and  the  current  in  B  will 
be  the  same  as  that  through  A,  and  the  conditions 
will  be  the  same  as  in  the  two-wire  system  of  Fig.  1. 
Assume,  now,  however,  that  the  load  is  unbalanced ; 
for  example,  that  more  lamps  are  turned  on  at  X  than 
at   y.    There   will   then   be   less   current   in   B   than   in 


FIG.     2.       THREE-WIRE    COMPOUND-WOUND    GENERATOR; 
SERIES-FIELD  WINDING   IN   ONE   SECTION 

A,,  and  consequently  less  current  through  the  series 
field  F  than  is  delivered  by  the  armature  G.  The 
extreme  case  would  be  that  in  which  all  the  lamps  at 
X  were  turned  on  and  all  those  at  Y  turned  off.  There 
would  then  be  no  current  through  B  and  therefore  none 
through  F.  That  is,  although  the  generator  would  be 
delivering    half   its    rated    output,    there   would   be    no 


current  through  its  series  field  and  consequently  nc 
series-field  magnetic  flux  to  keep  the  voltage  from 
dropping  with  increase  of  load.  In  other  words,  the 
machine  would  behave  as  a  shunt  instead  of  as  a  com- 
pound generator. 

On  the  other  hand,  if  all  the  lamps  at  Y  were  to  be 
turned  on  and  those  at  X  were  all  to  be  turned  off, 
there  would  be  no  current  in  A,  and  B  would  carry 
full-load  current,  causing  full-load  current  to  flow 
through  F.  The  series-field  excitation  would  there- 
fore be  the  same  as  it  would  be  if  all  the  lamps  in 
both  X  and  Y  were  turned  on,  and  it  would  give  as 
much  compounding  in  the  one  case  as  in  the  other. 

To  overcome  these  disadvantages  it  becomes  neces- 
sary to  connect  one  half  of  the  series-field  winding 
into  one  side  of  the  circuit  and  the  other  half  into  the 
other  side,  as  F,  and  F.,  in  Fig.  3.  This  offers  no 
difficulty,  since  there  are  always  at  least  two  poles, 
and  since  each  pole  has  its  share  of  the  series-field 
winding  wound  upon  it.  With  this  arrangement  the 
currents  in  A  and  B  each  produce  the  correct  amount 
of  magnetization.  Thus,  if  load  A'  is  maximum  and 
load  Y  zero  (in  which  case  the  load  on  the  generator 
is  50  per  cent,  of  normal),  full-load  current  will  flow 
through  F,;  or  if  X  is  zero  and  Y  is  maximum  the 
same   conditions   hold   except   that   the   current   passes 


FIG.     3.      THREE-WIRE    COMPOUND- WOUND    GENER.\TOR : 
SERIES-FIELD   WINDING    LX   TWO   SECTIONS 

through  F ..  In  either  case  the  series-field  effect  is 
due  to  full-load  current  passing  through  half  the  total 
series-field  winding,  and  therefore  has  approximately 
only  half  the  effect  that  would  be  present  if  full-load 
current  were  to  flow  through  the  entire  series-field 
winding. 

When  both  X  and  Y  are  loaded  the  maximum  amount, 
the  generator  carries  full  load  and  full-load  current 
flows  through  .4  and  B,  causing  full-load  current  to 
flow  through  both  F,  and  F,;  that  is,  causing  full-load 
current  to  flow  through  the  entire  series-field  winding 
and  therefore  giving  the  full  series-field  effect.  If  the 
machine  is  a  multipolar  one  it  would  be  necessary  to 
connect  alternate  series-field  windings  in  series  some- 
what as  .shown  in  Fig.  4,  which  represents  the  con- 
nections for  the  series-field  windings  of  a  six-pole 
compound-wound  three-wire  generators.  (The  shunt- 
field  windings  are  not  shown.) 

The  argument  in  reference  to  series  windings  applies 
equally  to  those  on  interpoles.  That  is,  when  a  three- 
wire  generator  is  of  the  interpole  type,  half  the  interpole 
windings  must  be  connected  into  one  side  of  the  syste-n 
and  half  into  the  other,  otherwise  there  would  be 
times  when  too  little  current  would  flow  through  th?m 
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;iiiil  oliu'i'.s  wliiMi  thru-  wmilil  Iti-  too  11111^1.  Tho  d\>^- 
lril)iition  of  the  wiiuiinjs's  can  be  accoiiipli.sht'd  in  the 
siinie  luamier  na  with  the  .serie.><  wiiuliiiKw;  namely, 
l.y  connoitinK'  alternate  one.s  in  .series  and  then  eonnect- 
ln^r  one  K'oup  to  the  positive  arniatiiie  teiininai  and 
the  other  to  the  neKative  one. 

If    the   niaihine    is   a   eoinpound    one,   eaih    K'onp    of 
mterpok'    windinK-"*    would    of    cour.-H'    In-    lonneited    in 


tiiat  in  the  latter  ra.se  tin*  pol:irity  of  the  hrusheH  would 
he  the  reverse  of  what  they  were  in  the  former,  which 
faet  must  he  taken  into  account  in  makinK  the  connec- 
tions lu'tween  the  fields  anti  the  hrushes. 

In  the  prohleni  of  the  precedinvr  lesson  it  was  re- 
i|uired  to  compute  the  voltat^e  across  each  of  two 
lesistance.s  connected  in  series  to  a  source  of  110  volts, 
as  indicated  in  Kij^.  7.  It  was  furthermore  recjuired 
to  determine  the  voltaKes  that  would  he  indicated  by 
a  voltmeter  who.se  resistance  is  14,:{72  ohms,  if  it 
were  to  be  connected  across  each  of  the  resistances  in 
turn. 

The  actual  vollajre  across  each  resistance  would  be 
e(|ual  to  the  current  through  it  multiplied  by  its  re- 
sistance. Since  they  are  in  series,  the  current  through 
each  is  the  same,  and  if  we  represent  it  by  /,  and 
the  voltages  across  K,  and  R,  by  K,  and  E.  respectively, 
we   have,    K,  IH,   and   i?..   =^   Hi .      The   current   / 

is  equal  to  the  sum  of  /?,  and  ft,  divided  into  the 
voltage  acro.ss  them ;  namely,  1 10  volts.     That  is,  /  ^^ 

^^tVa  -  (i000-"*-2506  =  ^-^^2941  ampere.  Sub- 
stituting  in  the  expressions  for  E,  and  E^,  we  have, 
E^  =  IR,  0.012941  X  6000  -  77.65  volts,  and  E. 
:=  IR^  =  0.012941  X  2500  =  32.35  volts.  That  our 
computations  are  correct  is  shown  by  the  fact  that  the 
sum  of  the  voltages  is  equal  to  the  total  voltage ;  that 
is,  77.65  4  32.35  =110  volts.  Placing  a  voltmeter 
whose  resistance  is  14,372  ohms  across  R.  is  equiv- 
alent to  changing  the  conditions  to  those   represented 
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FIGS.    4   a.     6.      SERIK.S-    A.ND    IXTERPOLE-FIELD    Wl.XDIXi ',     CoXXKCTIOXS    FOR    THKKK-WIRE    fJEXERATORS 


series  with  one  group  of  series-field  windings.  In 
connecting  up  the  series  and  interpole  windings  of 
such  machines,  great  care  must  be  exercised  to  make 
the  connections  in  such  manner  that  the  magnetic  poles 
created  by  the  current  through  them  shall  have  the 
correct  polarity.  If  the  poles  created  by  the  shunt- 
field  winding  are  those  indicated  by  N  and  S  in  Fig.  4, 
the  connections  for  an  interpole  machine  would  have  to 
be  those  of  Fig.  5  if  the  direction  of  rotation  is  that 
indicated  by  the  arrow  K.  If  the  direction  of  rotation 
were  the  reverse,  as  indicated  by  the  arrow  K  in  Fig. 
G,  the  connections  would  have  to  be  changed  to  corre- 
spond to  tho.se  shown  in  that  figure.     It  is  to  be  noted 


in  Fig.  8,  in  which  R,  represents  the  resistance  of 
the  voltmeter.  The  voltage  across  ac  will  now  be 
equal  to  the  combined  current  through  Rv  and  iJ, 
multiplied  by  their  joint  resistance.  If  we  let  h  rep- 
resent the  total  current  and  R„  the  parallel  resistance, 
we  have,  that  £",  =^  ItRp. 

We   first  find  the  value  of   R,,,   which  we   get  from 


the  relation  Rp  = 


1 


1 


1 


+ 


1 


=  4232 


R\    '    Rv         6000  ^  14372 
ohms.     Then   /.    is   found   by   dividing   R„   +   R,   into 
the  voltage  across  the  two  (namely,  110  volts),  accord- 
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ing  to  which,  U  =        110 
R 


110 


^'Rl 


4232   ^  2500 


=--  0.01634 


ampere;  from  which  we  have,  E,  =  LR,,  =  0.01634 
X  4232  =  69.15  volts.  When  the  voltmeter  is  con- 
nected across  /?,  the  same  course  of  reasoning  would 
be   followed   and  we  would   in   that  case   have   E.   = 


ItRp,  where  i?,, 


ohms,  and  /< 


1 

1 

R, 

+ 

1 

R^ 

110 

1 


1_ 

14372  ' 
110 


2130 


2500 

=  0.01353 


Rp  +  R2         2130  +  6000 
ampere,  making  E,  =  0.01353  X  2130  =  28.82  volts. 
It  is  thus  apparent  that  the  voltmeter  readings  could 

Ri  =  COOO  Ohms  Rz  =  2500  Ohms 


t 


E=  110- 
FIG.  7 


•  J 


Rv=  /4 372  Ohms 


FIGS.    7    AND    8. 
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RESISTANCES    CONNECTED    IN    SERIES 


not  be  depended  upon  to  give  the  actual  voltages 
existing  across  the  resistances  at  the  time  the  voltmeter 
is  not  in  use.  Thus,  the  actual  voltage  across  /?,  is 
77.65  volts,  whereas  the  voltmeter  would,  read  only 
69.15  volts;  and  the  actual  voltage  across  R^  is  32.35 
volts,  whereas  the  voltmeter  would  indicate  only  28.82 
volts.  These  discrepancies  are  due  to  the  fact  that 
the  resistance  of  the  voltmeter  is  not  very  great  as 
compared  with  the  resistance  of  R^  and  R^.  When  its 
resistance  is  very  great  in  comparison  (as  it  usually 
is),  the  readings  are  correct.  This  will  be  made  clear 
in  the  solving  of  the  following  problem: 

Suppose  R,  to  be  7  ohms  and  R,  to  be  15  ohms.  What 
would  be  the  voltage  across  each?  What  would  the 
voltmeter  read  if  connected  across  each  in  succession? 

Specification  for  Leather  Belting 

By  H.  E.  Weightman 

Coal  and  equipment  for  the  power  plant  are  com- 
monly bought  under  specifications,  but  the  men  in  the 
smaller  plants  have  not  had  the  necessary  data  or  the 
talent  to  write  up  a  good  specification  for  leather  belt- 
ing. In  view  of  this  state  of  affairs,  the  following 
is  submitted,  in  the  hope  that  it  will  give  valuable 
information  ar.d  serve  a  useful  purpose.  It  was  written 
in  1909  and  changed  from  time  to  time  as  experience 
indicated.  But  no  changes  were  made  until  thorough 
investigation  and  fair  trial  shov/ed  them  worthy  of 
being  incorporated  in  the  specification. 

Manufacture — The  quality  and  preparation  of  the 
leather  and  the  methods  and  workmanship  used  in  the 
manufacture  of  belts  or  belting  ordered  under  this 
.specification  shall  be  such  as  to  insure  the  qualities 
called  for  in  the  completed  product. 

Inspection — The  Blank  Company  reserves  the  right  to 
reject  any  belt  or  belting  which  does  not  conform  to  the 


requirements  of  this  specification.  In  addition  to  the 
inspection  which  will  be  made  on  each  belt,  the  right 
is  reserved  to  reject  any  belt  which  develops,  after 
it  has  been  put  in  service,  evidence  of  inferior  mate- 
rial, improper  methods  of  manufacture  or  poor  work- 
manship, or  when  it  is  shown  that  a  belt  does  not 
conform  with  the  requirements  of  this  specification. 

Guarantee — Any  belt  which  is  rejected  under  any  of 
the  conditions  covered  under  "Inspection"  shall  either 
be  repaired  or  replaced  promptly  by  the  manufacturer 
free  of  any  charge  to  the  Blank  Company,  or  upon  its 
return  to  the  manufacturer  full  credit  shall  be  allowed 
the  Blank  Company,  for  the  cost  of  the  belt.  The 
choice  of  action  in  this  case  rests  with  the  manufac- 
turer. 

Material — All  leather  used  in  the  manufacture  of  belts 
furnished  under  this  specification  shall  be  made  of  No. 
1  native  packer  steer  hides  from  which  all  shoulder 
and  flank  stock  has  been  removed.  The  leather  shall 
be  of  what  is  known  as  "center  .stock."  The  strips 
shall  be  cut  parallel  to  the  direction  of  the  center  of 
the  backbone. 

Uniformity — Uniformity  in  thickness  must  be  ob- 
tained by  selecting  plump,  even  stock  and  not  shinning 
or  filling  for  double  belting  and  splitting  or  shaving 
for  single  belting. 

Preparation — All  leather  shall  be  tanned  thoroughly 
with  pure  oak  bark  by  the  process  of  tanning  in  cold 
liquors.  Each  individual  piece  shall  be  stretched  until 
the  elasticity  is  removed. 

Construction — All  belting  shall  be  made  strictly  short 
lap  containing  sectional  pieces  longer  than  50  in.  cut 
from  the  center  portion  of  the  hide.  The  backbone 
markings  in  the  hide  shall  be  discernible  in  all  finished 
belts  10  in.  in  width  or  wider  and  in  the  case  of 
double  belts  on  both  sides.     In  double  belting  less  than 
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LIMITS  OF  WEIGHT  FOR  LE.VTHER  BELTING 


10  in.  in  width  the  two  pieces  which  are  cut  from 
relatively  the  same  position  on  the  two  sides  of  a  hide 
shall  be  placed  together  to  form  the  two  sides  of 
the  same  part  of  the  belting.  They  shall  be  placed 
together  in  such  a  way  that  the  head  end  of  the  strip 
on  each  side  of  the  belt  will  be  against  the  butt  end 
of  its  mate  on  the  other  side.  All  connecting  shall  be 
done  under  hydraulic  pressure. 

Weight — The  weight  of  belting  shall  be  within  the 
limits  given  on  the  attached  curves. 

Finish — All  belting  shall  be  finished  without  oil  dress- 
ing and  without  rivets,  pegs  or  other  fasteners. 
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Tlio   (.<>iii|)oiiihI    Ail*   Lifl 


I;y   a.  W.  ALLEN 


In  this  articU'  a  rompoimd  air  lift  is  described, 
rtinstntrted  from  pipimj  and  fittitu/s  which  will 
a;iain  be  arailable  for  ordiuarif  use  wheti  a 
piiniii  is  iiistallith  or  the  water  is  allowed  to  rise. 


THK  (.ompoiiiul  air  lift  is  suitable  where  objec- 
tions may  be  raised  ajjainst  the  construction  of 
a  sump  of  sufficient  depth  to  satisfy  the  efficiency 
requirements  of  an  ordinary  single  lift.  It  is  also 
applicable  when  the  available  pressure  of  air  is  low. 
The  depth  of  the  various  stages  can  be  adjusted  in 
this  particular,  but  it  must  be  remembered  that  a 
very  low  available  pressure  is  likely  to  cause  unneces- 
sary complications  in  the  arrangement  by  introducing 
too   many    units.      This    necessitates    a    proportionally 


DIAGRAM   OF  COMPOUXD   AIR   LIFT 

large  number  of  pipe  fittings  and  increases  friction. 
L'nder  such  conditions  the  system  is  not  recommended, 
although  exceptional  cases  may  call  for  exceptional 
methods  of  treatment. 

Fundamentals  of  a  Compound  Air  Lift 

A  compound  air  lift  is  merely  two  or  more  simple 
air  lifts  arranged  in  series — the  rising  main  of  the  first 
discharging  into  the  sump  of  the  second  and  so  on.  A 
loss  of  fall  at  each  stage  is  inevitable,  and  this  also  in- 
volves a  small  loss  of  power.  The  system  can  be  ar- 
ranged to  duplicate  or  triplicate  any  of  the  ordinary  de- 
signs in  use;  and  the  customary  self-regulating  fea- 
tures can  be  incorporated  in  each  of  tha  various  unit.s. 


1  once  hail  occasion  to  utili'.e  the  compound  air-lift 
priruiple  under  .somewhat  unusual  circumstances.  An 
old  mine  working  had  to  be  dewatcred  to  drain  an  ad- 
joining shaft.  The  okl  working  had  to  be  drained  as 
far  as  possible  by  a  .system  that  made  personal  atten- 
tion near  the  water  level  unnecessary. 

A  small  compressor  furnished  air  at  a  low  pressure, 
and  even  if  a  pump  could  have  been  made  to  do  the 
work,  there  would  continually  have  been  the  danger  of 
interment  of  both  the  pump  and  anyone  who  happened 
to  be  attending  to  it.  A  compound  air  lift  was  there- 
fore constructed,  which  permitted  the  gradual  lowering 
of  the  water  to  a  level  in  proportion  to  the  depth  of 
succe.ssive  submergences, .and  so  personal  ri.sk  was  elim- 
inated. Soundings  di.sclo.sed  the  fact  that  timbers  had 
collapsed  to  such  an  extent  that  only  a  narrow  channel 
remained  in  one  place.  This  was  found  sufllicient,  how- 
ever, to  permit  the  passage  of  the  lift  pipes. 

A  .somewhat  diagrammatic  drawing  of  a  compound 
lift  of  this  class  is  shown  in  the  illustration,  but  in  actual 
construction  it  is,  of  course,  possible  to  bunch  the  va- 
rious pipes  and  so  insure  greater  compactness  than  is 
indicated.  Strainers,  attached  to  the  foot  of  the  lowest 
lift  and  at  other  necessary  points,  are  advisable  and 
.should  be  made  of  ample  dimensions  to  obviate  any 
throttling  of  the  intake. 

The  need  for  the  constant  shifting  and  readjustment 
of  the  pump,  as  the  water  lowers,  can  be  avoided  by 
constructing  the  apparatus  complete  and  by  placing  it 
at  the  lowest  point  in  the  first  instance;  and  then  by 
pumping  the  water  in  stages.  The  various  pipes  can  be 
assembled  and  the  added  sections  bolted  or  screwed 
together  as  the  pump  is  lowered.  Permanent  air  con- 
nections are  indicated,  but  can  be  omitted  when  it  is 
considered  preferable,  and  flexible  connections  used 
instead.  The  permanent  connections  were  available, 
in  the  instance  under  description,  only  when  the  pres- 
sure had  been  reduced  by  the  help  of  the  flexibly  con- 
nected air  pipe. 

Permanent  Air  Connections 

It  will  be  noticed  that  the  permanent  air  connections 
are  attached  through  a  plug  at  the  lower  arm  of  a  T- 
piece  in  each  case.  This  design  was  purposely  adopted 
to  minimize  friction,  as  it  was  found  that  the  extension 
of  the  air  pipe  into  the  rising  main  served  no  useful 
purpose  and,  furthermore,  constricted  the  suction  of  the 
pump.  By  arranging  the  supply  as  shown,  it  was  found 
that  there  was  no  tendency  for  the  air  to  escape  other 
than  where  it  was  needed,  except  when  an  unnecessary 
volume  was  being  used. 

There  is  one  disadvantage  in  the  use  of  the  flexible 
air  connections  and  a  loose  pipe  system,  apart  from 
the  fact  that  the  introduction  of  another  pipe  in  the 
rising  main  increases  the  frictional  resistance,  and  that 
is  due  to  the  fact  that  the  air  pipe  may  rest  against 
the  side  of  the  lift  pipe.  This  will  result  in  a  partial 
distribution  of  the  air  through  the  liquid.  The  objec- 
tion m:iy  be  of  little  account  in  the  case  of  small  lifts, 
but  should  be  avoided  in  large  ones.  The  ill  effects 
may  be  reduced  by  bolting  a  "spider,"  of  three  arms, 
to  the  outside  of  the  air  pipe,  near  the  bottom,  which 
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will  maintain  it  in  a  central  position  (see  illustration). 
The  arms  must  be  of  such  a  length  that  the  "spider" 
forms  a  very  loose  fit  in  the  inside  of  the  rising  main.  It 
is  preferably  made  of  wrought  iron  and  is  kept  from 
slipping  off  at  the  bottom  of  the  pipe  by  means  of  a 
sleeve  which  may  be  bored  around  its  lower  end,  in 
the  manner  shown,  in  order  to  distribute  the  air  more 
effectively. 

Operation  of  Compound  Lift  With  Flexible 
Air  Connections 

By  reference  to  the  diagram  it  will  be  seen  that  four 
water  levels  are  given.  It  may  be  assumed  that  level 
No.  1  shows  the  original  position  of  the  water.  The 
flexible  air  connection  is  then  put  into  the  rising  main 
A  to  a  depth  consistent  with  available  pressure,  and 
gradually  lowered  therein  as  the  water  is  reduced  in 
the  shaft  until  level  No.  2  is  reached.  The  flexibly  con- 
nected pipe  is  then  withdrawn  from  the  rising  main  A 
and  transferred  to  B.  As  .soon  as  the  second  lift  is 
in  operation,  water  will  be  delivered  so  that  lift  A  can 
be  operated  bj'^  means  of  the  permanently  connected  air 
pipe.  As  soon  as  water  level  No.  3  has  been  reached, 
the  flexible  connection  is  withdrawn  from  air  lift  B 
and  transferred  to  C.  As  soon  as  this  is  in  operation, 
the  permanent  connection  to  supply  air  for  lift  B  can 
be  used.  The  final  water  level  will  be  approximately 
as  shown  at  No.  4,  with  the  air  pipe  at  the  bottom  of 
the  lowest  lift  pipe. 

Ratio  of  submergence  to  lift  will  vary  in  such  installa- 
tions according  to  local  conditions.  Economy  in  small 
lifts  may  demand  a  ratio  of  from  li  or  2  to  1  of  sub- 
mergence as  compared  with  the  lift.  In  other  instances 
economical  work  is  of  secondary  consideration,  especially 
where  the  air  pressure  is  low,  and  a  shallow  submergence 
may  be  adopted. 

The  arrangement  shown  permits  the  easy  escape  of 
the  air  when  lifting  is  accomplished.  Spasmodic  or 
jerky  delivery  of  water  usually  indicates  faulty  condi- 
tions as  to  air  volume  or  submergence  ratio,  which 
should  be  regulated  as  far  as  practicable  to  insure  a 
more  or  less  even  stream  from  the  discharge  pipe. — 
Engineering  and  Mining  Journal. 

Boiler  Patches  and  Diagonal  Joints 

By  C.  B.  Linstrom 

Good  judgment  must  be  exercised  to  determine 
the  be-st  and  most  economical  means  of  making  boiler 
repairs  so  as  to  insure  that  the  affected  parts 
will  withstand  the  working  conditions  to  which  the 
boiler  is  subjected.  One  of  the  most  frequent  repairs 
met  with  is  the  application  of  boiler  patches.  Patches 
may  be  applied  on  either  the  outside  or  the  inside  of 
cylindrical  shells  or  tubular,  Scotch  marine  and  loco- 
motive boilers,  or  on  drums  of  water-tube  boilers.  It 
is  not  the  practice  to  place  patches  on  the  outside  of 
shell  plates  directly  exposed  to  the  fire. 

Another  repair  often  met  with  is  that  of  bagged  or 
bulged  shell  courses.  Such  deformations  occur  at  the 
bottom  of  the  shell  in  tubular  boilers  and  are  due  to  the 
overheating  of  the  plate.  Accumulation  of  sediment  and 
scale  forms  a  ma.^s  that  prevents  the  water  from  coming 
in  direct  contact  with  the  metal,  and  the  result  is  over- 
heating. A  small  bag  can  be  repaired  by  reheating 
the  part  affected  and  driving  it  back,  but  in  some  cases 
the   damaged   section   of  the   plate   is   removed   and   a 


patch  is  applied.  A  bulge  extending  over  a  large  area 
cannot  be  handled  in  this  way.  The  only  recourse  in 
such  a  case  is  to  apply  a  new  plate  section  to  the  shell 
course. 

Boiler  patches  are  made  in  various  shapes,  and  they 
should  be  so  designed  as  to  give  the  strongest  seam 
possible.  A  patch  of  the  form  shown  in  Fig.  1  is  un- 
desirable, as  the  .seams  AB  are  horizontal,  giving  a  very 
small  joint  efficiency  when  single-riveted.  The  one  in 
Fig.  2  is  a  half-moon  patch  and  is  commonly  applied  be- 
tween shell  courses  along  the  girth  seam.  Fig.  3  is  an 
elliptical  patch  and  Fig.  4  a  diamond-shaped  patch. 
The  seams  in  Figs.  2  to  4  are  diagonal  and  are  stronger 
than  seams  of  like  proportions  when  arranged  as  at 
AB,  Fig.  1. 

For  a  given  pressure  the  stress  per  inch  of  joint  in  a 
boiler  is  twice  as  great  in  the  longitudinal  seam  as  in 
the  girth  seam;  consequently,  the  efficiency  of  the  girth 
seam  need  be  only  half  as  great  as  the  efficiency  of  the 
longitudinal  seam.     This  explains  why  girth  seams  are 


Fig.  Z.  Moon   Potch 
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FIGS.   1  TO  4.     FORMS  OF  PATCHES  USED  ON  BOILER 
SHELLS 

usually  single-riveted.  The  ratio  of  the  stress  on  the 
seams  being  2  to  1,  it  is  evident  that  a  diagonal  seam 
of  the  same  proportions  as  a  horizontal  seam  will  have 
an  effective  efficiency  lying  between  the  efficiency  of  the 
longitudinal  seam  and  its  efficiency  if  it  were  a  girth 
seam.  Therefore,  the  effective  efficiency  will  vary  ac- 
cording to  the  angle  the  diagonal  joint  makes  with  the 
girth  seam,  and  the  nearer  it  approaches  the  posi- 
tion of  the  girth  seam  the  stronger  it  becomes. 

To  calculate  the  efficiency  of  a  diagonal  joint,  first 
determine  the  joint  efficiency  as  for  a  longitudinal 
seam;  then  multiply  the  result  so  found  by  the  factor 
corresponding  to  the  angle  the  seam  makes  with  the 
girth  seam,  which  is  found  by  the  formula 

2 


Factor 


V  3  X  sin'' A  +  1 
in  which  A  represents  the  angle  that  the  diagonal  seam 
makes  with  the  girth  seam.  To  obviate  the  use  of  the 
formula  for  each  individual  problem,  the  table  has  been 
worked  out,  giving  the  values  of  the  factor  correspond- 
ing to  various  values  of  the  angle  A. 

To  illustrate  the  calculation  of  a  diagonal-joint  efl[i- 
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cienry,  fonsidor  the  arriiiijronicnt  of  the  soiim  nnd  patch 
in  F'ijr.  •>.  The  joint  is  a  sinjrlt'-rivctcd  la])  »eani,  diani- 
oter  of  diiv«Mi  rivets  [j!  in.,  plate  thiikne.ss  il  in.,  pitch 
of  rivets  2  in.  Assume  ;W,()()0  lli.  |)er  s(|.in.  as  the 
shearing  resistance  of  the  rivets  and  r»r),000  11).  per  .s(|.iM. 
as  the  tensile  strength  of  the  plate. 

First  determine  the  joint  etliciency  as  for  an  ordinary 
ionvritudinal  seam.  usinK  as  a  basis  a  lenjirth  of  joint 
equal  to  the  pitch,  or  2  in.     The  ten.sile  strength  of 
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solid  metal  In  a  strip  of  this  length  is  55,000  X  2  X  2 
=  41,250  lb.  The  strength  of  the  metal  between  rivets 
in  one  pitch  is  (2  —  };')  X  2  X  55,000  ^-  24,492  lb. 
Then  the  etticiency  of  the  net  plate  section  as  compared 
with  the  solid  plate  is  24,492  -:    41,250  =  59.4  per  cent. 

The  rivet  efficiency,  which  must  also  be  considered,  is 
determined  by  finding  first  the  strength  of  the  rivets 
to  resist  the  shearing  and  crushing  stresses  and  then 
dividing  the  value  .so  found  by  the  strength  of  the  solid 
plate  section.  The  smallest  efficiency  found  for  the  joint 
is  the  one  to  be  used  in  determining  the  pressure  to  be 
allowed  on  the  seam. 

The  strength  of  the  rivets  to  resist  shearing  is  found 
as  follows:  Area  of  driven  rivet  =  (|;|)'  X  0.7854  = 
0.5185  sq.in.  Then,  38,000  X  0.5185  X  1  =  19.703 
lb.,  shearing  resistance,  and  the  rivet  efficiency  is  19,- 
703  ~  41,250  =  47.8  per  cent. 

The  joint  may  fail  by  crushing  of  the  plate  in  front 
of  the  rivets,  so  the  strength  of  the  plate  section  to 
resist  crushing  should  also  be  found  and  the  efficiency 
of  the  joint  in  this  respect  determined.  Assume  95,000 
lb.  per  sq.in.  as  the  crushing  strength  of  boiler  steel. 
Then,  the  crushing  strength  of  the  metal  in  the  cross- 
sectional  area  in  front  of  one  rivet  is  |jl  X  »  X  95,000 
■-=  28,945  lb.,  and  28,945  ^  41,250  =  70  per  cent,  effi- 
ciency of  joint  to  resist  crushing  of  metal  in  front  of 
one  rivet.  The  smallest  efficiency  is  that  of  the  rivets, 
which  is  47.8  per  cent. ;  therefore  the  diagonal-joint 
efficiency  is  determined  from  this  value.  The  factor  for 
the  diagonal  seam  AB,  Fig.  4,  which  in  this  case  makes 
an  angle  of  36  deg.  with  the  girth  seam  CD,  is  found 
from  the  table  to  be  1.40.  Then,  47.8  X  1-40  =  66.9 
per  cent.,   the  efficiency  of  the  diagonal  joint. 

New  Jersey  Air  Tool-om-eter 

The  volume  of  a  definite  compressed  fluid  or  gas  flow- 
ing under  small  constant  head  through  multiple  orifices 
of  the  same  shape  and  size  is  directly  proportional  to 
the  number  of  orifices  exposed  to  the  flow.  This  is  the 
principle  upon  which  the  New  Jersey  air  tool-om-eter 
is  designed.  This  meter,  manufactured  by  the  New 
Jersey  Meter  Co.,  Plainfield,  N.  J.,  shows  direct  on  a 
scale,  in  cubic  feet  of  free  air  a  minlite,  the  flow  of 
air  in  a  pipe.  It  is  capable  of  measuring  the  air 
consumption  of  any  machine  or  application  of  com- 
pressed air  and  the  actual  net  production  of  air  by 
any  compressor  or  pump  within  its  capacity. 

In  operation,  a  small  head  or  difference  of  pressure 
is  established  between  the  interior  of  the  cylinder  and 
the   outlet    chamber,   this   pressure    difference    (but    a 


lew  ounces  per  square  inch)  being  fixed  by  the  exact 
weight  of  the  moving  element  and  the  area  of  the 
pistons  on  which  the  (lifTerence  of  pressure  acts.  The 
moving  element  ri.ses  until  the  weight  is  exactly  sup- 
ported by  the  difference  in  pressure;  the  pistons  and 
red  are  then  floating  in  static  balance  in  a  position 
corresponding  to  the  volume  of  the  air  flowing,  the 
number  of  holes  exposed  and  the  height  of  the  top  of 
the  rod  in  the  sight  glass.  The  meter  automatically 
adjusts  itself  to  the  conditions  re<|uired  by  the  principle, 
or  natural  law,  as  already  stated.  The  divisions  of  the 
scale  plate  are  calipered  by  comparison  with  a  stand- 
ardized instrument  to  read  correctly. 

This  instrument  is  not  a  velocity  meter,  which  would 
give  readings  proportional  to  the  square  of  the  volume 
flowing,  but  is  a  direct  volume  gage  with  a  uniform  scale 


EXTERIOR    AND    SECTION    OF    TOOL-OM-ETER 

on  which  one  cubic  foot  is  represented  by  the  same 
distance  whether  working  at  low  or  at  high  capacity. 
A  sectional  view  of  the  instrument   is  shown. 

This  meter  will  detect  and  measure  leakages  in  air 
lines,  valves,  hose,  etc.,  determine  the  net  volume 
of  air  produced  by  compressors  for  comparison  with 
nominal  rating  or  displacement  and  show  where  the  air 
goes  after  it  is  compressed. 

The  meter  has  but  one  moving  element,  which  floats 
on  the  air  and  is  practically  frictionless  and  nonwearing. 


Alcohol  can  be  made  from  starches,  sugars,  wood 
waste,  sulphite  liquors  from  paper  manufacture,  peat, 
cornstalks  and  various  other  materials.  It  has  been 
estimated — on  a  pre-war  basis — that  alcohol  will  com- 
pete with  gasoline  as  a  commercial  fuel  when  the  cost 
of  gasoline  goes  above  35c.  a  gallon. 


Some  firemen  regulate  the  draft  by  kicking  the  ashpit 
doors  open  or  shut  at  intervals.  The  proper  way  is  to 
regulate  the  draft  by  the  damper,  which,  by  the  way,  is 
easier  on  s^hoe  leather. 
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Why  Wait? 

BUSINESS  today  is  imbued  with  an  air  of  hesitancy, 
a  condition  that  is  admittedly  psychological  in  view 
of  the  markets  to  be  met  and  the  stocks  to  be  re- 
plenished after  the  drain  occasioned  by  the  war.  Nor 
tan  it  be  said  that  industry  is  not  aware  of  the  oppor- 
tunities ahead,  but  it  anpears  to  have  adopted  a  sort 
of  "watchful  waiting"  policy  for  prices  to  go  down. 

What,  then,  are  the  prospects  of  prices  dropping? 

Economists  are  agreed  that  there  will  not  be  any 
general  fall  in  prices,  and  certainly  not  in  the  near 
future.  Their  conclusions  are  supported  by  the  fact 
that  the  price  of  labor  which  enters  so  largely  into 
every  commodity  has  attained  a  new  standard  from 
which  it  is  most  certain  not  to  recede.  Moreover, 
history  teaches  that  prices  after  all  great  wars  have 
never  returned  to  pre-war  standards. 

Here  and  there,  where  abnormal  inflation  exists,  there 
will  undoubtedly  be  some  readjustment,  but  we  must 
all  face  the  fact  that  a  new  price  level  has  been  reached 
and  that  the  value  of  the  dollar  has  diminished. 

The  condition  is  not  by  any  means  local  to  this 
country;  it  is  w-orld-wide,  and  more  pronounced  the 
closer  to  the  fighting  area.  In  England,  for  instance, 
steel  is  much  higher  than  in  the  United  States,  and 
the  same  is  true  of  other  commodities.  Therefore,  there 
is  little  to  fear  from  foreign  competition. 

That  most  men  fail  to  look  beyond  the  relatively 
small  sphere  of  their  own  business  is  only  too  true. 
Moreover,  they  lose  sight  of  the  fact  that  the  greatest 
profits  are  usually  made  during  periods  of  high  prices. 

But  granting,  in  spite  of  all  evidence  to  the  contrary, 
that  there  might  be  a  slight  falling  off  in  the  next 
six  months,  the  man  who  waits  will  be  the  loser.  He 
is  not  only  sacrificing  the  income  and  turnover  on  his 
investment  during  the  interim,  but  is  passing  up  oppor- 
tunities to  get  in  on  the  ground  floor  with  the  new 
business  that  is  courting  attention. 

Therefore,  why  wait? 

A  General  Engineering  Society 

THE  nebulous  idea,  which  has  been  acquiring 
density  and  consistency  for  some  time  past,  of 
uniting  the  various  branches  of  the  engineering  pro- 
profession  in  an  all-inclusive  organizau'on,  is  taking 
definite  form.  In  the  committees  appointed  by  several 
of  the  societies  to  consider  plans  of  reorganization 
which  shall  render  the  engineering  societies  of  greater 
service  to  the  community  and  the  profession,  the  con- 
ception is  growing  of  a  federation  composed  of  local  and 
national  engineering  societies. 

Local  societies,  unlike  the  professional  national 
societies  are  generally  all-inclusive.  They  invite  to 
membership  not  only  different  kinds  of  professional 
engineers  such  as  civil,  mechanical,  mining,  electrical, 
chemical,  metallurgical,  etc.,  but  also  engineers  of  the 
nonprofessional  class  such  as  draftsmen,  rodmen,  op- 
erating engineers,  sales  engineers,  etc.    Thus  they  unite 


a  large  engineering  group  for  the  purpose  of  acquaint- 
anceship and  solidarity,  for  the  hearing  and  discussion 
of  engineering  papers  and  lectures,  and  therefore  they 
can  bring  to  bear  on  local  problems  involving  engineer- 
ing features  the  organized  engineering  force  of  the 
community. 

Such  associations  can  act  and  in  some  cases  are  acting 
unitedly  in  matters  of  state  or  district  interest  by  the 
appointment  of  joint  committees  upon  occasion  or  the 
maintenance  of  permanent  state  or  district  associations. 

The  national  general  engineering  society  would  take 
care  of  matters  of  general  and  national  scope  and  would 
be  composed  of  representatives  from  the  local  groups 
and  from  the  professional  and  other  national  engineer- 
ing societies.  Local  sections  of  the  national  professional 
societies  may  remain  constituent  parts  of  the  local  gen- 
eral engineering  societies,  as  is  now  frequently  the  case, 
functioning  as  sections  of  their  parent  bodies  in  matters 
relating  to  these  societies,  but  acting  also,  m  matters  of 
general  local  concern  as  individual  units  of  the  local 
general  engineering  society. 

There  would  thus  be  built  up  a  great  democratic 
America-wide  association  uniting  the  engineering 
thought,  talent  and  sentiment  of  the  continent,  organ- 
ized for  local  and  national  activities,  of  which 'tlie  exist- 
ing specialized  professional  societies,  national  or  other- 
wise, could  become  a  part  without  losing  their  identity. 
The  more  the  plan  is  studied  the  better  It  seems  to  Tneet 
the  aims  of  those  who  aspire  for  a  more  universal 
organization  of  the  engineers  of  America  without  arous- 
ing the  apprehensions  of  the  existing  societies. 

Industrial-Lighting  Codes 
Safety-First  Measures 

THE  safety-first  movement  has  been  gradually 
manifesting  itself  in  many  forms  during  recent 
years,  such  as  safety-first  organizations  in  individual 
manufacturing  plants,  the  "National  Electric  Safety 
Code"  of  the  Bureau  of  Standards,  state  compensation 
acts  and  various  codes  for  guarding  the  welfare  of 
industrial  workers.  Among  the  latest  additions  to  the 
number  of  state  regulations  for  preventing  injury  to 
the  health  and  limbs  of  employees  in  the  industries 
are  the  lighting  codes  adopted  by  a  number  of  states. 
As  pointed  out  by  G.  H.  Stickney  in  his  paper,  "Present 
Status  of  Industrial-Lighting  Codes,"  presented  before 
a  joint  meeting  of  the  American  Institute  of  Electrical 
Engineers  and  the  Illuminating  Engineering  Society, 
held  in  New  York  City  recently,  "The  industrial  light- 
ing codes  are  an  expression  of  the  safety-first  movement 
in  terms  of  legal  regulations  directed  to  the  lighting 
of  factories.  The  prime  function  of  the  codes  is  the 
safeguarding  of  life,  limb  and  vision  of  industrial 
workers." 

The  fact  that  statistics  show  that  twenty-three  and 
eight-tenths  per  cent,  of  all  industrial  accidents  are 
caused  by  insufficient  or  improper  lighting  should  be 
all  the  argument  necessary  to  establish  the  industrial 
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liKfjtiiiK  codi's  ns  an  PxpressioM  of  the  safety-first  mov*-- 
nuMit,  and  to  enlist  the  ^^iipiiort  of  all  maiiajfers  and 
()thei-8  in  a  position  to  see  that  proper  illumination 
is  installed  in  nuuuifactiiriii^r  estalilishments  and  power 
l)lants.  Translatinp  the  ahove  percentage  into  terms  of 
economic  waste  it  is  (Mniivalent  to  the  loss  of  approxi- 
mately one  hundred  and  forty  thousand  employees  per 
year  of  three  hundred  days.  If  only  fifty  per  cent, 
of  this  lo.«s  in  productive  labor  can  he  .saved,  a  real 
economic  advance  will  be  made,  to  .say  nothing  of  the 
humanitarian  considerations,  which  are  of  vastly  more 
importance.  In  the  introduction  to  the  new  edition  of 
the  Wisconsin  Code,  the  necessity  of  such  regulations 
are  shown  in  the  follownijr  statement:  "Insufficient 
and  improperly  applied  illumination  is  a  prolific  cause 
of  industrial  accidents.  In  the  last  few  years  numer- 
ous investigators,  studying  the  causes  of  accidents, 
have  found  that  the  accident  rate  in  plants  with  poor 
liphtinjr  is  higher  than  in  similar  plants  which  are 
well  illuminated.  Factories  that  have  installed  ap- 
proved liphtinjr  have  experienced  gratifyintr  reductions 
in  their  accidents.  To  conserve  the  eyesight  of  the 
working  class  is  a  distinct  economic  gain  to  the  state, 
but  regardless  of  that,  humanitarian  considerations 
demand  it."  In  addition  to  the  foregoing  advantage, 
production,  it  has  been  estimated,  can  be  increased 
fifteen  per  cent,  by  the  introduction  of  the  proper 
illumination  in  our  industries.  Also  the  spoilage  due 
to  defective  workmanship  can  be  greatly  reduced. 

Poorly  lighted  passageways  are  prolific  sources  of 
accidents,  and  strange  as  it  may  seem,  power  plants 
are  among  the  chief  offenders  in  this  respect.  This 
comes  about  in  general  through  insufficient  illumina- 
tion or  none  at  all,  or  by  allowing  lamps  and  shades 
to  become  so  dirty  as  to  make  them  practically  useless. 
On  the  other  hand,  lights  so  installed  as  to  give  intense 
glare  are  as  bad  as  or  worse  than  no  light  at  all, 
and  are  also  the  cause  of  many  accidents  in  places 
that  are  supposed  to  be  illuminated.  The  prevention 
of  injuries  to  body  and  health  by  better  illumination 
marks  another  step  in  our  industrial  progress,  and  it 
will  be  well  for  all  industrial-plant  managers  and  power- 
plant  engineers  to  have  their  plant  illumination  installed 
and  maintained  to  conform  to  the  best  modern  practice. 

A  Double-Barreled  Investment 

SO^ME  misguided  and  ignorant  folk  have  declared  that 
they  have  no  interest  in  the  success  of  the  Victory 
Loan  campaign  now  under  way.  They  insist  that  the 
war  is  over  and  that  the  need  of  war  funds  ended  with 
the  cessation  of  hostilities. 

We  wish  that  their  statements  were  true  and  that  as 
a  consequence  we  might  indorse  their  attitude.  But  the 
truth  is  that  every  citizen — yes,  and  every  noncitizen — 
has  a  very  vital  interest  in  the  floating  of  this  final  loan. 

There  are  two  arguments  that  should  be  brought  to 
bear  on  the  person  who  is  able  to  subscribe  to  the 
present  loan,  but  who  is  holding  off  because  he  feels  no 
particular  concern  in  it.  Either  one  is  sufficient  to 
show  how  advantageous  it  will  be  for  him  to  subscribe 
to  the  limit  of  his  ability. 

First  of  all,  every  one  of  us  is  eager  for  the  return 
of  prosperous  times  in  business,  but  the  prosperity  of 
business  is  intimately  bound  up  with  the  condition  of 
the  money  market.  If  money  is  scarce  and  interest 
rates  are  high,  credit  is  restricted  and  expansion  of 
business  is  hampered.  The  result  is  stagnation  and  in- 
dustrial depression.     Therefore,   the  man  who   invests 


in  Victory  Notes,  by  mortgaging  hi«  fn'ure  earninKs, 
aids  the  banks  in  lending  at  reasoMablc  rates  and  so 
hastens  the  return  of  those  piping  times  of  peace  fo: 
whi<h  we  are  all  yearning. 

The  second  argument  is  an  ai)peal  of  a  purely  selfih  i 
luiture.  The  rate  of  interest  on  the  new  loan  is  highei 
than  on  any  of  the  preceding  ones  and  is  therefore 
particularly  attractive  to  small  investors.  It  far  ex- 
ceeds the  return  to  be  obtained  from  savings  banks,  and 
the  investment  is  .so  gilt-edged  as  to  make  ordinary 
stocks  and  bonds  look  like  tarnished  brass  by  com- 
parison. 

Subscriptions  to  the  Victory  Liberty  Loan  not  only 
insure  a  high  return  in  the  matter  of  interest,  but 
hasten  the  reestablishment  of  business  on  a  normal 
footing. 

Killing  two  birds  with  one  stone  has  always  been 
considered  an  economical  and  thrifty  performance.  It 
is  doubly  commendable  when  applied  to  the  purchase 
of  Victory  Notes. 


In  a  memorable  speech  last  week  before  the  Seventh 
Annual  Convention  of  the  United  States  Chamber  of 
Commerce,  at  St.  Louis,  Secretary  Glass  of  the  Treas- 
ury Department  said:  "The  American  people  should  sup- 
plement the  patriotism  of  war  by  the  patriotism  of 
peace,  and  just  as  the  American  .soldiers  on  the  field 
battled  to  notable  conquest  for  liberty,  so  American 
business  men  in  different  ways  and  through  different 
instrumentalities  should  now  give  expression  to  their 
patriotism  by  promptly  and  cheerfully  meeting  the  ob- 
ligations of  citizenship,  the  foremost  obligation  of 
which  is  to  guard  jealously  the  honor  of  the  Nation; 
to  regard  its  commitments  as  his  own,  and  willingly 
contribute  his  labor  and  his  substance  for  complete  pay- 
ment of  our  debt  in  the  spirit  of  the  National  Prosperity 
Campaign,  whose  efforts  for  the  stimulation  of  busi- 
ness and  confidence  have  been  spread  broadcast  through- 
out the  country  over  the  slogan  of  LET'S  GO."  This  is 
ample  evidence  that  the  Government  is  heartily  in  sup- 
port of  the  idea. 


C.  A.  Graves  in  another  column  calls  attention  to  the 
lack  of  measuring  instruments  in  boiler  rooms.  Mr. 
Graves  was  engineer  to  the  New  York  State  Fuel  Ad- 
ministrator and  speaks  from  observation  of  a  large 
number  of  cases.  If  engineers  would  impress  their  em- 
ployers with  the  gains  to  be  expected  from  the  use  of 
such  apparatus  and  with  their  ability  to  handle  it  to 
advantage,  there  would  be  more  of  it  in  use. 


Water-gage  glasses  frequently  burst  in  the  boiler 
room,  and  care  should  be  taken  to  see  that  they  are 
properly  guarded.  By  th»  way,  how  many  water-glass 
guards  have  you  in  your  plant? 


The  fireman  who  will  shovel  sufficient  coal  into  a 
furnace  so  as  to  permit  him  to  sit  down  for  half  or 
three-quarters  of  an  hour  will  never  make  a  record  with 
a  CO^  recorder.  

Well-polished  brightwork  in  an  engine  room  is  like 
the  cherry  in  a  cocktail — it  doesn't  have  any  noticeable 
influence  on  the  action,  but  it  certainly  does  add  to  the 
attractiveness.  

Nitrogen  in  the  air  supplied  to  a  boiler  furnace  must 
feel  just  about  as  useless  as  sncwshoes  or  a  Hottentot. 
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Noisy  Compressor  Valves 

Recently,  I  had  an  experience  with  slamming  air- 
compressor  valves.  The  compressor  delivers  air  at  15 
lb.  pressure,  and  "according  to  the  oldest  inhabitant"  the 
valves  had  always  been  noisy.  The  seat  was  made  at  an 
angle  of  45  deg.  and  is  3*  in.  diameter.  The  outside 
diameter  of  the  valve  was  4  in.,  with  1-in.  lift,  and  it 


FIG.   1.      LOW  VALVE  SEAT 
FROM    REGRIXDIXG 


NEVi^  DIAMETER   OP 
THE  VALVE 


was  held  to  the  seat  by  a  spring  made  of  steel  0.145  in. 
in  diameter  and  11  in.  long,  with  20  coils.  It  requires 
18  lb.  to  compress  it  6i  in.,  the  closed  position  of  the 
valve. 

Originally,  the  seats  came  flush  with  the  surface  of 
the  valve  deck,  but  repeated  grinding  and  reseating  had 
brought  them  about  i  in.  below  the  surface,  as  showTi  in 
Fig.  1.  Someone  had  bored  the  deck  surrounding  the 
seat  to  a  diameter  of  4i  in.  to  provide  space  for  the  es- 
cape of  the  air,  but  it  was  not  enough. 

The  inside  diameter  of  the 
contact  circle  between  the 
valve  and  the  seat  was  3i  in. 
and  the  outside  diameter  was 
4  in.,  a  difference  in  area  of 
almost  3  square  inches.  With 
15  lb.  pressure  per  square  inch 
in  the  cylinder  and  the  same 
pressure  on  the  discharge  side 
of  the  valve,  there  would  be 
an  unbalanced  pressure  of  a 
little  more  than  44  lb.  plus  the 
pressure  of  the  spring,  18  lb., 
and  a  little  due  to  the  oil  film 
on  the  seat. 

To  balance  this,  the  pressure 
in  the  cylinder  had  to  rise  to 
about  21.5  lb.  per  sq.in.  As 
soon  as  the  valve  lifted  from 
the  seat,  on  account  of  the  re- 
stricted passage  for  the  escape  of  the  air  this  pressure 
would  be  exerted  on  the  4-in.  diameter  of  the  valve  with 
the  result  that  the  valve  would  be  thrown  back  against 
the  stop,  causing  a  slam,  and  when  seating  the  heavy 
spring  would  cause  a  second  slam. 

To  overcome  the  first  slam  I  had  a  part  of  the  valve 
face  turned  at  an  angle  of  55  deg.,  leaving  an  annular 
contact  circle  about  I  in.  wide,  and  the  outside  diam- 
eter of  the  valve  turned  down  from  4  to  3?  in.,  giving 
more  opening  for  the  escape  of  the  air  (see  Fig.  2).    In 


6rder  to  relieve  the  second  slam  I  changed  the  springs  to 
weaker  ones,  making  them  9  in.  long  with  18  coils,  0.125 
in.  steel,  2i  in.  outside  diameter,  and  requiring  6  lb. 
to  compress  to  6}  inches. 

After  these  changes  were  made,  the  piston  began  to 
strike  the  head,  indicating  that  the  clearance  had  been 
very  slight  and  that  less  work  was  required  to  deliver 
the  air.  R.  McLaren. 

Toronto,  Ont.,  Canada. 

Factor   of   Safety    of  Repaired  Flywheel 

An  old-fashioned  box-bed  gib-and-key  type  of  plain 
slide-valve  engine  built  about  forty  years  ago  is  used 
for  driving  the  muck  rolls  in  a  rolling  mill,  the  14-in. 
engine  shaft  being  directly  connected  to  the  roll  shaft. 
The  cylinder  dimensions  of  the  engine  are  24  x  48  in. 
and  the  speed  is  about  60  r.p.m.  A  throttling  gov- 
ernor controls  the  speed. 

The  flywheel  is  20  ft.  in  diameter  and  has  a  9  x  12  -in. 
rim  section.  The  rim  is  made  in  eight  segments,  each 
segment  being  cast  integrally  with  a  single  spoke.  The 
eight  spokes  are  secured  to  the  hub  by  clamping  them 
between  cheek-plates  as  indicated  in  Fig.  1.  Each  rim- 
joint  is  fastened  with  a  bolt  and  with  two  wrought-iron 
links  shrunk  into  recesses  in  the  sides  of  the  rim. 

The  engine  and  flywheel  have  been  several  times  dis- 
mantled and  reerected  in  a  different  location.  In  the 
course  of  one  of  those  removals  a  clamping  lug  on  one 
of  the  rim  segments  of  the  wheel  was  broken  off  as 
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FIGS.   1  TO  3.     SHOWING  METHOD  OF  REPAIRING  BROKEN  LUG  ON  FLYWHEEL 
Fig.  1 — Fastening  of  arm  at  hub.    Fig.  2 — Break  in  lug  at  rim.    Fig.  3 — Manner  of  repairing  break 


.'^hown  in  Fig.  2.    Fig.  3  shows  how  it  was  repaired. 

With  a  centrifugal  pull  of  approximately  26,800  lb. 
on  the  rim.  joint,  as  is  the  case  with  the  engine  running 
at  60  r.p.m.,  the  wheel  is  no  doubt  amply  strong. 
However,  since  a  patch  fastened  to  anything  broken 
must  neces.sarily  lack  more  or  less  the  efficiency  of  the 
original  unimpaired  construction,  it  would  be  interest- 
ing to  know  just  how  much  the  factor  of  safety  in  this 
case  has  been  diminished.  A.  J.   DixON. 

St.  Louis,  Mo. 
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Flushing  Boiler  Blowoff  Valve 

I  hnvt'  followed  witli  interest  the  boiler  l)lo\vo(T  di.s- 
aussion  in  Power.  On  pajre  818  of  the  Dec.  13.  1918. 
is.sue  \V.  H.  Wakeman  .says  exactly  what  I  want  to 
say  as  roKanis  both  the  location  and  the  order  of  oper- 
ation of  the  cork  and  valve,  but  I  would  like  to  add  a 
feature  that  ha.s  jjiven  me  splendid  service. 

As  shown  in  the  illustration,  I  inserted  a  tee  between 
the  cock  and  valve  and  to  it  connected  a  1-in.  line  from 
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PIPING    FOR    FLUSHING    BLOWOFF    VALVES 

the  feed-water  main.  This  serves  me  in  three  ways 
as  follows:  In  the  closing  operation  I  close  the  cock 
first,  then  open  the  1-in.  line  for  a  few  seconds  and 
wash  the  valve  faces  clean  of  all  sediment  before  closing 
it.  This  keeps  the  valve  faces  tight  almost  indefinitely. 
When  the  valve  does  need  either  regrinding  or  a  new 
disk,  the  operation  can  be  performed  in  comfort  by 
letting  a  little  cold  water  in  through  the  1-in.  line  to 
condense  and  cool  any  leakage  passing  the  cock. 

If  sediment  and  scale  are  allowed  to  settle  in  the 
vertical  blowoff  line  until  it  will  not  move  out  with 
the  boiler  pressure,  the  cock  can  be  opened  and  the 
pump  pressure  raised  through  the  top  line  and  the 
sediment  forced  upward  into  the  boiler  and  blown  out. 

Vancouver,  B.  C,  Canada.  R.  Manly  Orr. 

Feed- Water  Check- Valve  Failure 

A  short  time  ago  I  was  called  out  to  a  small  power 
station  to  look  over  a  tubular  boiler  that  had  been 
reported  damaged  by  low  w^ater,  and  on  arriving  at  the 
plant  found  that  the  boiler  had  been  drained  and  cooled 
off  to  allow  an  examination  by  the  boiler  inspector. 
After  a  careful  examination  of  the  shell  and  tubes,  he 
reported  that  the  back  head  bulged  about  I  in.  and 
had  pulled  away  from  several  tubes;  also  that  the 
two  top  rows  of  tubes  and  the  tube  sheet  had  been 
burned  badly.  His  immediate  opinion  of  the  cause 
was  low  water  caused  by  a  careless  fireman.  After 
hearing  his  report  and  listening  to  the  description  of 
the  accident  by  the  chief  engineer,  the  writer  asked 
the  engineer  to  get  a  wrench  and  take  the  cap  off  the 
boiler-feed  check.  When  this  valve  was  opened,  a  piece 
of  duck  packing  from  the  water  cylinder  of  the  feed 
pump  was  found  wedged  under  the  check  so  that  it  could 
not  close. 

Here  is  what  happened:     The  engineer  had  been  out 


of  the  firoroom  about  twenty  minutes  and  had  just 
returned  when  the  fir*'!  iiin  said  he  could  not  hold  water 
in  the  boiler,  althouKh  the  feed  line  was  wide  open. 
There  wore  three  other  boilers  on  the  same  header 
taking  water  from  the  same  pump.  The  water  dropped 
out  of  the  glass  .so  quickly  that  it  was  necessary  to 
pull  the  fire.  The  boiler  started  to  leak  badly  on  the 
top  row  of  tubes.  The  automatic  stop  valve  closed 
and  cut  the  boiler  off  the  line..  The  faster  the  fireman 
ran  his  pump  the  faster  his  water  fell  in  the  gage- 
glass.  The  water  rose  in  the  other  boilers,  due  to 
siphoning  action   from  the  damaged  one. 

If  the  fireman  had  closed  the  feed  valve.s  on  the 
other  three  boilers,  or  the  one  on  the  defective  boiler, 
when  the  water  was  going  out  of  the  glass,  and  then 
pulled  the  fire,  the  boiler  would  have  been  saved  from 
damage.  Sometimes  these  accidents  happen  so  quickly 
that  the  average  fireman  does  not  have  time  to  think 
over  all  the  combinations  that  can  happen.  In  my  28 
years  of  power-station  experience  this  is  the  second 
time  I  have  seen  an  accident  of  this  kind  from  the  same 
cause  and  with  the  same  result.  R.  J.  Fox. 

Chicago,  111. 

Simple  Machine-Screw  Holder 

The  illustration  shows  a  simple  too!  to  hold  machine 
screws  by  placing  them  in  the  threaded  holes  and  then 
securing  the  tool  in  a  vise  so  as  to  hold  it  firmly  and 
still  not  damage  the  threads  of  the  screws.  The  tool 
is  made  as  follows:  First  a  piece  of  cold-rolled  key 
stock  is  bent  in  the  manner  showm,  after  which  the  ends 


SCREW   CLAMP   AND  ITS   .\PPLIC.A.TION 

are  placed  in  a  vise  with  a  piece  of  fuse  strip  to  give 
clamping  room  between  them.  Holes  are  then  drilled 
and  tapped  in  graduated  standard  sizes,  or  any  other 
sizes  required,  and  the  tool  is  case-hardened  to  prevent 
damage  from  filing  and  sawing.  Vaughan  Ladd. 

Lima,  Ohio. 

Removing  Burnt  Oil 

Burnt  oil  can  be  easily  removed  from  the  polished 
work  around  the  cylinders  of  engines,  etc.,  by  using  Bon 
Ami  and  rubbing  the  oily  spots  with  a  wet  cloth,  ap- 
plying it  to  such  parts  while  they  are  hot.  It  is 
remarkable  how  it  removes  the  oil  without  scratching 
the  polished  surfaces.  James  C.  Browning. 

Joliet,  111. 
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Lack  of  Power  Plant  Meters 

It  is  remarkable  what  a  large  number  of  power 
plants  have  no  means  of  measuring  the  water  or  coal 
used  and  therefore  can  make  no  comparison  of  their 
operation  from  day  to  day  with  standard  practice.  Even 
comparatively  modern  plants  of  several  hundred  horse- 
power have  only  the  usual  equipment  of  steam  and 
water  gages. 

Although  I  am  not  interested  in  the  sale  of  boilers 
or  of  accessories,  it  seems  to  me  that  this  condition 
is  largely  due  to  the  policy  of  the  boiler  manufacturer 
to  sell  only  boilers.  The  electric  generator  manu- 
facturer in  many  instances,  when  a  generator  sale  is 
made,  sells  all  the  meters,  etc.,  that  can  be  used. 
Many  accessories  are  also  sold  with   automobiles. 

Purchasers  of  boilers,  however,  unless  they  have 
competent  engineering  advice,  will  not  usually  consider 
the  installation,  with  the  boiler,  of  steam  or  water 
meters,  or  soot  blowers,  or  draft  gages,  because  these 
are  classed  as  extras  and  entail  an  additional  cost. 

If  the  boiler  salesman,  in  quoting  on  an  installation, 
would  include  the  desirable  meters  and  accessories,  the 
purchaser  would  obtain  an  equipment  that  would  be  of 
the  greatest  benefit  to  him. 

This  seems  to  be  the  appropriate  time  for  the  boiler 
men  and  the  accessory  men  to  get  together  to  the 
advantage  of  both,  with  probably  the  greater  advan- 
tage to  the  boiler  manufacturer,  as  complaints  on  the 
operation  of  particular  installations  can  be  readily 
satisfied  without  the  expense  of  elaborate  tests  if  proper 
accessories  are  installed.  It  is  unnecessary  to  mention 
the  benefit  the  purchaser  would  derive  from  such  get- 
ting together.  C.  A.  Graves. 

New  York  City. 

Flywheel  Explosion  in  St.  Louis 

In  the  report,  published  in  the  Feb.  4  issue  of  Power, 
page  186,  of  a  flywheel  explosion  in  a  rolling  mill,  it  was 
stated  that  the  accident  could  be  traced  to  no  definite 
cause.  This  was  true  at  the  time,  inasmuch  as  those 
in  a  position  to  explain  the  exact  cause  disclaimed  all 
knowledge  of  it.  Precise  information  on  this  point 
has,  however,  since  come  to  light. 

Measurements  taken  of  a  segment  of  the  rim  that 
landed  in  the  third  story  of  a  neighboring  manufactur- 
ing plant  showed  the  wheel  to  have  been  9  ft.  diameter, 
with  an  8  X  6:l-in.  rim  section.  The  wheel  was  in 
halves,  which  were  held  together  at  the  rim  with  li-in. 
clamping  bolts,  reinforced  by  1-in.  oval  links  shrunk  in 
recesses  in  the  sides  of  the  rim.  According  to  the 
statement  of  a  man  long  familiar  with  conditions  in  the 
mill,  one  of  the  spokes  was  cracked  through  at  the  hub, 
the  result,  no  doubt,  of  rough  handling  in  one  of  the 
several  dismantling  and  reassemblings  that  marked 
the  early  history  of  the  engine. 

The  engine  was  belted  to  a  lineshaft  from  which  the 
blast  fans  were  driven.  Its  cylinder  dimensions  were 
14  X  28  in.  and  the  speed  120  r.p.m.  As  originally 
built  it  was  of  the  automatic  cutoff  type,  with  flat 
valves.  Some  years  ago,  however,  the  automatic  features 
were  removed,  and  with  the  addition  of  a  throttling  gov- 
ernor the  engine  was  converted  to  the  old-fashioned  plain 
slide-valve  type.  From  the  statements  of  men  acquainted 
with  the  history  of  these  details,  it  appears  that  when 


the  change  was  made,  the  question  of  providing  a  main- 
shaft  pulley  for  driving  the  governor  belt  was  answered 
by  pressing  into  service  a  discarded  wooden  .split  pulley 
that  happened  to  be  of  about  the  right  diameter  and 
width.  The  bore  of  this  pulley  was  found  to  be  .some- 
what large  for  the  shaft,  but  that  defect  was  remedied 
by  lining  out  the  bore  with  sheet  iron.  The  pulley  was 
made  with  flanges  for  holding  on  the  belt  and  was 
:lamped  to  the  shaft  with  four  {\-m.  bolts,  as  shown  in 
the  sketch  herewith. 

In  the  course  of  time  cracks  appeared  in  the  face  of 
the  pulley,  and  these  eventually  extended  through  both 
halves,  as  indicated  in  the  sketch.  The  two  ends  of  the 
pulley  thus  developed  a  tendency  to  part  company  in 
the  middle  and  work  along  the  shaft  in  opposite  direc- 
tions. To  prevent  this  the  ends  were  bound  together 
with  wires  wrapped  around  the  clamping  bolts.  But  as 
it  was  difficult  to  draw  the  wires  perfectly  taut,  this 
mode  of  fastening  continued  to  give  trouble  until  some- 
one hit  upon  the  happy  idea  of  wrapping  a  piece  of  tin 
around  the  pulley  and  securing  it  with  tacks.  One  day 
the  oily  rubbish  that  had  accumulated  in  the  flywheel 
pit  caught  fire  from  sparks  throvra  from  the  rolls,  and 
the  flames  lapping  up  around  the  governor  pulley  left 


SPLIT   WOODEN  PULLEY 


HOW  THE  GOVERNOR  BELT  SPLIT 

it  badly  charred  and  disfigured  and  certainly  did  not 
improve  its  holding  quahty. 

As  may  readily  be  surmised,  this  pulley  early  mani- 
fested a  tendency  to  slip  on  the  shaft  and  so  permit  the 
engine  to  speed  up.  Whenever  this  would  occur,  the 
bolts  would  be  tightened  and  perhaps  the  old  liners 
would  be  taken  out  of  the  bore  and  new  ones  with  a 
rougher  and  more  biting  surface  would  be  put  in  their 
place.  One  man  who  had  handled  the  engine  for  a 
number  of  years  stated  that  he  found  by  experiment 
just  how  much  to  open  the  throttle  to  keep  the  governor 
balls  hovering  at  the  point  of  rising  to  a  running  plane 
with  the  maximum  pressure  carried  in  the  boilers. 
Having  the  throttle  so  adjusted,  he  would  secure  it  by 
wiring  a  heavy  weight  to  the  handwheel.  Another  man 
who  had  handled  the  engine  for  a  considerable  period, 
but  who  had  not  adopted  the  precaution  just  mentioned, 
.states  that  on  several  occasions  he  barely  managed  to 
reach  the  throttle  in  time  to  avert  disaster. 

The  bursting  of  the  flywheel  was  unquestionably  due 
to  overspeed  caused  by  the  governor  becoming  inoper- 
ative on  account  of  its  driving  pulley  slipping  on  the 
main  shaft. 

Two  segments  of  the  exploded  rim  did  considerable 
damage  to  manufacturing  plants  located  on  opposite 
sides  of  the  mill — one  north  and  the  other  south.     One 
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of  the  spjrments,  wpiRhinjr  407  lb.,  nit  thoiiprh  a  0  x  9- 
in.  woodon  tru.s.H-boam  in  it.s  tlijrht  through  the  mill 
nm\  hrokc  IhroiiKh  the  roof  of  a  three-stor>'  hoiler  house 
f>00  ft.  di.stnnt.  The  HiiRle  of  elevation  of  thi.s  fragment 
as  it  shot  out  from  the  disrupted  whoel  and  the 
parabola  which  it  described  in  its  descent  were  deter- 
mined and  a  trajectory  made.  Figured  on  the  data 
jriven,  the  rim  speed  at  the  instant  of  disruption  was 
17:?  ft.  per  sec,  corresiwndinp  to  308  revolutions  per 
minute. 

Takinp  into  account  the  retarding  effect  of  obstacles 
encountered  in  its  flipht  throu^'h  the  mill,  it  is  probable 
that  this  frajrment  was  projected  with  a  hiphcr  initial 
velocity  than  the  fiKure>s  show.  This  view  is  substanti- 
ated In-  the  obvious  intensity  of  the  force  with  which 
a  1082-Ib.  .sejrment  hit  the  third-story  brick  wall  of  the 
manufacturing  plant  standing  to  the  north.  A  mass  of 
heavy  steel  structural  work  was  piled  apainst  the  inner 
face  of  the  wall.  The  flyinp  fragment  ploughed  through 
this  barrier  and  brought  up  against  the  massive  steel 
frame  of  a  riveting  machine  about  thirty  feet  distant, 
the  final  impact  further  shattering  the  fragment  into 
three  pieces. 

Fortunately,  the  accident  happened  on  a  Saturday 
afternoon,  shortly  after  the  employees  in  the  last- 
mentioned  plant  had  quit  work.  Had  it  occurred  an 
hour  earlier,  it  probably  would  have  resulted  in  death 
or  injur>'  to  several.  A.  J.  DixON. 

St.  Louis,  Mo. 

Eliminating  Cylinder  Oil  from 
Exhaust  Steam 

From  reading  the  article  entitled  "Eliminating  Cylin- 
der Oil  from  Exhaust  Steam,"  by  W.  H.  Wakeman, 
in  Potver  of  Mar.  11,  page  365,  it  is  evident  that  the 
matter  was  handled  by  rule  of  thumb  without  any 
definite  idea  as  to  what  was  happening  in  the  separator 
or  as  to  what  caused  the  trouble.  This  question  can 
be  analyzed  as  follows: 

Take  this  300-hp.  engine  with  30  lb.  of  steam  per 
horsepower-hour.  Assuming  the  steam  at  2  lb.  back 
pressure,  we  have  a  specific  volume  of  the  steam  of 
23.8  cu.ft.  The  area  of  the  8-in.  separator  is  50.266 
sq.in.,  or  0.349  sq.ft.   The  velocity  of  steam  through  the 

•     .        n  fu      u     /300   X    30   X    23.8\ 
separator  per  minute  will  then  be   I ^ ) 

-^  0.349  =  10,229  ft.  per  min.  When  the  change 
was  made  to  a  12-in.  separator  the  area  was  increased 
from  0.349  sq.ft.  to  0.785  sq.ft.,  thereby  decreasing  the 

,  -x  r  .  •  .  .  /300  X  30  X  23.8\ 
velocity  of  steam  per  minute  to     I ^tc ) 

^  0.785  =  4548  feet. 

It  is  well  known  that  the  separation  of  oil  from 
steam  cannot  be  done  unless  there  is  a  quantity  of 
water  present  in  the  steam.  The  water  acts  as  a  car- 
rier in  removing  the  oil.  Each  drop  carries  a  thin 
film  of  oil  on  the  outside.  With  the  velocity  of  10,229 
ft.  per  min.  through  the  8-in.  separator,  this  water 
carrying  the  oil  would  strike  the  baffle  plates  with  such 
a  tremendous  force  that  it  would  be  shattered  into  an 
exceedingly  fine  mist,  would  rebound  from  the  surface, 
would  be  picked  up  by  the  flow  of  steam  and  would  be 
carried  around  the  baffle. 

By  changing  to  a  12-in.  separator  the  velocity  was 
decreased  to  practically  4548  ft.  per  min.  At  this 
speed,   the   impact  on  the   baffle  would   not   be   great 


enough  to  disintegrate  the  oil  and  water  into  a  fine 
.spray,  and  the  blanketing  effect  of  the  steam  would 
not  hp  overcome  to  such  an  extent  but  that  the  water 
would  run  down  the  baffle  to  the  storage  well  below 
and  .separation  would  take  place. 

My  experience,  covering  several  hundred  iimtallation.s 
of  similar  character,  indicates  clearly  that  the  wrong 
tjTie  of  .separator  was  installed  to  handle  this  work. 
An  8-in.  separator  of  the  centrifugal  type  properly 
designed  would  have  made  the  conditions  as  outlined 
in  the  article  impo.ssible  and  would  have  given  better 
separation  than  was  obtained  with  the  12-in.  separator 
of  the  other  typo.  This  would  have  resulted  in  a  sav- 
ing of  40  to  50  per  cent,  in  purchasing  a  separator, 
not  to  mention  the  extra  expense  of  installing  the  12-in. 
connections.  R.  J.  Pabodik. 

Chicago,  111. 


It  is  probable  that  Mr.  Wakeman's  trouble  could  have 
been  eliminated  in  a  much  cheaper  way  by  installing  ^ 
separator  of  different  design.  While  an  allowance  of  90 
lb.  per  sq.  in.  per  hour  may  be  correct  for  the  single- 
baffle  type  of  separator,  the  multiple-baffle  type  has 
shown  itself  to  have  a  much  larger  capacity.  This  type 
usually  has  baffles  that  have  a  comparatively  large  area 
relative  to  the  exhaust-pipe  area,  and  consequently  the 
steam  has  a  much  lower  velocity  over  the  baffles  than 
in  the  case  of  the  single-baffle  type. 

The  allowance  of  90  lb.  per  sq.in.  per  hour  is  consid- 
erably less  than  is  usually  found  in  ordinary  plants.  A 
50-hp.  horizontal  engine  would  have  about  a  4-in.  ex- 
haust connection.  Assuming  a  steam  consumption  of 
35  lb.  per  hour,  the  flow  of  steam  through  the  pipe  would 
be  at  the  rate  of  about  139  lb.  per  sq.in.  sectional  area 
per  hour.  As  many  separators  are  giving  good  service 
under  approximately  these  conditions,  it  would  seem 
that  the  90  lb.  allowance  is  rather  low — for  the  smaller 
sizes  at  any  rate.  D.  F.  Grahame. 

Ottawa,  Ont.,  Canada. 

Avoiding  Unnecessary  Pumping 

W.  T.  Meinzer,  in  his  article,  "Avoid  Unnecessary 
Pumping,"  page  220  of  the  Feb.  11  issue,  doubtless  un- 
intentionally forgot  to  mention  one  point.  In  most  cities 
the  water  pressure  will  vary.  It  will  be  boosted  up  to 
around  eighty  pounds  in  case  of  fire  and  in  up-to-date 
cities  is  raised  for  a  short  while  during  the  night  for 
testing  purposes. 

Under  such  a  condition,  with  plunger  pumps,  a  pound- 
ing would  probably  be  caused,  but  it  could  be  easily  over- 
come by  throttling  the  suction.  In  the  case  of  cen- 
trifugal pumps,  especially  when  driven  by  direct-cur- 
rent motors,  the  case  is  different. 

Unless  otherwise  specified,  the  majority  of  manu- 
facturers ship  their  pumps  equipped  with  motors  that 
are  figured  to  be  large  enough  to  do  the  work  required 
of  them,  provided  the  pumps  take  from  a  suction  tank 
having  a  maximum  head  and  no  more.  Coupling  the 
city-water  main  direct  to  such  a  pump  would  greatly 
increase  the  pump's  capacity,  causing  the  motor  to  be 
overloaded,  and  sooner  or  later  create  an  electrical 
breakdown  that  would  be  annoying  to  say  the  least. 

Winnipeg,   Man.,   Canada.  0.   Pettersson. 


If  Old  Glory  means  anything  to  you.  buy  Victory 
Liberty  Loan  Notes. 
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Current  at  Unity  Power  Factor— When  a  1500-kw.  600- 
volt,  three-phase  alternator  is  operating  at  full  load  and 
unity  power  factor,  what  should  each  ammeter  read  if  the 
load  is  balanced  ?  E.  M.  C. 

The  reading  of  each  ammeter  should  be  the  same  and  is 
equal  to  the  kilowatt  rating  of  the  machine  times  1000, 
divided  by  1.732  times  the  volts,  which  in  this  problem  is 
(1500   X    1000)    -^    (1.732   X   600)    =   1443  amperes. 


2200-Volt  jMotor  on  440  Volts — What  horsepower  would 
a  three-phase  50-hp.  2200-volt  750-r.p.m.  motor  develop  if 
connected  on  a  440-volt  line?  P.  F.  M. 

Theoretically,  one-fifth  of  50,  or  10,  hp.  and  the  starting 
torque  would  be  1  25  of  that  at  2200  volts.  The  only  thing 
to  do  is  to  reconnect  the  stator  winding  for  440  volts.  Just 
what  the  grouping  should  be  cannot  be  determined  without 
knowing  the  number  of  coils  and  how  they  are  grouped  in 
the  2200-volt  winding.  If  the  2200-volt  winding  is  con- 
nected in  series  star,  which  is  probably  the  case,  then  the 
440-volt  winding  may  be  connected  5-parallel  star.  How- 
ever, if  the  number  of  coils  per  phase  cannot  be  divided  by 
5  it  may  be  somewhat  of  a  problem  to  distribute  the  coils 
so  as  to  get  a  satisfactory  winding.  A  3-parallel  delta  con- 
nection might  be  found  to  give  a  more  satisfactory  group- 
ing. This  gives  an  equivalent  418-volt  winding,  which  is 
close  enough  to  440  volts  to  operate  satisfactorily. 


Short-Circuited  Wound  Rotor— We  have  a  150-hp.  2200-volt 
three-phase  25-cycle  motor.  The  rotor  is  wound  and  is 
rated  at  263  volts  and  245  amperes.  Would  it  be  possible 
to  short-circuit  the  rotor  leads  and  start  the  motor  under 
about  one-half  rated  load,  with  a  compensation  ?     P.  F.  M. 

With  the  slip  rings  short-circuited  the  rotor  may  develop 
considerable  starting  torque  if  the  winding  has  a  compara- 
tively high  resistance.  However,  at  best  it  is  liable  to 
develop  locking  points  and,  if  the  resistance  of  the  rotor's 
winding  is  low,  may  give  trouble  to  start  a  load  requiring 
only  a  small  starting  torque.  If  it  is  necessary  to  use  a 
compensator  to  start  the  motor  with,  instead  of  a  resist- 
ance in  the  rotor  circuit,  better  results  could  be  obtained  by 
short-circuiting  the  rotor  conductors  on  rings  at  each  end 
of  the  core,  thus  converting  the  machine  into  one  of  the 
squirrel-cage  type.  However,  at  best  this  is  only  a  make- 
shift and  is  liable  to  give  trouble.  If  satisfactory  opera- 
tion is  to  be  expected  of  a  motor  of  this  size  and  voltage,  it 
should  be  started  in  the  way  it  was  designed  to  be;  namely, 
with  an  external  rotor  resistance. 


Raising  the  Pressure  of  a  Heating  Boiler  Without  In- 
creasing Its  Capacity — A  low-pressure  steam-heating  plant, 
operated  with  15-lb.  boiler  pressure,  is  equipped  with  two 
boilers  capable  of  carrying  100-lb.  pressure,  and  during 
most  of  the  heating  season  one  boiler  is  sufficient.  Could 
not  the  capacity  be  materially  increased  by  generating 
the  steam  at  30-  to  40-lb.  pressure  and  supplying  the  system 
with  the  steam  reduced  to  a  pressure  of  15  lb.  per  sq.in., 
by  means  of  a  pressure-reducing  valve?  A.  J.  C. 

The  heating  capacity  of  a  boiler  depends  on  the  amount 
of  heat  liberated  by  combustion  of  the  fuel  and  received 
by  the  boiler.  The  same  forcing  of  the  boiler  could  result 
in  liberation  of  only  the  same  amount  of  heat,  and  by  carry- 
ing a  higher  boiler  pressure,  the  temperature  of  the  boiler 
water  and  of  the  heating  surfaces  would  be  higher,  and 
from  that  cause  there  would,  if  anything,  be  transfer  of 
less  heat  of  the  fire.  Hence  the  heating  capacity  could  not 
be  increased  by  raising  the  boiler  pressure.  Operation  of 
the  apparatus  as  a  gravity  return  system  at  15-lb.  pressure 
and  higher  pressure  on  the  boiler  would  necessitate  the 
expenditu-p  of  steam  or  power  for  operating  a  pump  or 
seme  o'.hcr  form  of  boiler  feeder. 


Resetting  Valves  to  Change  from  Condensing  to  Non- 
condensing — What  changes  should  be  made  in  the  valve 
setting  of  a  Corliss  engine  if  a  change  is  made  from  run- 
ning condensing  to  noncondensing?  A.  H. 

When  running  noncondensing  the  exhaust  will  be  at 
higher  pressure,  and  for  smooth  running  of  the  engine  the 
necessary  cushioning  on  the  exhaust  can  be  obtained  by 
less  compression,  obtained  by  closing  the  exhaust  valves 
later  in  the  stroke.  On  a  single-eccentric  engine,  set  the 
eccentric  back  on  the  shaft  so  that  only  the  necessary  com- 
pression of  exhaust  is  obtained,  and  see  that  the  exhaust- 
valve  rods  are  short  enough  to  obtain  release  before  the 
end  of  the  expansion  stroke.  Settmg  the  eccentric  back- 
ward will  delay  admission  and  the  steam-valve  rods  will 
need  to  be  shortened  so  the  valves  will  have  less  lap  and 
proper  lead.  With  the  wristplate  hooked  in  gear,  place 
the  engine  first  on  one  center  and  then  on  the  other  and 
adjust  the  valve  rods  to  suitable  lengths  for  obtaining  the 
proper  lead  and  release.  With  a  double-eccentric  engine, 
setting  of  the  steam  eccentric  and  steam-valve  gear  needs 
to  be  no  different  than  when  running  condensing,  and  for 
less  compression  of  the  exhaust,  the  exhaust  eccentric  and 
exhaust-valve  gear  would  require  the  same  attention  as 
the  valve  gear  of  a  single-eccentric  engine,  but  omitting 
all  consideration  of  the  steam  valves  and  their  rods. 


Cylinder  Clearance  of  Air  Pump — What  is  the  greatest 
percentage  of  cylinder  clearance  permissible  for  an  air  pump 
to  obtain  295  in.  vacuum?  J.  C.  A. 

When  referred  to  the  standard  atmospheric  pressure  of  30 
in.  of  mercury  column  pressure,  29i  in.  vacuum  would  be 
equal  to  an  absolute  pressure  of  30  —  29.75  =  0.25  in.  of 
mercury-column  pressure.  At  a  constant  temperature  the 
volume  of  a  given  weight  of  air  is  inversely  as  its  absolute 
pressure.  Calling  the  piston  displacement  of  the  air  pump 
p  and  the  clearance  percentage  c,  when  29.75  in.  vacuum 
is  attained  at  the  end  of  a  suction  stroke,  the  volume  of  air 
contained  in  the  cylinder  and  clearance  space  would  be  D 
(1  -I-  c).  During  the  return  stroke  the  air  cannot  be  dis- 
charged until  it  has  been  compressed  to  the  pressure  of  the 
atmosphere  or  an  absolute  pressure  of  30  in.  of  mei-cury 
column.  Calling  the  volume  at  atmospheric  pressure  v, 
then  as 

V  :  D  (1  +  c)   :  :  0.25  :  30, 
SOv  =  0.25£>  (1  -f  c)   =:  0.25D  -|-  0.25Dc 
from  which 

0.25Z>  4-  0.25DC 

■V    =    ■ . 

30 
If  V  =  Dc,  then  by  substitution 

0.25Z)  +  0.25DC 


Dc 


30 


from  which  c  =  0.0084. 

But  when  v  =  Dc  no  discharge  can  take  place,  for  if  the 
air  has  not  been  compressed  a  little  above  atmospheric  pres- 
sure before  the  volume  is  compressed  to  the  clearance 
volume  Dc  (that  is,  before  the  piston  reaches  the  end  of  the 
stroke),  it  cannot  be  discharged  against  the  pressure  of  the 
atmosphere.  For  the  condition  the  air  would  be  compressed 
into  the  clearance  space  at  or  slightly  above  the  pressure 
of  the  atmosphere  and,  during  the  succeeding  suction  stroke, 
no  more  air  at  29.75  in.  vacuum  could  be  drawn  into  the 
cylinder,  for  the  clearance  air  could  not  reexpand  to  a  lower 
pressure  than  it  had  at  the  beginning  of  the  compression 
stroke.     Hence,  barely  nominal  capacity  would  be  obtainable 

for  29.75  in.  vacuum  with  the  clearance  more  than  ^^  of  1 

per  cent.,  and  for  any  degree  of  vacuum  the  larger  the  free 
air  capacity  the  smaller  the  percentage  of  clearance  re- 
quired. 
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Aims  and  Oruaiii/alioii  (loiiiniittoi'  of  the 
IVlcrhaiiical  MiijiiiMHTH 

Somo  thirty  mi'iiilicr.s  of  tin-  l'i>iiimittoi-  on  Aims  nnd 
Oi-jranization  of  tlie  .\m«'iican  Siu-ioty  of  Mwhanicnl  Kn- 
Kim-or.s  mi-t  at  (S.ilfn  Hull,  Wcriu'isvilli',  IVnn.,  on  ThurH- 
day,  Kriilay  niul  Saturday,  Apr.  24-2G,  to  consider  methods 
for  hroadeninjr  the  seopo  of  the  society's  activities,  improv- 
ing' its  elVuieiuy  ami  iiuMeasinK  the  service  which  it  can 
rentier  to  the  comnuinity. 

It  would  1h>  pn-mature  to  discuss  in  detail,  before  their 
sulimi.-ision  to  the  Council,  the  various  measures  proposed 
for  the  purpose  of  improving  the  relations  of  the  engineer 
to  his-  work,  to  the  community  and  to  other  engineers.  The 
spirit  manifested  was  progressive,  and  the  recommendations 
of  the  various  subcommittees  such  as,  if  adopted,  to  relieve 
the  society  of  any  shadow  of  opportunity  for  the  applica- 
tion of  criticism  to  which  the  national  professional  societies 
in  general  have  been  subjected  on  the  pround  of  old-fojjyism, 
inertia  and  self-satisfied  complacency.  The  results  of  the 
throe-days'  discussion  will  be  reduced  to  concrete  form  and 
presented  for  discussion  at  the  spring  meeting  at  Detroit. 

N.  E.  L.  A.  Will  Meet  at  Atlantic  City 

The  National  Electric  Light  Association  will  hold  its 
42nd  convention  in  Atlantic  City,  May  19-22.  On  Tuesday 
morning.  May  20,  the  first  general  and  executive  session 
will  be  held.  The  proceedings  will  be  opened  by  an  ad- 
dress of  welcome  to  the  city  by  Mayor  Harry  Bacharach, 
followed  by  an  aildress  by  the  president  of  the  association, 
W.  F.  Weils,  of  the  Brooklyn  Edison  Co.,  Inc.  Reports  as 
follows  will  then  he  given:  Report  of  the  acting  secretary, 
S.  A.  Sewall;  report  of  the  Rate-Research  Committee,  by 
Chairman  Alex  Dow;  progress  report  of  Special  Joint 
Committee  on  "Determination  of  Power  Factor  in  Poly- 
phase Unbalanced  Circuits,"  by  Chairman  R.  J.  McClel- 
land. In  the  evening  the  second  general  and  executive 
session — The  Public-Policy  Session — will  be  held,  at  which 
the  following  reports  and  address  will  be  made :  Report  of 
Public-Policy  Committee,  by  Chairman  W.  W.  Freeman; 
report  of  the  National  Committee  on  Gas  and  Electric 
Service,  by  Chairman  J.  W.  Lieb;  address  on  "The  Trend 
of  Socialism,"  by  F.  G.  R.  Gordon. 

The  Accounting  Section  will  hold  its  first  session  on 
Tuesday  afternoon  and  its  second  session  on  Wednesday 
afternoon.  The  Commercial  Section  will  hold  its  first  ses- 
sion on  Tuesday  afternoon :  its  second,  third  and  fourth 
sessions  on  Wednesday  afternoon  and  its  fifth  on  Thurs- 
day. Among  the  many  reports,  discussions  and  papers  at 
these  sessions  will  be  the  following:  At  the  third  commer- 
cial session  there  will  be  a  discussion  on  the  "Effect  of  the 
War  on  Isolated  Plant  Costs,"  led  by  I.  Lundgaard;  "Digest 
1917  Report  of  Electrical  Heating  Bureau  —  Electrical 
Heating  of  Nonferrous  Metals,"  by  C.  F.  Hirshfeld;  and 
a  paper  on  "Power  Factor  in  Customers'  Installations," 
with  discussion  led  by  R.  H.  Knowlton.  At  the  fourth 
commercial  session  there  will  be  discussion  on  "Electric 
Welding,"  led  by  F.  E.  Richards.  The  Electric  Vehicle 
Section  will  hold  its  first  session  on  Tuesday  afternoon 
and  its  second  on  Wednesday  afternoon.  The  Technical 
and  Hydro-Electric  Section  vnW  hold  its  first  and  second 
sessions  on  Tuesday  afternoon  and  its  third  on  Wednesday. 
The  first  session  will  be  opened  with  an  address  by  the 
section  chairman,  R.  J.  McClelland,  followed  by  a  report 
of  the  Committee  on  Prime  Movers,  by  Chairman  N.  A. 
Carle.     The  second  technical  session  will  open  with  a  re- 


port of  the  ("ommittco  on  Underground  Construction  and 
Klectrolysis,  by  Chairman  K.  B.  Meyer,  followed  by  a  re- 
port of  the  Committee  on  <)v -rhead  Lines  and  Inductive 
Inlerfcreiue,  by  ("hnirman  A.  E.  Silver.  The  third  tech- 
nical se.Hsion  will  open  with  a  report  of  the  C'otnmittec  on 
Electrical  Appiiralus,  by  Chairman  R.  F.  Schuchiirdt,  fol- 
lowed liy  a  report  of  the  Committee  on  Meters,  by  Chairman 
F.  V.  Magalhaes. 

The  third  gi'neral  and  executive  session  will  be  held  on 
Wednesday  morning  and  among  various  reports  will  be 
an  address  on  "Regional  Power  Systems,"  by  George  Otis 
Smith.  Tlie  fourth  general  and  executive  session  will  meet 
on  Tliursday  morning,  opening  with  a  report  of  Committee 
on  Safely  KuKs  and  Accident  Prevention,  by  Chairman 
William  C.  L.  Eglin.  This  will  be  followed  by  various 
other  reports. 

William  T.  Wheeler 

William  T.  Wheeler,  president  of  the  Diamond  Carbonat- 
ing  Co.,  Inc.,  New  York  City,  died  suddenly  at  his  home 
in  Brooklyn,  of  acute  indigestion  on  Apr.  26.    Mr.  Wheeler 


WILLIAM   T.   WHEELER 

was  bom  in  Calais,  Me.,  52  years  ago.  He  was  for  some 
years  connected  with  the  Trinity  Engineering  Co.,  later 
first  assistant  engineer  of  the  Equitable  Life  Insurance  Co. 
and  chief  engineer  of  the  New  York  Life  Insurance  Co. 
He  was  a  well-known  construction  engineer  and  was  very 
popular.  He  was  a  past  president  of  the  National  Asso- 
ciation of  Stationary  Engineers  and  was  also  a  member 
of  the  American  Society  of  Mechanical  Engineers.  He  was 
a  member  of  the  Jamaica  Bay  Yacht  Club,  Brooklyn  Lodge 
of  Elks,  No.  22,  Scottish  Rite,  past  master  of  Joppa  Lodge, 
No.  201,  of  Brooklyn,  a  former  commander  of  Damascus 
Commandery,  a  member  of  the  Kismet  Temple,  Nobles  of 
the  Mystic  Shrine,  and  was  formerly  grand  steward  of  the 
Masonic  Grand  Lodge  of  the  State  of  New  York. 


*|ffllllllliiinlillill 


Personals 


T.  J.  Hudson,  of  the  Chicago  Pneumatic 
Tool  Co.  has  been  appointed  acting  man- 
ager of  the  Pneumatic  Tool  Sales  Division, 
to  succeed  F.  H.  Waldron.  who  returns  to 
Minneapolis,  Minn.,  as  district  manager  of 
sales  for  the  Minneapolis  territory. 

F.  W.  Fischer,  who  has  been  assistant 
power  superintendent  of  Du  Pont  Engineer- 
ing Co..  at  Wilmington,  Del.,  has  been  ap- 
pointed mechaniqal  superintendent  in 
charge  of  the  power,  electric  and  mainte- 
nance divisions  of  Old  Hickory  Powder 
plant  at  Xashville,  Tenn.     Mr.  Fischer  was 


formerly  assistant  master  mechanic  of  the 
Muscle   Shoals   plant   in   Alabama. 


Obituary 


William  F.  McDonald,  president  of  the 
Wm.  F.  McDonald  Co.,  Detroit.  Mich,  died 
suddenly  at  his  home  in  same  city  on 
Apr.  25.  Mr.  McDonald  was  secretary-  of 
the  Michigan  Chapter  of  the  American  So- 
ciety of  Heating  and  Ventilating  Engineer.s. 
chairman  of  the  Committee  on  Increase  of 
Membership,  and  member  of  the  Committee 
on  Research,  and  his  loss  by  the  Society 
win  be  keenly  felt     He  was  42  years  of  age. 


Engineering  Affairs 


Kansas    State    Association,    N.    A.    S.    F., 

will  hold  its  convention  at  Topeka,  May  7-9. 

Tlie  New  York  Chapter  of  the  American 
A^^sociation  of  Engineers  met  at  the  United 
.Societies  Bui'ding,  Wednesday,  Apr.  23. 
The  principal  speaker  was  Robert  M.  Mac- 
Bride,  a  publisher  and  journalist,  who  went 
to  Europe  with  the  party  of  journalists. 
and  visited  the  battlefields  of  France  and 
occupied  Germany.  The  next  meeting  will 
be  held  May  14,  when  the  newly  elected 
oflacers  will  be  installed. 
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The  Chioapo  Sections  of  the  American 
Institute  of  Electrical  Engineers  and  the 
Association  of  Iron  and  Steel  Electrical 
Engineers  will  hold  a  joint  meeting  on  May 
26,  at  which  J.  C.  Wilson,  assistant  chief 
engineer  of  the  Cutler-Hammer  Manufac- 
turing Co.,  will  give  a  lecture  on  "Measur- 
ing Oas  Electrically."  and  B.  R.  Fernow. 
of  the  same  company,  will  lecture  on 
"Lifting  Magnet  Operation."  Both  lectures 
will  be   illustrated. 

MassaKoit   Assoriation   No.  2,   N.  A.   S.   E.. 

of  Springfield,  Mass.,  held  its  annual  ban- 
quet at  the  Highland  Hotel,  on  Saturday, 
Apr.  2fi.  The  main  hall  was  filled  to 
capacity,  and  tables  were  set  in  an  ad- 
joining room  to  ;i('commodate  the  overflow 
The  speakers  inchulcd  F.  R.  Low.  of  "Pow- 
er" ;  Walter  H.  Damon.  George  Madsen. 
Claude  Allen,  of  Oarlock  Packing  Co.  ; 
Harry  Mantham,  W.  J.  Reynolds.  J.  H. 
Henderson  and  others.  The  entertainment 
was  furnished  by  the  Ladies  Des  Rosierses 
Trio ;  L.  H.  Serre.  of  Jenkins  Bros.  ;  Bob 
Jones,  of  the  France  Metallic  Packing  Co., 
and  Jack  Armour,  of  "Power."  Herbert 
E.    Stone   was    the    toastmaster. 

Tlie  Iowa  National  Association  of  Sta- 
tionary Engineers  will  hold  its  annual  state 
convention  at  Marshalltown,  Iowa,  June 
11-13.  The  following  papers  and  talks  will 
be  given  at  the  convention:  Lantern  talk 
on  "The  I'niflow  Engine"  :  movie  talk  on 
"Iron  from  the  Mine  to  the  Tube"  ;  talks 
on  "Flow  Meters"  ;  "Isolated  Plants"  ; 
"James  W^att"  ;  "Development  of  the  Steam 
Gage";  "Plant  Operating  Economies."  Ar- 
rangements have  been  made  for  visits  to 
many  large  plants.  There  will  be  a  banquet 
on  the  evening  of  the  closing  day  at  the 
Pilgrim  Hotel,  the  headquarters  of  the  con- 
vention, at  which  Prof.  W.  H.  Meeker,  of 
the  Iowa  State  College,  will  be  the  prin- 
cipal   speaker. 

The  American  Society  of  Mechanical  En- 
gineers will  hold  its  spring  meeting  in 
Detroit,  June  lG-19,  with  headquarters  at 
the  Hotel  Statler.  The  tentative  program 
is  as  follows:  Monday.  June  16:  Registra- 
tion in  forenoon  :  business  meeting  in  after- 
noon ;  followed  by  a  general  meeting  at 
which  the  Committee  on  Aims  and  Organi- 
zation will  make  a  report ;  informal  re- 
ception at  the  hotel  in  the  evening.  Tues- 
day: Research  session  in  the  morning  and 
Industrial  Relations  session  in  the  after- 
noon ;  social  in  the  evening.  Wednesday: 
Morning  session  in  charge  of  Detroit  Local 
Committee  and  a  Miscellaneous  session  ; 
afternoon  and  evening,  boat  trip  and  dinner 
on  the  Lake.  Thursday :  Gas  Power  and 
Bliscellaneous  sessions  in  the  morning ;  ex- 
cursions  in   the   afternoon. 

The    American    Association    of    Engineers 

will  hold  its  annual  meeting  at  the  Hotel 
La  Salle,  Chicago,  May  12-13.  The  first 
morning  will  be  devoted  to  registration 
and  reports  of  officers  and  standing 
committees,  followed  by  a  discussion  on  the 
"Relation  of  Other  Societies  to  the  Ameri- 
can Association  of  Engineers"  and  "The 
Relation  of  Engineers  to  Each  Other  in 
Employment."  In  the  afternoon  Prof.  F. 
Bass,  of  the  University  of  Minnesota,  will 
talk  on  "How  the  Curricula  of  Engineering 
Colleges  Shall  Be  Modified  to  Meet  Modern 
Conditions."  On  May  13  the  following 
papers  will  be  presented  at  the  morning 
session:  "Proper  Compen.sation  of  Engi- 
neers— Ways  and  Means  of  Obtaining  It — 
Recognition  Through  Self-Improvement  and 
Service"  :  "The  Engineer  in  Politics"  ;  "Ac- 
tion on  Behalf  of  the  Engineers  in  Public 
Service."  In  the  afternoon  the  discussion 
will  be  on  "Employment  and  Opportuni- 
ties," followed  by  business  session,  dinner 
and  social  to  finish. 


Business  Items 


The  Bowers  Rubber  Works,  San  Fran- 
cisco, Calif.,  has  changed  the  name  of  the 
company  to  ttwD  Pioneer  Rubber  Mills. 

The  Chicago  Pneumatic  Tool  Co,  an- 
nounces the  election  of  Allan  E.  Goodhue 
as  managing  director  if  its  English  sub- 
sidiary, the  Consolidated  Pneumatic  Tool 
Co.,  Ltd..  whose  offices  are  at  170  Pic- 
cadilly. London,  and  whose  plant  is  in 
Fraserburg,  Scotland  Mr.  Goodhue  will 
also  be  in  charge  of  European  sales  for 
the  Chicago  Pneumatic  Tool  Co.  He  was 
for  a  number  of  years  connected  with  the 
sales  department  of  the  Midvale  Steel  Co. 
and  Midvale  Steel  and  Ordnance  Co.  in 
Philadelphia.  Chicago  and  Boston,  leaving 
that  company  in  March.  1918,  to  enter  the 
service  of  the  Government  as  assistant 
manager  of  the  Steel  and  Raw  Material 
Section,  Production  Division,  of  the  Emer- 
gency Fleet  Corporation. 


THE    COAL   MARKET 


BOSTON — Current  prices  per  gross  ton  f.o.b.  New 
york  loading  ports: 

Anthracite 

Company 
Coal 

Egg $7.80(5:7,95 

Stove 7.95(a8.  15 

Chestnut 8.05@8.35 

Bituminous 

Cambrias 
and 
Clearfields       Somersets 

F.oh.  mines,  net  tons $2.  15^2.75  $2.80(S'3  35 

Piiiladelphia,  gross  tons  ..  4  20(«4.90  5  00(3  5  40 
Xew  York,  gross  tons  ..  ,  4.50(a;5.25  5.35@,5  80 
Alongside    Boston    (water 

coal),  gross  tons 6    I0@6.85     5.90(a7  65 

Porahontas  and  New  River  are  quoted  at  $4*70 
(2)5.25  f.o.b.  Norfolk  and  Newport  News,  \'a.,  for 
spbt  coal,  and  $7.20(3  8.60  alongside  Boston,  these 
prices  being  on  a  gross  ton  basis. 

NEW  YORK— Current  nuotations,  White  Ash, 
per  gross  tons,  f.o.b.  Tidewater,  at  the  lower  ports* 
are  as  follows : 

Company  Company 

Mine     Circular  Mine     Circular 

Broken   $5  95       $7  80        Pea 4.80         6  55 

EgR    .  .      5  85  7  70        Buck- 

Stove.       6   10         7  95  wheat     3  40         5   15 

Chest-  Rice.  2  75  4  50 

nut...      6   20  8   05         Barley.      2   25  4  00 

Bituminous 

Spot  Contract 

South  Forks $2  90  @  $3   25  $2  95  @  $3  50 

Cambria    County 

(good  grades) 2  80  @     3    10       2  95®     3   25 

Clearfield  County.  .  .    2  65(3)     2  95     

Revnoldsville 2  6i  @     2  85       2  85  ®     2  95 

Quemahoning 2  75  @     2.95       2.95@     3    10 

Somerset  County 

(bestgrades) 2  75®     2  95       2  95®     3.10 

Somerset  County 

(poorer  grades) ... .  2  25  ®  2  50  2.50®  2  75 
Western  Maryland    .    2   25®     2  75       2.50@     2  75 

Fairmont 2    10®     2   35       2   35  @     2   50 

Latrobe 2.  10®     2.25 

Greensburg 2  35®     2   40       2  35®     2  60 

Westmoreland 2  60®     2  75       2  65®     2  75 

Westmoreland     run- 

of-mine 2  40®     2  65       2  40  ®   2  65 

Quotatirns  at  the  upper  ports  for  both  bituminous 
and  anthracite  are  5c.  higher  on  account  of  the 
difference  in  freight  rates,  and  are  exclusive  of  the 
3%  war  freight  tax. 

PHILADELPHIA— The  price  per  gross  ton  fob. 
cars  at  mines  for  line  shipment  and  f.o.b.  Port 
Richmond  for  tide  are  as  follows: 

Line     Tide  Line     Tide 

Broken $5  95  $7  80     Buckwheat....$3  40  $4  45 

Egg 5  85     7  70     Rice 2  75     3  65 

Stove 6   10     7  95     Boiler 2  50     3.50 

Nut 6   20     8  05     Barley 2  25     3    15 

Pea 4  80     6  40     Culm 1.25     2   15 

CHICAGO — Current  prices  ner  ton  for  Illinois 
and  Indiana  coal  are  as  follows 

Illinois 

Southern  Northern 

Williamson,  Saline  and       Illinois  Illinois 

Williamson  Counties      Fob.  Mines   F.o.b.  Mines 

Prepared  sizes $2.55@$2.75         $3.25 

Mine-run 2.35(a.   2.50  3.00 

Screenings I    85®    2.20  2.75 

BIRMINGHAM — Current  prices  per  net  ton  fob. 
mines  are  as  follows: 

Slack  and 
Mine-Run       Prepared     Screenings 

Big  seam $2  45  $2  75  $2  40 

Black  Creek  and 

Cahaba 3  45  3  75  3  05 

Jagger    -    Pratt 

Corona    2  85  3  05  2  45 

Blacksmith 5.25  

Domestic  quoations,  slightly  increased,  are  as 
follows: 

Lump  and  Nut 

Black  Creek  and  Cahaba 3.85@$4  50 

Corona    3  40 

Jagger 3. 50 

Montvallo 5.00 

ST.  LOUIS — The  prevailing  circular  per  net  ton 
f.o.b.  mines  is  as  follows: 

Mt.   Olive 
and 

Franklin  County  Staunton         Standard 

Prepared  sizes,  lump, 

egg,  Nos.    I  and  2 

nut $2.75     

Williamson  County 
Prepared  sizes,  lump, 

egg,  nut $2  55       $2  55  $1    90(3-2   25 

Mine-run 2.35  2   20  2  00 

Screenings 2.20  2  05  1    75 

3-in.  lump 2  30  

2-in.lump 2.15 

Williamson-Franklin  rate  to  St.  Louia  is  $1 ,  07): 
other  rates  92|c. 


New  Construction 


PKOPOSi';i)     WORK 

Conn,.  Naugatuck  —  The  Y.  M.  C.  A. 
Rockwell  Ave.,  will  install  a  steam  heat- 
ing plant  in  the  3-story  building  which  it 
plans  to  build  on  Church  St.  Total  esti- 
mated cost,  $175,000.  L.  W.  Jallade,  37 
Liberty   St.,    New   York   City,   Arch. 

Conn..  Waterbury — The  Board  of  Educa- 
tion plans  to  install  a  steam  heating  plant 
in  the  addition  which  it  plans  to  build  to 
Croft  St.  School.  Total  estimated  cost, 
$125,000.  L.  A.  W^alsh,  50  Leavenworth 
St.,  Arch. 

N.  Y.,  Amsterdam — The  Adirondack  Elec- 
tric Power  Corp.,  30  East  Main  St.,  plans 
to  build  a  transmission  line  from  here  to 
Little  Falls.     C.  O.  Wil.son,  Supt. 

N.  Y..  Brooklyn — The  Brooklyn  Hebrew 
Home  &  Hospital  for  the  Aged,  Howard 
and  Dumont  Aves.,  will  install  a  steam  beat- 
ing plant  in  the  4-story.  90  x  inO  ft.  home 
and  hospital  addition  which  it  plans  to  build. 
Total  estimated  cost,  $100,000.  L.  A. 
Abramson,  220  5th  Ave.,  New  York  City, 
Arch. 

N.  Y..  Brooklyn — The  Cairns  Holding  Co. 
Inc.,  c/o  the  Gillies  Campbell  Co.,  Con- 
tractors, 101  Park  Ave.,  New  York  City, 
will  install  a  steam  heating  system  in  the 
9-story.  75  x  119  ft.  factory  which  it  plans 
to   build   on  Atlantic  Ave.   and   Classon   St. 

N.  Y..  Brooklyn — The  Levy  Bros..  189 
Montague  St.,  will  install  a  steam  heating 
plant  in  the  2-story,  130  x  180  ft.  theater 
which  they  plan  to  build  on  Bedford  Ave. 
and  Lincoln  Rd.  Total  estimated  cost. 
$500,000. 

N.  Y..  Brooklyn—The  Washington  Amuse- 
ment Co.,  c/o  Zipkes,  Wolff  &  Kudroff, 
Arch.,  25  West  42nd  St.,  New  York  City, 
will  install  a  steam  heating  plant  in  the 
IJ-storj-.  100  X  137  ft.  theater  which  it 
plans  to  bjJld  on  Washington  Ave.  and 
Prospect  P'.     Total  estimated  cost,  $100,000. 

N,  Y„  Cohoes — The  Board  of  Education 
will  install  a  steam  heating  plant  in  the 
3-story  high  school  which  it  plans  to  build. 
Total  estimated  cost,  $210,000.  Tooker  & 
Marsh,  101  Park  Ave.,  New  York  City, 
Engr. 

N.  T.,  Far  Rockaway — B.  S.  Moss.  729 
7th  Ave.,  New  York  City,  will  install  a 
steam  heating  plant  in  the  theater  which 
he  plans  to  build  on  Mott  Ave.  and  St. 
James  St.  Total  estimated  cost,  $250,000, 
De  Rosa  &  Pereira,  110  West  40th  St.,  New 
York  City,   Arch. 

N.  Y..  Geneseo — L.  F.  Pilcher.  State  Arch., 
will  soon  receive  bids  for  remodeling  and 
building  an  addition  to  the  heating  and 
ventilating  systems  at  the  Geneseo  Normal 
School  here.  $60,000  available  for  the  proj- 
ect.    Address  J.   V.   Sturges,    Principal. 

N.  Y.,  Glen  Falls — The  Arrow  Grip  Manu- 
facturing Co.  has  increased  its  capital  stock 
from  $100,000  to  $500,000  and  will  install 
power,  heating  and  special  machinery  in 
the  factory  which  it  plans  to  build  on  land 
adjoining  the  Delaware  &  Hudson  R.  R. 
Total  estimated  cost.   $150,000. 

N.  Y.,  Iroquois — The  Board  of  Managers. 
Thomas  Indian  School,  plans  to  install  re- 
frigeration equipment  for  the  ice  house, 
also  dairy  room  and  cold  storage  building 
and  ammonia  system.     W.   Hunt,  Pres. 

N.  Y.,  Long  Island  City — The  Louraine 
Magneto  Co..  Bridge  Plaza,  has  awarded 
the  contract  for  the  construction  of  a  3- 
story,  100  x  150  ft.  factory  on  13th  St.. 
near  Van  Alst  Ave.,  to  the  Northeastern 
Supply  Co.,  Harris  Ave.  A  steam  heating 
svsteiTi  will  be  installed  in  same.  Total 
estimated  cost,   $125,000. 

N.  Y..  New  York — The  Terminal  Ware- 
house Co..  17  South  William  St..  will  in- 
stall a  steam  heating  plant  in  the  2 -story 
warehouse  which  it  plans  to  build  at  29-31 
South  William  St.  Total  estimated  cost, 
$100,000.  J.  W.  O'Connor,  3  West  29th  St., 
Engr. 

N.  Y,,  Rochester — The  Whit-Field  Map 
Co.  Inc.  will  install  power  and  special  ma- 
chinery in  the  factory  which  it  plans  to 
build.  Estimated  cost  of  machinery  and 
power  from  $25,000  to  $35,000.  Address 
I.   A.   WTiitman,   Rochester. 

X,  Y..  Watertown — The  Northern  New 
York  Utilities  Co  Inc..  Light  &  Power  Bldg  , 
plans  to  build  a  transmission  line  from 
Watertown  to  Brownville  and  replace  the 
present  3  000  volt  current  with  one  of  22.000 
volts.  Electrical  equipment,  including  trans- 
formers, etc.,  will  be  required  for  same, 
H.  G.  Davis,   Ch.  Engr. 
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r<>nn..  TMitiaquK — J  (i  Moiili-y.  TtiJitR- 
quii,  uml  J.  U  (ioiiilln.  riilmiTiiin.  havn 
|i<iim-il  from  rlii-  I.<'IiIkIi  •'<»tl  &  NkvIkuiIoii 
«'ii  the  Krotip  nil  wlilih  tlii'V  |ilaii  In  liullil 
li  L'-ntory.  iW  •»  '.Ml  fi  f:ii-l.ir.v  f>>r  miiiUIiik 
loo  uiiil  lc<>  cn-iiiti  tXliiiiktiMl  i>oHl.  JldO.- 
000. 

n.  C.  W<Mhli««lun — Tlic  (IcoFKc  WnMhlnn- 
lon  Mi-iiiorliil  .\i«<ofliitli>ii.  Si-oll  I'ln-U-.  will 
limlall  a  mriiii\  l«-utliiK  plant  In  llu-  4-t<ii>ry. 
"Oil  X  HJO  fl  iiiiMiiiri;il  liullilliiK  which  It 
plan»  lo  Imlld.  Total  I'Hlinuit.-il  i-osi,  $4.- 
000.0011  Tni.T.v  .V  Swiiiloul.  18  W.h!  34lh 
St..    New   York   I'lty.    ICiiifr. 

dm.,  raliimbu*— Th,.  KaKl.'  &  Photilx 
Mills.  Front  St  .  phtns  to  build  n  new 
|M>w<<r  hoiimv  l.ookwoiid.  ijroune  ft  ''i.. 
H.-ah'V    UlilK.    .\tlaiita.    ICiitfr. 

Kla..  Jn<-k»oiivlllp-  Th,'  Atlantic  National 
[tank  will  In.tiall  a  strain  hoatinR  plant  In 
the  1-storv.  50  x  100  ft  hank  which  II  plans 
to  build.  ■  Total  csllnialixl  cost.  $100,000. 
Mowbrav  &  riling,  r.  .16  Liberty  St..  New 
York   City.    I-TiiKr. 

Ohio.  Akron — The  floodyoar  Tire  &  Rub- 
ber To..  Market  St..  will  Install  a  steam  hent- 
Inir  plant  In  the  l-.story  w.-lfare  bullillnK 
which  It  plans  to  build  Total  estimate:! 
cost.  JIOO.OOO  Walker  &  Weeks,  1900  Eu- 
clid   BldK.    Cleveland.    Arch. 

Ohio.  Clrvrhind — The  Cleveland  Automo- 
bile Co.  Ka.sl  1.11st  St  and  St.  Clair  .\vi' ,. 
plan.i  to  build  a  4-storv  boiler  house  on 
lA>n.lon  Rd  lO.stiniatecI  cost,  $100,000.  E. 
Mctleorjre.    1!>00   Kudid   .-Xve.,   Arch. 

Ohio.  rieveb«nd — The  Cream  Cone  Ma- 
chine Co..  IS.'ii!  Undid  .\ve..  has  awarded 
the  contract  for  the  construction  of  a  3- 
story.  (.0  X  100  ft.  factory  on  East  59th 
St  and  IIouKh  .\ve.  to  the  A.  A.  I^ane  Con- 
struction Co..  lS3f.  ICuclid  Ave.  A  steam 
heatlnp  pl.mt  will  be  installed  in  same. 
Total    estimated    cost.    $100,000. 

Ohio,  rieveliind  -  Taul  Bros.,  Citizens* 
Bide,  will  install  ;i  steam  heatinp  system 
In  the  1 1-storv  ollice  buildinf?  which  they 
plan  to  build  on  East  fith  St.  and  Vincent 
Ave.  Total  estimated  cost.  $750,000.  G. 
A.   Grieble.   Sloane  Bhig-.,   .Arch. 

Ohio,  Wrtverl.v — The  city  has  appropri- 
ated $11,000  for  all  necessary  electrical 
equipment  for  liphtinp  the  town.  Address 
the  City   Clk. 

Ind.,  Attira — The  N'eal  Gravel  Co..  Indian- 
apolis, plans  to  double  the  capacity  of  its 
present  gravel  output  which  will  necessitate 
the  purchase  of  new  engines,  boilers, 
crushers,  screeners.  gr.ivel  removing  equip- 
ment and  possibly  a  new  steam  shovel. 

Ind..  Vevay — The  Bo.ard  of  Commission- 
ers plan  to  install  a  complete  steam  heating 
system   in   Court  House. 

Mich.,  Detroit — The  Alfred  Street  Jewish 
Congregation  will  install  a  steam  boiler  in 
the  2-story.  55  X  76  ft.  synagogue  which  it 
plans  to  build  on  Alfred  St.  Total  esti- 
mated cost,  $50,000.  R.  Finn.,  1144  David 
Whitney   BIdg.,   Arch. 

Mich,,  Detroit — H.  Kr,amer  &  Sons.  1697 
Gratiot  Ave.,  will  install  a  complete  steam 
heating  pl.ant  consisting  of  boiler,  fans, 
motor  driven  air  compressor,  etc..  in  the 
2-story,  80  x  230  ft.  theatre  and  stores 
which  it  plans  to  build  on  Michigan  Ave. 
between    Bushey    and    Greusel    Ave.      Total 


mtlmntrd  com,  $180,000  C  II.  Crane  and 
K  O  KU'hIer.  232i  Olmu  Hank  Hide. 
Archill 

MIrh..  Itrlroll — Ht.  Ambr>>H«  TarlNh.  Way- 
burn  Ave.  will  InHtall  coiiiplele  Hieain  heat - 
Imr  aliparattiH  In  tli<>  2-Hlory,  76  x  100  ft. 
school  whli-h  it  plaiiH  lo  build  on  Wayburn 
Ave  anil  .Mier  Ud  lOstlinaleil  cohI,  $100,- 
000  lionaUlHon  &  Meier,  1314  renubm^ut 
llldg..    Arch 

III,,  ChlrnKo — Tho  Fourteenth  Church  of 
ChrlHl  ScieiillHt,  c/o  N.  M.  Punning  Arch., 
310  Souih  \V,ilia«h  Ave.,  will  liiHtiill  a.  Hteam 
h.-.aling  pl,int  In  lb.-  l-story,  105  x  140  ft. 
church  which  It  plaiiH  to  bull<l  on  Pauline 
and  SunnvMlib-  Ave.  Total  eHtlmiited  cotit, 
$176,000. 

III..  Chlenco — Sihmldt.  Garden  &  Martin. 
ArchtH  ,  104  .South  Michigan  Ave,  are  n'- 
ceiving  bids  for  the  construction  of  a  1- 
storv  Ice  factory  on  l«iki-  I'jirk  Ave.  and 
l'4lh  SI.  for  the  Ilydrox  Co..  3643  Normal 
Ave. 

in..  Chlraico — The  Sixteenth  Church  of 
Christ  Scientist,  1700  hunt  Ave,  will  In- 
stall a  steam  hiiating  plant  In  the  1 -story, 
100  X  IfiO  ft.  church  which  It  plans  to  bulhl 
on  Ashland  and  Kenllworth  Ave.  Total 
estimated  cost,  $200,000.  H.  S.  Cheney,  208 
South   L.a   Salle   St..   Arch. 

III.,  Forext  Turk — Card  In  &  Manos,  c/o 
O.  P  Speyer,  Arch.,  6507  Greenvlew  Ave.. 
Chic.igo,  will  Install  a  steam  hi'atiiig  plant 
in  the  3-slory.  75  x  125  ft  theater,  store 
and  .apartment  which  they  pKin  lo  build  on 
Madison  .and  Harlem  Ave..  Total  estimated 
cos-t.    $150,000. 

Win..  Kiel — The  village  Is  in  the  market 
for  a  deep  well  pump,  a  35  hp.  electric 
motor  and  air  compressors  for  power  plant. 

Wis.,  Wyoeena — The  Columbia  County 
Electric  Light  &  Power  Co.  will  install 
motors  for  running  .an  electric  feed  and 
flour  mill.      Address   J.    Figor.    Jr. 

Minn.,  Alturs — The  Power  Engineering 
Co..  510  Corn  E>xchange,  Minneapolis?,  plans 
to  build  a  light  and  power  plant  here,  to 
supplv  the  villages  and  towns.  Estimated 
cost,    $300,000. 

Minn.,  Diiluth — The  Board  of  Education. 
Glencoe  Bldg  .  will  install  a  ste.am  heating 
and  ventilating  system  in  the  school  which 
it  plans  to  build  on  Riverside  Townsite. 
Total  estimated  cost.  $110,000.  C.  A.  Brom- 
son.  Secy.  Croft  &  Boerner,  Lansdale  Bldg., 
EngT. 

Minn.,  Minneapoli.s  — The  Northwestern 
Catalogue  Co.,  800  Phoenix  Bldg.,  will  in- 
stall a  steam  heating  plant  in  the  4-story, 
100  X  100  ft.  warehouse  which  it  plans  to 
build.  Total  estimated  cost,  $100,000.  Long. 
Lamoreaux  &  Long,  1028  Andnis  Bldg., 
Arch. 

Mo..  Carondolet  (St.  Louis,  P.  O.) — The 
Mineral  Refining  &  Chemical  Corp.  will  re- 
ceive bids  about  June  1  for  the  construction 
of  a  paint  and  pigment  plant  on  the  Missis- 
sippi River  front.  Plans  include  power 
plant,  packing  plant,  etc.  Estimated  cost, 
$2,500,000.      M.    Alayo,   Vice-Pres. 

Mo..  St.  Louis — The  C.  Nelson  Manufac- 
turing Co.,  2300  Division  St..  is  in  the  mar- 
ket for  several  electric  motors,  planers, 
saws  and  woodworking  machinery. 


r»l..  ll<>dwoo<l — Th«»  city  planH  durtlon 
noon  to  vole  on  liondn  for  the  conHtrucllon 
of  7  brIilKeH,  a  newnKi-  pilinpInK  plant  and 
a  macudnm  roii't  IcidlnK  to  the  puinplns 
Hiallon.      C.    K.    Dlmnilck,   City    EiiKr 

N.  H.,  Markii  Harbour-  The  Town  Coun- 
rll  IB  havliiir  pluriH  pre|Mtred  for  the  In- 
Htallatlon  of  an  electric  llKht  plant.  Entl- 
niutiMl    coHt.    $60,000. 

Qiir.,  Tlirrc  KlvrrH — The  Canadian  Pacific 
ll.R,  Wlndi^or  SI  .  Montnal,  will  noon  re- 
cidvK  bids  for  electrifying  br,inch  line  from 
Three  Rivers  lo  Shaw<neg,in  Falls  and 
(irand   Mere       J     .M     Falrbalm,  Ch     Eiigr 

Onl.,  Oalrltn—  The  Galutta  Electric  I'ower 
Co.,  Arnprlor.  plans  to  I'Xiend  their  linen 
from  Galetta  to  Arnprlor.  J.  R  Dodd. 
Arnprlor,   Gen    .Supt 

Ont..  London-  A  Divlney,  St  Marys,  1:4 
In  the  market  for  a  steam  engine,  boiler, 
etc.,  lo  be  iiiHtallefl  In  the  Max  mlllii  which 
ne  plans  to  build.  Total  estimated  cost, 
$50,000. 

Onf.,  Harnia — W.  D  Ferguson  and  J. 
McCutcheon  have  purchase<l  a  bulldlnic  .at 
313  F^ront  St.,  and  will  remodel  same  for 
a  cold  storage  plant.  Estimated  cost,  $25,- 
000. 

Ont.,  Wrliund — The  citv  plans  to  build 
an   Ice  plant.      Estimated   oost,   $35,000, 

rONTRAC'TH     AWAKDKD 

N.  v..  Rorkuway — The  Hureair  of  Yards 
&  Docks.  Navy  Department,  Washington. 
D  C..  has  awarded  the  contract  for  the 
construction  of  a  pump  house  for  electric 
remote  control  gasoline  system  at  the  Naval 
Air  Station  here,  to  C.  Mead  &  Co  ,  38  Park 
Row,  New  York  City.  Estimated  cost,  $1,- 
664.      Noted    Apr.    29. 

N.  v..  Westfleld— Armour  &  Co..  208  South 
La  Salle  St.  Chicago,  111.,  has  awarded  the 
contr.act  for  rebuilding  its  3-story,  130  x 
200  ft.  factory  and  54  x  51  fl.  power  house, 
destroyed  b.v  fire,  to  the  Black  Construction 
Co..  20  West  Jackson  Blvd..  Chicago,  111. 
Estimated    cost,    $210,000. 

Md..  Baltimore — The  city  has  awarded 
the  contract  for  furnishing  and  erecting  a 
30,000.000  gallon  turbo-centrifugal  pump 
and  auxiliary  equipment  to  be  installed  at 
the  Mount  Roy.al  Pumping  Station,  North 
Ave.  and  McMechen  St.,  to  the  Worthing- 
ton  Pump  &  Machine  Corp.,  115  Broadway. 
New  Y'ork  City.  Estimated  cost,  $26,258. 
Noted    Dec.    24. 

Fla.,  Pensaeola — The  Bureau  of  Yards  & 
Docks,  Navy  Department,  Washington.  D. 
C,  has  awarded  the  contract  for  power 
plant  improvements  here,  to  the  Carroll 
Electric  Co.,  714  12th  St.,  Washington.  D. 
C.      Estimated  cost,   $54,500    (150  days). 

Ohio,  Cincinnati — The  Dolly  Varden 
Chocolate  Co.,  411  Laurel  St.,  has  awarded 
the  contract  for  the  constmction  of  a  6- 
story.  53  x  100  ft.  candy  factory,  to  the 
Ferro  Concrete  Construction  Co.,  Richmond 
and  Harriet  St.  A  60-ton  carbon-dioxide 
refrigerating  system  and  a  150  hp.  boiler 
will  be  installed  in  same.  Estimated  cost, 
$80,000. 

Minn..  Cloquet — The  Board  of  Education 
has  awarded  the  contract  for  installing  a 
heating  svstem  in  the  high  school,  here, 
to  H.  Gazett,  423  Superior  St.,  Duluth.  Es- 
timated  cost.    $28,600. 
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Opportunities  J 


CONTRACTS 

Contracts  to  be  let  for 
furnishinj^  Boilers,  Stokers 
and  Drivers. 


TO  SELL 


POSITIONS 

For  Mechanical  and  Electrical 
En  g  i  n  e  e  r  s,  Superintendents, 
Chief  Engineers,  Salesmen,  etc. 
— and    men    for    like    position!. 

TO  BUY 


Advertisements  of  equipment  wanted  to  purchase 
— of  ccjuipment  offered  for  sale  at  bargain  prices. 

All  these  "Opportunities"  appeared  in  last  week's  issue. 
You  will  find  those  offered  this  week  on  pages  83  to  90. 


These    are    prices    to    the    power    plant    by    jobbers    in    the    larger    buying    centers   east    of    the 
Mississippi.    Elsewhere  the  prices  will  be  modified  by  increased  freight  charges  and  by  local  conditions. 


POWER-PLANT  SUPPLIES 


HOSE— 

Fire  50-Ft.  Lengths 

Underwriters'  2 j-in 70c.  per  ft. 

Common,  2J-in 40  % 

Air 
First  Grade        Second  Grade       Third  Grade 

!-in.  perft $0  50  $0  35  $0  25 

Steam — Discounts  from  List 

First  grade 30%         Speond  grade  40%          Third  grade         40-10% 

RUBBER   BELTING — The    following    discounts    from    list    apply    to    trans- 
mission rubber  and  duck  belting: 

Competition     60  %         Best  grade 35  % 

Standard 50% 

Note — Above  discounts  apply  on  new  list  issued  July  1. 
LEATHER  BELTING — Present  discounts   from    list   in    the   following   cities 
are  as  follow! : 


New  York... 
St.  Louis  . . . 

Chicago 
Birmingham . 
Denver 


ium    Grade 

Heavy  Grad 

45% 

35% 

45% 

50% 

45% 

40% 

35% 

35% 

5-5% 

30% 

RAWHIDE  LACING— 20%  for  cut;  45c  per  sq.  ft.  for  ordinary. 

PACKING — Prices  per  pound; 

Rubber  and  duck  for  low-pressure  steam $0. 90 

I   60 

I   00 

I    20 

I   60 

I   00 

I    20 

.60 

.80 

.50 

.30 


Asbestos  for  high-pressure  steam 

Duck  and  rubber  for  piston  packing 

Flax,  regular        

Flax,  waterproofed        

Compressed  asbestos  sheet 

Wire  insertion  asbestos  sheet 

Rubber  sheet  

Rubber  sheet,  wire  insertion      . 

Rubber  sheet,  duck  insertion  .    

Rubber  sheet,  cloth  insertion 

Asbestos  packing,  twisted  or  braided  and  graphited,  for  valve  stems  and 

stuffing  boxes 

Asbestos  wick,  j-  and  l-lb.  balls      


I    20 
85 


PIPE    AND     BOILER     COVERING — Below    are    discounts    and    part     of 
standard  lists: 

PIPE  COVERING 

Standard  List 
Pipe  Sis*  Per  Lin. Ft. 

l-in.  $0  27 

2-in.  36 

6-in.  80 

4-in.  60 

3-in.  45 

8-in.  I   10 

lO-in.                                 I  30 
85%  magnesia  high  pressure 


For  low-pressure  heating  and  return  lines 


BLOCKS  AND  SHEETS 
Price 
Thickness  per  Sq.Ft. 

Hn.  $0  27 

I  -ici.  .30 

U-in  .45 

2-in  60 

2Hn.  75 

3  -in.  90 

3i-in.  I   05 

List 

f  4-ply 58%  off 

\  3-ply 60%  off 

I  2-oly      62%  off 


GREASES — Prices  are  as  folio 
for  barrel  lots: 

Cin- 
cinnati 


in  the  following  cities  in  cents    per    pound 


Cup 

Fiber  or  sponge 
Transmission.  . 

Axle 

Gear 

Car  journal. . . 


7 

4J 
41 

22(gal.) 


Pitts- 
burgh 

9 

10 


21  (gal.> 


Chicago 
5i 


4J 


St. 

Louis 

7  2 

13 

13 

4  75 
7  5 
4  9 


Bir- 
mingham 
81 
81 
8} 
♦1 
81 
81 


Denver 

Ml 

18 

20 

51 


COTTON   WASTE — The   following  prices  are  in  cents  per  pound: 

# New  York  ^ 

Current           One  Year  Ago  Cleveland          Chicago 

White n.00tol3  00             13  00  16  50        12  00tol6  50 

Colored  mixed..    .      8  50tol2  00             12  00  13  00        Il50tol4  00 


WIPING  CLOTHS — Jobbers'  price  per  I  BOO  is  as  follows: 


Cleveland 
Chicago 


131x131 
$52  00 
48   00 


131x201 

$58  00 

50  00 


LINSEED  OIL— These  prices  are  per  gallon: 

—  New  York — .  . Cleveland -^ Chicago 

Current         One        Current        One        Current        One 

Year  Ago  Year  Ago  Year  Ago 

Raw  in  barrels $1   55         $1    55         $1   68       $1   65         $1   66  $1.65 

5-gal  cans I    70  1   65  1    85  I    80  1    86  I    75 


WHITE  AND  RED  LEAD— Base  price  per  pound: 
. Red- 


I  Year  Ago 


Dry  In  Oil 

lOO-lb  keg 13  00  14  50 

25- and  50-lb.  kegs.         13   25  14   75 

I2j-lb    keg 13    50  1 5  00 

l-lb.  cans      1 5   00  16   50 

5-lb.  cans 16  00  I  7   50 


Dry 
II    25 

II  30 
II  75 
:?  25 
n   25 


In  Oil 
II  50 
II  75 
II  00 
13  00 
13  50 


. White 

Current  I  Yr.  Ago 
Dry 
and 
In  Oil 
13  00 
13  25 
13   50 

15  00 

16  00 


AMMONIA— Price  per  pound  in  St.  Louis  for  26  deg.  V.  S.   P.,    lOO-lb.  car 
boys,  is  lie;  in  1000-lh   drums,  9c 

RIVETS — The  following  quotations  are  allowed  for  fair-sized  orders  from  ware- 
house: 

New  York        Cleveland        Chicato 

Steel  A  and  smaller 40%  60-5%  45% 

Tinned 30%  60-5%  40% 

Boiler  rivets,  J ,  I ,  I  in.  diameter  by  2  in.  to  5  in.  sell  as  follows  per  1 00  lb. : 
New  York        $6  35     Cleveland. ..  $4  75     Chicago ..    $4  72     Pittsburgh..,   4  65 

Structual  rivets,   same   sires: 
New  York.    .    $b   25     Cleveland.     $4  85     Chicago       $4  82     Pittsburgh. ..$4  75 

REFRACTORIES — Following  prices  are  f.  o.  b.  works,  Pittsburgh: 

Chrome  brick net  ton  $120.  00  at  Chester,  Penn. 

Chrome  cement net  ton  65.  00  at  Chester,  Penn. 

Clay  brick,  1st  quality  fireclay net  ton  40-30  at  Clearfield,  Penn. 

Clay  brick,  2nd  quality net  ton  38-48  at  Clearfield,  Penn. 

Magnesite,  dead  burned          net  ton  32.50  at  Chewalah,  Penn. 

Magnesite  brick,  9  x  41  x  21  in net  ton  80-90  at  Chester,  Penn. 

Silica  brick net  ton  45-55  at  Mt.  Union,  Penn. 

Standard  size  fire  brick,  9  x  4i  x  21  in.     The  second  quality  is  $4  to  $5 
cheaper  per  1000. 

St.  Louis— Fire  Clay,  $35  to  $50. 

Birmingham — Fire  clay,  $45;    silica,  $50;  magnesite,  $85;  chrome,  $95. 

Chicago — Second  quality,  $25  per  ton. 

Denver — Silica,  $35  per  1000. 

FUEL  OIL  —  Domestic  light,  22-26  deg.,  Baume,  is  lOJc.  per  gal.  in  St.  Louis. 

BABBITT  METAL — Warehouse  prices  in  cents  per  pound: 

. New  York .  . Cleveland  — ~       ■ Chicago 

Current         One  Current  One  Current  One 

Year  Ago  Year  Ago  Year   Ago 

Best  grade. .. .    87  00         90  00  79  00  90  00  75  00  90  00 

Commercial..      42  00  50  00  18  50  30  00  15  00  30  00 

SWEDISH    (NORWAY)    IRON— The  average  price  per  100  lb.,  in  ton  lots,  is: 

Current  One  Year  Ag  o 

NewYork $2S.50-}0  $15.00 

Cleveland 20.00  15.00 

Chicago 16.50  15.00 

In  coils  an  advance  nf  50c.  usually  is  charged. 

Domestic  iron  (Swedish  analysis)  is  selling  at  1 5c.  per  lb. 

POLES — Prices  on  Western  red  cedar  poles: 

New  York  Chicago  Denver  San  Francisco 

6  in.  by  30  ft $5.82  $5.17  $4  55             $5.17 

7  in.  by  30  ft 7  65  6  85  6.10                6  85 

7  in.  by  35  ft II    10  10  00  8  95  10  00 

8in.by35ft 12  65  1135  10  10  1135 

7in.by40ft 12  85  1150  10  20  1150 

8  in.  by  45  ft 18  90  16.90  15  00  16  90 

8  in.  by  50  ft 22.65  20.30  18  00  20  30 

lOc.  higher  freight  rates  on  account  of  double  loads. 

For  plain  pine  poles,  delivered  New  York,  the  price  is  as  follows: 

lO-in.  butts,  5-in.  tops,  length  20-30  ft $9  00 

1 2-in.  butts,  6-in.  tops,  length  30-40  ft 1150 

1 2-in.  butts,  6-in.  tops,  length  41-50  ft 12  50 

14-in.  butts,  6-in.  tops,  length  51-60  ft 21  00 

14-in.  butts,  6-in    tops,  length  61-71  ft 23  50 


PIPE — The  following  discounts  are  for  carload  lots  f. 
card  of  Jan.  1 ,  1919,  for  steel  pipe  and  for  iron  pipe: 


b.  Pittsburgh;  basing 


Inches 

1    1.  andj... 

1 

}  to  3 


Steel 
Black 
50J% 
541% 
571% 

501% 


Galvanized 

24% 
40% 
44% 


BUTT  WELD 

Iron 
Inches  Black 

S  to  11 39S% 


38% 
41% 


LAP  WELD 

2 321% 

21  to  6 34}% 


Galvanised 
231% 


18J% 
2li% 


21  to  6 531% 

BUTT  W^LD,  EXTRA  STRONG  PLAIN  ENDS 

1,   iandl 46J%  29%  J  to  1} 391% 

1    51  J,  %  39% 

I  to  11 55;%  43% 

LAP  WELD,  EXTRA  STRONG  PLAIN  ENDS 

2 48%  371%  2 335% 

21to4 51%  40!%  2lto4 35f  % 

41  to  6 50%  39!%  41  to  6 345% 

Stock  discounts  in  cities  named  are  as  follows: 

-New  York-       -Cleveland-        Chicago    

Gal-  Gal-  Gal- 

Black  vanized  Black  vanizcd     Black         vaniied 
5  to  3  in.  steel  butt  welded.    47%       31%      461%     31    %      571% 
2}  to  3  in.  steel  lap  welded       42%       27%      421%     271%      5I>5% 


24J% 


20}% 
23}% 
221% 


44% 
41% 


500  lb.  lots  less  10%  discount;   2000  lb.  lots  less  10-2}%. 


Malleable  fittings    Class  B  and  C,  from  New 
Cast  iron,  standard  sizes,  10%  off 


York  stock  sell  at  list  -1-121%. 
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ROII.KK 

I'llUhiirgli: 


Tlin    (ulluwinc    kr«    iho    |irir>ni   (nr   I'lirlniiiJ    Inla,   I     n    l> 


I.Bp\V,l,lr>I.Stwl 


lu  i  III 


401 
I0| 

1^1 


H  In  41  I 


( 'Knrrnnl  Iron 


21  lu  2]  11. 
2  to  21  II. 


I 
+  I 

.+16 
+  29 
SlniiilitrJ  C'uiiiiiK'ii'iitl  .Si'iinili-H — C'ulil  DruHii  ui  llul  Holli-d 

IVr  N.I  T..I.  Prr  Nrt  Ton 

I  In  $127  i;  in  .    $107 

li  in  ;i.7  2  to  2i  in    177 

l|  in  2.7  21  to  Jj  in 167 

l«  in  J07  4m  187 

4»to5in 207 

Thecr  prir.'S  >lo  not  >p|>ly  lo  apaTinl  ipn-ifirniiunn  for  loromotivi'  '.ubrii  nor  t<i 
■prcial  npi^oifirtitiiinii  for  liib**!  for  llti'  Niivy  1>i'pi.rtni.'ii1.  which  wil*  b.*  iul.jcri  ii> 

•  p»ri»l  n.'irollnli.n 

ELECTRICAL  SII'PLIES 

^ ieiieral  Derliiie  ICzpeitcd,  To  Be  N'utol  iu  Nezt  Inui 


ARMORED  CABLE- 

B.diS.  Site 


Two  Conii 
M  Ft 

.\u.  14  solid    $104  UO 

No    l2iolid  MS  UU 

No.  lOaolid  185  00 

No   8  strandrd 2U  00 

No   6  stranded  370  00 

From  the  above  lists  discounts  are: 

Lost,  than  coil  lots 

Coils  to  1. 000  ft 


Thro.'  Cond 
M  H 
$138  00 
170  OU 
235  00 
325  00 
472  00 


wo  fond. 
I.('ii.l 
M  Ft 

$164  00 
211  00 
255  00 
345  00 
625  00 


Thru- Cond 
Lead 
M  Ft 
$222  00 
290  00 
325  00 
450  00 


Net   List 
10% 


1,000  ft    and  over 15% 

IBATTERIES.   DRY— Regular  No.   6  sise  red  seal,  Columbia,  or  Ever  Ready 

Each.  Net 

Less  than  12 $0  40 

1 2  to  50  38 

50  to  1 25  (bbl.) 35 

125  tbbl.)  or  over 32 

t:ONniITS.    ELBOWS   AND  COUPLINGS— Following   are   warehouse   net 
prices  ptr  1 000  (t.  for  conduit  and  per  100  for  couplings  and  elbows: 

~       "    '  Couplings ■ 

Black      Galvanised 

1 00  and 

Over 

$5.74 

6.70 

9.57 

12  44 

17   12 

21.15 

28  20 

40.28 

60.42 

80.56 

100.70 

5%  cash  10  days. 

From  New  York  Waiehouse — Less  5^  cash. 

Standard  lencths  rigid,  10  ft.    Standard  lengths  flexible,  Jin.,  lOOft.    Stand- 
ard lengths  flexible,  i  to  2  in  .  50  ft. 


CONDUIT  NON-METALLIC,  LOOM— 

pe 

250 
r  250 

{  250 

)  200 

I  200 

}  150 

1  100 
1}  100 
l|                              Odd  lengths 

2  Odd  lengths 


List,  Ft. 
$0,051 
06 
.09 
.12 
.15 
.18 
.25 
.33 
.40 
.55 


Coils 60%  off 

Less  coilf,  50%  off 


Cl'T-OUTS — Following  are  net  prices  each  in  standard-package  quantities: 
CfT-DT-TS     PT.T'n 


?  P.  M.  L.. 
n.  P.  M.  L. 
T  P.  M.  L. 
D  P.  S.  B.. 
D   P.  D.  B. 


D   P.  ML 

T.  P.  M.  L 

D.  P.  S.  B 

T.  P.  S.  B 

D   P.  D.  B 

T   P   D.  B.. 

T    P.  to  D.  P.  D.  B 


CUT-OUTS,  PLUG 

$0.11         T.  P.  to  D.  P.  S.  B. 

18         T.  P.  to  D.  P.  T.  B. 

26         T.  P.  S.  B 

19         T.  P.  D.  B 

37 

CUT-OUTS,  N.  E.  C.  FUSE 

0-30  Amp.  31-60  Amp. 


$0  33 
48 
.42 
81 
78 
1  35 
90 


$0  84 
1   20 

1  OS 
1.80 

2  10 

3  60 
2.52 


$0.24 
.38 
.33 
.54 


60-100   Amp. 
$1.68 
2.40 


FLEXIBLE  CORD— Price  per  1000  ft.  in  coils  of  250  ft.: 

No    18  cotton  twisted    $18.00 

No    16  cotton  twisted 24  00 

Nu    18  cotton  parallel    25.00 

No.   16  cotton  p.irallel          32   00 

No.   18  cotton  rt-inforced  heavy 35  00 

No.   16  cotton  reinforced  heavy 42  00 

No.  18  cotton  reinforced  light 30  00 

No.   16  cotton  ninforced  light    36  00 

No    18  cotton  Canvasite  cord 29  00 

No.   16  cotton  Canvasite  cord 35  00 

FUSES,  ENCLOSED— 

2S0-Volt                                            Std.  Pkg.  List 

3-amp.  to    30-amp 100  $0.25 

35-»mp.  to    60-amp 100  .35 

65-amp.  to  1 00-amp 50  .90 

10-amp.  to  200-smp     25  2.00 

25-amp  to  400-amp                  25  3.60 

2-amp  to  600-amp 10  5.50 


600-Volt 


3-an.|>  I 

35-amp  t 

65-an.p  t 

llO-anip  I 

22S->mp  t 

4S0-aiiip  to  600-aiiip 
Discount 


)0-an 
bO-nii 
100  an 
200  nil 
40O  I 


I'l  n.it 

li.l 

100 

.40 

100 

bO 

1    10 

2   50 

5  50 

8  00 

Um  l-5th  sUndard  pMlufl* )0% 

l-ith  to  atan.lard  paekac* 40% 

$2% 


Mtaiidard  pu<-ku|[e 


rvsr.  n.vGft.  mica  cap- 
o-jo ampcr*.  atandarcl  parkage  .... 
0-30  ampere,  Isa*  than  slsndard  paekagc. 


$4  75C 
«  OOC 


LAMP.S     ll.-low  UK-  pr lit  (luotatlona  in  less  tha 

Stniighl-Side  Bulbs 


standnrd  parkuite  'juanlitia 
IVur-.Shapi'  Bulbs 


Maida 

U 

No  in 

Maida  C— 

No.  \i: 

Watts 

Plain 

Frost  .d 

Package 

Watts         Clear 

trusted 

Packair. 

10 

$0  35 

$0  38 

100 

75           $0  70 

$0  75 

50 

15 

35 

38 

100 

100             1    10 

25 

3J 

38 

100 

150             1   65 

40 

3$ 

38 

100 

200             2  20 

50 

35 

38 

100 

300             3  25 

60 

40 

4S 

100 

400             4  30 

12 

100 

65 

92 

24 

500             4  70 
750             6  50 

12 

Standard 

1000             7   50 

Annual  rontraott 

ranging  from  $1  50 

lo  $300,000 

inet  allow 

tt  discount  of  17  to  40 

%  from 

ist 

PLUGS,  ATTACHMENT— 

Each 

Hubbell,  porcelain  No.  5406,       standard  package  250 $0  24 

Hubbell  composition  No.  5467.   standard  package    50 .33 

Benjamin  swivel  No.  903,  standard  package  250 .  2C 

Hubbell  current  taps  No.  5638.  standard  package     50    .40 

RUBBER-COVERED  COPPER  WIRE— Per  1000  ft.  in  New  York 

Solid 
No.  Single    Braid 

14   $12  00 

12   IJ  25 

10  18  30 

8 25.54 

6   

4   

2  

1    

0  

00  

000   

0000  


Solid 

Stranded, 

Double  Braid 

Double  Braid 

Duplex 

$14  00 

$13  90 

$25  00 

15  70 

18  05 

30  70 

21   00 

23  85 

41   50 

28  60 

32  70 
51   40 
70  00 
101  80 
131  86 
160  00 
193  50 
235  20 
288  60 

56  77 

Price*  per 

. 

Single 

.No. 

Braid 

14 

$11.00 

10 

19  20 

26  95 

43  90 

62  35 

92  60 

120  95 

0 

164.80 

1000  ft.  for  Rubber-coveredlWlre  In  Following  Cities: 

-Denver .    . St.  Louis ~ Birmingham . 

Double                 Single     Double  Single    Double 
Braid   Duplex    Braid     Braid    Duplex  Braid     Braid   Duplex 

$14  50  $30  40  $16  00  $2!    00  $33  00  $10  95  $15.25  $27.75 

25.70     49  00     27.20     31   00     69  00  20  25     24.25     46.90 

67  00     38  00     42  00     78  00     27  60     32.60     

65  00   130  00     48  25     54.75      

93  00     66  90     73.75      

140  00     96.00  104.50      

182  00     121.00   136.40     

242  00     169.00   174.60     

290  00     203.50  214.00     

360  00     246.00  257.50     

435  00     295.50  358.50     


34.25 
46  20 
65   15 

96  25     

125  20     

164  80     

00        203  35     

000        248  40     

0000        302.55     

Pittsburg — 34c.  base;" discount  50% 


SOCKETS.  BRASS  SHELL— 

t  In.  or  Pendant  Cap.  )    In.    Cap 

Key,  Keyless,  Pull,  Key,  Keyless.  Pull, 

Each  Each  Each  Each  Each  Each 

$0.33  $0  30  $0.60  $0.39  $0.36  $0  66 

Less  l-5th  standard  package +20% 

l-5th  to  standard  package -i- 10% 

Standard  package — 15% 


WIRE,  ANNUNCIATOR  AND  DAMPPROOF  OFFICE- 

No.  18  B.&S.  regular  spools  (approx.  8  lb.) 

No.  18  B.4S.  regular  l-lb.  coils 


36c.  lb. 
37c.  lb. 


WIRING  SUPPLIES— 

Friction  tape,  i  in.,  less  100  lb.  iOc.  lb.,  100  lb.  lots. 
Rubber  tape,  I  in.,  less  100  lb..  65c.  lb  ,  100  lb.  lots. 

Wire  solder,  less  100  lb.  50c.  lb.,  100  lb.  lots 

Soldering  paste.  2  ox.  cans  Nokorode 


. .  48c.  lb. 

.  .  60c.  lb. 

.  46c.  lb. 

$1  20dos. 


SWITCHES,  KNIFE- 
TYPE  "C"  NOT  FUSIBLE 

Size,  Single  Pole,  Double  Pole,  Three  Pole, 

.\mp.                      Each  Each  Each 

30                        $0  42  $0  68  $1.02 

60                              74  1   22  1.84 

100                          1   50  2  50  3.76 

200                          2.70  4  50  6  76 

TYPE  "C"  FUSIBLE,  TOP  OR  BOTTOM 
30  .70  1  06  1  60 

60  I   18  1  80  2.70 

100  2  38  3  66  5  50 

200  4  40  6.76  10  14 

Discounts: 

Less  than  $10.00  list  value +  5% 

$10  to  $25  list  value —  »% 

$25  to  $50  list  value —15% 

$50  to  $200  list  value ~«^ 

$200  list  value  or  over    25  % 


Four  Pole 
Each 
$1  36 
2  44 
5  00 
9  00 


2  120 

3  60 
7  3 

13.50 
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Electric  and  Elevator  Equipment 
Hotel  Pennsi/lvania 


liv  ('/uiti.  E.Knox, 

CONSULTING  EL£CT/ilCAL  CN6IN££K,  NCtV  YOKK ,  N.V. 


TlIK  OUt- 

s  t  a  n  (t  - 
iiig  require- 
ment of  the  elec- 
trical and  elevator 
equipment  of  a 
hotel  is  service. 
With  the  keen 
competition  ex- 
isting between  the 
hotels  today,  it  is 
mandatory  that 
the  puests  be  pro- 
vided with  every 
convenience  in  the 
Vk-ay  of  lighting, 
signal  systems 
and  elevator  ser- 
vice, so  that  their 
needs  may  be 
quickly  satisfied. 
A  brief  descrip- 
tion of  how  these 
requirements  are  met  in  the  Hotel  Pennsylvania, 
so  far  as  the  electrical  equipment  and  elevator  service 
are   concerned,   may   therefore   prove   of   interest. 

Three  possible  sources  of  current  supply  were  avail- 
able for  the  new  hotel:  First,  a  private  plant  in  the 
building;  second,  the  Pennsylvania  Railroad  power 
plant;  third,  the  New  York  Edison  Co.  In  conjunc- 
tion w'ith  the  electric-current  supply  it  was  of  course 
also  necessary  to  take  into  consideration  the  question 
of  the  steam  supply,  and  in  studying  the  problem  the 
two  were  necessarily  considered  jointly.  All  three 
sources  of  supply  mentioned  were  therefore  carefully 
considered,  and  a  contract  was  finally  made  between  the 
hotel  operating  company  and  the  Pennsylvania  Rail- 
road for  the  supply  of  both  steam  and  electricity. 

It  is  estimated  that  approximately  225,000,000  lb.  of 
steam  and  5,000,000  kw.-hr.  of  electricity  will  be  needed 
each  year  for  the  complete  building. 

There  is  no  question  that  a  private  plant  for  a  large 
hotel  is  usually  more  economical  in  the  production  of 
steam  and  electricity  than  the  purchase  of  the  steam 
and  electricity  supply,  unless  both  could  be  purchased 
at  a  lower  rate  than  the  present  rates  filed  with  the 
Public  Service  Commission  in  the  State  of  New  York. 
In  a  large  hotel,  if  anywhere,  electricity  can  be  produced 
at  a  very  low  rate,  due  to  the  great  exhaust-steam  re- 
quirements and  also  because  a  hotel  is  operated  twenty- 
four  hours  a  day  365  days  in  the  year. 

After  a  study  of  the  cost  of  current  production  was 
made,  a  conclusion  was  reached  that  unless  the  current 
and  steam  could  be  bought  at  a  lower  price  than  the  one 
filed  by  the  Public  Service  Commission,  a  saving  would 


be  eflfected  by  the 
installation  of  a 
private  plant. 
The  New  York 
Edison  Co.  was 
handicapped  by 
the  difficulty  of 
supplying  the 
amount  of  steam 
required.  A  sug- 
gestion was  made 
by  this  company 
that  the  boiler 
plant  in  the  Gim- 
bel  Brothers  store 
be  enlarged  so  as 
to  furnish  the 
necessary  steam, 
but  this  plan  in- 
volved a  number 
of  difficulties  and 
was  not  looked 
upon  with  favor 
by  the  owners.  Furthermore,  the  rate  suggested  was 
not  satisfactory.  The  choice,  therefore,  lay  between 
a  private  plant  and  the  purchase  of  steam  and  current 
supply  from  the  Pennsylvania  Railroad. 

As  the  railroad  company  was  the  owner  of  the  prop- 
erty, they  were  naturally  anxious  to  give  the  hotel 
operating  company  as  favorable  a  rate  as  possible.  A 
thorough  technical  study  was  made  of  the  problem  by 
the  engineers'  for  the  architects  and  the  engineers  of 
the  Pennsylvania  Railroad.  As  a  result  of  this  study 
it  was  finally  agreed  that  both  the  steam  and  electricity 
should  be  purchased  from  the  Pennsylvania  Railroad 
and  that  a  single  engine-driven  500-kw.  electric  gen- 
erator (see  headpiece)  be  installed  in  the  building,  this 
unit  to  be  run  during  the  winter  months  and  use  live 
steam,  the  exhaust  being  used  for  heating  and  for  hot- 
water  supply. 

The  exhaust  steam  from  the  steam  engine  driving  the 
electric  generator  in  conjunction  with  the  exhaust  steam 
from  the  steam-driven  refrigerating  plant,  air  com- 
pressors, etc.,  would  thus  be  available  for  heating  at  all 
times  when  such  amounts  of  exhaust  were  required. 
This  steam-driven  apparatus  would  therefore  virtually 
act  as  a  reducing  valve  with  a  consequent  benefit  to  the 
hotel.  The  load  on  the  generator  during  the  winter 
months  could  be  adjusted  so  as  to  supply  exhaust  steam 
in  proportion  to  the  heating  requirements.  On  cold 
days  the  generator  would  be  run  up  to  its  full  capacity, 
and  on  warm  days  when  the  other  steam-driven  appa- 


iJIessrs.  Tenny  and  Ohmes,  on  the  heating,  ventilating  and  re- 
frigerating equipment  and  Charles  E.  Knox  on  the  electrical  and 
elevator  equipment,  for  the  architects.    McKim,   Mead   &   White. 
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FICx.  1.  SIX-PANEL,  SWITCH- 
BOA  Rl  J  FOR  THE  CONTROL  OF 
THREE  500-KW.  ROTARY  CON- 
VERTERS AND  THE  AETER- 
NATING-CURRENT  POWER  AND 
LIGHTING   CIRCUIT 

I'ant'ls  1,  2  and  3,  counting  from 
the  left,  are  for  the  control  of  the 
rotary  converteis — the  field  rheo- 
stats are  shown  mounted  above  the 
panels.  Panels  1  and  5  are  for  the 
alternating-current  light  and  powei 
circuits.  On  pan.-l  6  are  mounted 
two  primary  ammeters,  six  reverse- 
powei-  relays  and  the  control  for 
the   service   oil   switches. 


FIG.  2.     TWENTY-PANEL  SERV- 
ICE  SWITCHBOARD 

Eight  panels  on  the  left  are  for- 
the  control  of  the  240  direct-current 
power  ciicuit ;  the  next  four  control 
the  300-kw.  engine-driven  direct- 
current  generator,  the  two  20-kw. 
balancer  sets,  and  also  have  mount 
ed  on  them  the  bus-tie  switches ; 
the  remaining  eight  panels  control 
tlie  three-phase  2S0-volt  power  and 
the  12.J-  to  250-voU  single-phase 
lighting  circuits. 


KiG.  ::.  THREE  .-)nn-KW.,  six- 
phase  ROTARY  CONVERTERS 

These  machines  are  compound- 
wound  and  are  equipped  with  in- 
lerpoles.  Each  converter  has  its 
own  starting  panel,  one  of  which 
Is  shown  in  the  foreground.  The 
machines  are  started  from  the 
alteinating-current  end  by  connect- 
ing them,  through  a  tlu'ee-pole 
double-throw  switch,  to  50  per  cent. 
laps    on    the    transformers. 
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ratiis  wtiiild  furnish  a  siifliciriit  (luaiility  nf  cxhau.st 
stoani.  tho  load  on  (ho  .steam-driven  K'^iu'rator  would  he 
i-orro.spdiidinj.rly  rcdmed.  Hy  this  arraii}jronipnt  it  i.s  oh- 
vi(ui.'<  that  the  i-o.st  of  lurrent  jirodmtioti  i.s  riMhiiod  to 
a  miniimini  without  the  iiceessity  of  installi?ijr  a  .steam- 
lioiler  ei|uipnient  and  complete  jfeneratii'jr  j)lant.  The 
installation  of  such  a  plant  would  recpiiie  considerable 
space  that  could  be  well  used  for  other  purposes,  and  its 
operation  would  involve  the  delivery  of  coal,  the  removal 
of  ashes  and  a  larjfe  operating  force. 

The  electric-current  supply,  which  is  GO-cyde  three- 
phase,  ll,OlH)-volt  alternatinp  current,  is  obtained  from 
the  power  plant  of  the  Pennsylvania  Railroad,  located 
in  Lonj^  Island  City,  beinjr  transmitted  to  the  company's 
service  station,  on  l>2nd  St.  between  7th  and  8th  Aves., 
New  York  City,  and  from  there  carried  by  two  sets  of 
No.  000  feeders  through  a  tunnel  to  a  substation,  Figs, 
4  and  5,  adjoining  the  engine  room  in  the  sub-basement 


There  are  two  switrhboarrls  in  the  engine  room.  One, 
a  six-pane!  service  board.  Fig.  1,  is  e(piipped  with  the 
necessary  electrically  operated  remote  control  for  the 
oil  switches  on  the  high-voltage  circuits.  On  this  switch- 
board are  also  located  the  integrating  wattmeters  for 
measuring  the  current  supplied  to  the  building,  over- 
load relays,  reverse-current  relays,  dinrct-current  cir- 
cuit-breakers for  the  rotaries,  etc.  From  this  board 
the  power  and  lighting  feeders  are  run  to  the  hotel  dis- 
tributing board.  Fig.  2,  consisting  of  20  panels,  which 
.serves  to  control  the  main  feeders  distributing  current 
to  the  various  parts  of  the  building.  In  addition  to  the 
two  switchboards  just  de.scribed,  there  is  one  in  the 
laundry  for  all  motor-operated  laundry  machines,  one 
on  the  second  (service)  floor,  a  six-panel  board  for  all 
bedroom-floor  lights  and  one  on  the  roof  floor  to  supply 
power  for  ventilating  motors,  elevators  and  lights  on 
this  floor  and  above. 


FIG.    I.      INTERIOR   VIEW    OP   SUBSTATION 


VIEW  OF  OIL-SWITCH  COMPARTMENTS 


of  the  hotel.  These  feeders  are  connected  through  dis- 
connecting switches  and  electrically  operated  oil 
switches  to  a  ring  bus  made  up  of  1-in,  copper  tubing 
run  exposed.  From  this  bus  the  power  goes  to  five 
banks  of  transformers.  Two  of  these  banks,  each  hav- 
ing three  133J-kv.-a.  single-phase  transformers  con- 
nected delta  to  delta,  step  the  11,000-volt  current  down 
to  120  and  240  volts  for  lighting  and  miscellaneous 
power  purposes  such  as  the  ranges  in  the  kitchen,  etc. 
The  ranges  use  three-phase  240-volt  power,  and  the 
iTghting  is  supplied  at  120  to  240  volts  three-wire. 

Three  other  banks  of  transformers,  each  consisting 
of  three  233J-kv.-a.  single-phase  units,  step  the  11,000- 
volt  power  down  to  187  volts  to  supply  direct  current 
at  240  volts  through  three  six-phase  500-kw.  rotary 
converters.  Fig.  3.  Three-wire  120-  to  240-voIt  direct 
current  is  obtained  from  two  20-kw.  balancer  sets 
operated  in  conjunction  with  the  rotary  converters.  The 
240-volt  direct-current  power  is  used  to  drive  the  ele- 
vators, ventilating  motors,  laundry  machinery,  vacuum 
cleaners,  centrifugal  brine  pumps,  etc. 


There  are  six  subfeeders  from  the  main  switchboard 
to  the  switchboard  on  the  roof  floor  and  eleven  sub- 
feeders  to  the  switchboard  on  the  second  (service)  floor. 
There  are  also  112  power  risers  having  a  total  of  2456 
hp.  connected  load  (not  including  the  laundry).  Of 
these  27  are  for  elevators,  having  1108-hp. ;  one  hundred 
and  eighteen  lighting  risers  feed  240  panel  boards  sup- 
plying an  aggregate  of  3415  circuits,  having  a  total  ca- 
pacity of  2,253,900  watts.  There  were  used  in  the  in- 
stallation of  the  various  circuits  over  600,000  ft.  of 
conduit  of  all  sizes  from  a-in.  to  4-in.,  and  about  2,000,- 
000  ft.  of  wire  of  all  sizes  from  No.  14  duplex  to  2,- 
000,000  circ.mil  cable. 

As  the  27  elevator  machines  are  all  located  in  pent- 
houses on  the  roof,  the  current  supply  for  these  motors 
is  carried  by  feeders  from  the  main  switchboard  in  the 
subbasement  to  the  power  switchboard  on  the  roof  floor. 
From  this  power  switchboard  the  feeders  are  extended 
to  separate  distributing  boards,  one  in  the  passenger- 
elevator  pent  house  and  a  second  in  the  service-elevator 
penthouse.    A  tie-line  switch  is  provided  on  the  switch- 
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board  at  the  roof  floor,  so  arranged  that  the  feeders 
supplying  the  passenger  and  service  elevators  may  be 
tied  together  electrically  and,  by  taking  advantage  of 
the  diversity  factory  resulting  from  the  operation  of 
the  two  banks  of  elevators,  gain  the  benefit  of  the  com- 
bined carrying  capacity  of  the  two  sets  of  feeders.  Ad- 
ditional feeders  are  run  from  the  main  switchboard  in 
the  sub-basement  to  the  switchboard  on  the  roof  floor 
for  supplying  ventilating  and  other  motors  located  on 
the  roof  floor.     Lighting  feeders   run   from   the  main 


FIG.  6.     THREE  OF  THE  TWELVE  PASSENGER,  DIRECT- 
TRACTION  ELEVATOR  MACHINES 

switchboard  in  the  sub-basement  to  the  roof  switch- 
board for  supplying  lighting  on  the  roof  floors. 

In  the  design  of  the  feeder  system  the  size  and  ar- 
rangement of  the  feeders  were  determined  with  a  view 
of  reducing  the  amount  of  copper  required  to  a  mini- 
mum and  at  the  same  time  avoiding  the  possibility  of 
having  such  variation  in  voltage  as  would  materially  af- 
fect the  candlepower  of  the  lamps. 

The  consulting  engineer  had  a  large  amount  of  data 
based  on  the  maximum-demand  factor  on  the  feeder 
systems  of  various  hotels,  and  the  loss  was  determined 
on  the  connected  loads  using  the  demand  factor  found 
to  exist  in  hotels  of  this  class  and  the  allowable  loss  then 
determined.  As  the  variation  in  candlepower  is  much 
more  rapid  than  the  variation  in  voltage,  it  is  obvious 
that  if  too  great  a  loss  were  permitted  in  the  feeders,  the 
resultant  reduction  in  light  produced  in  the  lamps  might 
cause  complaints  from  guests  and  compel  an  increase  in 
the  size  of  the  lamp.  On  the  other  hand,  good  engineer- 
ing required  that  no  more  copper  be  used  than  neces- 
sary to  obtain  proper  results.  Economy  was  also  secured 
on  the  branch  circuit  wiring  by  putting  as  many  as 
ten  or  twelve  outlets  on  a  circuit.  This  is  permissible 
in  a  hotel  for  the  reason  that  additional  outlets  are 
seldom  required  in  the  bedroom  portion  of  hotels,  and 
in  this  respect  it  is  different  from  conditions  in  other 
types  of  buildings. 

The  main  feature  of  interest  in  the  way  of  illumina- 
tion is  the  lighting  of  the  lobby.  The  ceiling  is  of  glass 
arranged  in  an  attractive  design,  supported  on  steel 
framework.  Special  glass  in  two  colors  is  used,  and  in 
the  space  above  the  glass  ceiling  are  placed  a  number  of 
lamps  with  efficient  reflectors,  arranged  for  control  in 
three  groups.  The  lighting  effect  is  very  attractive  and 
is  obtained  with  an  unusually  small  expenditure  of 
energy  for  this  type  of  lighting.  Standard  fixtures 
are  also  located  on  the  floor,  which  are  used  in  connec- 


tion with  the  lighting  above  the  glass  ceiling.  The  serv- 
ice portions  of  the  house  are  generally  lighted  by  lamps 
with  porcelain  enamel  steel  reflectors,  close  to  the  ceil- 
ing, the  object  being  to  obtain  fixtures  requiring  a 
minimum  amount  of  cleaning.  Metal  reflectors  are  used 
to  accomplish  that  purpose  and  also  to  avoid  breakage. 

In  the  design  of  the  signaling  systems  the  object 
sought  was  to  keep  the  installation  as  simple  as  pos- 
sible, reducing  the  initial  expenditure  to  a  minimum  and 
at  the  same  time  to  give  the  guest  every  convenience 
which  the  exacting  demands  of  a  modern  hotel  require. 
As  an  instance  of  the  simplification  of  design,  no  push- 
button calls  are  provided  from  the  bedrooms,  the  tele- 
phone being  used  entirely  for  transmitting  the  guests' 
desires  and  requirements. 

On  each  bedroom  floor  a  floor  clerk  occupies  a  desk 
opposite  the  main  elevators.  From  this  floor  clerk's 
office  pneumatic  tubes  extend  to  the  tube  station  at  the 
back  of  the  main  oflnce,  and  a  telautograph  connects  with 
the  room  clerk,  valet,  porter,  laundry,  etc. 

The  principal  means  of  transmitting  information  are 
the  telephone,  telautograph  and  pneumatic  tubes.  The 
main  telephone  switchboard  consists  of  23  positions,  in- 
cluding 9  incoming,  2  official  and  12  house  positions. 
The  incoming  positions  are  used  for  receiving  messages 
from  outside  of  the  hotel;  that  is,  incoming  calls.  The 
official  positions  are  used  for  connections  for  the  ad- 
ministration oflScers  of  the  hotel  and  the  house  posi- 
tions are  used  for  the  guest's  service,  including  the  out- 
going messages.  The  telautograph  system  consists  of 
60  stations  and  is  used  for  transmitting  messages  left 
by  visitors  and  for  breakfast  orders,  etc.,  and  there- 
fore constitutes  an  important  factor  in  the  hotel. 

The  watchman's  detector  system  is  of  the  portable 
type,  with  the  addition  that  on  each  floor  there  is  pro- 
vided a  separate  watchman's  station  connecting  with 
an  outside  supervised  service.    The  fire-alarm  system  is 


FIG.    7.       ELEVATOR-MACHINE    CONTROL    r.\NELS 

also  of  the  interior  type,  connecting  with  the  engine 
room  and  with  an  additional  signal  station  on  each  floor 
and  directly  through  the  National  District  Telegraph 
Co.  with  fire  headquarters. 

There  is  one  group  of  main  passenger  elevators  con- 
sisting of  two  rows  of  six  elevators  each,  opening  on 
the  passenger-elevator  corridor.  These  elevators  run 
from  the  basement  to  the  roof  floor,  and  by  placing  them 
in  one  group  it  was  deemed  that  better  service  to  the 
guests  would  be  provided  and  less  confusion  would  occur 
in  locating  the  elevators. 

Two  elevators  are  installed  at  the  southwest  corner  of 
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I  ho  liuiUlinK.  whiih  servo  lo  carrv  piissoiiKcrs  from  the 
tuniu'l  c'Oiiiiei'tiiijr  wilh  tho  I'fiiiisylvimiai  Kailroad  .sta- 
tion Hiul  tho  .subway,  to  the  main  lloor.  At  ."{.'{id  St. 
side  of  the  buiUlinjr  near  the  hallroom  entrance  two 
elevators  are  inox  ided  for  tarrying'  pas.senRer.s  fn^m  the 
main  floor  to  the  hallroom  floor,  aliout  twenty-five  feet 
above  the  ground  floor. 

Eight  elevators  in  one  bank  are  provided  for  the  serv- 
ice rei|uiremonts  of  the  hotel.  These  elevators  exti-i'.d 
from  the  .sub-ba.sement  to  the  roof  aiul  are  arranged  to 


FIG.    8.      PASSEXGER-ELEVATOR   SIGNAL   BOARD 

be  operated  in  three  separate  group.s  so  far  as  signaling 
is  concerned,  thereby  permitting  a  certain  amount  ot 
flexibility  in  assigning  the  elevators  to  different  pur- 
poses. For  example,  one  pair  may  be  used  for  waiters 
exclusively,  another  pair  for  baggage,  laundry,  etc.  The 
passenger  elevators  are  arranged  so  that  one  side  of 
(six)  elevators  may  be  run  local  and  the  other  side  may 
be  run  express.  All  the  passenger  and  service  elevators 
with  the  exception  of  one  large  service  elevator  are  of 
the  one-to-one  gearless-traction  type  as  shown  in  Fig. 
6,  running  at  600  ft.  per  min.  On  the  kft,  Fig.  7,  are 
shown  three  of  the  controller  panels  for  the  passenger 
elevators;  the  arrangement  of  the  resistances  and  wir- 
ing on  one  controller  panel  is  shown  on  the  right  of  the 
figure.  The  large  service  elevator,  which  is  approxi- 
mately nine  feet  w-ide  by  seven  feet  deep,  is  of  the 
worm-gear  traction  type  running  at  450  ft.  per  minute. 

In  the  rear  of  the  building  there  are  three  additional 
elevators  which  serve  to  carry  supplies  from  the  drive- 
way to  the  lower  floors  and  also  to  provide  service  be- 
tween the  sub-basement  and  the  banqupt-room  kitchen 
which  is  located  on  the  first  mezzanine  tloor. 

The  signal  system  for  the  passenger  elevators  con- 
sists of  up  and  down  flash-light  annunciators  in  the  car 
with  push-buttons  and  up  and  down  signal  lanterns  lo- 
cated at  the  various  landings.  Fig.  8  shows  the  signal 
panel  board  for  the  twelve  passenger  elevators.     Dial 


indicators  are  placed  on  thi?  ground  fl'xir  as  well  as  t<dl- 
tale  annunciators  for  furnishing  to  the  elevator  starter 
the  necessary  information  as  to  the  location  of  cars 
and  the  car  signals. 

Door  closers  of  the  pneumatic  and  spring-actuated 
type  are  provided  on  all  passenger  and  service  eleva- 
tors. On  all  passenger  elevators  a  simple  safety  device 
is  u.sed  to  prevent  the  car  moving  until  both  the  hatch- 
way door  and  the  car  gate  are  clo.sed. 

A  bank  of  six  dumbwaiters  is  provided  for  furnish- 
ing .service  between  the  kitchen  and  the  various  floor 
pantries,  one  being  located  on  each  of  the  bedroom 
floors.  These  dumbwaiters  are  operated  on  the  single- 
point  control  plan;  that  is,  an  operator  in  the  basement 
kitchen  controls  the  movement  of  these  cars  and  dis- 
patches the  dumbwaiters  to  the  various  floors  in  accord- 
ance with  demands  or  signals  received  from  the  floors. 
These  signals  are  indicated  on  the  annunciator  in  the 
basement  kitchen.  The  dumbwaiters  lun  at  a  speed 
of  500  ft.  per  min.  and  are  capable  of  carrying  a  load 
of  100  pounds. 

Storing  Coal  With  a  Fan 

By  H.  H.   Finch 

The  followinij:  method  of  handling  coal  for  storage 
at  our  plant  may  be  of  interest  to  readers  of  Power. 
The  illustration  tells  the  story.  This  machine  is  made 
from  an  old  blower,  and  it  will  handle  coal  faster  than 
four  men  can  feed  the  hopper.  We  had  for  several 
years  been  storing  coal  on  a  lot  about  200  ft.  square 
and  a  number  of  men  were  generally  employed  in  wheel- 
ing it  back.  This  was  slow  and  expensive,  and  in  order 
to  eliminate  useless  work  and  expen.se  I  had  some  10-in. 
diameter  pipe  made  from  No.  16  iron  joined  together  end 
to  end,  each  end  being  flanged  and  fitted  with  a  collar 
for  the  purpose  of  securing  the  pipe  lengths  together  so 
that  they  would  not  work  loose.  The  tee  to  which  the 
hopper  is  secured  is  made  of  cast  iron. 

In  order  to  keep  the  coal  on  the  lot  a  back-stop  was 
put  up,  but  this  did  not  stop  the  dust,  so  a  hole  was 


.-\r»>T()R-DKlVKX  BLOWER  FOR  STORI.NG   COAL 

made  about  tw^o  feet  from  the  discharge  end  of  the 
pips  and  a  hose  nozzle  ;-o  inserted  as  to  spray  water 
against  the  air  blast,  which  broke  up  the  water  into  a 
fine  mist  and  mixed  it  with  the  coal. 

The  pipe  was  about  70  ft.  long  in  10-ft.  lengths.  The 
blower  is  driven  by  a  25-hp.  motor,  and  the  coal  is 
stacked  from  ten  to  tw^elve  feet  deep.  It  can  be  stored 
at   a   verv   low   cost   with   this   machine. 
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Lubrication  of  Submerged 
Pins  in  Governo7' Operating 
Mechajiisrrv 

By 
Charles  H.  Bromley 


FIG.  1.  EIGHT  GENERATORS  RATED  AT  TOTAL  OF  83,500  KW.  AT  HOLTWOOD  ON  THE  SUSQUEHANNA 


WEAR  and  corrosion  troubles  in  the  link  pins, 
vane  pins,  reach-rod  and  wristpins  of  the 
double-runner  units  have  been  overcome  by  the 
use  of  monel  metal  for  these  pins.  Micarta  bushings 
are  novi^  being  tried,  and  experience  so  far  indicates 
good  results.  The  large  submerged  pins,  which  origi- 
nally had  no  lubrication  other  than  that  given  during 
periodic  overhauling  of  the  turbines,  are  now  lubricated 
from  the  turbine-room  floor  by  means  of  a  grease  gun 


from  which  a  separate  pipe  runs  to  each  pin.  These 
improvements  have  increased  the  interval  between  gen- 
eral overhauling  of  the  units  at  least  threefold. 

Before  the  wheel  of  each  turbine  there  are  a 
number  of  wicket  gates  for  regulating  the  flow 
of  water  to  the  wheel.  These  gates  are  moved 
by  operating  cylinders  and  their  connections,  the 
actuating  water  pressure  being  275  lb.  per  sq.in.  A 
partial  view  of  the  external  operating  mechanism  as 


FIG.   2.      PLOORMAN  USING  THE   GREASE   GUN  ON  THE 

TURBINE-ROOM    FLOOR    FOR    LUBRICATING 

SUBMERGED    PINS 


PUMPMAN  GIVING  PART  TURN  TO  GREASE  GUN 
SUPPLYING    Gl'lDE-VANE   LUBRICATION 
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applied  to  the  new,  or  No.  8,  unit  is  shown  in  Kij;s. 
;?  and  7.  In  this  machine  the  pins  for  the  wheel  K»tes 
are  not  under  water  aiul  are  lubricated  hy  the  individual 
Krease  cup.s  shown  in  Kitr.  ^■ 

On  the  double-runner  units  Nos.  1  to  7,  the  link 
pins,  vane  pins,  reach-rod  and  wristpins  are  all  under 
water.  The  original  desiv:n  did  not  provide  for  lubri- 
cation of  these  pins  while  in  service;  they  could  be 
lubricated  only  when  a  unit  was  taken  out  of  .service 
for  major  overhauling',  the  wheel  pit  pumped  out  and 
a  working  platform  and  rivrninjr  put  up  inside  of  the 
pit. 

The  friction  due  to  gritty  deposits  from  the  river 
water  not  only  wore  the  pins,  but  imposed  a  heavy  load 
upon  the  operatintr  mechanism  for  moving  the  gates  and 
their  connections.  Besides,  the  corrosion  of  the  pins 
was  considerable  and  when  corroded  the  coefficient  of 


FIG.    4.     RUNNER   OF  THE   17,000-HP.   TURBINES 

friction  was  affected  accordingly  and  thus  in  turn  the 
strains  on  the  operating  mechanism  further  increased. 
The  wear  is  shown  in  Fig.  8,  where  some  of  the  worn 
pins  of  the  older  type  are  contrasted  with  new  pins. 
Such  wear,  if  permitted  to  increase  excessively,  will 
produce  considerable  slack  and  lost  motion,  and  inability 
to  produce  full  gate  opening.  Vanes,  with  operating 
piston  in  completely  closed  position,  will  permit  exces- 
sive leakage;  governor  action  of  the  turbine  and  equal 
distribution  of  stresses  in  mechanism  will  be  affected. 
To  ov'ercome  the  trouble  of  excessive  wear  and  cor- 
rosion, pins  were  first  made  to  operate  in  bushings  of 
different  metals,  such  as  brass,  bronze,  graphitized 
metal  and  other  alloys;  zinc-impregnated  pins  were 
tried,  but  the  expected  electrolytic  action  ate  away  the 
zinc  too  quickly.  Experience  showed  that  lubrication 
was  necessarj'  on  the  larger  pins  and  a  grease  gun 
was  designed,  by  means  of  which  properlj'  graded  lubri- 


FIG.    .'■>.       rORROnED    .STEEI.    PINS    rONTR.\STED    WITH 

MONEI.  VIS  I.OSG   I.V  REKVK'E,   SI.HJHTLY  WORN 

J!UT    .NOT   COKKODEl) 

cant  can  be  forced  directly  to  these  pins  from  the 
turbine  floor.  Looking  at  Fig.  2  a  number  of  J-in. 
pipes,  each  leading  to  one  pin  only,  can  be  seen.  Each 
pipe  has  a  cock  at  the  point  where  it  leaves  the  chamber 
of  the  grease  gun.     One  cock   is   opened  at  a   time, 


FIG.    C. 


INDIVIDUAL   GREASE   PIPE   TO   SUBilERGED 
REACH-ROD   PIN 
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For  the  smaller-sized  sub- 
merged pins  monel  metal  has 
been  found,  so  far,  most  suit- 
able to  resist  wear  and 
corrosion  under  Holtwood  con- 
ditions. Micarta  bushings 
have  also  been  experimented 
with  recently,  on  pins  operat- 
ing under  light  specific  pres- 
sure, with  apparently  good 
results,  but  have  not  yet  been 
sufficiently  long  in  service  to 
permit  of  any  definite  com- 
parisons. While,  for.-nerly, 
main  units  required  thorough 
overhauling  approximately 
every  two  years,  the  results 
so  far  obtained  from  the  fore- 
going improvements  promise 
to  increase  the  interval  be- 
tween overhaulings  at  least 
threefold. 


FIG.  7    (ABOVE).     ARRANGE- 
MENT  OF  TWIX  OPERATING 
CY1.INDERS       OP       SINGLE- 
RUNNER    UNIT 

Note  on  cylinder  to  the  left 
the  attachment  for  indicator  to 
record  lost  motion  and  operat- 
ing pressures. 


FIG.      8      (AT     THE     RIGHT). 

SHOWING     WEAR     OF     THE 

SUBMERGED        LINK        PINS 

AND   VANE   PINS 

Old  steel  pins  contrasted  wiUi 
new  monel  pins.  Note  corro- 
sion  of  the  old  pins. 


FIG.    9    (BELOW).      VIEAV   OF 

THE  "LAKE"  AND  FOREBAY 

FROM    ATOP    THE    360-FOOT 

HILL     AT     HOLTWOOD 


and  the  handwheel  actuating  the  piston  in  the  gun 
cylinder  is  given  a  certain  fraction  of  a  turn  within 
stated  intervals. 

After  several  years  of  service  these  grease  guns 
have  resulted  in  a  very  appreciable  decrease  in  the 
maintenance  of  these  parts  of  the  turbine.  The  former 
necessity  of  increasing  the  governor  pressure  has 
passed,  and  better  regulation  of  turbines  and  a  number 
of  other  incidental  advantages  were  secured. 


During  the  high-flow  months  the  regular  maintenance 
force  keeps  track  of  the  conditions  of  the  unit  as  to 
lost  motion,  leakage,  operating  resistance  in  mech- 
anism, etc.  A  standard  Crosby  steam  indicator  is  used 
for  that  purpose,  and  the  results  are  plotted  on  an 
inspection  chart  that  shows  at  a  glance  how  lost  motion, 
operating  pressure,  etc.,  are  affected  from  year  to  year. 
This  chart  serves  then  as  a  guide  to  decide  which  unit 
should  be  selected  for  the  overhauling  work. 
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THE  follo\viii>;  idea  illu.s- 
trates  how  one  engrineer 
i^ucceeded  in  making  a 
convenient  instrument  for 
himself,  usine  a  device  that 
had  made  the  U-boat  the  ter- 
ror of  the  sea — the  periscope. 
The  periscope  enabled  the  U- 
boat  to  remain  below  the  sur- 
face unseen,  and  at  the  same 
time  observe  its  approaching 
prey. 

The  use  of  a  home-made 
periscope  enabled  an  engineer 
to  do  his  necessary  repairs  in 
a  basement  and  to  observe  at 
intervals  his  instrument 
board,  on  the  mezzanine, 
about  fifteen  feet  above. 

In  this  particular  case  the 
instrument  board  and  turbine 
were  on  the  mezzanine  floor, 
and   the  condenser  and   vari- 
ous  other   machinery   on    the 
main  floor.     For  his  conveni- 
main  floor.     For  his  conven- 
ience, the  engineer  took  a  leaf 
constructed  a  simple  periscope 
as   illustrated.     It  was   made 
out  of  some  old  3-in.  fiber  con- 
duit, two  mirrors  and  a  hous- 
ing  to    contain    the    mirrors. 
The    same    principle    can    be 
used    in   more   difficult   situa- 
tions than  the  one  described, 
by  using  the  necessary  num- 
ber of  mirrors.     To  make  the 
device   successful,    the   object 
to  be  obser\-ed  should  be  in- 
tensely lighted.     The  mirrors 
should  be  at  an  angle  of  45 
deg.  with  the  center  line  of 
the  conduit. 

This  device  is  a  convenience  for  the  engineer  of  a 
small  plant,  because  if  his  duties  demand  that  he  re- 
main m  the  lower  part  of  the  plant,  he  can  watch  his 
instruments  without   going  to   the   upper   level.      The 


HOW  THE  PERISCOPE  WAS  MADE  USEFUL    IX  A  POWER  PLANT 


device  is  simple  and  anyone  can  make  one  at  small  ex- 
pense. Such  an  instrument  would  come  in  handy  in 
some  boiler  rooms  where  the  water  glass  is  located  high 
above  the  floor  level  and  dimly  lighted  at  that. 
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Spike  McNally's  Nonexploding  Flywheel 


By  E.  E.  clock 


IPIKE  McNALLY,  as  he  was  known 
to  his  friends,  was  chief  engineer, 
master  mechanic,  blacksmith,  mill- 
wright and  electrician  for  the  com- 
pany and,  if  tradition  runs  true,  he 
never  got  stuck.  It  was  while  I  was 
in  the  little  four-by-nine  office  of  the 
superintendent  of  the  Victory  Mining 
Co.,  in  southeastern  Kansas,  that  I 
made  his  acquaintance. 

Spike  came  into  the  Httle  office  and, 
as  Mr.  Sutton,  the  superintendent, 
turned  toward  him,  he  said,  or  rather 
exploded,  "Say!  where  in  the  name 
of  all  that's  holy  did  you  pick  up 
that  bunch  of  bums  and  hobos  that 
you  sent  me  for  firemen?"  And  as 
the  roof  of  the  little  shack  rose  up 
and  settled  again,  he  took  breath  for 
a  fresh  blast  and  continued:  "Those 
fellows  couldn't  fire  a  haystack  soa"ked 
with  gasoline,"  and  as  the  window 
panes  cracked,  one  after  the  other,  he  went  on :  "There 
ain't  any  one  of  them  knows  as  much  about  firing  as 
Bill  Brine  knows  about  steering  the  Ship  of  State. 
We've  got  to  get  some  different  men  down  there  or 
that  boiler  house  will  be  making  ice  and  the  North 
Pole  will  be  a  summer  resort  alongside  of  this  place 
before  morning."  With  that  he  went  out,  and  as  he 
pulled  the  door  shut,  the  front  of  the  little  office  bent 
outward  visibly. 

The  superintendent  turned  to  me  and  said:  "He  ain't 
got  no  use  for  a  wireless  telegraph.  If  he  wanted  to 
commune  with  President  Wilson  in  France  all  he'd  have 
to  do  would  be  to  stick  his  head  out  of  the  window  and  let 
loose  with  that  voice  of  his'n ;  they'd  hear  him.  He'd  crack 
the  glass  in  the  Royal  Palace  worse  than  Big  Bertha. 
If  he  comes  in  here  again  and  opens  that  bazoo  of  his'n, 
I'll  take  him  by  his  breath  and  pull  his  lungs  out." 
"Well,"  I  said,  "you'd  better  get  a  bucket  to  put  them 
in  for  here  he  comes  now."  And  as  I  spoke  Spike  stuck 
his  head  in  the  door  and  yelled:  "It's  a  damn  good 
thing  those  bums  can't  make  steam.  They'd  blow  this 
shebang  to  kingdom  come.  One  minute  the  water  is 
halfway  up  the  smokestack  and  the  next  it's  way  down 
in  the  sewer,"  and  with  that  he  withdrew  his  head  and 
sprang  the  door  casing  some  more. 

The  superintendent  turned  to  me  and  said :    "He  don't 
like  them  firemen." 

"I  was  just  beginning  to  surmise  something  of  that 
sort,"  I  said.  "Are  they  as  bad  as  he  paints  them?" 
"Well  they  ain't  what  you  would  call  experts — most 
hobos  ain't — but  you  got  to  discount  about  half  of  what 
Spike  says  to  get  things  right.  But  let  me  tell  you  one 
thing — they  will  be  experts  if  they  don't  hop  the  rattlers 
before  he  gets  them  trained,  and  it  won't  take  him  long 
either.  He'll  put  them  through  a  course  of  sprouts 
that'll  graduate  them  to  Spike's  way  of  doing  things  in 
jig  time,  and  if  they  have  a  rugged  constitution  and  last 
long  enough  to  graduate,  some  other  cuss  will  win  them 
away  with  more  pay  like  enough,  and  if  you  are  around 
here  about  that  time  you  will  think  Spike  was  only 
whispering  today." 


"Is  Spike  a  good  mechanic?"     I  asked. 

"None  better  in  the  county,"  answered  the  super 
intendent.  "Why,  any  time  they  get  stuck  anywhere 
around  here,  they  send  a  buckboard  after  Spike  and  he 
fixes  them  up  every  time;  and  it  don't  make  any  dif- 
ference what  they  stack  him  up  against,  he  never  gets 
stuck.  You  see  this  electric  light  here?  Well,  he 
made  the  dynamo  that  makes  that  light.  We  had  kero- 
sene lamps  around  here,  and  one  day  when  the  president 
of  the  company  was  down  from  New  York,  Spike  asked 
him  for  a  dynamo.  'Can't  afford  it,'  said  the  president. 
'Why,  it  would  cost  a  thousand  dollars.' 

"  'Great  balls  of  fire  I  I  can  make  one  that  won't 
cost  a  hundred,'  retorted  Spike. 

"'Why  don't  you?'  asked  the  president,  and  then  he 
laughed  up  his  sleeve,  which  was  a  habit  he  had  when 
in  the  presence  of  an  extra-good  joke  of  his  own  hatch- 
ing. But  the  next  time  he  came  down  he  had  to  laugh 
up  the  other  sleeve,  for  Spike  had  the  thing  finished 
and  running  and  we  had  an  extra  illumination  for  the 
occasion.  Spike  was  lit  up  himself  that  night  slightly, 
and  after  the  president  had  "been  out  and  seen  the 
dynamo,  he  pulled  his  checkbook  out  and  says  to  Spike: 
'Well,  what  size  check  will  it  take  to  cover  you  for 
the  material  you  bought?' 

"Spike  said,  and  you  could  a'heard  him  to  Texas: 
'Keep  your  money,  Mr.  President.  Maybe  I  won't  stay 
here  always  and  when  I  go  she  goes  with  me.'  You  see 
Spike  went  over  ten  miles  to  a  place  where  they  used  to 
haul  ore  on  a  trolley  line,  and  there  was  a  lot  of  trolley 
wire  out  in  the  weather  and  he  wired  up  this  place  with 


SPIKE    McNAl^LVS    NONEXPLODING    FLYWHEEL 

it,  made  wooden  cleats  and  everything,  and  it  is  just 
the  dandiest  thing  you  ever  saw.  I  wouldn't  have  cov- 
ered wires  after  seeing  this  outfit.  Why,  when  anyone 
wants  a  light  any  place,  all  he  has  to  do  is  to  have  a 
lamp  and  socket  and  a  pair  of  short  wires  to  hook  across 
the  leads  and  up  she  lights." 
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"Wnjit's  the  voltuKe?"  I  askinl. 

"Fifty,"  said  the  .siiperiiiteiidpiil,  "hihI  that'.s  plenty." 

"What  does  he  do  for  fuse.s  aiul  .such  thiii^H?"  I 
asked. 

"Fu.ses?"  said  the  superintendent.  "Why,  they  ain't 
one  on  the  place." 

"How  about  .short-circuits  and  overloads?" 

"Why,  the  belt  comes  off  the  dynamo  or  the  little 
entrine   that   drives    it   yets   stalled." 

"I   pue.ss  he  must  be  quite  a  genius,"  I  said. 

"You  said  a  mouthful,"  rejoined  the  superintendent. 
"You  don't  have  no  idea.  Sometimes  I  think  he  is  so 
full  of  it  that  he  is  kind  of  looney.  Why!  we  had 
a  lot  of  ore-dressing  machines  here  that  couldn't  keep 
up  to  the  big  crackers  and  kept  getting  swamped  with 
ore  all  the  time,  and  we  -speeded  them  up  and  speeded 
Ihem  up  till  we  got  them  where  they  could  handle  all 
that  came  down  the  sluiceways  and  then  we  were  up 
against  another  trouble — the  darn  flywheels  kept  bust- 
ing. One  day  one  of  them  winged  a  greaser  and  came 
near  killing  a  good  mule.  W'e  couldn't  slow  them  up 
without  going  back  to  our  first  trouble,  and  so  we  sent 
for  a  man  to  come  out  from  the  St.  Louis  shop,  where 
they  were  made,  and  when  he  had  checked  up  the  speed 
and  found  it  'bout  a  mile  and  a  half  a  minute  on  the 
rim  and  had  sized  Spike  up  for  a  hick,  he  began  to 
^pit  figgers  and  rules  and  preached  a  nice  little  sermon 
on  centrifugal  force,  etc.,  and  said  no  one  could  make 
a  flywheel  that  would  stand  that  speed ;  and  if  he  had 
been  the  lord  high  chief  of  the  soupreem  court,  he 
couldn't  have  laid  down  the  law  any  better  on  margins 
of  safety,  coefficients,  tangiental  efforts,  etc.  Well,  he 
preached  that  stuff  to  Spike  till  it  kind  of  got  on  his 
nerves,  and  Spike  said: 

"  'So  you  can't  do  anything  to  stop  them  wheels 
from  busting,  hey?  Can't  fool  this  here  centrifugal 
force  so  as  to  make  it  reverse  itself  and  hold  those 
wheels  together?  Couldn't  vaccinate  them  wheels  with 
centrifugal  force  so  as  to  cure  the  original  disease 
or  leastwise  use  some  of  this  centrifugal  force  to  keep 
the  wheels  from  busting?' 

"The  St.  Louis  man  looked  at  me  and  then  at  Spike 
and  estimated  the  jumping  distance  through  the  window 
in  case  Spike  got  violent,  and  passed  his  hand  over  his 
eyes  kinda  like  a  man  in  a  dream  and  edged  toward 
the  door,  and  Spike  said:  'Well,  I  can,  and  I'll  do  it, 
too.' 

"Saint  Louey  got  one  hand  on  the  door  knob  and  he 
said :  'When  you  do,  I'll  go  up  and  drive  a  nail  in  the 
moon  to  keep  it  from  falling.' 

"Spike  said:  'If  I  make  up  a  .sketch  of  such  a  wheel 
and  if  the  sketch  shows  plainly  that  it  will  do  just 
as  I  have  said,  will  you  make  us  up  one  for  each  of 
those  machines?' 

"  'Yes,  and  nickel-plate  them  besides,'  said  the  St. 
Louis  man,  quickly. 

"  'Mr.  Sutton,  get  that  in  writing  while  1  make  the 
sketch,'    said    Spike. 

"The  Saint  Louey  fellow  readily  wrote  his  own 
scenario  and  signed  it,  and  in  about  ten  minutes  in 
came  Spike  with  the  sketch  and  handed  it  to  him  with 
the  remark: 

"  'There  is  your  vaccinated  flywheel.  Make  us  up  one 
for  each  machine  and  if  they  don't  collapse  from  the 
high  speed  we're  running,  I  ain't  afraid  of  them  bust- 
ing.' 

"The  man  sat  and  looked  at  that  sketch  like  he  had 
took  dope,  and  finally  he  w^oke  up  and  he  said:     'I  guess 


he's  got  me,  by  cracky!  It'll  do  it,  sure  as  guns!  Wait 
till  the  ofllce  .sees  this  sketch  and  the  contract  I've 
signed'! 

"Well,  they  were  game  and  they  made  them  up,  and 
they  have  been  running  live  years  and  you  couldn't 
bust  them  with  any  kind  of  speed. 

"They  only  re(|uired  the  ordinary  pattern  to  have 
four  lugs  cast  in  the  middle  of  each  arch,  two  on  each 
side,  about  two  and  a  half  inches  apart,  through  which 
short  pins  were  put  with  a  piece  of  thin  pipe  for  a 
roller;  then  an  endless  band  of  strong  but  thin  steel 
was  strung  under  these  rollers  one  on  each  side  of  the 
-spokes,  you  understand,  and  small  cast-iron  weights 
were  riveted  in  the  bands  as  shown,  one  of  them  being 
used  as  a  splice  for  the  band.  As  the  speed  increases, 
the  weights  tend  to  go  out  away  from  the  center  and 
exert  a  strong  inward  pull  on  the  pulley  arches  right 
where  it  is  needed.  It  was  so  simple  and  worked  so  well 
that  those  Saint  Louey  fellers  came  up  here  and  took 
a  lot  of  pictures  of  them;  and  after  they  had  all  the 
pictures  they  wanted,  they  risked  the  camera  on  Spike, 
too.  I  listened  for  the  .sound  of  falling  glass,  but 
nothing  happened,  and  so  I  say  Spike  has  got  some 
funny  old  gray  matter  in  that  head  of  his." 

Improved  Green  Chain-Grate  Stoker 

A  general  view  of  the  improved  Green  chain  grate 
would  have  much  the  same  appearance  as  the  stoker 
the  Green  Engineering  Co.,  of  East  Chicago,  Ind.,  has 
been  making  for  over  20  years,  but  beginning  with 
the  driving  mechanism  there  have  been  radical  changes. 
Although  the  steel  spur-gear  drive  has  been  retained, 
the  gear  frame  and  cover  have  been  combined  as  shown 
in  Fig.  1,  eliminating  joints  and  strengthening  the 
construction.  The  side  girders,  of  heavy  design  and  of 
channel-shaped  section  for  strength  and  for  freedom 
of  air  supply,  are  located  eight  inches  below  the  fire 
line. 

Another  improvement  is  the  use  of  chain  skids  to 
support  the  upper  and  lower  leads  of  chain  in  place  of 
the  former  pipe-roll  construction.  The  skids  are  con- 
structed of  rails  with  hardened  heads  to  resist  wear. 
The  ends  are  curved  to  receive  the  chain  from  the 
sprockets  at  the  front.  As  shown  in  Fig.  2,  the  skids 
are  supported  by  transverse  I-beams  connected  to  the 
side  girders.  The  grate  is  held  level  and  there  is  no 
sag  between  rollers  to  open  up  the  spaces  between  the 
links.  It  is  claimd  that  the  siftings  have  been  reduced 
to  less  than  one-third  of  the  amount  passing  through 
when  rolls  were  used. 

The  gate-operating  mechanism  now  employed  consists 
of  a  steel  cut-worm  and  worm  gear  turning  a  pipe 
resting  in  trunnions  and  to  which  the  gate  is  attached 
by  means  of  chains,   as   shown   in   Fig.  3. 

At  the  fire  line  the  side  frames  of  the  stoker  are 
protected  by  cooling  plates  consisting  of  small  castings 
with  air  circulation  between  them  and  the  side  frames. 
The  cooling  plates  extend  around  both  sides  of  the 
frame  and  prevent  overheating. 

On  the  rear  shaft,  as  shown  in  Fig.  2,  plain  drums 
are  used  instead  of  sprockets.  The  drums  afford  ample 
bearing  surface  and  also  tend  to  prevent  climbing  of 
the  chain  at  the  rear.  On  stokers  7  ft.  6  in.  wide  and 
over,  the  intermediate  shaft  of  the  driving  mechanism 
is  carried  acros's  the  stoker  and  there  is  a  pinion  and 
drive   gear   on   both   sides   cf   the   stoker   to   eliminate 
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torsion  in  the  sprocket  shaft  or  lagging  of  the  stoker 
chain. 

An  ingenious  improvement  is  the  adoption  of  a  ten- 
sion take-up  at  the  front.  Fig.  4  shows  the  idea.  All 
adjustment  is  made  at  the  front  from  the  outside  of 
the  boiler  setting.  The  operation  consists  of  adju-sting 
a  brass  nut  at  the  end  of  a  tension  rod  at  either  side 
of  the  stoker.  At  the  rear  the  mechanism  consists 
of  a  rocker  arm  with  a  fulcrum  at  the  center  secured 
to  the  rear  girder.     At  one  end  is  attached  the  tension 


makes  contact  with  the  upper  and  lower  leads  of  chain. 
Between  the  side  girders  and  the  brickwork  the  air 
seal  is  effected  by  dampers,  as  shown  in  Fig.  5.  This 
damper  is  formed  by  a  flange  upon  the  side  girder 
.shouldering  against  a  companion  flange  bolted  to  the 
furnace  side  wall.  Adjustable  ledge  plates  and  flanges, 
Fig.  6,  make  a  seal  between  the  stoker  chain  and  the 
furnace  brickwork.  The  plates  and  flanges  are  in  3-ft. 
sections  and  can  be  adjusted  to  make  close  contact  with 
the  chain.     This  type  of  air  seal  permits  the  raising 


FIGS.  1  TO  6.     ILLUSTRATING  SOME  OF  THE  DETAIL.^  OF   THE  IMPROVED  GREEN  STOKER 

Fig.  1 — .Stoker-driving  mechanism.     Fig.  2 — Chain  slcids  and  rear  drums  replacing  sprockets.     Fig.  3 — Coal  side  of  fuel  gate. 
Fig.    4 — Front   tension    take-up.      Fig.    5 — Side    girder    damper.      Fig.   6 — Adjustable  ledge  plates. 


rod  running  to  the  front  of  the  stoker  and  at  the  other 
end  a  rod  communicating  with  the  rear  shaft  at  the 
quarter  point.  At  the  other  side  of  the  stoker  this 
mechanism  is  duplicated.  Tightening  up  on  the  tension- 
rod  nuts  pushes  back  the  rear  shaft,  which  is  mounted 
on  rails  and  is  free  to  slide.  This  operation  takes  up 
the  slack  in  the  chain. 

Air  exclusion  at  the  rear  of  the  stoker  and  along 
the  sides  is  thorough.  Between  the  chains  and  behind 
the  rear  cross-girder  is  a  heavy  damper  with  swinging 
cast-iron  sections  at  the  top  and  bottom.     This  damper 


and  lowering  of  the  rear  of  the  stoker  to  produce  vary- 
ing heights  of  ash  discharge. 

Pressure  water-backs  complete  the  seal  between  the 
fuel  bed  and  the  bridge-wall.  They  are  connected  into 
the  boiler  circulation,  are  circular  in  section  so  that 
they  may  be  turbined  and  are  free  to  expand  and 
contract.  Below  the  lower  chain,  air  from  the  front  is 
baffled  off  by  means  of  a  transverse  damper  attached  to 
the  lower  sides  of  the  stoker.  With  this  system  of  seals 
practically  all  air  entering  the  furnace  must  pass 
through  the  fuel  bed. 
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KccHumiio  ill  a  IMiiic  ]\»v('r  Plant 


Hy  .1.  A.  CARHUTHEUS' 


In  the  power  plant  in  (inistion  a  nducdon  tif 
thirteen  to  fifteen  tons  of  coal  p>  r  day  was  made 
in  the  fuel  ujied  ax  a  result  of  several  chant/es  in 
the  equipment.  This  eoal,  in  eontr-ast  to  the  usual 
coal-mine  power-phint  fuel,  was  a  liif/h-yrade 
steam  coal  and  could  in  no  sense  be  classed  as  a 
drug  on  the  ntarla  t. 

BRIEFLY,  the  power  plant  consisted  of  eleven 
return-tubular  boilers  with  a  manufacturer's 
rating  of  150  hp.  each,  and  104  hp.  government 
rating.  Taking  the  former  rating  .and  allowing  one 
boiler  oflF  for  washing,  the  total  was  1500  hp.  The 
power  house  contained  three  air  compressors  and 
two  generator  engines,  all  of  the  compound-condensing 
type.  The  generatoi  engines  were  operated  alternately, 
twenty-four  hours.  The  total  indicated  horsepower  of 
the  four  units  under  regular  running  conditions  was 
1425  to  1475.  In  addition  there  were  a  couple  of  service 
pumps  and 
four  jet  con- 
densers  to 
operate.  Out- 
s  i  d  e  the 
power  plant 
were  several 
engines  used 
for  fans, 
hoists,  shops, 
coal  -  crusher, 
car-  loaders, 
etc.,  which 
totaled  about 
300  hp.  This 
added  to  the 
power  -  house 
load  total 
made  an  aver- 
age of  1750 
hp.  The  air 
compres  sor 

load  would  often  increase  30  to  50  per  cent,  for  days  at 
a  time,  owing  to  the  demand  for  air  in  the  mines. 

Several  of  the  boilers  leaked  badly  at  the  rear  end 
of  the  tubes,  and  examination  proved  that  they  had 
been  rolled  to  a  finish.  A  hard  scale  inside  the  tubes 
extending  about  a  foot  from  the  head  was  one  effect  of 
the  leakage.  As  these  same  boilers  were  badly  scaled 
inside  on  the  back  head  and  a  portion  of  the  tubes,  four 
of  the  worst  ones  w-ere  cut  out  and  retubed. 

With  tubes  at  war  prices  new  ones  were  put  in  the 
first  boiler  only.  The  old  tubes  in  the  meantime  were 
cleaned  with  the  home-made  rig  .shown  in  Fig.  1  and 
then  welded  up  for  use  in  the  next  boiler  cut  out.  In 
replacing  them  the  new  ends  were  put  to  the  back  end 
of  the  boiler.  New  tubes  at  that  time  cost  about  $11 
each,  and  there  were  70  to  each  boiler.  The  cost  of 
welding  up  the  old  ones  averaged  about  $3.20  each. 

These  boilers,  in  common  with  most  others  of  their 
type,  had  the  grates  set  a  bare  two  feet  below  the  boiler 
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shells.  This  gave  very  poor  furnace  conditions  for  the 
coal  used.  To  make  these  condition.s  worse,  the  bridge- 
wall  had  been  built  to  conform  to  the  curvature  of  the 
boiler  shell,  and  at  a  distance  of  from  ten  to  twelve 
inches  from  it.  The  result  was  that  the  gases  were 
deflected  against  the  relatively  cool  boiler  surface  be- 
fore they  had  much  chance  to  burn. 

As  a  remedy  for  this  poor  furnace  design,  the  grates 
wore  lowered  considerably,  as  shown  in  Fig.  2,  and  the 
bridge-walls  were  rebuilt  flat  on  the  top  at  a  distance 
of  about  IG  in.  from  the  shell.  The  added  furnace 
volume  and  free  pa.ssageway  afforded  the  burning  gases 
to  the  back  combustion  chamber  combined  to  give  a 
much  higher  furnace  efl[iciency.  The  increase  in  tem- 
perature was  proved  by  the  shorter  life  of  the  firebrick; 
also,  the  less  amount  of  coal  fired  was  soon  noticed. 

In  lowering  the  grates,  it  was  decided  to  replace  the 
cast-iron  fire-door  arches  and  deadplates  with  firebrick. 
These  castings  cost  between  $70  and  $80  to  renew 
about  every  five  or  six  months.  This  price  refers 
to  the  cost  of  renewal  of  the  castings  per  fire-door. 

The  boilers 
had  individual 
steel  stacks 
with  no 
dampers  fit- 
ted, so  that 
the  only  draft 
r  eg  u  lation 
was  by  means 
of  the  ashpit 
doors.  These 
were  badly 
warped,  and 
most  of  them 
would  not 
close  at  all. 
Besides,  this 
r  egu  lation 
was  of  no  use 
when  clean- 
ing fires.  As 
hand    firing 

was  used,  at  cleaning  time  the  cold  air  rushed 
through  the  setting  with  full  draft  intensity,  causing 
a  considerable  drop  in  temperature.  To  remedy  this, 
as  each  boiler  was  cut  out  for  washing,  a  damper  was 
fitted  to  the  stack  and  the  adjusting  rope  dropped  with- 
in convenient  reach  of  the  firemen.  After  these  were 
installed,  the  firemen  were  instructed  to  nearly  close 
them  when  cleaning  fires.  It  also  gave  some  control 
over  the  fires  if  one  of  the  large  engines  happened  to 
shut  down  unexpectedly,  and  less  coal  went  through  the 
pop  valves  in  the  form  of  steam.  The  cost  of  making 
and   installing  the  dampers  was  small. 

Before  finishing  up  in  the  boiler  house,  about  $300 
worth  of  a  good  quality  of  pipe  covering  was  put  on  the 
16-in.  steam  header  above  the  boilers  in  place  of  the 
original  covering,  which  was  of  poor  quality.  The  cov- 
ering on  top  of  the  boilers  was  also  overhauled  and 
put  in  good  condition  by  the  use  of  some  old  plastic 
covering  taken  off  an  old,  unused  steam  line.  This  class 
of  covering  will  stand  remixing  and  make  a  good  job. 


RIG  FOR  REMOVING'  SCALE  FROM   BOILER  TUBES 


Mav  13.  1919 


POWER 


721 


The  boiler  settings  were  a,lso  gone  over  and  all  air-holes 
and  cracks  in  the  brickwork  were  plugged. 

One  of  the  largest  single  losses  around  the  plant  waa 
caused  by  the  location  and  design  of  the  steam  header 
serving  the  power-house  engines,  etc.  This  header  in- 
cluded about  125  ft.  of  16-in.  o.d.  pipe,  and  75  ft.  of 
12-in.  pipe.  There  were  also  several  6-in.  and  8-in. 
branch  pipes  leading  to  the  various  engines.  All  this 
piping  was  installed  outside  and  directly  under  the  drip 
off  the  roof.  The  large  16-in.  flanges  had  never  been 
covered,  and  the  covering  on  the  pipes  was  poor.  Nearly 
every  flange  leaked  at  the  threads,  and  the  condensa- 
tion, as  shown  by  the  leaks,  was  extremely  high,  as  was 
to  be  expected  in  a  locality  where  the  temperature  takes 
big  drops  for  days  at  a  time.  The  header,  as  installed, 
required  60  to  70  per  cent,  more  pipe  than  if  it  had 
been  put  up  inside  the  power  house. 

As  it  Was  impossible  to  make  any  repairs  to  the 
header  and  at  the  same  time  keep  the  plant  in  opera- 
tion, a  new  header  was  installed  inside  the  power 
house.  It  was  made  up  of  pipe  on  hand  and  a  few  of 
the  fittings  out  of  the  old  installation.  Instead  of  mak- 
ing the  new  header  of  16-in.  pipe,  which  was  large 
enough  for  three  or  four  power  houses  of  the  size 
served,  pipes  12,  10  and  8  in.  in  diameter  were  used. 
This  reduced  size  also  facilitated  drainage  owing  to  the 
increased  velocity  of  the  steam.  Sufficient  lagging  to 
cover  the  new  header  was  secured  from  some  old  unused 
boilers.  It  was  in  slabs  6  x  36  in.,  but  by  splitting 
into  3-in.  widths  it  made  first-class  pipe  covering. 

One  of  the  two  tandem-compound  generator  engines 
was  in  bad  condition  owing  to  the  low-pressure  piston 
and  cylinder  having  worn  enough  to  let  the  piston  rod 


BOILER  SETTING  SHOWING  OLD  AND  NEW 
GRATE  LEVEL 

drop  about  one-eighth  of  an  inch.  The  engines  were 
of  the  horizontal  type.  This  was  remedied  by  fitting 
the  low-pressure  piston  with  two  bronze  wearing  rings, 
and  all  four  packing-boxes  with  bronze  neck-bushings. 
New  piston  rings  were  also  put  on,  as  the  old  ones 
had  been  passing  steam  badly.  The  low-pressure  cylin- 
der should  have  been  bored  out,  to  make  a  first-class 
job,  but  at  the  time  the  work  was  being  done  it  was 
impossible  to  risk  stripping  the  engine.  While  the 
low-pressure  piston  was  being  machined  for  the  rings, 
the  engine  was  run  on  the  high-pressure  end  only  and 
carried  the  load  all  right.  After  over  two  and  a  half 
years'  running  the  piston  rod  on  this  engine  had  dropped 
again  only  a  distance  of  0.008  inch. 


The  other  generator  engine  had  a  bent  piston  rod 
and  badly  worn  piston  rings.  These  were  renewed  and 
the  piston  given  a  one-quarter  turn  to  bring  the  wear 
on  a  new  section  of  the  wearing  rings. 

There  was  between  15,000  md  16,000  lin.ft.  of  1-in. 
pipe  built  into  heating  coils  in  the  washhouse.  The 
condensation  from  these  coils  had  been  allowed  to  blow 
to  waste  through  a  hand-regulated  valve.  Of  course  the 
valve  was  always  left  open  enough  to  insure  draining 
the  coils  "in  case  it  happened  to  get  a  little  colder." 

To  get  the  benefit  of  this  condensation  for  feed  water, 
a    good    steam   trap    was    connected    up   to    the    outlet 


FIG.    3.      PIPING    TO    GRAVITY.  TANK 

header  of  the  coils.  A  b\-pass  was.  also  included,  and 
in  case  the  trap  got  out  of  order  during  the  night, 
the  watchman  simply  regulated  the  drainage  in  the 
same  way  as  before.  The  hot  returns  were  discharged 
into  a  tank  that  fed  by  gravity  into  the  open  feed- 
water  heater;  some  particulars  of  the  connections  to 
this  tank  are  given  later  on. 

The  trap  used  discharged  about  two  gallons  per 
dump,  and  the  writer  often  counted  the  number  of 
discharges  at  twice  a  minute  on  the  coldest  days,  down 
to  once  every  four  or  five  minutes  on  the  average  days. 
This  was  a  big  difference  to  steam  blowing  steadily 
through  the  old  drain  valve. 

With  about  600  men  washing  daily  in  this  washhouse, 
a  large  amount  of  hot  water  was  required,  and  a  large 
amount  was  wasted.  This  water  had  always  been  heated 
by  live  steam  in  an  overhead  tank.  To  make  it  worse, 
the  tank  usually  overflowed  "to  make  sure  that  there 
was  plenty  of  water."  To  cut  out  this  waste,  the  live 
steam  was  shut  off  and  the  exhaust  from  one  of  the 
boiler  feed-water  pumps  turned  in.  As  one  pump  was 
always  in  operation,  there  was  no  chance  of  the  exhaust 
being  shut  off  for  any  length  of  time. 

In  making  the  change  of  piping  to  this  hot-water 
tank,  the  queer  ideas  of  some  men  with  regard  to  simple 
questions  in  engineering  were  forcibly  brought  home. 
Someone  in  former  years  had  put  a  large  steam  coil  of 
2-in.  pipe  inside  the  tank,  with  the  drain  of  the  coil 
piped  outside  to  a  trap  on  the  ground  below.  The 
trap  froze  up  one  night  and  the  coil  broke  at  a  return 
bend.  After  that  the  coil  was  allowed  to  drain  into  the 
tank  through  the  break. 

A  cold  machine  shop  is  about  the  poorest  place  on 
earth  to  get  any  work  done.  The  heating  of  the  shops 
in  this  plant  had  been  done  by  stoves,  but  no  one 
seemed  to  think  that  the  heating  really  had  been  done. 

To  make  it  right,  steam  coils  of  old  2-in.  pipe  were 
put  around  practically  the  entire  walls  to  a  height  of 
about  three  feet  from  the  floor.  A  connection  was  then 
made  for  the  exhaust  steam  from  the  shop  engine  to  be 
used  during  working  hours.  At  nights  and  at  other 
times  when  the  engine  was  not  running,  live  steam 
through  a  reducing  valve  was  used  at  about  10  lb.  pres- 
sure.   To  prevent  any  chance  of  the  coils  freezing  up  due 
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i>  drain  valves  hcinp  loft  closed,  and  also  to  oliminatp 
.my  fiissinjr  in  adjustinjr  the  oj)iMiinjr  of  these  drains, 
a  hole  about  ,'',.  in.  in  diameter  was  drilled  throuj^h  the 
jrate  of  each  valve.  In  the  niorninf^s  the  .shop  l)oy  shut 
off  the  reduced  steam,  then  opeiu-d  the  drain  valves  wide 
and  turned  the  exhaust  steam  into  the  .system.  At 
riiifhts  he  reversed  the  procedure,  and  instead  of  having' 
t(  set  the  drain  valves  to  a  reiiuired  opening,  he  simply 
.•^hut  them.  The  small  holes  were  sutlicicnt  to  keep  the 
coils  drained  with  the  pressure  at  ten  pounds.  Of  course 
there  was  a  little  steam  wasted  in  this  way,  but  simplic- 
ity and  reliability  were  the  most  important  factors  in 
this  case. 

Exhaust-steam  heating  was  also  put  in  two  of  the 
fan-engine  rooms  and  locomotive  sheds.  As  the  fan 
engines  ran  24  hours  a  day  practically  every  day  in 
the  year,  conditions  were  ideal  for  exhaust  heating. 
Before  the  heating  coils  were  installed  in  the  engine 
rooms,  there  was  ditficulty  in  keeping  the  oiling  system 
in  operation  on  cold  days. 

To  provide  for  a  uniform  head-pressure  to  the  water 
going  to  the  feed-water  heater,  an  overhead  tank  com- 
posed of  an  old  boiler  shell  had  been  installed.  This 
was  good  as  far  as  it  went,  as  every  engineer  knows 
how  much  better  a  heater  float-valve  works  with  a 
uniform  pressure  than  with  a  varying  one.  To  .supply 
the  tank  with  water,  the  air-compressor  jacket  water 
had  been  piped  to  it  and  entered  at  one  end  and  over- 
flowed at  the  other.  As  this  system  would  waste  the 
hot  returns  from  the  steam  traps  at  the  washhouse  and 
the  power  house,  the  traps  being  piped  to  discharge 
into  the  tank,  it  was  decided  to  change  the  jacket-water 
piping  in  such  a  way  that  the  tank  would  not  overflow 
and  yet  keep  a  uniform  water  level. 

It  was  first  intended  to  use  a  float  valve  on  a  branch 
pipe  from  the  jacket-water  outlet  header  to  supply  the 
tank.  However,  after  considering  the  natural  troubles 
that  go  with  most  float  valves,   and  trying  one,   this 


method  was  passed  up  for  simple  piping  system  shown 
in  Fig.  H.  The  solution  was  so  extremely  simple  that 
it  is  surprising  that  it  had  not  been  thought  of  sooner. 
The  idea  may  be  of  use  to  .someone  wishing  to  use  all 
or  a  portion  of  some  waste  water. 

As  some  of  the  outside  steam  pipes  were  leaking 
badly,  they  were  overhauled  and  thoroughly  covered  for 
below-zero  weather.  One  old  line  about  one-third  of  a 
mile  long,  was  made  up  of  H-,  (1-  and  4-in.  pipes  and 
apparently  all  the  different  fittings  that  could  possibly 
be  connected  up.  It  was  jogged  up  and  down  and 
sideways,  and  had  several  good  water  pockets  that  fur- 
nished periodic  slugs  to  the  engines  it  served.  Several 
hundred  feet  of  the  4-in.  size  was  laid  on  the  ground 
alongside  of  the  car  track,  and  had  been  found  very 
handy  to  get  rid  of  snow  shoveled  off  the  track.  This 
and  the  rain  had  soon  fixed  the  pipe  covering. 

This  4-in.  section  was  relaid  on  trestles  and  properly 
covered.  It  was  given  a  1  per  cent,  grade  and  a  steam 
trap  connected  at  the  far  end  for  proper  drainage. 
The  other  part  of  the  line,  which  had  so  many  fittings 
and  jogs  in  it,  was  replaced  by  a  new  6-in.  line.  Bends 
were  u.sed  instead  of  the  three  or  four  slip  expansion 
joints.  These  joints  had  been  the  cause  of  several  shut- 
downs of  the  fan  engines  to  allow  them  to  be  repacked. 
The  water  lying  in  the  line  seemed  to  make  the  life 
of  the  packing  uncertain,  and  the  result  was  either 
bad  leaks  or  a  shutdown  at  the  first  opportunity.  This 
was  all  the  more  annoying  because  the  fan  engines  were 
run  a  year  with  only  one  stop  of  a  few  hours  for  keying 
up  and  packing  after  the  new  steam  line  had  been  put 
into  use. 

In  going  over  a  plant  with  a  view  to  economy,  it  is 
well  to  remember  that  it  is  the  accumulation  of  small 
defects  and  leaks  that  counts  as  a  rule.  In  the  plant 
under  consideration,  although  the  coal  consumption  was 
reduced,  the  output  from  the  power  house  had  consider- 
ably increased. 


Care  of  Heating  and  Ventilating  Equipment — X 


By  HAROLD  L.  ALT 


jA  NY  heating  system  may  be  supplied  with  steam 
/\  through  a  reducing  valve  instead  of  directly  from 
X  \^  a  boiler,  but  the  proper  modifications  must  be 
made  to  care  for  the  returns.  To  operate  satisfactorily 
some  sort  of  an  automatic  device  is  necessary  to  admit 
just  sufficient  steam  to  the  low-pressure  line  to  main- 
tain the  pressure  there  required — say  5  lb.  gage  or  less. 
This  is  accomplished  by  a  pressure-reducing  valve  which 
is  closed  by  the  pressure  in  the  heating  main  when  it 
becomes  greater  and  opens  when  the  pressure  becomes 
less  than  that  for  which  the  valve  is  set.  The  action 
of  a  pressure-reducing  valve  is  similar  to,  and  in  fact  is, 
a  throttle  valve  automatically  controlled.  The  method 
or  means  of  control  varies  in  different  makes  and  is 
usually  either  a  diaphragm,  differential  or  spring,  or  a 
combination  of  these  mean^.  The  diaphragm  type  of 
pressure-reducing  valve  consists  of  a  balanced  valve 
the  spindle  of  which  is  connected  to  a  diaphragm.  Move- 
ment of  the  diaphragm  varies  the  opening  to  meet  the 
demand  for  steam  and  is  produced  in  one  direction  by 
means  of  a  spring  tending  to  open  the  valve  while  steam 
pressure  in  a  chamber  on  the  other  side  of  the  dia- 
phragm, connected  through  a  pipe  to  the  low-pressure 


main,  works  against  the  diaphragm  and  spring  and 
tends  to  close  the  valve.  Thus  the  steam  pressure  on 
the  diaphragm  in  one  direction  and  the  spring  pressure 
in  the  opposite  direction  are  opposed  to  each  other,  and 
any  increase  in  the  steam  pressure  tends  to  overcome 
the  spring  and  close  the  valve. 

The  differential  valve  has  two  di.sks,  one  of  small 
diameter  and  one  of  large  diameter,  mounted  on 
the  valve  spindle  in  such  a  way  that  the  high- 
pressure  steam  is  against  the  small  disk,  tending 
to  open  the  valve,  while  the  low-pressure  steam  acts 
against  the  larger  disk  and  in  the  opposite  direc- 
tion and  tends  to  close  the  valve.  Thus  the  pressure 
carried  in  the  low-pressure  main  will  be  proportional  to 
that  carried  in  the  high-pressure  main,  determined  by 
the  relative  area  of  the  two  disks.  A  variable  high 
pressure  will  therefore  affect  the  low  pressure.  Spring- 
operated  valves  are  counterbalanced  by  springs  and 
the  pressure  in  the  low-pressure  line  combined.  An 
increase  in  pressure  closes  the  valve  by  assisting  one 
spring,  while  a  decrease  in  pressure  allows  the  valve  to 
be  opened  by  the  other  spring.  Weights  are  sometimes 
used  instead  of  springs  to  oppose  the  action  of  a  dia- 
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phragm  in  some  types  so  that  the  farther  out  on  the 
lever  arm  the  weight  is  placed  the  greater  the  pressure 
that  must  be  exerted  under  the  diaphragm  by  the  steam 
from  the  low-pressure  main  in  order  to  close  the  valve. 
It  is  best  in  installing  a  reducing  valve  to  arrange 
the  connections  with  a  bypass  as  shown  in  Fig.  1,  and 
if  the  valve  is  not  supplied  with  an  integral  strainer  a 
separate  strainer,  shown  dotted,  should  be  provided. 
In  order  to  keep  the  close  connections  around  the  valve 
tight,  it  is  considered  essential  by  some  that  the  bypass 
valve  be  located  at  a  point  exactly  opposite  the  pressure- 
reducing  valve,  owing  to  the  unequal  expansion  th  it 
otherwise  occurs.  For  instance,  suppose  a  bypass  valve 
is  located  at  X,  the  distance  from  the  point  of  connec- 
tion to  the  reducing  valve  is  so  much  greater  than  the 
distance  to  the  bypass  valve  that  the  difference  in  the 
temperature  between  the  high-pressure  and  the  low- 
pressure  steam  expands  the  main  line  more  than  the 
bypass  due  to  this  extra  length.     When  the  valves  are 


.small  cast-iron  tank  or  receiver  containing  a  float  which 
controls  the  speed  of  the  pump,  starts  it  whenever  the 
water  reaches  a  given  high  level  and  stops  it  when  the 
receiver  has  been  nearly  emptied.  Such  pumps  may 
return  the  condensation  directly  to  the  high-pressure 
boilers,  but  usually  return  it  to  an  open  feed-water 
heater  or  reservoir.  Sometimes  where  water  is  cheap 
or  where  the  cost  of  getting  the  return  water  back  is 
greater  than  the  heat  contained  in  it  is  worth,  it  is 
allowed  to  discharge  through  a  trap  to  the  sewer.  This 
is  not  economical,  however,  from  an  engineering  view- 
point. This  trapping  may  be  done  by  connecting  all 
the  radiators  to  a  common  return  line  and  placing  a 
trap  at  the  end  of  the  line,  or  the  radiators  may  have  in- 
dividual traps  and  their  returns  connected  in  groups, 
leaving  the  return  line  open  to  the  atmosphere,  making 
practically  an  open  waste  line  of  it. 

To  connect  up  a  heating  system  to  return  the  con- 
densation to  a  high-pressure  boiler,   it  is  desirable  to 


HP.   Steam- 


V*>Hr  Line 
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FIGS.    1    AND    2.       REDUCING-VALVE    AND    RETURN-TRAP 

CONNECTIONS 

Fig.    1 — The   proper   way   to   connect   a   reducing-valve.      Fig.    1— 

Two    traps   used   to   return    condensate   to    boilers 


opposite,  the  expansion  in  both  the  main  line  and  by- 
pass is  equal.  In  any  case,  however,  there  should  be 
adequate  provision  for  expansion. 

Having  provided  for  a  supply  of  steam,  the  other 
problem  is  to  take  care  of  the  return.  There  are  several 
methods  of  handling  the  returns,  the  chief  deciding 
factor  usually  depending  on  how  they  can  best  be  utilized 
in  the  particular  case.  Usually,  the  returns  are  dis- 
charged through  a  trap  into  an  open  feed-water  heater, 
run  to  a  receiver  and  pumped  back  to  a  suction  tank  or 
feed-water  heater  or  are  discharged  through  a  trap  to 
the  sewer  and  wasted.  It  is  possible  to  return  the  con- 
densation directly  to  the  boilers  by  the  use  of  a  return 
trap  S3t  well  above  the  boiler  line,  as  shovm  in  Fig.  2. 
Automatic  air-vent  valves  should  be  located  on  the 
return  line  to  let  out  the  air,  for  traps  will  not  work 
if  airbound.  Condensation  from  a  low-pressure  heating 
system  may  of  course  be  returned  by  an  ordinary  boiler- 
feed  pump  or  a  receiver  pump  taking  its  suction  from  a 


use  two  "return"  traps,  while  to  return  the  water  to  an 
open  feed-water  heater  or  tank  at  a  high  level  one 
return  trap  will  be  sufficient.  If  the  water  heater  or 
tank  is  at  a  lower  level,  an  ordinary  "dump"  or  "separat- 
ing" trap  will  answer.  A  trap  will  discharge  water 
above  its  own  level  approximately  two  feet  for  every 
pound  of  steam  pressure  applied  above  the  water  in  the 
trap  to  operate  or  empty  it. 

Having  gotten  the  water  into  a  return  trap  set  higher 
than  the  water  line  in  the  boiler,  it  can  readily  be  dis- 
charged into  the  boiler  when  steam  at  boiler  pressure 
is  admitted  to  the  trap  assisted  by  the  hydraulic  head. 
It  is  only  necessary  to  make  the  vertical  distance  sufl!i- 
cient  to  produce  the  head  necessary  to  overcome  the 
pipe  friction  for  the  water  to  flow  into  the  boiler. 

On  the  vacuum  steam  system  the  vacuum  pump  usu- 
ally discharges  into  the  air-separating  tank  or  open 
heater  and  the  water  is  then  pumped  to  any  poiiit 
desired. 
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XVII — Egan  confines  his  remarks  to  cooling- 
water  systems,  describing  various  methods  of 
cooling,  forms  of  cooling  totvers,  and  troubles 
caused  by  scale. 


W 


quence  the  pressure  head  on  the  engine  jackets  is  very 
low.  The  piping  is  cheaply  installed  and  can  be  under- 
stood by  the  greenest  of  engineers.  The  one  damning 
feature  is  the  engine-driven  circulating  pump." 

"Why  so,  chief?"  Kelly  asked.  "If  the  engine  runs, 
you're  sure  to  get  the  water." 

"You've  said  it,   Kelly.     If  the  engine   runs,  you'll 


t4"TX  JE  ARE  going  to  take  up  cooling  systems 
tonight,"  Egan  announced,  "and  so  we'll  have 
three  to  consider.  The  first  is  the  closed- 
circuit  pump-feed  system,  like  I've  outlined  in  Fig.  1." 

"That's  the  way  we  piped  up  our  hot-ball  engine," 
Woods  declared. 

"No  doubt,"  assented  the  chief.  "It's  good  for  small 
powers  only.  The  water  is  stored  in  the  baSin  A, 
from  which  it's  drawn  by  the  pump  B,  driven  by  the 
engine,  and  forced  through  the  engine  jackets  and 
heads.  It  is  then  discharged  over  the  cooling  tower  C 
and  drops  into  the  basin  .4." 

"Why  won't  it  do  for  big  engines?"  one  of  the  men 
asked. 


FIG.    1.      CLO.SED-CIRCriT 


SYSTEM    OF    COOLING 


"If  I  were  to  tell  the  truth  I'd  say  that  it  isn't 
suitable  for  any  engine.  It  has  one  redeeming  fea- 
ture— that  of  simplicity.    It  is     

not  necessary  to  install  a  high 
storage  tank.  The  cooling 
tower  need  be  but  a  few  feet 
Jbove    ground;    as    a    conse- 


At  the  next  meeting  the  men  M-ill  discuss  the 
status  of  the  Diesel  engine  and  the  outlook  for 
engineers  trained  to  run    this  type  of  engine 


FIG.    2.      DIAGRA.MJIATIC   OUTLINE   OF    ENTIRE 
COOLING    SYSTEM 

get  the  cooling  water.     But  how  about  the  water  when 
the  engine  is  stopped?" 

"I'll  bite.  What's  the  answer?  I  know  you've  always 
ordered  us  to  let  the  cooling  water  run  for  twenty 
minutes  after  we  shut  an  engine  down,  but  I  always 
thought  that  was  wasting  water." 

"Instead  of  being  wasteful,  that  order  really  is  an 
aid  to  conservation — of  the  engine.  When  the  engine 
is  running,  part  of  the  heat  developed  is  absorbed  by 
the  cooling  water,  but  this  heat  is  first  taken  up  by 
the  piston  and  cylinder  walls.  When  the  engine  is  run- 
ning properly,  therefore,  the  jacket  water  is  taking 
heat  from  the  metal  walls  just  as  fast  as  they  are 
absorbing   it.      Now,   if  you   stop   the   engine  and   the 

flow  of  cooling  water   at  the 

same  time,  there  is  a  consid- 
erable amount  of  heat  stored 
up  in  the  piston  and  the  cylin- 
der walls.     There  is  no  water 
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circulation  to  remove  it,  and  the  heat  is  conducted  to  ad- 
joining parts  of  the  engine  that  were  not  intended  to 
withstand  temperature  stresses.  As  a  result  there  may  be 
warping  or  cracking,  and  seizing  of  the  piston  is  another 
difficulty  that  may  follow.  The  lack  of  cooling  water 
after  stopping  also  explains  why  piston-pin  brasses 
get  hot  and  grip  the  pins. 

"You  can  see  now  that  this  system  is  not  good  for 
large  engines.  Small  engines  have  about  the  same 
clearances  as  large  ones,  and  as  the  expansion  is  less, 
there  is  less  danger  of  seizing.  But  if  you  must  use 
this  system  on  an  engine,  be  sure  to  use  a  piston  or 
plunger  pump  and  never  a  centrifugal." 

"I  don't  agree  there,  J.  R.,"  Woods  began.  "A 
centrifugal  pump  has  the  fewest  parts  and  is  nearly 
foolproof.     It  has  no  piston  packing  rings  to  bother 


serious,  and  the  guarantee  of  positive  water  circulation 
offsets  the  extra  work." 

"How  about  the  water  pit,  chief?  I've  heard  that 
this  plant  is  the  only  one  of  the  company's  that  sports 
anything  but  a  wood  sump  tank." 

"That's  because  the  other  plants  are  only  enlarge- 
ments of  old  plants.  They  all  had  earth  tanks,  lined 
with  2  X  8-in.  timbers,  but  until  recently,  they  weren't 
big  enough  to  justify  a  new  tank  as  long  as  the  earth 
tanks  held  up.  When  we  put  in  the  new  engines,  we 
had  to  install  a  storage  tank,  and  so  we  got  the  con- 
crete one.  However,  it  is  merely  a  sump  to  catch  the 
water  as  it  flows  from  the  engine  discharge.  Our 
cooling  tower  is  laid  out  like  Fig.  3,  which  shows 
an  excellent  design. 

"Fig.  2  will  give  you  an  idea  of  the  layout  of  the 
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with,  and  about  all  you  need  do  is  to  put  in  a  little 
packing  around  the  shaft  once  in  a  while." 

Egan  smiled  tolerantly  at  the  younger  man. 

"Of  course,"  he  admitted,  "if  all  you  want  Is  a 
large  amount  of  water  pumped  without  much  attention, 
a  centrifugal  pump  is  0.  K.  But  you  must  remember 
that  a  centrifugal  pump  has  to  be  primed.  Suppose 
your  suction  line  began  to  leak  air  into  the  pump.  It 
would  lose  its  suction,  and  the  flow  of  water  would 
stop.  If  you  failed  to  notice  this  at  once,  first  thing 
you'd  know  you'd  have  a  fractured  cylinder  head  or 
a  scored  cylinder.  But  if  a  piston  pump  loses  its  suc- 
tion by  stopping  of  the  engine,  it  will  pick  up  again, 
since  it  will  prime  itself.     Repacking  plungers   isn't 


entire  system.  A  motor-driven  centrifugal  pump  is 
used  to  lift  the  water  from  the  sump  to  the  top  of 
the  cooling  tower.  From  the  catch  basin  a  motor- 
driven  centrifugal  pump  lifts  it  to  the  50-ft.  steel  tank 
and  it  then  flows  down  through  the  engine.  The 
tank  holds  25,000  gal.,  or  enough  to  supply  all  the 
engines  for  two  hours  in  case  anything  goes  wrong  with 
the  pumps.  To  beat  Kelly  to  his  question,  I'd  say  that 
the  centrifugal  pumps  are  used  since  the  storage  tank 
and  tower  provide  ample  water  for  a  long  time  even 
if  one  of  the  pumps  should  fail  to  work. 

"The  pump  to  the  overhead  tank  is  automatically  con- 
trolled by  a  pressure-operated  switch  that  causes  the 
pump  to  stop  when  the  water  level  is  a  foot  from  the 
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lup  of  (ho  tank  !md  to  start  up  '^Min  wlien  the  level 
ii  two  foot  from  the  bottom  of  the  tank.  Thi?  cuts 
liown  the  nmouiil  of  power  used  by  the  pump  motor 
;md  prevents  nny  overllow  loss  of  water.  As  an  extra 
precaution.  I  installed  a  bell  and  li^ht  alarm,  as  in 
FiR.  5. 

"In  the  steel  tank  I  fixed  a  ,'-in.  iron  rod  .1,  over 
which  was  slipped  a  length  of  )-in.  pipe  Ii  fitted  with 
two  collars  and  a  float  free  to  slide  up  and  down  on 
the  pipe.  A  collar  ('  is  fixed  to  the  end  of  the  pipe 
and  is  held  between  the  springs  /)  and  E  that  bear 
against  the  supporting  bracket.  Thus  the  pipe  is  held 
suspended,  although  it  may  be  moved  slightly  up  or 
down.  The  collar  C  carries  an  insulated  lug  F  to  which 
is  attached  one  side  of  the  electric  circuit.  Two  in- 
sulated contact  fingers  G  and  //  are  fixed  to  the  bracket 
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as  .should  also  the  air  compressor,  the  intercooler  and 
the  valve  cages.  The  discharge  lines  should  run  into 
a  common  funnel.  It  is  then  ea.sy  to  see  if  all  the 
lines  are  open  and  (lowing.  With  a  closed  system,  one 
cylinder  jacket  could  be  stopped  up  and  the  single 
discharge  at  the  pond  would  go  on  flowing  as  usual,  so 
that  there  would  be  no  indication  of  the  trouble  to  warn 
the  engineer. 

"It  is  my  opinion  that  the  spraying  system  will  be- 
come the  standard  before  long.  It  occupies  no  more 
room  than  a  cooling  tower  and  pit  and  the  water  is 
cooled  to  a  lower  temperature  than  is  possible  with 
a  tower.  The  lower  temperature  obtainable  is  un- 
doubtedly due  to  the  finer  subdivision  of  the  water  and 
the  more  intimate  contact  with  the  air." 

"J.  R.,  what  should  a  plant  do  that  isn't  large  enough 
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FIG.    4.      INEXPENSIVE  FORM   OF  CONSTRITCTIOX  FOR   WOODEN  COOLING  TOWER 


and  connected  with  the  other  side  of  the  circuit  through 
lamps  of  different  colors.  When  the  water  gets  too 
high,  the  float  hits  the  upper  collar,  lifts  the  pipe,  makes 
contact  with  the  finger  G  and  rings  the  bell  and  flashes 
the  green  lamps.  When  it  gets  too  low,  the  float  hits 
the  lower  collar  and  the  lug  F  makes  contact  with  the 
finger  H,  flashing  the  red  lamps  and  ringing  the  bell. 
The  contact  fingers  are  made  with  springs  to  protect 
them  from  breakage  in  case  the  pump  fails  to  start 
when  the  float  strikes  a  collar. 

"The  third  system  is  like  that  in  Fig.  2  except  that 
it  uses  a  spray  cooling  pond  in  place  of  the  cooling 
tower.  Some  plants  operate  this  as  a  closed  system 
and  force  the  water  under  pressure  through  the  jackets 
and  out  through  the  spray  heads,  which  calls  for  a 
pressure  of  about  30  lb.  However,  it  is  my  opinion 
that  every  cylinder  should  have  a  separate  discharge, 


to  afford  the  steel  tank  and  tower?"  Woods  wanted  to 
know. 

"In  such  a  case  a  tank  12  x  14  ft.  constructed  of 
2-in.  cypress  and  holding  about  12,000  gal.  is  cheap 
and  lasting.  Such  a  tank  should  be  mounted  on  a 
30-ft.  wood  tower  built  of  10  x  10-in.  oak  timbers.  This 
height  will  give  ample  pressure  to  the  water.  A  cooling 
tower  can  be  cheaply  built  along  the  lines  of  Fig.  4. 
which  is  a  layout  I've  installed  several  times." 

"By  the  way,  chief,  how  m.uch  water  ought  an  engine 
to  use?" 

"Well,"  said  Egan,  "let's  look  at  that  problem  from 
a  theoretical  standpoint  and  see  how  it  checks  up  with 
practice.  The  specific  heat  of  water  is  one,  and  so  for 
every  increase  of  one  degree  of  temperature  a  pound 
of  water  absorbs  one  heat  unit;  or,  each  pound  will 
absorb  as  many  heat  units  as  it  rises  degrees  in  tem- 
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perature.     The  weight  of  water  required  can  be  found 
by   the  formula 

w=  ^ 

^       100 («,  -  U) 
in  which 

W  =  Weight   of  water   required  per  horsepower- 
hour; 
X  =  Percentage     of     heat     absorbed     by     water 

jackets; 
H  =  Heat   developed    in   the   cylinder   per   horse- 
power-hour ; 
f,  =  Temperature  of  discharge  water; 
t^  =  Temperature  of  ingoing  water. 
"Ordinarily,  the  value  of  X  is  about  35  per  cent,  and 
to  develop  one  horsepower-hour  about  9000  B.t.u.  must 
be  produced  in  the  cylinder.     The  temperature  of  the 
ingoing  water  will  be  around  70  deg.   F.  and  of  the 
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discharge  water  about  140  deg.  F.  as  an  average.    Under 
these   conditions, 

35  ''  9000 
100(140  -  70) 

"There's  another  point  I  wanted  to  mention.  In 
starting  an  engine,  keep  the  cooling-water  valve  closed 
until  the  engine  has  fired  a  few  times.  The  jacket  is 
always  full  of  water  that  is  a  little  warm  anyway, 
so  there  will  be  no  danger  of  cracking  it.  If  you 
start  the  cold  water  through  the  jacket  before  the 
engine  begins  to  fire,  the  chilling  action  will  make 
starting  pretty  hard.  Of  course,  the  head  will  be 
empty,  but  it  won't  warm  up  at  once,  so  there's  no 
danger  of  cracking  it.  But  this  method  demands  some 
attention  from  the  operator.    He  can't  afford  to  forget 


to  open  his  water  valve.  If  it  is  a  green  bunch  run- 
ning a  plant,  it's  a  lot  safer  to  start  the  water  before 
turning  the  engine  over,  although  this  will  probably 
necessitate   starting  on   kerosene." 

"I  think  you've  forgotten  the  very  thing  you  should 
have  talked  about,"  said  Kelly.     "I  mean  jacket  scale." 

"The  joke's  on  me,"  the  chief  confessed.  "After  all 
the  rumpus  I've  raised  about  cleaning  the  jackets,  it's 
funny  that  I'd  forget  it.  Some  oil-engine  plants  are 
so  situated  as  to  have  pure  cooling  water,  but  the 
majority  must  use  whatever  water  is  at  hand,  which 
is  generally  bad.  Ordinarily,  the  hardness  of  the  cool- 
ing water  is  due  to  sulphate  of  lime  and  bicarbonate 
of  lime  or  magnesia.  The  sulphates  don't  settle  out 
of  the  water  unless  the  temperature  is  high.  It  is 
with  the  bicarbonate  of  lime  that  we  must  deal  in  the 
main.  This  will  begin  to  deposit  before  the  tempera- 
ture reaches  200  deg.  F.  So  it  will  scale  the  jackets 
under  ordinary  conditions.  When  the  jacket  gets  scaled 
up,  a  10  per  cent,  solution  of  muriatic  acid  left  in  two 
or  three  hours  will  cut  the  deposit  so  it  can  be  flushed 
out." 

"That  seems  a  hard  way.  Isn't  there  a  better  one, 
chief?" 

"Yes,  Kelly.  If  a  solution  of  soda  is  used  in  the 
sump  tank,  it  will  tend  to  settle  the  sulphate  before  it 
reaches  the  jackets.  Sometimes,  when  the  water  i.' 
taken  from  a  stream,  it  will  deposit  organic  matter,  but 
this  isn't  serious.  It's  possible  to  eliminate  it  by  the 
use  of  a  coagulant,  such  as  iron  alum. 

"There  is  another  trouble  met  wherever  water  i= 
cooled  and  used  over  again.  If  water  is  passed  and 
repassed  through  the  engine,  part  of  it  evaporates  in 
the  cooling  tower,  and  all  the  minerals  that  came  with 
the  original  water  remain  in  it.  In  time  the  percentage 
of  solid  matter  becomes  so  great  that  part  will  crystal- 
lize and  settle  in  the  jackets  and  pipe  as  a  sludge, 
which  soon  bakes  as  hard  as  the  iron.  To  overcome 
this,  replenish  the  entire  water  charge  every  30  days  or 
so.  In  general,  all  the  average  operator  need  do  is 
to  use  a  little  soda,  flush  the  jackets  every  week,  and 
about  every  three  months  use  a  muriatic-acid  solution 
if  scale  is  in  evidence." 

Air  Booster  for  Centrifugal  Pumps 

Two  single-stage  centrifugal  pumps  were  insufficient 
to  keep  dovim  the  water  at  the  Algoma  mine,  Ironton. 
Minn.,  when  the  flow  increased  owing  to  the  cessation 
of  pumping  at  an  adjoining  property,  says  H.  H.  Hun- 
ner  in  Engineering  and  Mining  Journal.  One  pump  was 
driven  by  a  75-hp.  motor  at  1750  r.p.m.,  rated  at  1290 
gal.  per  min.  against  a  165-ft.  head,  and  was  pumping 
at  approximately  this  head.  The  second  pump  was 
direct-connected  to  a  100-hp.  motor  making  1750  r.p.m., 
and  was  rated  at  1500  gal.  per  min.,  with  a  170-ft.  head. 
Suction  and  discharge  for  both  pumps  were  6-in.  diam- 
eter pipes. 

Elbows  on  the  discharge  pipes  were  tapped  for  1-in. 
pipe  connections  about  five  feet  from  the  pumps,  con- 
nected to  an  air  line,  and  the  valves  were  slightly  opened 
on  a  90-ft.  air  pressure.  The  added  pressure  increased 
the  capacity  of  the  pumps  by  200  or  300  gal.,  which 
was  suflficient  to  take  care  of  the  increased  flow  of 
water.  The  small  amount  of  air  used  was  not  noticeable 
on  the  air  line. 
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liritKjs  out  the  factors  nDrcrriitKj  the  parallel 
operation  of  three-wire  tjenrrators  and  describes 
the  method  of  vidkitKj  entuiections  to  the  control 
panels  and  the  details  of  jilaciiiif  a  generator  into 
.s-frnVc  and  of  cuttimj   it  out   of  service. 

WIIKN  dealing  with  three-wire  systems  of  large 
(ioinand  or  having  heavy  peak  loads  at  certain 
hours  of  the  day,  the  same  factors  govern  as 
in  any  other  electrical  system,  and  it  may  become 
necessary  or  advisable  to  install  several  units  to  supply 
the  load  instead  of  a  single  one.  When  such  is  the 
case,  we  are  confronted  with  the  problem  of  the  parallel 
operation  of  three-wire  generators,  and  it  will  therefore 
be  well  to  accord  the  subject  some  consideration.  Since 
the  compound  machine  is  the  one  most  commonly  in  use, 
we  will  confine  our  attention  to  that  type. 

A  diagrammatic  representation  of  two  such  machines 
connected  in  parallel  is  given  in  Fig.  1.     As  explained 


FIG.    1.      SCHKM.\TIC    DIAGRAM   OF  TWO   THREE-WIRE 
GENERATORS  CONNECTED  IN  PARALLEL, 

in  the  preceding  lesson,  the  series-field  windings  of 
compound  three-wire  generators  must  be  divided  into 
two  parts,  one  of  which  is  inserted  between  one  ter- 
minal of  the  armature  and  a  main  and  the  other 
between  the  other  terminal  and  main,  as  at  Fn,  Fb,  Fc 
and  Fd-  Now,  in  the  lessons  dealing  with  compound 
generators  in  parallel  it  was  shown  that  it  is  neces- 
sary to  have  an  equalizing  connection  joining  those 
terminals  of  the  armatures  to  which  the  series-field 
windings  are  connected.  In  the  case  of  the  three-wire 
generator  it  is  therefore  necessary  to  provide  two 
equalizing  connections,  since  both  the  armature  ter- 
minals in  this  case  have  series-field  connections  made 
to  them.  These  two  equalizers  are  shown  at  Z,  and 
Z.,  and  connect  a  to  r  and  h  to  d.  The  series  fields 
F„  and  Fr  are  connected  between  Z,  and  the  main  A, 
and  the  series  fields  Fi,  and  F^  are  connected  between 
Z.,  and  the  main  B.  The  mid-points  g,  and  g^  of  the 
inductances  L,iL>t  and  L,Ld  are  connected  to  the  neutral 
main  A^. 

The  two  equalizers  function  in  exactly  the  same  man- 
ner as  does  the  single  equalizer  used  when  two-wire 
compound  generators  are  operated  in  multiple.  Thus, 
Z,  connects  F„  and  Fc  in  multiple  and  thereby  causes 
whatever  current  fiows  in  A  to  split  evenly  between 


Con  rs<* — Til  ree-Wire 
in  ParalU^l 

them.  Likewise  Z,  connects  Fi,  and  F,i  in  multiple 
and  causes  the  current  in  /?  to  divide  equally  between 
them.  In  order  that  such  shall  be  the  ca.se,  it  \  ^  of 
course  nece.ssary  that  the  resistance  of  Fn  shall  equal 
that  of  Fr  and  that  the  resistance  of  Fi,  shall  ecjual 
that  of  F,i,  as  was  explained  at  the  time  that  compound 
generators  were  discussed.  Although  only  two  gen- 
erators are  shown  in  the  diagram,  it  is  to  be  understood 
that  any  number  of  machines  may  be  connected  in 
l)arallel  in  the  same  manner. 

The  method  of  operating  three-wire  compound  gen- 
erators in  multiple  is  essentially  the  same  as  that 
outlined  for  ordinary  two-wire  machines.  The  chief 
points  of  difference  are  that  with  the  three-wire 
generator  we  have  the  inductances  to  connect  to  the 
alternating-current  side  of  the  machine  and  that  we 
must  make  provision  for  connecting  the  mid-point  of 
the  inductances  to  the  neutral  main  at  the  same  time 
that  connection  is  made  between  the  direct-current  side 
of  the  machine  and  the  outside  mains. 

It  is  also  necessary  to  provide  two  ammeters  for 
each  machine  since  the  current  in  the  two  outside  mains 
is  not  the  same  when  there  is  current  flowing  through 
the  neutral.  It  is  also  desirable  to  have  a  third  am- 
meter to  measure  the  current  in  the  neutral.  If  one 
is  installed,  it  should  be  of  the  type  that  has  its  zero 
point  at  the  middle  of  the  scale  and  reads  in  both 
directions  from  the  center,  since  the  direction  of  the 
current  in  the  neutral  may  be  in  either  direction,  de- 
pending upon  what  side  of  the  system  is  the  more 
heavily  or  lightly  loaded.  The  ammeters  that  are  used 
to  measure  the  currents  in  the  outside  mains  should 
be  connected  between  the  series  field  and  the  armature. 
Thus,  in  Fig.  1  the  ammeter  should  be  connected  be- 
tween a  and  a„  b  and  b„  etc.  They  will  then  measure 
the  current  actually  delivered  by  the  armature. 

If  the  ammeter  were  to  be  connected  between  the 
series  fields  and  the  mains,  as  for  example,  between  x 
and  y,  the  current  measured  would  be  that  through 
the  series  field.  Since  the  currents  through  all  the 
fields  between  A  and  Z,  or  between  B  and  Z,  are  the 
same,  the  reading  of  the  ammeter  would  be  no  indica- 
tion of  the  load  carried  by  the  machine.  This  condition 
also  introduces  a  complication  when  interpoles  are  used 
on  compound  generators.  Since  the  current  through  the 
interpole  windings  must  change  with  the  armature 
current  in  order  to  secure  good  commutation,  it  follows 
that  the  interpole  windings  must  be  connected  into  the 
same  part  of  the  circuit  as  are  the  ammeters. 

In  Fig.  2  is  represented  one  type  of  control  con- 
nections for  a  compound  three-wire  generator  that  is 
to  be  operated  in  parallel  with  others;  also  the  con- 
nections between  it  and  the  generator,  which  is  of 
the  interpole  type.  In  the  figure,  G  represents  the 
generator,  F,  its  shunt  field,  F,  and  F,  the  two  halves 
of  the  series  field,  and  C,  and  C,  the  two  halves  of 
the  interpole  field.  The  terminal  block  of  the  gen- 
erator is  showm  at  Y.  The  terminals  on  it  are  marked 
with  letters  that  correspond  to  letters  applied  to  the 
various  terminal  points  of  the  windings,  such  as  e,  f, 
h,  k,  etc.  The  direct-current  brushes  are  designated 
by  a  and  b,  and  the  alternating-current  ones  by  c  and  d. 
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From  the  block  Y  lines  are  run  to  the  three  switches 
Sl,  S,  and  Sz,  and  to  the  shunt-field  rheostat  R.  Switch 
Sl  serves  to  connect  the  inductances  L,  and  L,  to  the 
alternating-current  terminals  cd.  Switch  S  is  for  the 
purpose  of  connecting  the  ammeters  7,i  and  Ib  between 
the  points  eh  and  fk  respectively  and  also  to  connect 
the  middle  point  g  of  the  inductances  to  the  neutral 
main  N  of  the  system.  Switch  Sz  serves  to  connect 
the  series  field  F,  between  the  main  A  and  the  equalizer 
Z„  and  to  connect  the  series  field  F.,  between  the  main 
B  and  the  equalizer  Z,.  The  ammeter  Ia  reads  the 
current  delivered  to  main  A  by  the  generator,  ammeter 


the  method  of  connecting  such  switches  in  parallel,  so 
that  by  the  use  of  one  plug  for  all  a  single  voltmeter 
can  be  used  for  testing  the  voltages  of  all  the  machines 
on  the  system  one  at  a  time.  Dotted  lines  are  used 
to  represent  voltmeter  connections  to  make  them  readily 
distinguishable  from  the  other  circuits. 

In  order  to  facilitate  tracing  out  the  relative  posi- 
tions and  connections  of  the  instruments,  etc.,  a  simpli- 
fied connection  diagram  is  given  in  Fig.  3.  In  order  to 
make  more  clear,  in  the  discussion  that  follows,  the 
reason  for  connecting  voltmeter  V  across  Z,Z„  it  is 
shown  connected  across  the  points  (/?•;  since  these  points 


FIG.    2       CONNECTION    DI.A^GRAM    OF   A    THRKE-WIRE   GENERATOR  IN  PARALLEL.  WITH  OTHER  MACHINES 


Ib  measures  the  current  delivered  to  main  B,  and  am- 
meter I^  measures  the  current  delivered  to  the  neutral 
main  N. 

The  voltmeter  Va  measures  the  voltage  across  A 
and  N  and  the  voltmeter  Vb  that  across  N  and  B. 
The  voltmeter  V^,,  measures  the  voltage  across  Z,  and 
Z2, which  is  practically  the  same  as  that  across  A  and 
B;  it  is  slightly  higher  owing  to  the  voltage  drop  across 
the  series  fields  connected  between  A  and  Z.,  and  B 
and  Z..  Voltmeter  Va  is  connected  to  the  voltmeter 
plug  switch  Sr  to  determine  the  voltage  across  the 
armature  terminals  ef  of  the  generator.  Circuit- 
breakers  DD  are  installed  in  the  armature  circuit  to 
protect  the  generator  against  overload. 

At  Sx  is  represented  a  voltmeter  switch  supposed 
to  be  situated  on  another  panel ;  it  is  shown  to  illustrate 


connect  to  Z,  and  Z„,  the  effect  on  the  voltmeter  is  the 
same. 

In  order  to  place  a  generator  such  as  that  under 
discussion  into  service  in  parallel  with  other  machines 
on  the  system,  the  following  would  be  the  method  of 
procedure:  At  the  time  of  starting  all  the  switches 
would  of  course  be  open.  The  first  step  would  be  to 
start  the  machine  and  bring  it  up  to  normal  speed. 
The  plug  would  then  be  inserted  into  the  switch  Sy^ 
thereby  connecting  1  to  2  and  3  to  4,  which  connects 
Vr,  across  ef;  that  is,  across  the  armature  terminals 
of  the  generator.  Switch  Sz  is  now  closed,  causing 
current  to  flow  through  F,  and  F^  and  thereby  giving 
a  certain  amount  of  series-field  excitation.  Thereupon 
the  shunt-field  rheostat  R  is  adjusted  until  the  volt- 
meters Vg  and  Vz  read   alike. 
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Hy  tracinK  back  tliruuK))  ."twitch  Sz  it  will  W  found 
that  voltmeter  V'z  connects  aeroas  «>,/,.  On  the  other 
hand,  \\;  connect.-*  across  «■/.  Hence  it  would  he  .nafe 
lo  close  switch  S  when  the  two  voltmeters  read  alike. 
If  I'z  were  connected  across  AH  instead  of  Z,Z„  it 
would  be  equivalent  to  havintr  it  across  .s^  and  it  would 
measure  the  voltajre  across  « ,/,  minus  the  voltage  drop 
ihrouRh  F,  and  F.-  and  if  the  reading'  of  Va  were  to 
'ij  made  equal  to  it,  the  voltage  across  ef  would  be 
less  than   that  across   cj,,  in  which  case  the  machine 
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would  take  current  from  the  system  if  .switch  S  were 
to  be  closed. 

"Having  adjusted  the  voltage  as  described,  the  switch 
Sl  is  closed,  causing  alternating  current  to  flow 
through  L,  and  L,.  The  current  taken  by  the  in- 
ductances is  so  small  that  it  should  have  no  eflfect  on  the 
voltage  of  the  generator.  The  next  step  is  to  close 
switch  S,  thereby  connecting  the  generator  to  the  bus. 
If  the  voltage  has  been  carefully  adjusted,  the  generator 
should  neither  deliver  nor  take  any  current.  To  make 
it  assume  its  proper  share  of  the  load,  resistance  is  cut 
out  of  the  field  rheostat  R,  thus  increasing  the  excita- 
tion, until  the  ammeters  indicate  that  it  is  delivering 
as  much  current  as  the  other  machines. 

To  take  the  machine  out  of  service,  the  foregoing 
operations  are  performed  in  the  reverse  order.  That 
is,  the  field  resistance  is  increased  until  the  excitation 
has  been  reduced  to  the  point  where  the  ammeters  show 
no  readings.  Switch  S  is  then  opened,  followed  by 
switch  Sl  and  switcli  Sz,  after  which  the  set  is  shut 
down. 

The  control  panel  for  each  generator  has  upon  it  all 
the  apparatus  shown  in  Fig.  2,  except  the  four  volt- 
meters Va,  Vb,  Vz  and  Vg.  These  are  common  to 
all  the  panels  and  are  usually  mounted  on  swinging 
brackets  at  the  end  of  the  switchboard  so  that  their 
indications  may  be  read  from  any  part  of  the  board. 

The  problem  of  the  preceding  lesson  was  intended  to 
show  that  a  voltmeter  will  give  readings  of  a  high 
degree  of  accuracy  when  used  to  measure  voltage  drops 
across  resistances  whose  resistance  is  small  as  compared 
with  that  of  the  voltmeter  itself.  Two  resistances  R, 
and  R,  of  7  and  15  ohms  resistance  respectively  were 
connected  in  series  across  a  source  of  110  volts  as  in 
Fig.  4.  It  was  required  first,  to  compute  the  voltage 
existing  across  each  resistance,  and  secondly,  to  deter- 
mine what  the  readings  of  a  voltmeter  whose  resistance 
is  14,372  ohms  would  be  if  connected  across  i2,  and  if 
connected  across  R  .     The  voltage  across  each  would  be 


the  current  through  it  multiplied  by  its  resistance, 
'i'hus,  if  /  is  the  current  (which  is  the  aame  in  both 
since  they  are  in  series),  h\  the  voltage  across  R,  and 
F,  that  across  A',,  we  have,  F,  -  IR,  and  F,  -  IR,. 
To  find  /  we  must  divide  the  sum  of  R,  and  R,  into  the 


voltage  acro.ss  them,  or,  /  - 


110 


110 


i^  -  6 


/e,    f  /?,        7+15 

amperes.  Substituting  in  the  expressiona  for  the  volt- 
ages gives  U8,  E,  =  IR,  =  5X7  =  ^''  volts,  and 
/?,  —  IR,  =  5  X  15  =  75  volts.  Our  computation 
is  .seen  to  be  correct  since  the  sum  of  F,  and  F,  proves 
to  be  equal  to  the  applied  voltage;  namely,  E,  -f-  E, 
--  .35    I-  75  =^  110  volts. 

When  the  voltmeter  is  connected  across  R,  the  con- 
ditions are  those  of  Fig.  5.  That  is,  we  have  a  re- 
sistance of  14,372  ohms  in  multiple  with  one  of  7  oh.ms, 
the  two  in  multiple  being  connected  in  series  with  15 
ohms  across  110  volts.  The  voltage  across  ac  will  then 
be  equal  to  the  product  of  the  combined  current  in  R, 
and  Ri    and   their  parallel   resistance.      If  R^   be   used 


to  represent  this  resistance,  we  have,  R^ 


=      r,     + 


1 


6.9966  ohms.     The  combined  current 


1 

7  "^   14,372 
through  R,  and  li    will  be  R,,  plus  R^  divided  into  the 
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voltage  of  the  circuit,  or,  /  =^ 


Rp  +  R2        6.9966  + 

^  5.0008  amperes.    Since  the  voltage  across  ac  is  E„  = 
IR,„  we  have  £'„  -=  5.0008  X  6.9966  =  34.9886  volts. 


R,  =  7  CAms 


Rz  -  /S  Ohms 
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SOOVoHs 
FIG.  6 


Applying   the  same  method  to  the  case  in  which  the 
voltmeter    is    connected    across    R.,    we    have,    Rp    = 


=    14.9844    ohms,    and    /    = 


1 

1 
R. 

110 

1 
R. 

1  _   J_ 

15        14372 
110 


R 


/?> 


5.0035  amperes,  from  which 


14.9844  -H  7 
E,  =  IR„  =  5.0035  X  14.9844  =  74.9744  volts. 

The  discrepancy  between  the  actual  voltage  existing 
and  that  indicated  by  the  voltmeter  is,  in  the  first  case, 
35  —  34.9844  ^  0.0156  volt,  and  in  the  second  75  — 
74.9744  =  0.0256  volt.     The  degree  of  error  in  the  first 
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case  would  therefore  be 
0.0256 


0.0156 
35 


0.000617,  and  in  the 


second 


75 


=  0.000341.     To  express  in  percentages 


we  would  multiply  by  100,  which  would  give  in  one 
case  an  error  of  0.0617  per  cent.,  and  in  the  other 
0.0341.  Inasmuch  as  few  instruments  are  guaranteed 
for  an  accuracy  exceeding  0.1  per  cent,  and  many  for 
an  accuracy  of  only  0.5  per  cent.,  it  is  apparent  that 
the  errors  due  to  introducing  the  voltmeter  in  the 
foregoing  case  is  insignificant  and  may  be  ignored. 

Five  50-watt  lamps  are  connected  in  series  across 
500  volts,  as  they  would  be  in  a  street  car  for  instance. 
This  condition  is  shown  in  Fig.  6.  A  voltmeter  whose 
resistance  is  50,000  ohms  is  used  to  test  the  voltages 
across  the  lamps.  What  discrepancy  would  exist  be- 
tween its  reading  and  the  true  voltage  when  connected 
across  ab  and  when  connected  across  ad? 


Short  Courses  for  Engineering  Graduates 

By  J.  0.  Kammerman* 

Those  who  have  followed  the  engineering  profession 
for  the  last  ten  or  fifteen  years  will  remember  that  only 
a  short  time  ago  men  graduated  from  four-year  courses 
in  engineering  were  offered  apprenticeship  courses  by 
the  large  manufacturing  establishments.  Also  it  should 
be  recalled  to  mind  that  the  pay  offered  to  apprentice 
engineers  was  from  seventeen  to  twenty  cents  an  hour. 
When  the  wage  of  the  apprentice  engineer  was  com- 
pared with  that  of  a  common  laborer,  in  most  instances 
the  laborer  was  getting  the  better  pay. 

When  a  comparison  of  work  was  made,  the  physical 
labor  the  apprentice  was  called  upon  to  do  was  about 
as  much  as  the  common  laborer  did;  but  the  work  done 
by  the  apprentice  called  for  a  certain  amount  of  skill 
and  some  technical  knowledge,  which  was  not  required 
of  the  laborer.  It  is  true,  the  apprentice  was  learning 
something,  while  the  laborer  was  methodically  moving 
like  a  mechanical  device. 

The  apprentice  continued  to  work  for  a  more  or  less 
definite  length  of  time  in  one  department  and  was  then 
shifted  to  another,  where  he  again  began  to  absorb 
knowledge  and  at  the  same  time  do  a  considerable 
amount  of  physical  labor.  By  this  method  he  finally  ob- 
tained a  working  knowledge  of  the  routine  in  each  de- 
partment of  the  factory.  The  time  required  was  from 
two  to  three  years. 

During  this  period  small  increases  in  pay  were  ef- 
fective, but  the  apprentice  usually  found  his  financial 
resources  no  larg^  at  the  end  of  his  course  than  when 
he  started.  He  has  been  limited  in  entertainments  on 
account  of  his  lack  of  funds  and  often  has  had  to  call 
upon  home  folks  to  help  him  meet  financial  obligations. 
To  the  young  man  who  has  left  college  w'th  the  idea  of 
getting  a  start  in  this  world  and  creating  a  fund  to 
start  his  own  home,  the  aspect  at  the  end  of  his  appren- 
ticeship is  not  very  bright.  In  fact,  the  only  redeeming 
featui'e  is  that  he  can  say  he  is  no  longer  on  the  ap- 
prenticeship course.  He  is  given  a  "white-shirt  job"  in 
the  front  office,  where  his  chief  responsibility  is  check- 
ing some  calculations  or  plotting  curves.  After  a  year 
of  this,  so  little  real  engineering  has  been  done  by  the 
average  man  that  he  wonders  why  he  ever  spent  four 
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years  in  a  university,  and  he  feels  that  he  could  have 
saved  that  time  by  starting  in  the  apprenticeship  course 
without  his  college  education. 

It  has  been  said  that  for  some  time  after  an  appren- 
tice starts  his  course  he  is  an  expense  to  the  company. 
The  company  needs  engineers,  and  in  order  to  train 
them  it  goes  to  some  expense  to  obtain  men  for  its  ap- 
prentice courses  and  willingly  pays  a  wage  that  is  more 
than  they  earn.  This  is  kept  up  till  the  man  is  trained 
and  the  longer  he  is  on  the  course  the  more  valuaklj 
he  is  to  the  company.  Evidently  the  company  must  pay 
a  scale  of  wages  that  will  return  to  it  by  the  end  of  the 
training  course  the  money  lost  during  the  first  peiiod 
of  training.  As  the  period  during  which  the  company 
pays  less  than  the  apprentice  is  worth  comes  at  the 
end  of  the  course,  the  apprentice  has  forgotten  the 
earlier  period  of  his  training  and  feels  dissatisfied  with 
his  salary,  which  is  a  condition  beneficial  neither  to  the 
apprentice  nor  to  the  company. 

It  is  the  writer's  firm  belief  that  the  average  number 
of  men  who  have  taken  apprenticeship  courses  and  have 
reached  a  salary  of  $4000  a  year  due  to  their  engineer- 
ing ability  is  far  less  than  the  average  number  of  men 
who  started  out  from  college  to  be  engineers  in  as  short 
a  time  as  possible,  and  not  by  a  more  or  less  routine 
method,  and  who  are  receiving  $4000  or  more  per  year. 

During  the  period  of  the  active  hostilities  between  the 
United  States  and  Germany  and  the  period  previous 
when  the  world  war  was  being  fought,  engineers  were 
in  great  demand.  Salaries  were  abnormally  high.  Men 
were  secured  for  engineering  positions  at  any  price. 
Many  young  men,  leaving  college,  were  paid  salaries 
ranging  from  $100  to  $150  per  month.  It  is  interesting 
to  note  that  these  men,  feeling  their  responsibility,  de- 
veloped characteristics  of  initiative,  resourcefulness, 
leadership  and  self-confidence  that  no  apprenticeship 
course  could  give.  These  characteristics  are  required 
of  the  engineer  of  today,  and  any  course  of  procedure 
that  does  not  tend  to  develop  them  is  not  developing  en- 
gineers. If  during  the  stress  of  a  war  period  these  men 
can  successfully  fill  responsible  positions  requiring  en- 
gineering training,  why  is  it  necessary  in  times  of  peace 
to  require  a  prolonged  period  of  training? 

Men  Rapidly  Trained  During  Period  of 
Great  Demand 

Employers  have  said  that  they  must  train  their  own 
men ;  yet  these  same  employers  took  untrained  men  and 
in  a  very  short  time  had  then  trained  for  responsible 
positions.  Few,  if  any,  teachers  of  engineering  will  say 
that  graduates  are  experienced  engineers.  But  if  dur- 
ing a  period  of  great  demand  a  man  can  in  a  few  weeks 
rise  to  a  position  requiring  ability,  why  is  it  necessary 
during  peace  times  to  keep  a  man  on  a  laboring  job 
until  some  accident  happens  and  he  gets  a  real  position 
either  with  the  company  whose  apprenticeship  course 
he  took  or  with  some  competitor? 

These  questions  are  being  raised  and  the  men  who 
complete  engineering  courses  this  spring  are  going 
to  question  seriously  the  advisability  of  a  long  appren- 
ticeship course.  The  war  has  taught  many  lessons.  The 
intensive  vocational  courses  demonstrated  what  could 
be  accomplished  in  a  short  interval.  Men  were  trained 
in  a  very  brief  time  to  do  certain  tasks  requiring  some 
skill  and  special  knowledge. 

One  claim,  made  in  support  of  a  long  apprenticeship 
course  is  that  many  college  graduates  do  not  know  what 
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brunch  of  enKinoorinvr  tlioy  wish  to  pursue  and  that  thi- 
traininjr  cour.-<i'  alTonls  an  opportunity  to  niaki'  an  ef- 
fcitivo  rhoico.  This  may  lii>  true,  hut  too  many  men  are 
.so  (li.scourajjed  with  envrineerin)?  in  KPin^al  at  the  end 
of  two  years  of  manual  lalior  that  they  cannot  make  an 
elTectivo  choice. 

The  writer  wishes  to  advocate  aevenil  short  inten- 
sive courses,  each  course  to  lead  to  a  definite  branch  of 
enjrineerintr.  The  student  apprentice  should  make  his 
choice  when  he  is  starting  his  career.  At  the  end  of 
the  .short  cour.se  a  position  carryinj?  some  responsibility 
should  be  triven  to  the  student  euKineer.  His  pay  should 
be  commensurate  with  his  training  and  ability  and  not 
a  stan'ation  wage.  If  the  course  is  properly  handled, 
those  in  authority  will  know  the  man's  value  at  the  end 
of  six  months  as  well  as  at  the  end  of  two  years,  and  if 
hi*  is  unfitted  for  the  work  he  has  chosen  he  should  be 
told  at  once  and  not  allowed  to  work  two  years  and  then 
I'md  he  is  on  the  wrong  track. 

Cooperation  between  college  faculties  and  these  in 
charge  of  courses  for  student  engineers  will  be  helpful. 
College  courses  must  be  changed  to  include  more  engi- 
neering work  and  these  changes  can  be  made  so  that  the 
.student  of  engineering  will  receive  in  college  that  which 
is  now  part  of  a  student  apprenticeship  course. 

With  the  college  faculties  weeding  out  the  men  unfit 
for  engineers  and  the  larger  companies  eliminating  the 
undesirable  men  at  the  end  of  six  months  of  training, 
the  engineering  profession  would  be  greatly  helped.  The 
standard  would  be  materially  raised. 

Cat's  Six  Thousand-Volt  Ground  Creates 
No  Disturbance  on  the  System 

By  Frank  Gillooly 

The  top  of  an  oil  switch  as  the  nesting  place  for  her 
brcoJ  p-oved  a  tragic  choice  to  a  cat  trespassing  in 
a  6000-volt  .substation.  Indiscretions  with  high  voltage 
frequently  have  been   made  by   various  animals  from 


THE  CAT  TOUCHED  THE  "C"  PHASE  LUG 

rats  to  squirrels,  invariably  with  disastrous  results  to 
the  apparatus  and  the  service. 

In  a  substation  where  the  switch  gear  is  located  in 
the  basement  and  controlled  from  the  main  floor  the 
operator  was  making  frequent  visits  to  the  basement 
during  the  night,  to  make  tests  on  a  cable  that  had 
failed  the  day  before.     Investigating  a  burning  odor  on 


one  of  his  trips,  he  found  a  cat's  paw  on  the  flooi 
and  the  feline  herself  stretched  rigid  on  top  of  tin- 
bus  structure  near  some  bare  (JOOO-volt  contacts.  The 
two-phase  (JOOO-volt  OO-cyde  bus  is  housed  in  a  closed 
concrete  structure  about  four  feet  high.  Above  it,  on 
vertical  marble  panels,  are  the  disconnect  blocks;  and 
near  the  ceiling,  the  oil  switches. 

The  cat  had  traveled   the  length  of  the   room  to  it 
darkest  part,  mounted  the  bus  structure,  and  ."itandinj' 
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TURBO  -ALTERNATOD  TURBO  -  ALTERNATOR 

DIAGRAM    OF   SYSTEM    WHEN   TKOUBI.E   OCCURRED 

on  an  angle  iron,  touched  the  "C"  phase  lug  of  one 
of  the  disconnecting  switches,  apparently  intending  to 
leap  from  the  top  of  the  panel  to  the  oil  switch,  which 
looked  warm  and  cozy  and  out  of  sight  near  the  ceiling. 
The  copper  lug  and  the  iron  were  slightly  blistered. 
The  cat's  front  paws  were  burnt  off  close  to  the  body, 
and  her  body  was  singed  from  the  flame. 

The  interesting  feature  is  that  no  disturbance  was 
caused  on  the  system,  which  had  units  aggregating 
121,500  kw.  on  the  line  in  its  several  generating  sta- 
tions, all  interconnected  through  transformers  and 
frequency  changers,  as  showTi.  All  substations  are 
equipped  with  electrolytic  arresters,  most  of  them 
within  sight  or  hearing  of  the  operator,  yet  no  arrester 
spill  was  noticed,  nor  was  any  mark  made  on  the  volt- 
meter charts.  Three  factors,  probably,  were  respon- 
sible for  there  being  no  disturbance  on  the  system: 

1.  The  high  resistance  of  the  ground  circuit  through 
the  cat's  body,  and  the  fact  that  this  circuit  was 
quickly  broken  when  her  upright  position  caused  her 
body  to  be  hurled  clear  of  the  contacts. 

2.  That  there  was  no  6000-volt  generator  on  the 
line.  The  accident  occurred  at  5:00  a.m.  when  this 
system,  carrying  14,000  kv.-a.  load,  was  being  fed 
through  two  frequency  changers  of  15,000  kv.-a.  total 
capacity,  and  two  banks  of  Scott  transformers  of  6000 
kv.-a.   each. 

3.  That  the  system  had  been  combed  of  leakage 
grounds  when,  at  the  same  hour  on  the  preceding  morn- 
ing, one  cable  had  failed,  its  relays  failed  to  function, 
and  it  had  caused  three  other  cables  to  fail  and  both 
the  frequency-changer  and  the  transformer  switches  to 
trip  and  kill  the  whole  6000-volt  system. 


Carbonization  of  lignite,  which  is  absolutely  essential 
to  its  more  general  use,  is  strictly  in  accordance  with 
modern  scientific  research.  We  are  simply,  from  neces- 
sity, starting  to  do  with  lignite  now  what  will  eventually 
be  done  with  all  of  our  high-volatile  coals. 
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Dravo  Superheater 


In  the  more  advanced  countries  of  Europe  no  power 
plant  is  operated  today,  if  it  is  of  any  considerable 
size,  without  superheated  steam.  In  this  country  it  is 
common  to  find  large  plants  using  saturated  steam, 
although  this  condition  is  rapidly  changing  with  regard 
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FIG.    1.      SHOWING   CONSTRUCTIOiN    UF    SUPERHEATER 

to  the  more  up-to-date  plants,  where  superheated  steam 
is  used  in  connection  with  the  turbine  installation. 

The  Dravo  superheater,  manufactured  by  the  Super- 
heater and  Engineering  Co.,  233  Broadway,  New  York 
City,  is  so  built  that  the  steam  is  agitated  as  it  passes 
through  the  apparatus  and  is  thereby  brought  into  direct 
contact  with  the  hot  surface  of  the  tube,  which  tends 
to  produce  a  uniform  degree  of  superheat  at  the  outlet. 
The  superheater  is  designed  to  conform  to  the  code 
covering  such  apparatus,  as  adopted  by  the  American 
Society  of  Mechanical  Engineers.  Details  of  its  con- 
struction are  shown  in  Figs.  1  and  2. 

The  steam  enters  either  at  the  side  or  at  the  end 
of  the  header,  as  may  be  convenient,  passes  into  the 
inlet  chamber,  thence  into  the  annular  space  between 
the  tube   and  core  pipe  of  the   ingoing  element,   both 


FIG.    2.      AS.SEMBLED    SUPERHEATER 

by  way  of  the  grooves  and  the  bushings  and  through 
the  core  pipes  themselves,  passing  through  the  con- 
necting pieces,  or  return  bends,  into  the  outgoing 
element  of  the  apparatus,  then  into  the  annular  space 
in  them  in  very  much  the  same  manner  as  in  the 
ingoing  element.  The  superheated  steam  then  passes 
through  the  outlet  chamber  to  the  side  of  the  header, 
which  is  connected  to  the  steam  main. 

The  headers  are  made  of  steel  castings,  and  the  tubes, 
of  seamless  drawn  steel,  are  rolled  into  the  headers  the 


same  as  is  done  in  boiler  construction.  The  core  pipes, 
which  are  contained  within  the  tube,  can  be  built  in 
sections  where  it  is  desirable  to  remove  them  in  re- 
stricted space,  the  sections  being  connected  by  joints 
made  of  steel  tubing. 

This  superheater  can  be  in.stalled  in  various  types  of 
water-tube  boilers  and  can  also  be  used  with  return- 
tubular  boilers. 

New  Standard  Grease  Cup 

A  grease  cup  known  as  the  New  Standard  is  made 
by  the  New  Standard  Manufacturing  Co.,  1325  Arch 
Street,  Philadelphia,  Penn.  The  body  of  the  cup  is  of 
glass  and  the  base  is  of  brass.  In  the  shank  is  a  screw 
for  regulating  the  feed  of  the  grease.  A  cap  fits  over 
the  top  of  the  glass  body  and  is  held  in  position  by  a 
double  -lock 
bail,  as  shown 
in  the  illustra- 
tion. In  the 
top  of  the  cap 
are  three  holes 
in  which  a  cot- 
ter pin  fits 
which  also 
passes  through 
a  hole  in  the 
end  of  a  spring 
spindle.  This 
spindle  is 
tapped  for  the 
threaded  stem 
of  the  plunger, 
which  forces 
the  grease  out 
through  the 
bottom  of  the 
cup.  The  three 
holes  in  the 
cap  permit  of 
obtaining  three 
tensions  on  the 
spring  which 
exerts  force 
against  the 
plunger. 

At  the  top  of  the  glass  body  is  a  projection  made  to 
represent  the  color  of  grease,  which  is  exposed  to  view 
when  the  grease  in  the  cup  is  under  the  tension  of  the 
spring.  As  the  grease  feeds  out,  this  signal  gradually 
disappears  as  the  cap  covers  it,  and  when  it  is  no  longer 
visible  it  indicates  that  it  is  necessary  to  readjust  the 
tension  of  the  spring  for  another  period  of  feeding. 
This  is  done  by  turning  the  adjusting  cap  in  a  clockwise 
direction. 

The  feeding  of  the  grease  is  regulated  by  adjusting 
the  cotter  pin  and  also  by  reducing  the  grease  dis- 
charged through  the  bottom  of  the  glass  by  means  of 
the  regulating  screw.  With  these  adjustments  the  pres- 
sure against  the  grease  remains  uniform  from  start  to 
finish  and  overcomes  any  difficulty  due  to  a  difference  in 
the  tensional  spring  between  the  beginning  and  finish- 
ing of  the  feeding  period. 

To  fill  the  cup,  the  body  is  removed  after  unclamping 
the  double-lock  bail,  and  it  is  easily  replaced  when  filled. 
The  capacity  of  the  cup  is  3  oz.,  it  is  made  with  a  l-va. 
shank  and  weighs  11  ounces. 


DETAIL  OF  STANDARD  GREASE  CUP 
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Diesel  Engines  Prove  Economical 


Three  3^0-kiv.  Diesel  units  have  been  in  service 
in  this  plant  for  more  than  two  years  in  combi- 
nation xvith  steam  equipment.  Although  main- 
tenance cost  is  high  a  considerable  saving  has 
been  realized  during  the  ivar  period. 

THE  following  results  were  obtained  in  the  plant 
of  a  traction  company  in  the  Middle  West 
operating  about  70  miles  of  electric  railway  lines 
together  with  an  extensive  lighting,  power  and  steam- 
heating  business,  and  serving  a  city  of  more  than  60,000 
population,  with  various  suburbs  in  addition. 

In  addition  to  the  local  lighting  business  the 
company  supplies  lighting  service  to  from  10,000  to  12,- 
000  suburbanites,  the  farthest  point  reached  being  about 
6  miles  from  the  power  plant.  In  every  suburban  com- 
munity the  energy  is  sold  to  the  municipality,  which 
resells  it  to  the  consumer.  The  lighting  and  power 
peak  falls  between  7:30  and  9  p.m.  in  the  summer,  and  6 
and  8  p.m.  in  the  winter. 

The  company  operates  about  two  miles  of  steam  heat- 
ing mains,  a  16-in.  main  from  the  station  reaching  prac- 
tically all  of  the  downtown  retail  district  and  serving 
theaters,  churches,  department  stores,  etc.  Practically 
all  of  the  steam  is  low-pressure  exhaust  from  the  Corliss 
engines.  Steam  from  the  bleeder-type  turbine  and  live 
steam  are  seldom  needed.  Typical  load  curves  for  the 
years  1917,  1918  and  1919  are  herewith  reproduced. 
The  operating  power-station  equipment  in  1915  included 
one  750-kw.  Curtis  turbine,  one  500-kw.  Allis-Chalmers 
Corliss  engine,  one  325-kw.  Murray  Corliss  engine,  one 
loOO-kw.  Curtis  turbine  and  one  500-kw.  Allis-Chalmers 
turbine.  There  was  also  one  200-kw.  high-speed  Harris- 
burg  engine  not  in  use.  The  boiler-room  equipment  in- 
cluded six  B.  &  W.  250-hp.  boilers  equipped  with  Jones 
underfeed  stokers,  two  Stirling  450-hp.  boilers  with 
.Jones  underfeed  stokers,  one  Stirling  150-hp.  boiler 
equipped  with  blowers  and  two  Edge  Moor  500-hp. 
boilers  equipped  with  Green  chain  grates. 


In  1916  the  lighting  demand  increased  considerably 
and  the  demand  for  steam  heat  increased  more  than 
20  per  cent.  The  boiler  room  had  reached  the  limit  of 
its  output  and  it  became  necessary  either  to  increase  its 
capacity  or  to  obtain  energy  from  some  other  source. 
A  study  of  the  Diesel  engine  led  to  the  conclusion  that 
the  necessary  increase  in  plant  capacity  could  be  ob- 
tained without  increasing  the  boiler-room  capacity  by 
adding  engines  of  this  type,  with  an  increase  in  effi- 
ciency of  the  plant  as  a  whole. 

Two  Busch-Sulzer  four-cylinder,  vertical,  type-B, 
500-hp.,  200-r.p.m.  Diesel  engines  were,  therefore,  in- 
stalled in  August,  1916.  One  is  direct-connected  to  a 
350-kw.  2300-volt.  60-cycle  three-phase  alternating- 
current  generator  and  the  other  to  a  350-kw.  550/575- 
volt  direct-current  generator.  The  guarantees  for  these 
engines  provide  that  with  a  net  load  of  from  500  b.hp. 
to  250  b.hp.  the  fuel-oil  consumption  will  not  exceed 
6  gal.  per  100  b.hp.-hr.  to  7.4  gal.  per  100  b.hp.-hr.  for 
the  two  loads  mentioned,  respectively;  the  fuel  oil  to 
have  a  heat  value  of  not  less  than  18,500  B.t.u.  per 
pound,  specific  gravity  at  60  deg.  F.  not  higher  than 
20  deg.  Baume  and  not  lower  than  40  deg.,  with  residue 
not  more  than  10  per  cent.  The  speed  variation  from  no 
load  to  full  rated  capacity  is  not  to  exceed  2i  per  cent. 
from  mean. 

When  the  Diesel  engines  were  installed,  the  1500-kw. 
mixed-pressure  turbine,  using  low-pressure  steam  from 
the  Corliss  engines  and  high-pressure  live  steam  when 
necessary,  was  sold  because  uneconomical,  and  a  1500- 
kw.  3600-r.p.m.  2300-volt  General  Electric  bleeder-type 
turbine  was  installed  on  the  same  foundation. 

In  November,  1917,  one  Mcintosh  &  Seymour  four- 
cylinder,  vertical-type,  500-hp.,  164-r.p.m.  Diesel  engine 
was  installed.  This  is  direct-connected  to  a  350-kw., 
550/575-volt  direct-current  generator.  The  maker  guar- 
antees that  this  engine,  when  carrying  between  full 
and  one-quarter  net  load  will  consume  fuel  oil  of  a 
heat  value  of  not  less  than  18,500  effective  B.t.u.  per 
pound,  not  to  exceed  a  range  between  0.408  lb.   and 


May  13,  1919 


POWER 


735 


0.628  lb.  per  brake-horsepower  per  hour.  The  speed 
variation  is  guaranteed  not  to  exceed  3  per  cent,  from 
mean  for  normal  variations  in  load,  and  the  consumption 
of  lubricating  oil  is  not  to  exceed  21  gal.  per  day. 

With    the   installation   of  the   Mcintosh   &   Seymour 
engine  the  Harrisburg  engine  was  removed,  unit  No.  2, 


of  the  plant.  The  pumps  are  of  the  vertical  centrifugal 
type,  direct-connected  to  motors  and  located  in  the  wells 
close  to  the  water  level.  From  the  supply  tanks  the  water 
pa.sses  by  gravity  to  the  jacket  on  the  engine  cylinders, 
exhaust  valves  and  air  compressors  and  drains  to  a 
tank  in  the  basement  of  the  engine  room.     Thence  by 
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a  500-kw.  motor-generator  set,  was  moved  into  line  with 
unit  No.  1  and  a  new  500-kw.  motor-generator  set  was 
installed  in  line  with  these  two.  A  50-kw.  motor-driven 
G.E.  exciter  set  was  also  installed.  This  has  sufficient 
capacity  to  serve  the  entire  plant. 

The  alternating-current  Diesel-engine  unit  operates 
in  parallel  with  the  1500-kw.  turbine,  and  after  mid- 
night during  the  summer  season  when  there  is  no  heat- 
ing it  carries  the  load.  The  switchboari-panel  for  this 
unit  is  on  the  alternating-current  switchboard  located 
on  the  balcony.  The  direct-current  "Diesels"  operate  in 
parallel  with  the  direct-current  steam  engines  and 
motor-generator  sets.  Their  panels  are  on  the  direct- 
current  switchboard  on  the  main  floor.  The  alternating- 
current  "Diesel"  frequently  carries  a  railway  load  by 
conversion  through  a  motor-generator  set,  but  it  was 
installed  as  an  alternating-current  unit  so  that  it  could 
carry  the  lighting  load  after  midnight. 

The  fuel  oil  is  delivered  in  tank  cars  on  a  spur  track 
and  unloaded,  by  gravity  to  two  underground  steel 
drum  storage  tanks  with  a  capacity  of  12,000  gal.  each. 
From  the  tanks  it  is  pumped  by  small  motor-driven 
pumps,  supplemented  with  an  auxiliary  hand  pump  for 
emergency  use,  through  Worthington  piston-type  oil 
meters  to  auxiliary  supply  tanks  of  30  gal.  capacity 
and  located  on 
the  wall,  about  6 
ft.  above  the  fuel- 
oil  pumps.  Fuel 
pumps  on  the 
engines  draw  the 
oil  from  the  aux- 
iliary tanks  and 
feed  it,  accord- 
ing to  the  posi- 
tion of  the  gov- 
ernor, through 
discharge  lines  to 
the  needle  valves. 

Another  i  m  - 
portant  feature 
is  the  cooling 
water  for  the 
engine.  This  is 
pumped  from 
wells  just  outside 
the  plant  to  a  16 
X  16-ft.  tank  lo- 
cated on  the  roof 
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means  of  a  small,  horizontal,  motor-driven  pump,  ap- 
proximately 100  gal.  per  minute  is  carried  back  to  the 
supply  tank  on  the  roof.  This  return  of  part  of  the 
cooling  water  to  the  original  supply  is  a  feature  added 
some  time  after  the  installation  of  the  engine.  The 
temperature  of  the  well  water  is  from  50  to  55  deg. 
F.  It  was  at  first  found  that  this  was  so  low  as  to 
cause  sweating  in  the  air  compressors  owing  to  the  fact 
that  the  air  drawn  in  from  the  room  is  at  approximately 
72  deg.  F.  and  is  moist  from  the  steam-generating 
equipment.  Water  formed  in  the  air  compressors 
drained  out  and  washed  out  some  lubricating  oil.  The 
100  gal.  of  water  per  minute  now  returning  from  the 
basement  at  a  temperature  of  about  110  to  125  deg. 
F.,  mixes  with  the  cold  well  water  and  gives  a  re- 
sultant temperature  of  70  to  80  deg.,  approximately  the 
room  temperature.  The  air  intake  has  now  been  placed 
outside  the  building  and  all  entering  air  passes  through 
flannel  strainers,  thus  eliminating  all  dirt  and  furnish- 
ing air  not  laden  with  moisture  from  the  steam 
equipment. 

The  water  from  the  company  wells  is  very  salty.  It 
cannot  be  used  for  piston  cooling  on  the  Busch-Sulzer 
engines  because  when  heated  the  water  forms  a  scale 
which  destroys  the  efficiency  of  the  cooling  operation. 

City  water  i  s 
used  for  this 
purpose  and  is 
regulated  to  38 
lb.  pressure.  The 
water  purchased 
from  the  city  also 
contains  scale- 
forming  materials 
and  if  raised  to 
a  temperature 
sufficiently  high 
will  in  cooling 
deposit  a  scale 
which  requires 
an  occasional  sul- 
phuric-acid bath 
to  remove.  Fail- 
ure to  remove 
this  scale  is  liable 
to  result  in 
cracked  pistons, 
and  failure  to  re- 
move    the     scale 
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from  the  coolinjr  pns.snjrcs  in  the  cylinder  hends  will 
muse  the.se  to  crack  clue  to  the  fact  that  the  coolinf? 
i.s  not  properly  pcrfornu'd  if  the  pa.ssuKes  are  filled  with 
.•^cale. 

The  accompanyinp  table  trives  data  on  the  operation 
of  the  plant  for  the  years  l!)!."}  to  1018  inclu.sive. 

(UriTT  ASl)  CO.XTS  OK  OI'KHATION  OK  J'OWKK  TI-ANT 


HIS 

1916 

1917 

1918 

Kilowtitt-htHin«  KfiiiTiiti-tl 

I0.77t.'>10 

ll.Sll.890 

12.613.994 

12.907.625 

KilowBtt-hiHini    uixhI    Iiv 

milwitv 

6,161.741 

6.I94,6S7 

6.180.776 

6.076.4)1 

Kilowntl-liiiuni    iiwil    (or 

lilllil  nml  piiwrr 

4.6lS,l6Q 

5.H7.23? 

6.433.218 

6.831.194 

rounitn  i>(  xtculii  Hold 

68.%a«,U00 

81.499,000 

92.728.700 

75.643.000 

Kiltiwiitt  liiiuni  Ki'iii>ruli'<l 

10,776, "JIO 

10.062.180 

8.309.057 

8.291.539 

Toli.1  of  roal  umhI 

18.411    51 

42.6i2    19 

35.736   17 

31.110  43 

.\v<TaKi'  rt»e«t  p**r  ton  . 

12  87 

»1   50 

$4   59 

$4  96 

ruilllll:4    o(    nwl    JXT    klliv- 

wntt-hour.  ....... 

7.n 

8.48 

8  60 

7   50 

Co8l     of    roal    per    kilo- 

watt-lioiir.  rent."   

1.02 

1   48 

1.97 

1    86 

Total  ro»l   of  roal 

»II0,359,57 

$149,271.05 

$163,938  99 

$154,329.60 

Kilowall-liouRt  itoniTftti'il 

by  I)ii*:*i'l  t'licint':*    

None 

1.469,710 

4.242.377 

4.616,086 

Gallon,-  fu<-l  oil  u,-«a         . . 

None 

136.6)64 

395.568 

427.967 

Avrragr   cost    per   gallon 

of  oil.  cents      

None 

3.14 

3.70 

5.66 

Kilowntl-hours  (tonoraloii 

p<T  gullon  of  oil 

None 

10.70 

10.70 

10.70 

Coet   of  oil  p.T  kilowatt- 

hour.  rents 

None 

0  292 

0  345 

0  566 

Total  ro8t  of  furl  oil   

None 

$4,294    12 

$14,646  77 

$24,238.99 

$24,797  08 

9,699   51 

2.404   24 

386   32 

2,134  75 

$27,029   13 
7,424.19 
3.851.77 
1.898.75 
2.761.34 

$39,320 
8.711 
4,991 

3.548 

33 
05 
90 

71 

11.891.43 

20,179.56 

25.376 

53 

204.878.50 

241.730.50 

260,517 

11 

1   78 

1.91 

2 

02 

Total   furl   eoeit    (oil   and 

roal) Jl  10.339   57    $153,565    17    $178.58576    $178,568   59 

Average  rost   of  furl  prr 

kilowatt-hour.  renU.  .  .  1    02  1    33  I    41  1    38 

Wages    of    powTr-station 

rniplovees $20,967  92 

Cost  of  water 7.839  49 

Cost  of  lubriration 1.127  08 

Cost  of  power  purchasrd. .  3 1 7 .  26 

Misrellaneous  expense 1.902.  42 

Power-plant  maintenance 

cost 1 3. 1  36  66 

Total  cost  of  power-sta- 
tion operation 155.630  40 

Switchboard  rost  per  kilo- 
watt-hour, rrnts 1 .  44 

It  will  be  noted  that  during  1917  and  1918  the  Diesel 
engines  carried  more  than  one-third  the  load  of  the 
plant.  Also  that  the  cost  of  coal  per  kilowatt-hour 
generated  in  1918  was  1.86  cents,  while  the  cost  of  oi! 
per  kilowatt-hour  generated  was  only  0.566  cent.  Part 
of  this  difference  is  offset  by  the  increased  cost  of  main- 
tenance of  the  Diesel  engines  as  compared  with  the 
steam  units  and  by  the  fact  that  the  coal  cost  also  in- 
cludes that  of  the  coal  used  for  heating,  but  there  is  an 


e;^timated  saving  of  at  least  0.9  cent  per  kilowatt-hour 
on  all  energy  generated  by  the  Diesel  units.  As  this 
amounted  to  'I.CilG.OSG  kw.-hr.,  the  saving  was  more 
than  $1 1.000  in  one  year  on  .switchboard  cost. 

ViuTUKs  AND  Limitations  ok  tiik  Dikskl  Engine 

The  Diesel  engine  is  economical  because  it  will  burn 
a  low  grade  of  fuel  and  upon  combustion  of  the  oil,  as 
in  the  gasoline  engine,  practically  all  of  the  mechanical 
energy  is  imparted  directly  to  the  piston.  The  main- 
tenance cost,  however,  is  high.  This  is  still  an  unknown 
quantity  in  this  particular  plant  as  records  are  not  kept 
which  permit  separating  the  labor  and  overhead  costs 
from  those  of  the  steam  equipment.  Since  the  Bu.sch- 
Sulzer  engine  is  designed  for  piston  cooling,  the  local 
condition  of  the  cooling  water  has  made  the  lubrica- 
tion cost  of  this  engine  higher  than  on  the  other  type. 
Recently,  the  Busch-Sulzer  company  has  perfected  the 
design  of  the  piston-cooling  equipment  so  that  it  does 
not  interfere  at  all  with  the  lubrication  of  the  engines, 
and  the  lubrication  has  been  reduced  to  as  little  as  two 
gallons  of  oil  per  day  per  engine. 

The  ideal  operating  condition  for  the  Diesel  engine 
is  a  constant  load.  This  is  true  not  only  because  the 
engine  operates  at  highest  efficiency  under  a  constant 
full  load,  but  because  the  capital  tied  up  in  this  equip- 
ment is  so  large  that  no  units  can  afford  to  stand  idla 
many  hours  of  the  day.  As  a  Diesel  engine  cannot  be 
heavily  overloaded  to  carry  a  peak  and  as  it  is  not 
economical  to  allow  an  engine  to  lie  idle  or  operate  on 
extremely  light  load  many  hours  of  the  daj%  the  ad- 
visable plan  for  a  plant  with  a  load  having  one  or  mors 
extreme  peaks  is  either  to  operate  with  all  steam  equip- 
ment or  enough  Diesel  equipment  to  handle  the  average 
load  and  a  turbine  to  take  the  peak  and  overload.  There 
is  perhaps  some  objection  to  a  mixed  installation  of 
this  sort  due  to  the  fact  that  an  engineer  who  can  op- 
erate steam  equipment  satisfactorily  ca/inot  always 
operate  a  Diesel  engine  equally  well.  Therefore  a  spe- 
cially trained  man  is  advisable. 


PLAN   OF  EXGIXE  ROOM    SHOWING   MIXED   UNITS 
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The  Meter  Expert 

THE  trend  in  power-plant  design  and  management 
during  the  last  four  or  five  years  has  been  in  the  di- 
rection of  the  perfection  and  use  of  appliances  for  meter- 
ing and  recording  the  performance  of  the  plant,  as  well 
as  the  service  rendered  by  the  various  integral  parts, 
such  as  boiler-efficiency  meters,  steam-flow  meters,  wa- 
ter meters,  coal  weighers,  CO,  recorders,  flue-gas  analy- 
sis apparatus,  tachometers,  calorimeters  and  indicators. 

The  checking  more  closely  of  power  costs  and  load 
conditions  and  the  constant  increase  in  appreciation  of 
the  economic  possibilities  of  installing  meters  and  re- 
corders for  this  purpose  in  many  cases  so  greatly  in- 
creases the  detail  work  imposed  upon  the  operating 
force  that  satisfactory  service  in  both  operating  and 
checking  costs  and  efficiencies  cannot  be  obtained;  and 
usually,  the  tendency  of  the  force  is  to  keep  the  plant 
running  and  to  neglect  the  finer  points  involved  in  tak- 
ing meter  readings,  seeing  that  meters  and  recorders 
are  kept  in  continuous  service,  etc. 

All  of  which  leads  to  the  desirability  of  providing  in 
most  plants  of  any  magnitude  a  special  attendant  for 
taking  care  of  the  meters,  looking  after  their  proper 
operation,  taking  records  from  them,  and  digesting  and 
making  use  of  this  information  in  such  a  way  that  it 
can  be  applied  to  improve  the  efficiency  and  economy  of 
the  whole  plant. 

The  extremely  delicate  design  embodied  in  many  re- 
cording instruments  for  the  purpose  of  insuring  high 
accuracy,  and  the  highly  technical  knowledge  required 
in  the  proper  checking  and  intelligent  use  of  present- 
day  refined  meter  apparatus  also  rightly  take  this  class 
of  apparatus  beyond  the  scope  of  the  average  plant 
operator,  and  again  point  to  the  desirability  of  a  special 
man  for  meter  service.  Every  maker  of  recording  and 
metering  equipment  will  impress  on  the  prospective 
purchaser  the  fact  that  in  order  to  furnish  complete 
satisfaction  the  apparatus  must  be  given  intelligent 
and  careful  attention  and  should  be  in  continuous  serv- 
ice; that  the  records  produced  should  be  studied  and  di- 
gested and  conclusions  reached  which  can  be  applied  to 
bettering  plant  operation.  The  man  in  charge  of  keep- 
ing the  boilers,  engines,  turbines,  pumps  and  multi- 
tudinous other  equipment  and  details  going  in  the  power 
plant  cannot  logically  be  expected  to  give  this  continual 
and  special  attention,  even  though  he  is  perfectly  sin- 
cere in  his  attempt  to  do  so. 

It  is  also  appreciated  by  most  managers  that  the  value 
of  a  meter  of  any  kind  is  practically  nil  if  it  is  not  kept 
"up  to  scratch"  all  the  time.  With  the  delicate  con- 
struction involved  in  most  equipment  of  this  nature, 
this  means  constant  inspection,  cleaning,  careful  ad- 
justment and  checking  from  time  to  time — all  work  that 
cannot  be  done  properly  and  completely  by  the  general 
operating  staff  in  conjunction  with  their  other  duties. 

In  the  manufacturing  plant  of  today  the  production 
force  is  not  called  upon  to  take  care  of  the  accounting, 
but  this  detail  work  is  intrusted  to  other  hands,  which 


have  the  time  and  special  training  for  this  work.  The 
same  thing  should  be  true  of  the  power-manufactur- 
ing station.  All  the  evidence  seems  to  point  to  an  in- 
creasing appreciation  of  the  value  of  a  meter  expert 
and  accountant  for  every  good-sized  station. 

The  Personal  Element  in  Arc  Welding 

IN  THESE  days,  when  one  hears  of  welding  ships' 
boilers,  steam  lines,  pressure  tanks,  etc.,  electrically 
instead  of  riveting  them,  it  is  well  to  consider  the  ele- 
ment in  the  process  upon  which  its  success  hinges ; 
namely,  the  welder.  Machine  welding  may  eventually 
eliminate  many  of  the  factors  that  are  contended  with 
today  and  thus  produce  a  weld  of  uniform  excellence. 
Even  then,  much  of  the  work  will  have  to  be  intrusted 
to  the  individual,  and  it  will  be  upon  his  experience 
and  capability  that  the  safety  of  the  structure  will 
largely  depend,  until  such  times  as  there  may  be  devel- 
oped a  means  of  testing  the  weld  without  destroying  it. 

The  training  of  such  operators  therefore  appears  to 
be  a  matter  of  vital  concern  to  the  interests  involved. 
Certainly,  the  agencies  that  control  the  construction 
and  insurance  of  ships,  boilers,  pressure  tanks  and  the 
like,  will  insist  on  rigid  qualifications  as  regards  not 
only  the  process  and  the  material  employed  but,  more 
particularly,  the  demonstrated  ability  of  the  man  who 
actually  does  the  welding.  And  this  is  as  it  should  be, 
for  at  the  present  time  it  is  impossible  to  judge  of  the 
soundness  of  a  weld  from  exterior  appearances;  the 
only  person  acquainted  with  the  quality  of  the  interior 
of  the  weld  is  the  man  who  made  it.  Since  so  much 
may  depend  upon  its  reliability,  it  is  essential  that  the 
operator  be  one  who  not  only  is  capable  of  executing 
satisfactory  work,  but  will  recognize  the  presence  of  any 
element  likely  to  jeopardize  the  success  of  a  weld,  and, 
moreover,  one  who  will  have  the  moral  courage  to  advise 
his  superiors  of  any  possible  flaw,  be  it  due  to  his  own 
neglect  or  not. 

From  what  ranks  of  labor  to  recruit  a  competent 
force  of  welders  is  a  serious  question.  Certainly,  it 
would  appear  that  the  individual  must  be  possessed  of 
intelligence  and  integrity.  The  oxyacetylene  welding 
industry  has  broken  in  men  from  many  trades.  Some 
of  the  most  promising  material  has  proved  the  most 
disappointing,  and  vice  versa.  To  judge  of  a  man's 
ability,  he  must  bei  given  an  opportunity  of  developing 
himself,  and  it  is  consequently  to  the  interests  of  the 
employer  to  provide  the  opportunity.  As  a  matter  of 
fact,  it  would  be  desirable  to  see  the  establishment  of 
schools  or  shops  of  instruction,  through  the  support 
of  the  industry  in  general,  the  purpose  of  which  would 
be  the  training  of  certified  operators  to  be  employed  on 
work  of  exacting  specifications.  There  is  much  welding 
that  does  not  require  a  high  degree  of  skill,  and  it  would 
not  be  necessary  to  insist  upon  the  same  qualifications 
for  this  secondary  work  as  for  the  major  operations. 

The  newly  organized  American  Welding  Society 
might   well   include   among   its   contemplated   activities 
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I  lie  irt'atioii  of  an  etlucatioiuil  I'slalilishmcnl  of  soim' 
kintl  that  will  provide  moans  for  education  alonj;  llie 
lines  suKKt'sted.  To  it  should  he  altraeted  a  huKo  jr^oup 
of  clever,  conscientious  workers,  iks  they  would  be  a 
tjreat  factor  in  the  looked  for  rapid  development  of  weld 
ing,  as  ai)plied  to  critical  structures.  Rut  when  this  is 
ull  done,  there  still  remains  the  fact  that  the  human  ele- 
ment is  not  infallible,  and  until  we  tan  test  the  weld 
without  destroying  it,  there  will  always  remain  the 
possibility  of  a  weld  beinjr  improperly  made  in  a  struc- 
ture who.se  failure  will  cause  a  catastrophe.  We  .shall 
jirobably  .soon  advance  to  the  stajte  at  which  the  elec- 
trically welded  boiler  will  become  a  reality,  but  who  would 
care  to  live  with  one  of  them  unless  he  knew  beyond  a 
doubt  that  each  seam  was  a  one  hundred  per  cent,  weld  ? 


Why  Not  Overhaul  Now? 

TO  DATE  one  million  troops  have  returned  from 
France,  and  according  to  Secretary  Baker  the  re- 
mainder are  to  return  at  the  rate  of  three  hundred 
thousand  per  month. 

Finding  employment   for  these  men   is  a   matter  of- 
pressing  moment.     Through  lack  of  funds  the  Depart- 
ment of  Labor  has  been  unable  to  cope  with  the  situa- 
tion, and  the  War  Department  has  found  it  necessary 
to  establish  agencies  of  its  own. 

Doubtless  many  of  the  men  are  returning  to  their 
former  positions.  Others  have  returned  to  find  their 
old  jobs  no  longer  in  existence.  Some  will  be  affected  by 
the  wider  employment  of  women ;  wjiile  others,  profit- 
ing by  their  e.xperience  in  the  Army,  are  a.spiring  to 
better  positions  than  they  formerly  held. 

Unemployment,  however,  does  not  appear  general 
throughout  the  country;  instead,  it  is  localized  in  cer- 
tain large  cities  and  industrial  centers,  particularly 
those  near  ports  of  debarkation — a  condition  easily  ex- 
plained. Men  from  the  rural  districts  naturally  desire, 
after  being  demobilized,  to  locate  in  the  large  cities. 
Others  without  such  intention  linger  in  these  cities 
to  see  the  attractions,  spend  their  money  and  are  com- 
pelled to  seek  employment. 

This  excess  of  labor  is  but  a  transient  condition.  As 
soon  as  industry  has  become  readjusted  to  peace-time 
conditions  and  started  full  speed  ahead,  of  which  there 
are  promising  indications,  it  is  anticipated  that  there 
will  be  an  actual  shortage  of  labor,  especially  in  view 
of  the  increasing  emigration  rate. 

Meantim.e  there  is  plenty  to  be  done. 

During  the  w-ar  equipment  of  all  kinds  was  over- 
worked and  taxed  to  the  limit  of  its  material  endur- 
ance. The  exigencies  did  not  permit  taking  out  of  serv- 
ice for  overhauling,  and  much  of  it  did  not  receive  even 
ordinary  maintenance.  This  condition  was  aggravated 
in  some  cases  by  inexperienced  operatives. 

Today  we  are  witnessing  the  result ;  machinery^  every- 
where is  creaking,  engines  are  pounding,  furnaces  need 
relining,  joints  are  leaking,  ferryboats  are  unable  to 
maintain  their  schedules,  roadbeds  need  attention,  build- 
ings are  in  need  of  repair — in  short,  the  country  physi- 
cally needs  overhauling  to  put  it  in  condition  for  the 
stress  of  normal  industrial  conditions. 

To  do  this  requires  labor.  The  labor  is  now  avail- 
able ;  in  a  few  months  it  may  not  be.  The  proposition  is 
neither  one  of  patriotism,  nor  one  of  appreciation  for 
the  work  done  "over  there" ;  it  is  just  simple  economy  to 
put  the  house  in  order. 


'Ilic  iNecd  <»r  Itoih-r  IiiH|i<-4-tioii 

AN  IMrUFSSIVK  demoiist ration  for  those  who  as 
sume  that  ordinary  business  caution  and  self- 
interesl  are  suHicient  inducements  for  the  owners  and 
operators  of  boilers  to  keep  them  in  a  .safe  if  not  ai 
efficient  condition  is  furnished  by  the  Annual  Keport  oi 
the  In.spection  Department  of  the  Hartford  Stean 
Boiler  Inspection  and  Insurance  Company.  Durinti 
the  last  year  their  inspectors  examined  .'{91,074  boilers, 
in  which  they  found  194,849  defects  sufficiently  serious 
to  be  reported,  or  nearly  one-half  as  many  defects  af^ 
there  were  boilers.  Of  these  defects  21,847,  or  ovei 
eighteen  per  cent.,  were  positively  dangerous. 

The  inspector  is  ordinarily  concerned  with  defect.' 
that  impair  the  safety  of  the  boiler,  and  in  ordinary 
years  will  rcjiort  about  one  thousand  settings  as  defec- 
tive, of  which  perhaps  eight  hundred  will  be  reported 
as  dangerous.  During  the  last  year  the  inspectors  have 
been  working  in  connection  with  the  various  committee; 
of  the  Fuel  Administration,  and  have  striven  for  effi- 
ciency as  weH  as  for  safety,  reporting  9890  settings 
as  defective,  or  nearly  ten  times  as  many  as  usual,  while 
those  regarded  as  dangerous  numbered  828.  The  effect 
of  the  continual  vigilance  of  a  corps  of  inspectors  of  thi.*- 
kind  upon  the  list  of  industrial  accidents  is  well  worthy 
of  consideration. 


One  of  the  weak  points  in  the  early  types  of  squirrel- 
cage  induction  motors  was  the  connection  between 
the  rotor  bars  and  short-circuiting  rings.  This  con- 
nection was  generally  made  by  bolting  or  soldering  the 
bars  to  the  rings.  For  a  number  of  years  it  has  been 
common  practice  for  electrical  manufacturers  to  weld 
the  bars  to  the  end  rings  or  cast  the  rings  onto  the  ends 
of  the  bars,  and  this  practice  has  practically  eliminated 
the  trouble  experienced  with  bolted  or  soldered  con- 
nections. The  latest  practice  is  to  cast  the  rotor  wind- 
ing on  the  core,  the  stripped  rotor  core  serving  as  the 
mold  in  which  the  bars  are  cast. 


Elsewhere  in  this  issue  is  an  article  dealing  with  the 
lubrication  of  submerged  pins  in  the  governor  mech- 
anism of  hydraulic  turbines,  which  will  be  received  with 
much  interest  by  hydro-electric  engineers.  Corrosion 
of  these  pins  imposes  severe  strains  upon  the  mech- 
anism and  often  causes  the  fluid  pressure  to  be  greatly 
increased,  perhaps  dangerously  increased,  at  a  time  of 
heavy  load  demands — a  critical  time.  The  monel-metal 
pin  by  trial  shows  itself,  with  direct  lubrication,  to 
be  by  far  superior  to  all  others. 


Oil  and  water  do  not  mix,  according  to  an  old  saying;' 
but  it  will  be  difficult  to  impress  that  fact  on  the  oil 
producer  who  has  to  spend  considerable  money  in  de- 
hydrating petroleum  before  he  can  market  it. 


"Emancipation  of  the  toiler"  is  a  phrase  with  a  pleas- 
ing sound;  but  if  it  is  interpreted  as  freedom  from  the 
necessity  of  working,  it  is  only  a  thin  disguise  for 
Bolshevism.  

The  man  who  doesn't  want  to  be  convinced  of  a  mis- 
take follows  closely  a  familiar  rule  of  cylinder  design: 
The  thicker  the  head,  the  greater  the  resistance. 


An  untrained  fireman  somewhat  resembles  the  aver- 
age brick  chimney.  His  footing  is  broad  and  stable, 
but  he  is  rather  thin  at  the  top. 


May  13,  1919 
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rrespondence  - 


Meter  Readings  Showed  Up  Leak 

Meters,  if  read  daily  and  the  readings  watched,  are 
an  accurate  index  of  plant  conditions,  especially  if  there 
happens  to  be  much  unexposed  or  underground  piping, 
and  if  carried  out  properly,  the  readings  are  a  check 
against  undue  waste  and  hidden  leaks  as  applying  par- 
ticularly to  water  or  gas  lines. 

The  daily  readings  should  be  recorded  and  filed  for 
reference,  as  they  will  be  found  useful  for  comparison 
and  they  offer  a  ready  means  of  supplying  such  data  as 
the  manager  may  ask  for  at  any  time.  I  had  occasion 
recently  to  realize  what  an  important  matter  this  is, 
and  if  I  had  not  made  daily  meter  readings,  I  do  not 
know  how  long  a  serious  leak  would  have  remained  un- 
discovered. 

On  reading  the  cold-water  meter  one  morning,  I 
found  that  three  times  the  usual  amount  was  recorded ; 
as  no  leaks  were  reported  I  thought  that  perhaps  the 
meter  had  given  a  false  reading.  But  on  finding  a 
like  reading  the  next  morning,  I  decided  that  there  must 
be  a  blind  leak  somewhere  that  did  not  show  up  in  the 
usual  way,  and  so  set  out  to  make  a  thorough  search 
for  it.  The  only  evidence  discovered  was  a  small  amount 
of  vapor  rising  from  the  conductor  pipe  leading  from 
the  roof  of  one  of  the  residence  houses  to  the  under- 
drainage  system. 

There  was  a  20-in.  conduit  carrying  steam,  return, 
hot  water  and  circulating  lines  from  the  main  building 
to  this  house,  and  as  this  conduit  was  drained  into  this 
same  underdrain,  it  seemed  reasonable  that  the  leak 
might  be  in  one  of  these  pipes  and  followed  the  con- 
duit into  the  underdrain  and  so  on  into  the  conductor 
to  the  roof.  This  proved  to  be  the  case,  for  after  shut- 
ting off  the  hot-water  line  the  leak  stopped. 

This  line  was  IJ-in.  lead-lined  galvanized  pipe,  and 
to  replace  it  not  only  meant  digging  out  the  line  and 
opening  the  conduit  for  a  distance  of  175  ft.  and  re- 
placing, but  for  half  the  distance  we  would  have  to  go 
right  through  a  fine  flower  garden  and  dig  up  shrub- 
bery, etc.,  so  I  was  asked  to  try  some  other  means  of 
renewing  the  line. 

On  referring  to  the  blueprints  it  was  found  that  this 
line  ran  straight  with  no  offsets  between  the  two 
buildings,  and  it  looked  as  though  it  might  be  possible 
to  pull  the  old  line  through  the  conduit  and  drag  the 
new  line  through  on  the  end  of  the  old  one.  It  seemed 
worth  trying,  as  the  only  danger  of  trouble  seemed  to 
be  in  pulling  the  old  line  in  two  at  a  weak  spot,  but  even 
so  it  would  not  make  matters  worse  than  they  were. 

After  breaking  the  connections  at  both  ends  of  the 
line  in  the  basements  of  both  buildings,  a  two-ton  chain 
hoist  was  rigged  on  one  end  and  a  screw-jack  was  placed 
against  the  other  end.  The  jack  was  used  to  keep 
sufficient  pressure  against  the  line  to  supplement  the 
pull  on  the  hoist,  which  might  be  great  enough  to  pull 
the  line  apart.  With  one  man  on  the  hoist  and  another 
on  the  jack  and  both  working  by  signal  (rapping  on 
the  pipe),  a  start  was  made.  The  first  foot  came  hard, 
but  the  next  came  easier,  and  after  the  fir:;t  eight  feet 


was  through  it  was  found  that  the  hoist  alone  was 
sufficient  to  do  the  work. 

A  length  of  new  brass  pipe  was  then  connected  to  the 
tail  end  and  pulled  in,  and  the  length  of  old  pipe  in 
the  other  basement  was  disconnected  and  so  on;  con- 
necting a  new  length  on  one  end  and  pulling  it  in 
and  disconnecting  the  length  of  old  pipe  on  the  other 
end,  until  the  old  line  was  all  out  and  the  new  brass 
line  was  in  and  connected  up.  The  whc!^  job  took  only 
a  little  over  a  day  to  finish.  This  was  about  one-third 
the  time  necessary  to  just  dig  the  trench ;  besides, 
mutilating  the  flower  garden  was  avoided. 

This  line  was  covered  with  85  per  cent,  magnesia  pipe 
covering,  and  the  new  line  was  pulled  through  without 
pulling  out  more  than  a  handful  of  this  material,  a 
little  of  which  came  through  with  each  coupling. 

The  lead-lined  pipe  was  found  to  be  eaten  through 
from  the  outside  in  several  places,  which  goes  to  show 
that  brass  pipe  only  should  be  used  to  carry  hot  water, 
especially  in  unexposed  places  where  not  easily  replaced. 


ENLARGED   CROSSECTIOH 
REMOVING    THE    PIPK    F}'.OM    THK    CONniTIT 

We  have  hundreds  of  feet  of  lead-lined  pipe  carrying 
hot  water  to  different  buildings,  and  our  experience  has 
been  that  where  it  is  exposed,  as  in  our  open  tunnels, 
with  only  magnesia  covering,  it  has  given  no  trouble 
after  being  installed  for  five  years;  but  where  it  was 
run  through  a  tile  conduit  buried  in  the  ground,  we  have 
had  to  take  it  out  and  replace  with  brass,  and  in  each 
case  the  lead-lined  pipe  was  found  to  have  been  eaten 
through  from  the  outside. 

The  second  time  this  happened  a  piece  of  the  pipe  and 
covering  and  tile  conduit  were  sent  to  a  laboratory  for 
analysis  in  order  to  determine  what  caused  the  eating 
away  of  the  pipe,  but  we  received  no  satisfactory 
answer.  Perhaps  other  engineers  have  had  similar  ex- 
perience, and  it  might  be  interesting  to  know  about  it. 

Records  such  as  meter  readings  are  easily  secured 
with  but  little  trouble,  and  they  should  be  kept  on  file. 
If  they  are  studied,  they  will  tell  a  great  deal  about  the 
conditions  in  the  plant.  I  had  occasion  lately,  in  con- 
nection with  the  Fuel  Administration  work,  to  examine 
many  questionnaires,  and  it  was  surprising  how  many 
engineers  could  not  answer  the  question  as  to  how  much 
electric  current  was  purchased  and  how  much  was  gen- 
erated in  their  plants,  although  there  were  meters  there 
which   should   have   given    them   this   information. 

Windsor,   Conn.  J.   A.   Lane. 
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Installing;  I)isf<>iiiMM*liiiK  Switches 

Thoif  iiif  ul'tt'ii  several  way.s  id'  ilmi'.jj  a  ji)l).  Karh 
of  these  ways  may  be  jrood,  but  only  one  nu'lhixl  can 
be  the  be.xl.  The  way  in  which  I).  R.  Ilibbs  overcunio 
the  (litruiilty  in  in.stallinK  disconnecting  switches,  as 
tloscribed  on  pajre  293  of  I'oircr,  is  open  to  criticism. 

Instead  of  turninjr  the  disconnects  of  each  circuit 
around  alternately  so  that  each  circuit  would  be  dis- 
tiuKuishabie  from  its  neighbors,  it  would  have  been 
simpler  and  more  satisfactory  in  the  ordinary  way  to 
liave  identilied  each  circuit  by  stenciling.  Moreover, 
each  phase  of  each  circuit  should  also  be  stenciled. 

Without  the  installation  of  barriers  between  the  re- 
spective circuits,  each  circuit  could  be  segregated  from 
those  adjoining  it,  so  far  as  preventing  mistakes  on 
the  part  of  the  persons  manipulating  them  is  con- 
cerned, by  merely  painting  on  the  marble  mounting  a 
line  about  two  inches  wide  extending  across  the  space 
covered  by  all  three  phases  of  one  circuit.  White  and 
blue  or  white  and  red  can  be  used  alternately,  or  the 
lines   of  alternate  circuits  can   be  staggered   so  as  to 
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MARKING   DISCONNECTING   SWITCHES 

distinctly  indicate  the  change  from  one  circuit  to  the 
next.  All  phases  should  be  marked,  as  also  the  cir- 
cuits, because  many  mistakes  occur  when  disconnects 
are  hurriedly  opened  under  load.  A  suggested  form  of 
marking  that  is  safe  and  simple  is  shown  in  the  figure. 

As  to  barriers  between  circuits  and  phases,  the  war 
has  taught  that  massive  barriers  so  often  previously 
employed  are  not  needed  in  many  cases.  For  potentials 
below  4000  volts  and  with  a  minimum  spacing  of  10  in. 
barriers  can  be  dispensed  with  altogether,  except  per- 
haps the  generator  disconnects,  where  the  concentration 
of  energy  may  make  them  advisable.  Barriers  are  in- 
stalled not  only  to  prevent  short-circuits  due  the  bridg- 
ing of  conductors  by  arcs,  but  to  prevent  confusion.  The 
methods  herein  advocated  eliminate  the  latter.  There 
:s  one  instance  where  barriers  are  always  advisable,  or 
else  additional  spacing  should  be  allowed,  and  that  is 
where  intense  drafts  or  winds  may  be  expected  to  blow 
across  the  various  conductors.  Barriers  in  these  cases 
prevent  an  arc  being  blowTi  across  phases  or  circuits 
and  causing  a  short-circuit. 

There  is  one  further  criticism  that  might  be  offered. 
Where  disconnecting  switches  are  installed  in  the  hori- 
zontal position  with  the  switch  blade  facing  downward 
:  as  in  the  illustration)  and  where  the  switch  is  in- 
stalled in  the  vertical,  it  is  usually  a  wise  precaution  to 


use  a  type  of  di.sconnecting  switch  tniuipped  with  a 
locking  device  where  the  possible  energy  transMiitte<l 
through  the  switch  is  200  kw.  or  100  amps,  or  more. 
Di.sconnecls  .sometimes  open  under  the  powerful  in- 
fluence of  electromagnetic  forces  accompanying  heavy 
current  rushes,  as  the  short-circuiting  of  a  generator, 
etc.     The  locked  type  of  switch  cannot  do  this. 

With  the  arrangement  of  disconnects  shown  by  Mr. 
Hibbs — that  is,  the  horizontal  with  the  switch  blade 
facing  downward,  or  closing  upward — the  switch  blade 
is  kept  closed  only  by  the  friction  between  the  blade  and 
the  clips  and  hinge  of  the  switch.  Poor  contact  be- 
tween the.se,  and  a  heavy  blade,  may  result  in  the 
latter  falling  open  after  considerable  time  in  service. 
Heavy  currents,  beyond  the  rating  of  the  switch,  may 
cause  partial  annealing  of  the  clips,  in  which  case  the 
friction  between  the  clips  and  the  blade  will  decrease, 
possibly  allowing  the  blade  to  fall  open.  This  fact  is 
also  an  argument  in  favor  of  the  locked  type  of  switch. 

Chicago,  111.  W.  H.  DeMuth. 

Better  Cylinder-Oil  Testing  Methods 

Wilbert  Walton  Cranford  on  page  327  of  the  March 
4  issue  of  Pmver  says,  "The  proper  place  to  test  a 
cylinder  oil  is  in  the  cylinder  of  the  engine,"  from 
which  expression  I  would  infer  that  Mr.  Cranford 
would  feel  inclined  to  try  any  old  oil  on  his  best  engine, 
although  1000  employees  were  dependent  upon  that 
engine  for  power.  Certainly  that  would  be  imprudent 
and   unbusinesslike   as   well. 

As  for  utilizing  a  recording  thermometer  with  two 
pens,  as  suggested,  I  should  think  such  a  plan  would 
be  a  logical  solution  from  a  theoretical  point  of  view. 
However,  operating  engineers  know  from  years  of 
experience  that  the  valves  invariably  show  distress  first 
when  the  lubrication  is  faulty. 

Should  the  absence  of  lubrication  be  so  pronounced 
as  to  actually  cause  a  rise  in  temperature  of  the  cylin- 
der walls,  the  result  would  be  disastrous  indeed,  as  the 
piston  rings  would  likely  seize,  causing  the  whole  cylin- 
der to  shiver  or  vibrate.  The  piston  rings  would  tell 
the  engineer  about  it  a  long  time  before  the  ther- 
mometer w^ould.  Furthermore,  I  believe  it  would  be 
almost  impossible  to  produce  a  higher  temperature  at 
the  center  of  the  stroke  than  at  the  heads,  becaus3 
the  cylinder  condensation  would  absorb  the  frictional 
heat  as  fast  as  generated.  The  fact  of  the  matter  is, 
if  any  difference  in  temperature  were  observed,  the 
highest  would  be  found  at  the  heads,  as  the  full  boiler 
pressure  exists  at  that  point,  and  a  much  lower  pressure 
would  obtain  at  the  center  of  the  stroke,  since  it  is 
customary  to  operate  steam  engines  wath  cutoff  at  one- 
quarter  to  one-third  stroke,  allowing  the  steam  to  ex- 
pand. The  effect  of  compression  must  also  be  reckoned 
with,  as  it  is  customary  to  set  the  exhaust  valves  so 
as  to  produce  a  pressure  equal  to  the  normal  steam 
pressure;  very  often  it  is  higher. 

Where  superheated  steam  is  used,  the  temperature 
is  always  higher  at  the  heads,  as  evidenced  by  the 
pitting  action  upon  the  cast  iron  at  these  points  of 
entrance.  Mr.  Crawford  also  speaks  about  cutting  the 
oil  down  until  the  rise  in  temperature  was  perceptible. 
This  would  be  analogous  to  cutting  the  lubricating  oi' 
down  on  the  bearings  until  they  showed  signs  of  heat- 
ing. Certainly,  no  practical  engineer  would  be  so  foolish 
as  to  pull  off  such  a  stunt  as  that.         Waldo  Weaver. 

Franklin,  Ohio. 
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Commutator-Mica  Cutting  Tool 

A  handy  tool  for  use  in  cutting  down  the  mica  be- 
tween commutator  segments  of  a  motor  or  generator 
can  be  made  by  inserting  a  piece  of  hacksaw  blade  in 
a  hardwood   or  fiber   handle   shaped   as   shown    in   the 


COMMUTATOR    MICA   CUTTER 

illustration.  It  can  be  made  any  size  to  fit  the  re- 
quirements. Two  oblong  holes  are  made  through  which 
bolts  are  passed  in  order  to  secure  the  hacksaw  blade  at 
any  angle  desired.  W.  W.  Parkek. 

Guantanamo,   Cuba. 

Salvaging  the  Disabled 

The  editorial  on  page  371  of  Mar.  11  isue  under  the 
caption,  "Salvaging  the  Disabled,"  will  appeal  to  the 
true  American,  I  am  sure,  but  I  feel  that  the  statement 
that  "a  partially  disabled  man  can  be  trained  to  render 
efficient  service  as  a  switchboard  operator,  a  pump 
runner  or  attendant  of  other  auxiliaries"  is  a  trifle 
misleading. 

Years  ago  I  was  taught  to  hold  one  hand  behind  my 
back  while  working  about  the  switchboard,  and  one  day 
when  I  got  a  trifle  careless  and  took  a  little  dose  of  600 
volts,  the  chief  remarked  that  the  fools  were  not  all 
dead  but  that  one  more  came  near  being  added  to  the 
list. 

Today  we  expect  our  switchboard  operators  to  use 
both  hands  and  once  in  a  while  their  feet.  Less  than 
half  an  hour  ago  I  saw  a  switchboard  operator  barely 
save  the  load  by  mighty  quick  head  and  hand  work  when 
one  machine  kicked  out. 

I  am  not  trying  to  get  away  from  the  fact  that  these 
men  have  fought  and  bled  for  a  heroic  cause,  but  one 
'.ittle  false  move  of  a  partially  disabled  man  in  a  power 
house  might  stall  the  wheels  and  deprive  hundreds  or 
thousands  of  work.  Is  it  good  business  to  ask  a  manu- 
facturer to  take  on  as  a  pump  runner  a  man  who  is 
so  crippled  that  he  cannot  properly  look  after  the  ap- 
paratus and  when  one  false  step  would  put  the  water 
for  boilers  or  condensers  out  of  the  running?  Is  it  not 
better  that  the  profits  of  the  business  pay  this  man's 
living  rather  than  take  a  chance? 

It  is  true  that  "in  the  boiler  room,  with  its  stoker.^ 
and  modern  appliances,  .special  training  and  intelligence 
has  replaced  the  requirements  of  brawn  as  of  former 
days"  to  a  degree,  but  I  have  seen  more  genuine  "beef" 
used  around  a  stoker  plant  than  I  ever  saw  used  in  a 
hand-fired  plant.  I  am  conversant  with  boiler  plants 
from  5000  to  40,000  hp.,  and  I  can  place  only  one  in 
which  the  stoker  superintendent  holds  a  position  that 
requires  no  manual  labor  of  any  kind. 


My  plant  generates  several  thousand  boiler  horse- 
power, but  the  fireman  on  the  shift  is  required  to 
operate  the  stokers,  maintain  the  proper  draft  to  handle 
the  load  and  supervise  the  coal  handling  inside  the 
boiler-room  walls,  and  at  times  he  actually  cleans  fires. 
This  work  requires  him  to  go  from  basement  to  bunker, 
a  distance  of  forty  feet  or  more,  in  quick  step  at  times. 
Would  you  have  a  partially  crippled  man  do  this  work? 
The  man  went  to  war,  gave  all  that  was  asked  and  now 
that  he  is  home  must  he  work  in  a  power  plant,  think- 
ing that  the  work  does  not  require  a  man  with  all  of 
man's  power? 

Why  lead  people  to  believe  that  the  power  plant  can 
use  men  who  are  partially  disabled,  when  we  who  work 
there  every  day  know  that  it  requires  all  the  energy  of 
able-bodied  men  to  produce  the  best  results  and  even 
then  we  fall  short  at  times  ?  Why  not  let  these  men  take 
positions  of  minor  importance,  and  if  the  remuneration 
is  not  sufficient  let  those  of  us  who  were  fortunate 
enough  to  be  left  at  home  be  taxed  to  help  support  those 
that  did  go,  but  let  us  not,  under  the  guise  of  helping 
these  poor  fellow  men,  place  the  heart  of  the  factory, 
mill  or  shop  in  jeopardy.  C.  W.  PETERS. 

New  York  City. 


Removing  a  Broken  Through  Stay 

I  had  an  unusual  experience  recently.  One  head-to- 
head  stay  broke  off  at  the  thread  at  the  back  end  in 
one  of  our  16-ft.  x  66-in.  return-tubular  boilers.  The 
job  was  to  get  the  inside  nut  off'  and  the  stay  out  as 
there  was  not  room  enough  to  take  the  other  nut  off 
and  cut  the  stay  off  in  front  of  the  distance  piece. 

I  had  a  long  chisel  made  to  go  down  between  the  tubes 
so  as  to  split  the  nut.  H.  R.  Johnston. 

Vegreville,  Alta.,  Canada. 


Easily  Made  Ferrule 

Sometimes  a  ferrule  may  be  lost  from  a  tool  handle 
or  one  is  needed  to  put  on  a  home-made  handle  which 


THIMBLE   USED   AS    A    FERRULE 

is  likely  to  split  if  no  ferrule  is  used.  A  ferrule  can 
easily  be  made  from  an  old  thimble  by  cutting  or  drill- 
ing a  hole  in  the  end  to  fit  the  tool  on  which  it  is 
to  be  used,  and  applying  it  to  the  handle  as  .shown. 
Norristown,  Penn.  WiLLi.^M  H.  Watson. 
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Leaks  and  Wastes  in  Stale  Institutions' 

By  r.  J.  McCULLOUGH 


EACH  pound  of  coal  burncil  or  each  gallon  of  water 
allowed  to  reach  the  sewer  without  having  accom- 
pli.siied  a  useful  purpose  mi^ht  he  called  a  leak  or 
n  waste.  From  the  practical  operatinR  standpoint,  how- 
ever, it  is  necessary  to  draw  a  sharj)  distinction  hetwecn 
a  leak  or  waste  that  costs  more  to  stop  than  to  let  it  con- 
tinue, and  a  leak  that  costs  less  to  stop  than  to  let  it  con- 
tinue. The  chief  enjrineer  must  know  what  leaks  and  wa.stes 
exist,  what  they  represent  in  dollars  and  cents  and  what 
it  will  cost  to  stop  them.  The  leaks  and  wastes  in  an  in- 
stitution are  a  better  indication  of  an  engineer's  ability 
than  a  civil-service  examination. 

Leaks  and  wastes  may  be  classified  under  the  following 
heads:  Wastes  of  coal,  heat,  steam,  electric  current  and 
water,  and  loss  from  damuRe  to  equipment.  Waste  of 
coal  and  heat  in  the  boiler  room  was  covered  in  previous 
papers.  To  Rive  some  idea  of  the  loss  of  heat  from  un- 
covered pipes  the  following  example  may  serve:  Take  a 
hifrh-pressure  uncovered  pipe  6  in.  diameter  and  100  ft. 
lonjr,  carrying  steam  at  125  lb.  pressure  and  located  in 
a  room  where  there  are  no  drafts  and  the  temperature  is 
70  decrees.  Under  these  conditions  each  square  foot  of 
surface  will  give  off  3.2  B.t.u.  for  each  depree  difference 
of  temperature  between  the  steam  and  the  surroundinp 
air.  Steam  at  125  lb.  gape  pressure  has  a  temperature 
of  353  deg.,  and  with  air  at  70  deg.  the  difference  is  283 
deg.,  so  that  each  square  foot  of  surface  will  give  off  283 
X  3.2  =  905  B.t.u.  per  hour.  The  6-in.  pipe  100  ft.  long 
has  173  sq.ft.  of  surface,  so  that  the  loss  each  hour  is  157,- 
000  B.t.u.  Assuming  a  boiler  efficiency  of  60  per  cent,  and 
coal  at  $3.50  per  ton  in  the  bin,  with  a  heat  value  of  11,000 
B.t.u.  per  pound,  every  cent's  worth  of  coal  burned  puts 
37,000  B.t.u.  into  the  steam  header.  An  hourly  loss  from 
the  pipe  of  157,000  B.t.u.  means  a  waste  in  coal  of  4ic. 
per  hour,  $1.02  per  day,  or  $372  per  year.  With  the  pipe 
covered,  all  this  heat  could  not  be  saved,  but  standard- 
thickness  85  per  cent,  magnesia  covering  has  shown  an 
efficiency  as  high  as  87  per  cent.,  so  that  with  steam  con- 
tinuously in  the  pipe  the  covering  would  effect  a  yearly 
saving  approximating  $324.  At  current  prices  the  cover- 
ing would  cost  about  $1.15  per  foot  applied,  so  that  in  the 
saving  of  coal  alone  it  would  pay  for  itself  in  four  months. 
The  same  pipe  carrying  2-lb.  steam  pressure  would  waste 
enough  heat  to  pay  for  85  per  cent,  magnesia  covering  in 
less  than  a  year. 

Fan  or  Hot-Blast  Systems  in  State  Buildings 

A  number  of  the  state  buildings  are  heated  by  fan  or 
hot-blast  systems.  The  average  condensation  in  the  coils 
per  square  foot  of  surface  per  hour  is  1.56  lb.  when  heat- 
ing air  from  30  to  105  deg.,  but  in  zero  weather,  heating 
air  from  0  to  105  deg.  vnW  condense  2.26  lb.  per  hour,  or 
an  increase  of  45  per  cent.  It  is  evident  that  when  the 
building  is  being  warmed  up  in  the  morning  and  has  few 
or  no  occupants,  all  the  outside  air  should  be  shut  off,  and 
the  air  in  the  building  recirculated  by  proper  damper  ar- 
rangement. Modern  ventilating  systems  are  designed  for 
delivering  from  25  to  30  cu.ft.  of  air  per  minute  for  each 
occupant.  This  will  maintain  a  standard  of  purity  of  the 
air  which  has  arbitrarily  been  decided  upon,  but  this  amount 
of  air  can  be  reduced  almost  one-half  before  any  per- 
ceptible effect  is  noticed  on  the  occupants.  Then,  as  the 
ventilating  apparatus  takes  45  per  cent,  more  steam  when 
the  outside  air  is  dow-n  to  zero,  there  is  no  reason  why  the 
standard  for  purity  of  air  cannot  be  reduced  during  this 
time  by  recirculating  from  one-third  to  one-half  of  the  air, 
and  taking  the  remainder  from  the  outside. 

From  a  study  of  temperature  records  of  the  various  state 
institutions  it  is  evident  that  one  serious  loss  is  due  to 
overheated  buildings.  These  records  show  many  instances 
of  temperatures  of  from  75  to  80  dog.  Temperatures  may 
be  considerably  lower  if  attention  is  given  to  the  humidity, 

•Abstract  of  paper  read  at  the  first  annual  meeting  of  chief 
engineers  of  Illinois   State  Institutions,   Dunning-,   February,   1919. 


the  moisture  in  the  air.  In  su'nmer  the  relative  humidity 
in  this  climate  in  usually  60  to  70  pi'r  cen'.,.,  and  as  the 
windows  and  doors  are  open  it  is  the  same  indoors  as  out- 
side. With  this  humidity  a  temperature  of  65  to  68  <leg. 
is  coniforlable.  In  winter  the  outside  humidity  is  about 
the  same,  but  as  the  air  is  heated  its  capaiity  for  moisture 
increases,  so  that  the  relative  humidity  is  much  less.  In 
a  steam-heated  room  it  is  seldom  over  25  per  cent,  and  is 
frequently  less. 

The  accompanying  illustration  is  a  reprofiuction  of  a 
chart  prepared  by  the  Chicago  Commission  on  Ventilation, 
who  made  a  test  of  the  (Chicago  Normal  .School  a  fow  years 
ago.  P'rom  the  chart  it  can  be  seen  readily  that  as  the 
humidity  increases  the  temperature  for  greatest  comfort 
decreases,  and  vice  versa.  These  cxperin.ents  '.howed  con- 
clusively that  with  a  relative  humidity  of  55  per  cent,  and 
a  room  temperature  of  66  deg.  the  occupants  were  just  as 
comfortable  as  with  a  humidity  of  25  per  cent,  and  a  room 
temperature  of  74  deg.,  as  may  be  determined  by  extending 
the  chart  slightly  at  the  left. 

In  the  latitude  of  Chicago  the  average  outside  tempera- 
ture during  the  heating  season  is  34  deg.  To  keep  a  room 
at  66  deg.  it  is  necessary  to  maintain  a  difference  between 
inside  and  outside  temperatures  of  32  deg.  With  a  room 
temperature  of  74  deg.  the  difference  is  40  deg.  The  heat 
losses  from  a  building  by  radiation  or  air  changes  is  in 
direct  proportion  to  the  difference  between  inside  and  out- 
side temperatures,  so  to  maintain  a  temperature  of  66  deg. 
inside  means  a  relative  heat  loss  of  32  and  to  maintain 
74  deg.  means  a  relative  heat  loss  of  40,  or  an  increase  of 
25  per  cent,  in  the  amount  of  heat  required  to  maintain 
the  higher  room  temperature.  The  saving  of  heat  by  carry- 
ing higher  humidity  and  lower  temperature  v/Ul  be  some- 
what less  than  the  25  per  cent.,  because  some  steam  will 
have  to  be  introduced  into  the  room  to  raise  the  humidity 
and  only  a  small  part  of  the  total  heat  of  this  steam  will 
be  given  up  to  raising  the  room  temperature.  The  amount 
of  steam  admitted  into  the  room  to  maintain  the  humidity 
will  be  small,  as  compared  to  that  required  to  maintain 
the  room  temperature,  however.  A  saving  of,  say,  15  per 
cent,  of  all  the  steam  used  for  heating  would  be  worth  try- 
ing for. 

Various  Causes  of  Steam  Waste 

Steam  is  often  wasted  through  steam  traps.  Most  of  the 
traps  in  state  institutions,  other  than  radiator  traps,  are 
of  the  intermittent  or  continuous  discharge  types,  which 
can  be  equipped  with  gage  glasses,  a  glance  at  which  in 
passing  tells  the  story.  If  the  glass  is  full  of  water,  the 
condensate  is  not  being  removed  fast  enough;  if  it  is 
empty,  the  trap  in  all  probability  is  leaking  steam.  On 
this  type  of  trap  the  water  should  remain  near  the  center 
of  the  glass. 

General  kitchens  frequently  are  equipped  with  steam 
roasters.  If  they  are  steam-jacketed  and  the  discharge  is 
trapped,  they  are  not  as  wasteful  as  the  type  that  is  not 
jacketed.  To  the  latter  type  steam  is  admitted  through 
a  4-in.  pipe  with  numerous  orifices  to  give  an  even  distri- 
bution of  the  steam.  The  vent  to  the  atmosphere  is  made 
about  an  inch  in  diameter,  so  no  pressure  can  build  up  in  the 
compartment.  There  is  also  a  drip  connection  for  the  con- 
densate, but  in  reality  most  of  the  steam  delivered  to  this 
type  of  cooker  blows  right  through  and  goes  out  the  vent. 

Some  time  ago  the  writer  put  a  steam-flow  meter  on  a 
battery  of  six  of  these  cookers,  some  of  which  were  four 
tiers  high  and  the  others  three  tiers,  so  that  there  were 
22  compartments  of  the  same  size.  With  steam  at  40-lb. 
pressure  each  compartment  took  66  lb.  of  steam  per  hour. 
As  the  pressure  was  reduced,  the  consumption  of  steam 
decreased  until  at  5-lb.  gage  pressure  each  compartment 
only  took  28  lb.  per  hour.  This  represented  a  saving  of 
considerably  over  50  per  cent,  and  did  not  interfere  with 
the  operation  of  the  cookers  or  the  time  required  to  cook 
the  food.     Even  though   the  temperature  of  the   steam   at 
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40-lb.  pressure  is  74  deg.  higher  than  steam  at  atmospheric 
pressure,  as  soon  as  it  expands  in  the  cooker  to  atmospheric 
pressure  it  has  a  temperature  of  only  212  deg.,  the  1  or  2 
per  cent,  of  moisture  that  the  steam  carries  preventing  it 
from  superheating  at  the  point  where  it  is  throttled. 

When  there  is  an  excess  of  exhaust,  as  in  the  summer 
months,  the  waste  of  steam  from  leaky  engine  valves, 
scored  cylinders  or  worn  cylinder  rings  and  from  the 
valves  not  being  properly  set  is  a  direct  loss.  Steam  is 
wasted  also  through  leaky  back-pressure  valves,  valve 
stems,  defective  gaskets  at  flanges  and  at  the  threads  where 
they  are  not  tight. 

Waste  of  Electric  Current 
In  the  winter  time,  when  there  is  not  enough  exhaust 
for  heating,  the  only  real  loss  due  to  waste  of  current  is 
the  additional  wear  and  tear  on  the  machinery  producing 
the  current  and  the  renewal  of  lamps,  but  during  the  sum- 
mer months  electric  wastes  are  dead  losses  and  should  be 
prevented  as  far  as  possible.  Motors  should  not  be  allowed 
to  run  when  the  machines  they  drive  are  not  in  use,  and 
on  alternating-current  generators  the  voltage  should  be 
controlled  as  much  as  possible  by  the  exciter  rheostat  in- 
stead of  the  generator  rheostat.  The  exciter  rheostat 
carries  a  small  current,  just  enough  to  excite  the  fields  of 


There  is  a  leakage  of  water  from  faucets  and  bad  un 
derground  pipe.     Self-closing  faucets,  when  kept  in  order, 
make  a  material  saving  in   water.     Cast-iron   pipe   should 
be  used  for  all  underground  work  where  possible,  as  it  lasts 
longer  than  steel  pipe. 

Recently,  one  institution  that  had  a  high  per  capita  water 
rate  made  a  study  of  where  the  water  was  going  by  install- 
ing temporary  meters  on  the  different  lines  and  taking 
readings  throughout  the  twenty-four  hours.  The  total 
water  consumption  was  reduced  a  little  over  one-third,  but 
the  gain  is  gradually  being  lost,  and  today  only  one-sixth 
less  water  is  being  used  than  before  the  saving  campaign. 
This  shows  how  difficult  it  is  to  stop  wastes  and  keep  tnem 
stopped,  even  after  it  is  known  where  they  occur. 

With  hot  water  it  should  be  pointed  out  that  it  is  not 
only  a  waste  of  water  but  also  a  waste  of  heat  in  the 
water.  Assume  water  to  cost  ten  cents  per  thousand 
gallons,  and  that  it  is  heated  80  deg.,  from  GO  to  140  de- 
grees. For  one  cent,  100  gal.,  or  834  lb.,  of  water  is  pur- 
chased, and  it  requires  one  B.t.u.  to  heat  one  pound  of 
water  one  degree.  Hence  into  one  cent's  worth  of  water 
there  go  834  x  80  =  66,720  B.t.u.  Previously,  it  was  shown 
that  one  cent's  worth  of  coal  put  37,000  B.t.u.  into  the  steam, 
so  that  each  cent's  worth  of  water  requires  two  cents' 
worth   of  coal   to   heat  it.     The  wasting  of  one   gallon   of 
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the  exciter,  but  the  generator  rheostat  carries  all  tlie  cur- 
rent the  exciter  delivers,  which  is  about  twenty  times  that 
of  the  exciter  rheostat.  Hence  it  should  be  set  with  only 
a  few  points  of  resistance  cut  in,  to  be  used  in  getting  the 
fine  adjustment  of  the  generator  voltage,  and  as  much  of 
the  controlling  as  possible  should  be  done  with  the  exciter 
rheostat. 

Incandescent  lamps  are  built  for  a  life  of  approximately 
1000  hours  of  burning.  If  they  last  much  longer  than  that, 
it  means  the  voltage  on  the  line  is  too  low  and  that  the  lamps 
are  uneconomical  because  they  are  not  up  to  candlepower 
and  the  wattage  consumed  is  too  great  for  the  light  they 
are  giving.  On  the  other  hand,  if  their  life  falls  short 
of  1000  hours,  it  means  the  voltage  is  too  high  and  the 
lamps  are  uneconomical  because  of  the  cost  of  frequent 
renewals. 

Where  the  condensing  water  from  ammonia  condensers 
is  run  to  sewer,  thermometers  should  be  installed  to  give 
the  temperature  of  the  water  at  the  inlet  and  the  outlet 
from  the  condenser,  so  that  the  water  may  be  throttled 
down  to  a  point  at  which  the  rise  in  temperature  over  the 
condenser  will  not  exceed  ten  degrees.  Even  where  the 
water  is  used  again,  it  costs  money  to  repump  it.  If  the 
condenser  is  above  the  vacuum  pumps  of  the  heating  sys- 
tem, all  the  makeup  required  for  the  boiler  plant  should 
be  taken  from  this  source  to  save  repumping.  In  fact,  one 
of  the  best  places  to  admit  the  make-up  water,  during  the 
heating  season,  is  just  ahead  of  the  vacuum   pump. 


hct  water  is  equivalent  to  wasting  three  gallons  of  cold 
water. 

Hot  water,  of  course,  is  wasted  at  faucets,  just  as  the 
cold  water,  but  with  an  additional  waste  where  it  is  neces- 
sery  to  flow  gallons  in  order  to  get  warm  water.  In  all 
hot-water  lines  circulation  through  the  heater  should  be 
maintained  with  a  pump  so  there  will  be  no  dead-ended 
linos  in  which  the  water  can  cool.  There  are  leaky  valve 
stems  and  threads,  whei'e  the  loss  of  heat  or  water  may 
be  insignificant,  but  which  result  in  a  loss  from  damage 
to  the  covering,  pipes  and  floor.  In  the  power  house  hot- 
v^'ater  waste  should  be  watched  carefully,  as  here  are  the 
more  important  items  of  waste  from  traps  and  drips,  which 
may  be  going  to  the  sewer  when  they  should  be  returned 
to  the  feed-water  heater.  Then  there  are  leaky  blowoff 
valves  and  the  overflow  from  the  feed-water  heaters  or  the 
hot-water  receiving  tank.  In  order  that  the  engineer  may 
more  readily  see  these  losses,  it  is  well  to  have  only  one 
direct  connection  to  sewer  from  the  power  house,  this  being 
required  for  the  boiler  blowoffs.  All  other  connections  to 
sewer  should  be  made,  where  possible,  through  open  tell- 
tales. 

One  piece  of  equipment  often  abused  is  the  steam  pump. 
Boiler-feed  pumps  are  generally  set  where  accessible  to 
the  firemen,  which  generally  means  in  the  boiler  room, 
where  they  are  subjected  to  coal  and  ash  dust.  This  re- 
sults in  damage  to  plungers  and  rods  and  with  scored  rods 
trouble  in  holding  the  packing.     Where  possible  it  is  well 
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to  hnvo  tho  pumps  m  ii  miuiII  room  or  im-loHUro  with  pli-nty 
of  jtIhm.s  in  it,  so  that  tlir  oporutioii.M  of  tin-  punip.s  may  Ix- 
cbsorvi'd  from  tin-  l>oiU-r  morn.  Steam  nump-<  aro  not  l)uilt 
for  hijfh  piston  spct-ds,  and  in  this  ri-spt'cl  the  vacuum 
pumps  aro  fri-iiutMitly  ahusi-il.  .As  the  vacuum  is  impaireil 
by  leaky  return  lines  or  radiator  traps,  it  is  the  tendency 
to  speed  up  the  |>umps  instead  of  lookinK  for  the  real 
trouble. 

Oftentimes  the  ensineer  thinks  that  the  more  vacuum 
he  carries  the  In'tter  the  heatinn  systt'm  will  work.  Three 
or  four  inches  of  vacuum  should  1h'  enouKh  on  any  build- 
injt,  while  often  it  is  carried  so  hijrh  as  to  have  a  vacuum 
on  the  st«'am  main  even  back  to  the  oil  separator  in  the 
power  house.  With  this  condition  existing,  cylinder  oil 
will  be  carried  over  into  the  heatinjr  system,  resulting  in 
a  jircat  deal  of  radiator-trap  trouble,  which  will  extcn<i 
back  to  the  boilers. 


A.  I.  E.  E.  Aiiniiul  Convention 

The  American  Institute  of  Electrical  Engineers  will 
hold  its  annual  convention  this  year  at  Lake  Placid  Club, 
.\dirondacks,  N.  Y..  June  24-27.  The  principal  features 
of  the  propram,  as  announced  in  the  May  proceedings  of 
the  Institute,  are:  Tuesday  niorninp,  June  24,  address  by 
President  Comfort  A.  Adams,  and  the  presentation  of  two 
papers,  "Present  Day  Practice  of  Transmission  and  Tie 
Line  Relay  Protection,"  by  H.  R.  Woodrow,  D.  W.  Roper, 
O.  C.  Traver  and  P.  MacGahan  and  "Grounded  Neutral," 
by  H.  R.  Woodrow  and  William  E.  Richards.  Tuesday 
evening,  informal  reception  and  dance.  Wednesday  noon, 
conference  of  Committee  on  Development,  section  delegates 
and  A.  I.  E.  E.  officers  at  luncheon.  Thursday  morning, 
conference  under  the  auspices  of  Committee  on  Develop- 
ment, including  section  delegates  and  Institute  officers, 
open  to  all  Institute  members.  Friday  morning  four 
papers  will  be  presented:  "High-Tension  Single-Conductor 
Cables  for  Polyphase  Systems,"  by  W.  F.  Clark  and  G.  B. 
Shanklin;  "Electrostatic  Field  and  Electric-Power  Cables," 
by  H.  W.  Fischer  and  R.  W.  Atkinson;  "Commercial  Prob- 
lems of  220,000-Volt  Power  Transmission,"  by  A.  E.  Sil- 
ver; and  "The  Effects  of  Transient  Voltage  on  Dielectrics — 
II,"  by  F.  W.  Peek,  Jr. 


The  committeoH  have  purposely  left  considerable  time 
iinassigni'il,  as  it  is  expected  that  the  »'otifcrence»  under 
the  auspices  of  the  Committee  on  Development  will  be  one 
of  the  most  important  feiitureH  of  thiit  convention  and  will 
undoubtedly  occupy  considerably  more  time  than  the  seti- 
sions  that  have  been  scheduled.  It  is  also  the  aim  of  the 
committees  to  leave  plenty  of  time  for  social  and  recre- 
ation featureH,  including  outdoor  sports,  to  which  the  loca- 
tion at  Lake  Placid  is  especially  adapted. 

En<j;inr<'rinj;   (!oiir8<'H    Popular 

One  of  the  most  popular  divisions  of  education  made 
available  to  disabled  soldiers  by  the  Federal  Board  for 
\'ocational  Education  is  that  of  engineering,  in  the  various 
branches  of  which  there  are  now  17S  students,  thus  giving 
refutation  to  a  somewhat  prevalent  idea  that  the  vocational 
education  available  for  disabled  men  is  confined  to  manual 
trades.  In  this  general  classification,  G  men  are  taking 
architectural  engineering;  2  chemical  engineering;  and  80 
are  preparing  to  be  civil  engineers.  Electrical  engineer- 
ing takes  .'iO;  general  engineering,  25;  mechanical,  22;  min- 
ing, 7;  and  steam,  8. 

Indicating  the  character  of  institutions  at  which  these 
men  are  pursuing  their  education,  the  following  are  beinu: 
used:  Harvard  University,  Massachusetts  School  of  Tech- 
nology, Franklin  Union,  Boston,  Hawley  School  of  Engi- 
neering, New  Bedford  Industrial  School,  Saunders  Trade 
School,  New  York  Electrical  School,  Mechanics  Institute. 
Pratt  Institute  of  Brooklyn,  Rensselaer  Polytechnic  School, 
Columbia  University,  Heffly  Institute,  Lawrenceville  Trade 
School,  Carnegie  Institute,  Pennsylvania  State  College, 
Johns  Hopkins  University,  Georgia  School  of  Technology 
and  Colorado  State  School  of  Mines. 
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Claude  Graham- White,  the  English  aviator,  says  regard- 
ing the  proposed  transatlantic  flight:  "Everything  depends 
on  the  engine.  If  a  machine  breaks  down,  the  wireless  goes 
also,  and  then,  no  matter  what  the  safety  devices  may  be, 
the  machine  makes  a  very  little  speck  on  the  enormous 
area  of  the  Atlantic.  If  the  feat  is  successful  the  public 
will  applaud  it,  but  if  lives  are  lost  there  will  be  censure 
on  account  of  the  foolhardiness  of  the  attempt." 


Personals 


K.  I..  Tlionisen  has  been  appointed  sales 
manaser  by  the  Terry  Steam  Turbine  Co.. 
Hartford.  Conn.  Previous  to  this  appoint- 
ment ilr.  Thomsen  was  manager  of  the 
marine  department  for  the  Griscom-Rus- 
sell  Co. 

W.  W.  Tarleton,  who  has  been  connected 
with  the  Southern  Manganese  Corp..  of  An- 
niston,  Ala.,  for  the  last  two  years  in  the 
capacity  of  purchasing  agent  and  traffic 
manager,  has  joined  the  sales  department 
of  the  Anniston  Steel  Co.,  same  city. 

MileH  Carey,  of  Welch.  W.  Va..  who  has 
been  division  manager  of  the  Appalachian 
Power  Co.  for  six  years,  has  resigned  that 
position  to  accept  another  with  the  Penn 
Public  Service  Co..  of  Pennsylvania,  and 
will  be  located  at  Clearfield.  F'enn.  B.  P. 
Rouse,  who  has  been  connected  with  the 
company  for  some  time  past,  succeeds  Mr. 
Carey  as  manager. 

B.  \V.  Spofford  has  been  appointed  local 
general  manager  of  the  Manila  Klectric 
Railroad  and  Light  Co..  Manila,  Philippine 
Islands,  by  the  J.  G.  White  Management 
Corp..  Xew  York,  the  operating  managers 
of  that  company.  Mr.  Spofford.  after  grad- 
uating from  the  United  States  Xaval  Acad- 
emy at  .\nnapolis.  spent  about  five  years 
in  the  Xa\-y.  After  his  retirement  in  1911 
he  was  engaged  by  the  J.  G.  TVhite  Man- 
agement Corp.  and  was  assigned  to  the 
staff  of  the  Augusta-Aiken  Railway  and 
Electric  Corp..  Augusta.  Ga..  and  later 
was  made  general  manager  of  that  com- 
pany. When  the  United  States  entered 
the  war.  Mr.  Spofford,  as  a  naval  reserve- 
officer,  was  called  to  the  colors.  With  the 
signing  of  the  armistice  he  was  placed  on 
the  retired  list  of  the  Na\'y.  with  the  grade 
of  lieutenant  commander. 


Engineering  Affairs 


The  ,\merioan  Sooiet.v  for  Testing  .Ma- 
terials will  hold  its  twenty-second  annual 
meeting  in  .Atlantic  City.  .N'.  .1.,  ,I>inf  24-27, 
with  headquarters  at  the  Hotel  Traymore. 

The  National  .Xssociation  of  Stationar.v 
Engrineers,  Xew  York.  State  Association, 
will  hold  its  twenty-fourth  annual  conven- 
tion at  the  Rens.selaer  Hotel,  Troy.  X,  Y,, 
June   12-14. 

Yonkers  .Association  No.  28.  N.  A.  S.  K., 
of  New  York,  held  its  annual  entertainment 
and  ball  at  the  KIks'  Club  on  .\pril  2<t  The 
event  was  largrely  attended  and  a  general 
good  time  was  had. 

The  New  England  States  .Association  of 
the  Xational  .As.sociation  of  Stationary  En- 
gineers will  hold  its  annual  convention  and 
mechanical  exhibition  at  Springfield,  Mass,. 
July  S-12. 

The  .American  Order  of  Steam  Engineers. 
in  conjunction  with  the  -American  Supply 
Men's  .Association,  will  hold  its  33rd  annual 
convention  in  .Atlantic  City.  June  9-13.  with 
headquarters  at  Morris  Guards  Armory,  and 
official  headquarters  at  the  Continental 
Hotel. 

Brooklyn  .Association  No.  8.  N.  .A.  S.  E.. 
held  an  open  meeting  on  Saturday.  May  3. 
at  its  rooms,  12.5  South  Elliot  Place,  Brook- 
lyn, X.  Y.  Several  novelty  "stunts"  in  edu- 
cation were  successfully  presented  and 
proved  highly  interesting  to  the  big  audi- 
ence. This  introduction  of  the  educational 
and  social  features  combined  is  the  idea  of 
John  H.  McGowan,  president  of  the  associa- 
tion. 

The  .American  Institute  of  Electrical  En- 
gineers will  hold  its  annual  business  meet- 
ing on  May  16.  in  the  auditorium  of  the 
Engineering  Societies  Building,  Xew  Y^ork 
City,    at    8:30   p.    m.     At   this   meeting  the 


board  of  directors  will  make  its  annual  re-' 
port,  including  a  complete  financial  state- 
ment for  the  year  ending  Apr.  30,  1919.  The 
report  of  the  tellers  will  also  be  presented, 
giving  the  results  of  the  election  of  offlcers 
for  the  ensuing  administrative  year.  The 
Weaver  Memorial  Tablet,  which  is  to  be 
erected  in  the  h(ad(|uarters  of  the  Institute 
"in  acknowledgment  of  the  .services  ren- 
dered to  the  Institute  and  to  the  electrical 
engineering  profession  by  William  D. 
Weaver."  will  be  exhibited  at  this  meeting. 
Immediately  following  the  business  meeting 
the  ceremony  of  the  presentation  of  the 
Edison  medal  will  take  place.  This  medal 
was  founded  by  the  Edison  Medal  As-socia- 
tion.  composed  of  as.sociates  and  friends  of 
Thomas  A.  Edison,  and  is  awarded  annual- 
ly by  the  Institute  "for  meritorious  achieve- 
ment in  electrical  science,  electrical  engi- 
neering, or  the  electric  arts."  The  medal 
has  been  awarded  this  year  to  Benjamin  G. 
Lamme  "for  invention  and  development  of 
electrical  machinery." 


Miscellaneous  News 


New  Tower  Rates,  effective  May  18,  have 
been  filed  at  the  city  clerk's  office  at  Lock- 
port,  N',  Y.,  by  the  International  Power  and 
Transmission  Co.  Increases  vary  from  10 
to  2,5  per  cent,  Xew  rates  are;  First  250 
hp,,  $25  per  hp,  per  year ;  next  500  hp,. 
$22  per  hp.  per  year;  excess  of  750  hp.,  $19 
per   hp.    per   year. 

A  Sawmill  Belonging  to  Tom  Cronse, 
near  Victor.  Fayette  County.  W.  Va.,  blew 
Up  a  few  days  ago.  Mr.  Grouse  and  his 
.son  were  close  to  the  engine  mending  a 
part,  when  the  boiler  went  up  over  their 
heads,  demolishing  the  mill.  Beyond  a 
few  bruises  from  falling  sticks,  Mr.  Crouse 
and  his  son  were  unhurt.  Debris  from  the 
explosion  was  picked  up  a  quarter  of  a 
mile  away. 
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Business  Items 


THE    COAL   MARKET 


lleaii  ISroN.,  of  Indianapolis,  Ind.,  an- 
nounce tlie  openinf?  of  a  New  York  City 
SMles  officT  at  141  Rroadway,  with  H. 
Jleachem  as  district  sales  manager. 

Kdward  J.  .Smith,  hydraulic  engineer.^,  of 
New  York,  announce  that  they  have  estab- 
lished an  office  in  El  Paso,  Texas,  in  the 
Mills  Building,   Rooms  812  and  813. 

BripBs  &  Turivas.  of  Chicago,  III.,  have 
opened  an  ofliot"  in  New  York  City,  al  ISO.'i 
Equitable  Trust  Huilding,  under  the  direc- 
tion of  Carl  R.  Briggs,  president  of  the  com- 
pany. 

The  Hill  Pump  Valve  Co.,  of  Chicago, 
111.,  announces  that  it  is  maintaining  a  New 
York  office  in  conjunction  with  the  Home- 
stead Valve  Manufacturing  Co.,  at  1  Frank- 
lin St.,  New  York  City,  with  P.  L.  Rhodes 
in  charge  as  manager. 

The  F.  W.  Freeliorii  EiiBineerlnB  Co.,  of 
Tulsa,  Okla..  announces  that  Vincent  G. 
Shinkle  has  become  a  partner  in  the  organi- 
zation. The  company  is  now  devoting  its 
activities  exclusively  to  the  various  phases 
of  the  oil  industry. 

Pioneer  Rubber  Mills  is  the  name  under 
which  the  Bowers  Rubber  Works  of  San 
Francisco  is  now  operating.  The  change  in 
name  became  effective  Apr.  1,  but  the  man- 
agement and  policy  of  the  company  con- 
tinue as  under  the  old  name.  The  Pioneer 
Rubber  Mills  will  continue  to '  manufacttire 
all  the  brands  that  the  Bowers  Rubber 
"Works  established. 

The  Homestead  Valve  Manufacturing  Co., 
of  Homestead,  Penn.,  has  added  Charles 
Nagle  to  its  New  York  office.  Mr.  Nagle 
will  call  upon  the  trade  within  New  York 
City  and  Brooklyn.  It  has  also  placed  an 
additional  man.  F.  H.  Thorn,  in  its  Pitts- 
burgh office,  who  has  had  several  years  of 
experience  in  the  mechanical  engineering 
field.  Mr.  Thorn  will  devote  his  time  ex- 
clusively to  the  plants  within  the  Pittsburgh 
district. 

The  American  Tube  and  Pipe  Rendin? 
Co.,  with  offices  in  the  Schofield  Building. 
Cleveland,  Ohio,  has  been  formed  for  the 
purpose  of  furnishing  bent  boiler  tubes  for 
any  make  of  vertical  water-tube  boiler. 
The  active  head  of  the  company  is  A.  Was- 
ser,  secretary  and  treasurer,  Mr.  AVasser 
was  connect'^d  with  the  Erie  City  Iron 
Works  for  thirteen  years  both  in  the  factory 
and  sales  office,  and  is  thoroughly  familiar 
with  practical  boiler  construction. 

Me.ver.  Stronu  &  .loncs.  Inc.,  have  suc- 
ceeded to  the  engineering  practice  of  Henry 
C.  Meyer,  Jr.,  and  B.assett  .lones.  Associ- 
ated, Mr.  Strong  was  connected  for  many 
years  with  the  .American  Radiator  Co.,  as 
chief  engineer,  and  is  now  its  con.sulting 
engineer.  Messrs.  Meyer  and  .lones  have 
been  engaged  in  consulting  work  in  New 
York  City  since  1903  and  have  been  respon- 
sible for  the  mechanical,  electrical  and 
power  equipments  of  many  important  build- 
ings and  large  industrial  plants.  C,  A.  King, 
H,  E,  Meeker,  H.  F.  Richardson  and  J,  J, 
Ruckes,  who  have  been  associated  with 
Messrs,  Meyer  and  .Tones  for  a  number  o\ 
years,  will  be  in  responsible  charge  of  the 
work  in  the  new  organization.  The  new 
firm  will  act  as  consulting  engineers  for 
steam  and  electrical  work,  power  plants, 
etc.,  and  will  have  offices  at  101  Park  Ave.. 
New  York  City. 


Trade  Catalogs 


The   Vulcan    Soot    Cleaner    Co.,    Du    Bois, 

Penn.,  has  issued  a  new  bulletin  entitled 
"Vulcan  Soot  Cleaners  for  Return  Tubular 
Boilers."  This  bulletin  describes  the  com- 
pany's Model  "IM,"  front-end  type,  and 
Model  "R,"  rear-end  type.  It  also  .shows 
how  the  cleaner  is  installed  in  settings  of 
typical  construction,  and  gives  results  of 
various  tests  that  have  been  conducted,  A 
copy  may  be  had  free  upon  request. 

The  American  Steam  Conve.vor  Corp., 
Chicago,  has  issued  a  helpful  booklet  on 
the  ash-handling  question,  entitled  "Reduc- 
ing Ash  Disposal  Costs."  The  diagram  and 
description  of  an  American  steam  ash  con- 
veyor that  saved  over  $3  a  day  in  ash 
handling  and  in  the  course  of  eighteen 
months  paid  for  itself,  should  be  of  inter- 
est to  engineers  and  power-plant  executives 
The  experience  of  a  number  of  other  users 
of  the  steam  jet  ash  conveyor  in  securing 
ash-disposal  economies  are  de.scribed.  Dia- 
grams and  photographs  of  actual  installa- 
tions are  also  given.  A  copy  of  the  book- 
let Will  be  sent  free  upon  request. 


BOSTON — Current  prices  per  gross  ton  f,o.b.  Nc 
York  loading  ports: 


Egg $7  80Cri  7  95 

Stove  7  95f„  8    1^ 

Chestnut  8  05(g  8  35 

Bituminous 

Cambrias 
and 
rioarfields       Somcr.scts 
F.o.h.  mines,  net  tons    ...    $2    l5((/2   75   $2  80(o  3   35 
Philadelphia,  gross  tons...    4.20("4.90     5   00(«  5   40 

New  Yorl<,  gross  tons  4,50Cq5  25     5   35(n  5  80 

.\Iongside    Boston    (water 

coal),  gross  tons 6.I0@6.85     5.90Cn7  65 

Pocahontas  and  \ew  River  are  quoted  at  $4  70 
("5.25  f.o.b.  Norfoll<  and  Newport  News,  Va.,  for 
spot  coal,  and  $7.20(«  8.60  alongside  Boston,  these 
prices  being  on  a  gross  ton  basis. 

NEW  YORK— Current  quotations,  White  Ash, 
piT  gross  tons,  f.o.b.  Tidewater,  at  the  lower  ports 


are  as  follows: 

Company 

Company 

Mine 

Circular 

Mine 

Circular 

Broi:en   $6  05 

$7  90 

Pea 

4  90 

6  65 

Egg.    .      5  95 

7   80 

Buck- 

Stove..     6  20 

8  05 

wheat 

3  40 

5    15 

Chest- 

Rice.   . 

2  75 

4.50 

nut...      6.30 

8.15 

Barley. 

2  25 

4.00 

Bituminous 

^pnt  Contract 

South  Forks J2  90  @  $3.25  $2  95  @  $3  50 

Cambria    County 

(good  grades) 2  75  (S 

Clearfield  County,  .  .    2  50(5) 

Reynoldsville   2  50  @ 

Quemahoning 2  65  (gi 

Somerset  County 

(best  grades) 2  65  @ 

Somerset  County 

(poorer  grades). ...    2  00  (§) 
Western  Maryland.  .    2  25  (a 

Fairmont   2  00  (ff 

Latrobe 2.  10  (<« 

Greensburg 2  25  #■ 

Westmoreland    ...        2  bl)  @ 
Westmoreland     run- 

of-mine 2  40  @ 

Quotations  at  the  upper  ports  for  both  bituminous 
and  anthracite  are  5c.  higher  on  account  of  the 
difference  in  freight  rates,  and  are  exclusive  of  the 
3%  war  freight  tax. 

PHIL.'\DELPHI.\— The  price  per  gross  ton  fob 
cars  at  mines  for  line  shipment  and  f.o.b.  Port 
Richmond  for  tide  are  as  follows: 


2  95 

2  75 
2  75 
2  85 

2  95(3) 
2.8C(g 
2  75® 
2.95® 

3   25 
2.95 

2  95 

3  10 

2  85 

2.95® 

3.10 

2.35 
2  75 
2  25 

2,25 
2  35 
2  75 

2.50®    2  75 
2.50®     2  75 
2  35®    2  50 
2  25  @E  2.40 
2   35  (di.     2  60 
2  60®     2  75 

2,65 

2  35® 

2.65 

Line  Tide 

Broken $5  95  $7  80 

Egg 5  95  7  80 

Stove 6.20  8  05 

.Nut 6  30  8  15 

Pea 4.90  6  50 

CHICAGO— Curri 


Line     Tide 
Buckwheat....$3  40  $4  45 

Rice    2  75      3  65 

Boiler 2  50     3  50 

Barley 2   25      3    15 

Culm I    25      2    15 

per    ton    for    Illinois 


and  Indiana  coal  are  as  follow: 

Illinois 

Southern  Northern 

Williamson.  .Saline  and        lllinoi.'i  Illinois 

Williamson  Counties       F  o  h    Mines   F.o.b.  Mines 

Prepared  sizes $2  5:@$2  75  $3.  25 

Mine-run 2   35(-     2   50  3   00 

Screenings 1   85®   2  20  2  75 

BIRMINGH.\M— Current  prices  per  net  ton  f  o  b. 
mines  are  as  follows: 

Slack  and 
Mine-Run        Prepared      Screenings 

Big  seam $2.45  $2   75  $2  40 

Black  Creek  and 

Cahaha..  3   45  3   75  3  05 

.lagger    -    Pratt 

Corona    2   85  3  05  2   45 

Blacksmith 5  25 

Domestic    quoations.    slightlv     increased,     are    a« 
follows: 

Lump  and  Nut 

Bl.ick  Creek  and  Cahaba 3.  85@$4  50 

Corona 3.  40 

.Lagger 3.50 

Montvallo 5 .  00 

.^T.  LOUIS — The  prevailing  circular  per  net  ton 
f.o.b.  mines  is  as  follows: 

Mt.  Olive 
and 
Franklin  County  Staunton         Standard 

Prepared  sizes,  lump, 
egg,  Nos.    I  and  2 

nut $2.75 

Williamson  County 
Prepared  sizes,  lump, 

egg,  nut $2  55       $2  55         $190^2.25 

Mine-run 2.35  2  20  2  00 

Screenings 2.20         2  05  1.75 

3-in,  lump 2  30         

2-in.  lump 2.  JS 

Williamson-Franklin  rate  to  St.   Louis  is  $1,075; 
other  rates  92§c, 


New  Construction 


PROPOSKI)    WORK 

Mass.,  PUtsflcld^Thi"  Berkshire  County 
Commissioners  will  install  a  steam  heat- 
ing plant  in  the  2  story,  .')0  x  SO  ft.  Hall 
of  Records  which  thev  plan  to  build  here. 
Total  estimated  cost,  $100,000.  J.  M.  Vance, 
.Main  St.,  Arch. 

R.  I.,  Johnston — The  Board  of  Education 
will  install  a  steam  heating  plant  in  the 
5  story,  81)  x  150  ft  school  which  it  plans 
to  build  in  the  Thornton  Dist.  Total  esti- 
mated cost,  $120.1100.  Hoppin  &  Field,  32 
Westminster    St.,    Providence,    Arch. 

Conn..  Hartford — The  city  will  install  a 
steam  heating  plant,  refrigerating  and  cold 
storage  machinery  In  the  1  story,  63  x  122 
ft.  public  market  which  it  plans  to  build 
on  the  corner  of  Boulevard  and  Ferry  St. 
Total  estimated  cost,  $100,000.  Whiton  & 
McMahon,   36  Pearl  St..  Arch. 

Conn.,  New  London — The  S.  D.  Lawrence 
Estate,  c/o  B,  A,  Copp,  48  Bank  St..  Trus- 
tees, will  install  a  steam  heating  plant  in 
the  3  story,  .56  x  110  ft,  business  building 
which  it  plans  to  build  on  Bank  St.  Total 
estimated  cost.  $100,000,  Hilderbeck  & 
Langdon,  Inc.,   253  State  St.,  Arch. 

Conn.,  West  Hartford — Sleeper  &  Parisi. 
c/o  Marchetti  &  Davino.  Arch.,  756  Main 
St.,  Hartford,  will  install  a  vapor  heating 
system  in  the  4  story,  7S  x  136  ft.  apart- 
ment hotel  which  they  plan  to  build  on 
Farmington  Ave.  Total  estimated  cost, 
$130,000. 

N.  v.,  Astoria — Glynne  &  Ward,  c/o  the 
Alhambra  Theatre.  Knickerbocker  Ave.  and 
Halsey  St..  Brooklyn,  will  install  a  steam 
heating  system  in  the  2  story  theatre  which 
they  plan  to  build  on  Grand  and  Steinwa v 
Ave.  Total  estimated  cost,  $400,000.  T. 
Lamb,  644   8th  Ave.,  New  York  City,  Engr. 

N.   Y..   Bronx — B.   S,    Moss,   729    7th   Ave.. 

Manhattan,  will  install  a  steam  heating 
plant  in  the  2  story,  12.'i  x  150  ft.  theatre 
which  he  plans  to  build  on  Prospect  Ave 
and  161st  St.  Total  estimated  cost,  $60n.- 
Ono.  De  Rosa  &  Pereira,  110  West  4ii,h 
St.,    Manhattan,    Engr. 

N.  Y..  Buflfalo — The  Prudential  Life 
Building  is  in  the  market  for  a  generator 
:'nd  machinery  for  a  power  plant  ,1.  Lovel. 
f'h.   Engr. 

N.  Y.,  New  York — The  League  for  Po- 
litical Education,  15  West  44th  St.,  will 
install  a  steam  heating  plant  in  the  ^' 
story,  100  x  125  ft.  institute  which  it  plans 
to  build  on  43rd  St..  near  B'wav.  Total 
estimated  cost.  $l."i0.000.  McKimm,  Mead 
&  White,   101  Park  Ave.,   Arch. 

N.  Y.,  New  York — The  N.  Y,  Telephone 
Co..  15  Dey  St.,  will  install  a  steam  heat- 
ing plant  in  the  4  story,  103  x  115  ft. 
exchange  which  it  plans  to  build  on  107th 
St.  and  Grand  View  Place.  Total  estimated 
cost.  $391,000,  McKenzie,  Voorhees  iS: 
Gnielin,    1123    B'way,,    Engr. 

N.  Y.,  New  York — The  Park  Realty  Co.. 
151  West  42nd  St.,  will  install  a  steam 
heating  plant  in  the  14  story,  25  x  100  ft 
hotel  which  it  plans  to  build  on  5th  Ave 
and  7Sth  St.  Total  estimated  cost,  $250,000, 
G.   E.   Blum.   .'i05   5th   Ave.,   Engr. 

N.  Y.,  Osslnins — The  State  Hospital  Com- 
mission. Capitol,  .\lbany.  will  soon  receive 
bids  for  the  construction  of  a  1  story,  30 
X  30  ft,  pump  house,  in  connection  with  the 
4  story.  50  x  200  ft.  clinic  building  which  it 
plans  to  build  at  the  Sing  Sing  Prison  here. 

N.  Y..  Pelham — The  Board  of  Education 
will  install  a  steam  heating  plant  in  the 
2  story,  168  x  171  ft,  high  school  which  it 
plans  to  build.  Total  estimated  cost.  $115.- 
000.  Tooker  &  Marsh.  101  Park  Ave.. 
.New  York  City,  Engr. 

N.  Y.,  Rochester — The  city  is  having 
plans  prepared  for  the  construction  of  a 
sewage  disposal  plant  in  the  23rd  Ward, 
to  include  1  Imhoff  tank  and  pumping  sys- 
tem to  care  for  the  territory  between  Lata 
Rd.  and  Beach  Ave.  .Address  .1.  F,  Skinner, 
Asst,  City  Engr, 

N.  v.,  Syracuse — The  H,  H.  Franklin 
Manufacturing  Co.,  302  South  Geddes  St.. 
will  install  a  low  pressure  vacuum  heating 
system  and  motors  in  the  2  storv.  70  x  1 50 
ft.  addition  which  it  plans  to  build  to  its 
present  plant.  Total  estimated  cost,  $85.- 
000,  R.  .1.  Reidpath  &  Son,  Builders  Ex- 
change  Bldg.,   Buffalo,   Arch. 

N.  Y.,  Syracuse — The  New  York  State 
Railways  plans  to  expend  $200,000  for 
transmission  and  trolley  line  changes,  track 
repairs   and   street   paving  here. 
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I>fl..  WllmhiKtnn-  Tli-  WIlmlnKlmi  !•  r»n 
Inmlliih'  will  liiHlJill  a  Hli'iiiii  hi'jiUiiK  pl.iiil 
In   Ihi-   ;i   Blorv,   '.m    x    20(1    ft.    llbniry   whi.li 

II      lllllllH      ll>      illlllll.  Tolul      t'MlllllUloll      COHt, 

$100.0(1(1.       llorliiK    &    Tllli.ii,    l>'i    Viiiuloil'lll 
Avtv,  Now  York  Clly,  Arch. 

Mel..  llitllliiKirr  Thi'  Ilurvrv  ('».  IM 
Simlli  Si  ,  \H  In  lln'  iimrkil  for  iwn,  s- 
whi'i'l,  10  Inn  liH-oinollvr  iTiiIii-w.  Willi  10. .M» 
ft.  liooiii  ;  ::j  (•|liiiii\  i-iiixhiT  with  I'li'Viitor  ; 
II  S.'i  hj).  rimliK'  on  wIici'Ib;  11  or  IS  In. 
HWlhK  a  ft  ln'(l  ni'fonil-hiiiul  ciiRlno  liitlip. 
liHi-k  Ki'iirvil  ami  h<t>'W  i-iittInK  :  2  road 
roll.TH,  3  wh.tlH.  UulTalo-rMttslmrK  pre- 
ferred. 

II.  r..  WiiKlihiKtnn — Tin-  l.lli.Tly  SivvlnKS 
Hank.  111(1  N.w  York  Av..  N.  W..  will 
Iniitiill  II  .sti'iiM)  liiallni;  plain  in  tlio  1 
Htorv.  2.">  X  13!»  ft.  bank  wlili-li  it  plans  to 
Inillil  oM  l.illi  anil  !•:><•  .St.  Ti>lal  csliinaloii 
cost,  $  00.000.  Holmes  &  Winslow,  110 
West  loth  St.,  New  York  City.  EiiBr. 

Kin.,  Kr.v  \Vr»t — Narln>n;-Thompson  Is 
rcrcivir'jj  Mils  for  the  construction  of  a  cold 
stornpe  ii-l  distilling  plant.  Estimated 
i-ost.   $60,000. 

Mil..  Miilhrrry — The  International  Fer- 
tilizer (^o..  JacksopvllU',  plans  to  build  a 
steam    plant    near   here. 

Ln..  »w  OrleuiiN — The  nurcau  of  Yards 
&  Dock.s.  Xavy  Department.  Washington. 
D.  C,  plan.s  to  install  mechanical  and 
electrical  einiipnient  at  the  power  house 
here.     Speciflcation  No.   3882. 

Ohio.  ClrvelHnd— The  Champion  'U'^cldinK 
Co..  60-4  I'rospcct  Ave.,  is  in  the  market 
for  a  ."ili-fio  hp.  gasoline  motor  and  a  15-20 
icw.c.d.  motor  or  generator. 

Ohio.  Cleveliind— The  Paul  Bros.  Co.. 
Citizens  Bldg..  will  install  a  steam  heat  ins; 
plant  in  the  6  story,  99  x  132  ft.  factory 
and  parage  which  they  plan  to  build  on 
Kast  isih  ft.  and  Kuclid  Ave.  Total  esti- 
mated cost.  $17.T.ooo.  W.  S.  Ferguson  Co., 
1900  Euclid  Bldg..  EngT. 

Ohio,  rievelatMl — The  Shaw-Hayden 
Amusement  Co.  will  install  a  sleam  heat- 
ing plant  in  the  3  story  tlieatre  and  com- 
mercial building  which  it  plans  to  build  on 
Shaw  and  Hayden  Ave.  Total  estimated 
cost,  $100,000.  W.  Norris.  Pres.  W.  S.  Fer- 
guson Co.,  1900  Euclid  Bldg.,  Engr. 

Ohio.  Dover — The  Tupcora  Rubher  Co., 
c/o  the  W.  C.  Owen  Engineermg  vu.. 
Engrs.,  1900  Euclid  Bldg.,  Cleveland,  will 
install  a  steam  healing  plant  in  the  3 
story  rubber  factory  which  it  plans  to  build 
here. 

Ohio.  Jewett — The  city  is  having  plans 
prepared  by  W.  J.  Sherman.  Engr.,  613 
N'asby  Bldg..  for  the  construction  of  a 
water  supply  system,  to  include  the  sink- 
ing of  wells  and  the  construction  of  a 
pumping  plant. 

Ind.,  Washlnsrton — The  city  plans  to-  re- 
model and  enlarge  the  electric  light  and 
power  plant.  Widmer  Engineering  Co., 
Century  Bldg..  St.  Louis,  JIo.,  Consult. 
Engr. 

Mich.,  Detroit — The  C.  B.  Bohn  Foundry 
Co.,  Hart  Ave.,  plans  to  build  a  2  story. 
SO  X  100  ft.  power  plant  to  contain  steam 
plant  eriuipment.  consisting  of  boilers,  en- 
gine an(j  accessories.  Estimated  cost.  $25,- 
000.      C.    W.    Brandt.   Kresge   Bldg.,   Arch. 


III.,  HrookLvii  -Tlw  Trnnlii.il  U  It.  Amko- 
clallon.  I  iiloii  .Stutiiin.  Si.  I.iniln,  .Mo.  pliiim 
to  nbulUI  IIM  [>o  X  l.MI  ft.  holler  Hliop.  Iiere. 
reei'iilly  ileiitroyed  by  (Ire,  entallliiK  a  Iohm 
of   $3r.,00(i.      \V.    Bawden,    Uooni   111,   Siipl. 

\VU..  Nhrhuycuii— The  Standard  Oil  Co.. 
1209  I'eiiiiBylviinlii  .\ve  ,  In  In  the  miirki't 
for  1  boll.-rH,  to  he  liiHliilled  in  tin'  2  Hlory. 
10  X  ur>  ft.  nilInK  Hlatlon  which  It  plaiiH 
lo  hulld  nn  WlHeoiiNln  and  7th  SI.  Lelner 
&   llol.tl,    1(1.1   WellH  St.,   .Mllwiinkee,   .\rch. 

Wl»..  Two  Hlvpr«- The  Wlm-onsln  Textile 
Maiuifaetiiring  <'o.  will  liiHtall  a  00  hp. 
Hteani  plant  fur  heating  and  20  motors,  2i 
to  20  hp.  caiiaeity.  In  Ihe  1  Hlory.  90  x  2(i'i 
ft.  farlorv  which  It  plans  to  hulld  on  Main 
St.  Total  eHllmated  cost,  $100,000.  Ad- 
dress G.  KIrst. 

Minn..  81.  Cloiiil— The  Oranlte  City  In- 
vestment Co.  Will  liiHtall  a  Hieam  heating 
and  mechanical  ventilating  system  in  thi' 
5  Htorv.  120  X  1211  ft.  <'oniiner<'ial  liolel 
which  It  pl.ms  to  liuild  on  .Main  Si.  Tolal 
estimated  cost.  $300,000.  Ilolstead  &  Sulli- 
van, I'alladio  Bldg.,  Duluth,  Arch. 

Mo..  JefTerxon  rit.v— The  Stale  T.eglsl.i- 
ture  pas.sed  bill  authorizing  the  building  of 
a  water  trunk  line  to  .supply  large  area  In 
northern  Missouri.  Work  involves  pump- 
ing equipment,  iron  pipe,  and  steel  t.inks. 
etc.  Address  A.  L.  McCawiey,  c/o  Pub. 
Serv.  Comn. 

Mo..  St.  I.ouIr — The  Manufactures  Rail- 
way, 2925  South  B'way.,  is  having  plans 
I)repared  for  changing  the  switching  sys- 
tem from  sleam  to  electric.  Work  involves 
installing  poles.  Irolle.vs.  transformers  and 
a  24  mi.  transmission  line.  Estimated 
cost,  $200,000. 

Mo..  St.  Louis — The  University  Invest- 
ment Co..  La  Salle  Bldg..  will  install  a 
steam  he.ating  plant  in  the  5  story,  110  x 
130  ft.  apartment  hotel  which  it  plans  to 
build  at  4171  Olive  St.  Total  estimated 
cost.  $160,000.  Kennerly  &  Stiegcmeyer, 
Benoist  Bldg.,   Arch. 

-Ark.,  Senro.v — The  .\rkansas  Hydro-Elec- 
tric Co..  Hel)er  Springs,  has  had  plans  pre- 
pared bv  Dickinson  &  Watkins.  Engr.,  Boyle 
Bldg..  Little  Bock,  for  building  a  40  ft. 
dam  and  spillway  near  here.  Plans  include 
the  construction  of  a  power  house  and 
transmission        lines.  Estimated        cost, 

$262,300. 

Okla.,  Henryetta — The  city  voted  $310.- 
000  bonds  for  waterworks  improvements, 
to  include  the  installation  of  additional 
pumping  equipment,  filtration  iilant,  .set- 
tling basins,  supply  line  and  distriliution 
system.  H.  JI.  La  Rue,  Supt.  of  Water- 
works. Burns  &  McDonnell.  Interstate 
Bldg.,  Kansas  City,  Mo.,  Consult.  Engr. 

Okla.,  Yale — The  city  plans  election  soon 
to  vote  on  $100,000  bonds  for  electric  light 
extensions. 

Cal.,  t'ale\iro — The  city  is  having  plans 
prep.ired  li.v  Olmsted  &  Gillelen,  Eiigr.s., 
1112  HoUingsworth  Bldg.,  Los  Angeles,  for 
the  construction  of  .a  gas  and  electric  plant 
here.  Estimated  cost,  $325,000.  P.  B. 
Steintorff.  City  Clk.     Noted  Jan.  7. 

Cal.,  Fresno — The  Fresno  City  Water  Co. 
plans  to  drill  wells  and  build  2  pumping 
stations,  1  near  Wilson  Ave.  and  the  Atchi- 
son, Topeka  &  Sante  Fe  Ry.,  and  the  other 
near  C  and  California  St. 


V.    K.    I..     Norlii     tVIM«lilrr      The    Dep  ;r 

liii'iil  of  I'uhlli-  WorkH.  Ottawa,  Ont..  will 
receive  IiIiIh  until  .May  13  for  lh<-  con- 
Mtrucllon  of  a  2  MiorV.  17  x  01  ft.  powi>r 
houHe  and  laumlry  at  the  1  Hilton  Siiiilturluin 
liiTc.  I'hiiiH  Include  the  InHlallatloii  of 
lieutlnK  apiiaralUH.  I'^Htlrnated  cohI.  $'0,0011. 
U,  C.  WrlKhl,  c/o  Dipt,  of  Pul).  WkH.,  Arch, 

«»ue..  ^lonlrpiil  -The  I'liie.-  Vlger  Ter- 
minal Oi.  will  Hoon  award  Ihe  contract  for 
the  conHlriietloii  of  a  10  Hlory,  H3  x  IHO  ft. 
cold  Hlonige  plant  on  Herri  .SI.  Coiiipleli 
refrigerating  inaehliiery  will  ln'  liiHlallcd 
ill  HiiMK'.  Tolal  eHllinali'd  coHt.  $000,000. 
A.  ChauHHe,  72  .North   Dame  St.,  JOaHt,  Arch. 

<)ur.,  N(.  Kiiiiliiiel  KiiHi — The  Montmasny 
Electric  Co,  .Montniagny,  planH  2000  hp. 
developniinl  on  the  Klver  du  Lud  here. 
EHthnaled  coHl.  $300,011(1.  Gauvin  &  Co,, 
147  .Mountain  Hill,  gueli.c.  Arch, 

Out..  Iliinillton— The  ffamllton  Hockey 
Club  iilaiiH  lo  build  an  artltlcial  Ic^  plant 
In  conneeiloii  wllh  the  1  slory,  hockey  and 
Hkating  arena  wlilch  It  plans  to  build.  Estl- 
mated  cost,  $200,000. 


CONTR.Xt  TS     ,\W.\KI>K1) 

Conn.,  Waterbur.v-  The  Internal  lon.'il 
Silver  Co.,  93  Silver  St.,  has  awarded  the 
contract  for  the  construction  of  a  1  story. 
45  x  SO  ft.  addition  to  Its  power  house,  to 
L.  A.  Miller,  22  Church  .St.,  Mcrlden.  Est  I 
mated  cost,  $25,000. 

X.  Y.,  New  York — The  Commonwealth 
Ice  Co.,  7  East  42Tid  St.,  has  awarded  lli. 
contract  for  the  construction  of  a  2  and  3 
story,  101  x  169  ft.  ice  plant,  on  67th  Si 
and  West  End  Ave,,  to  the  J.  H.  Taylor 
Construction  Co..  110  West  40th  St.  Esti- 
mated cost,  $70,000. 

N.  Y..  NlaBura  FbIIb— The  I'.  S.  Light  & 
Heat  Corp..  321.'.  Highland  Ave.,  has 
awarded  the  contract  for  the  construction 
of  an  industrial  plant  on  Highland  Ave., 
to  the  J.  W.  Cowper  Co.,  Fidelity  Bldg., 
Buffalo. 

X.  <■..  Iliifh  Point — The  city  has  awardeil 
the  eonlract  for  installing  pumps  and 
motors  al  the  propo.sed  water  plant,  to  the 
Morris  Machine  Works.  East  Genesee  St., 
Baldwinsville,  N,   Y.,  for  $4,320. 

111.,  ChieuKTo — The  Hydrox  Co..  3542  Nor- 
mal .\ve..  has  awarded  the  contract  for  the 
construction  of  a  3  story  ice  and  ice  cream 
factory  on  Lake  Park  Ave.  and  24th  St.. 
to  the  Midland  Engineering  &  Construction 
Co..  332  South  Michigan  Ave.  Estimated 
cost,  $225,000. 

Ore..  Salem — The  Valley  Packing  Co.  has 
awarded  tlie  contract  for  the  construction 
of  a  3  story.  82  x  .S2  ft.  meat  packing  plant 
at  North  Salem,  to  P.  J.  Leonard.  Lewis 
Bldg.,  Portland.  Plans  include  the  con- 
struction of  24  .X  36  ft,  l)uilding  for  boiler 
room,  rendering  tanks  and  fertilizer  de- 
partment.     Total   estimated   cost,    $130,000. 

Ont..  S.vdenham — The  Department  of 
Public  Works.  Ottawa,  h.is  awarded  the 
contract  for  the  construction  of  a  power 
house,  heating  system,  etc.,  at  the  Syden- 
ham Military  Hospital  here,  to  W.  H.  Har- 
vey, Kingston.  Estimated  cost,  $65,0oii 
Noted  March  18. 
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Ditto  Marks  and  Distinction 


By  Rufus  T.  Stroha. 


There  is  nothing  striking  about  a  ditto  mark  except  its  frequent 
occurrence.  It  excites  no  curiosity  and  makes  no  strong  im- 
pressions. It  has  no  more  character  or  individuality  than  twin 
tadpoles  heading  north. 

Long  ago  some  enterprising  pusher  of  a  quill  invented  it  to 
save  wearisome  repetition  and  shorten  his  labor.  When  he  got 
tired  of  writing  "2  lb.  of  tea  at  so  much"  and  "6  lb.  of  sugar  at  so 
much,"  it  occurred  to  him  to  omit  the  units  of  measurement  and 
to  indicate  them  by  a  couple  of  commas. 

He  used  the  ditto  to  denote  uniformity,  and  the  badge  of  same- 
ness still  clings  to  it.  It  symbolizes  commonplaceness.  It  is  a 
confession  of  being  on  the  same  dead  level  with  legions  of  others. 
It  designates  one  of  a  multitude  whose  units  are  as  much  alike  as 
the  blades  in  a  steam  turbine. 

There  are  numberless  human  ditto  marks — men  who  have  no 
points  of  difference  from  millions  of  their  fellows.  They  are  the 
chaps  who  do  today  the  very  things  they  did  yesterday,  in 
exactly  the  same  way,  and  who  expect  to  continue  to  the  end  of 


their  existence  in  the  selfsame  rut.  Their  footprints  merely 
parallel  those  of  the  day  before. 

As  soon  as  a  man  shows  the  ability  to  do  something  that  no  one 
else  can  do  quite  so  well,  he  loses  the  mark  of  the  ditto  and 
acquires  the  insignia  of  distinction.  He  is  no  longer  an  indis- 
tinguishable atom  in  a  mass.    He  is  an  individual. 

No  one  ever  wrote  a  ditto  mark  after  the  name  of  Watt, 
Stephenson,  Fulton  or  Corliss.  There  was  only  one  of  each  of 
them. 

These  men,  together  with  thousands  of  others,  escaped  the 
stigma  of  being  dittos  because  they  made  effective  use  of  their 
brains.  Instead  of  stagnating,  they  chose  to  progress. 

The  world  is  on  the  lookout  for  men  who  differ  from  the 
ordinary  run  because  of  special  attainments,  and  its  rewards  are 
worth  while.   It  offers  a  free  field  and  plays  no  favorites. 

Just  how  much  longer  are  you  going  to  be  satisfied  with  being  a 
ditto  mark? 
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Power  Installation  at  the  Old  Hickoi 


Mechanical  equipment  of  the  ■power  station  at  the 
largest  synokeless-poivder  plant  in  the  world, 
erected  in  record-breaking  time.  The  factors 
governing  the  design  tvere  speed  of  construction, 
loiv  first  cost,  simplicity  of  operation  and  con- 
servation of  steel.  The  equipment  includes  sixty- 
eight  823-hp.  boilers,  fifty-two  350-hp.  engines, 
17,500  kw.  in  turbo-generators  and  thirteen  am- 
monia compressors   driven    by   uniflow   engines. 

JANUARY  29,  1918,  the  United  States  Government 
awarded  to  the  du  Pont  Engineering  Co.  a  sub- 
sidiary of  E.  I.  du  Pont  de  Nemours  &  Co.,  a  con- 
tract for  the  Old  Hickory  Plant,  which,  as  increased 
by  a  second  contract,  was  to  be  the  largest  smokeless- 
powder  plant  in  the  world,  with  a  rated  average  daily 
capacity  of  900,000  lb.,  or  75  times  as  large  as  the 
largest  smokeless-powder  plant  in  the  United  States 
prior  to  the  European  war.  Forty-one  days  later,  and 
29  days  after  ground  was  broken  for  it,  the  broad-gage 
track  connection  seven  miles  long  had  been  completed  to 
the  site,  and  on  Mar.  8  ground  was  broken  for  the 
plant.  The  site,  sixteen  miles  from  Nashville,  Tenn., 
was  at  that  time  a  level  piece  of  farming  land. 

On  June  first,  84  days  after  breaking  ground  for 
the  plant,  the  first  operation — the  manufacture  of  sul- 
phuric acid — commenced,  followed  on  June  23  by  the 
purification  of  raw  cotton;  and  on  the  same  day,  or 
107  days  after  breaking  ground,  the  first  guncotton  was 
nitrated.  The  first  powder  was  granulated  on  July  2, 
or  116  days  after  breaking  ground. 

^^^^en  the  armistice  was  signed  the  entire  plant  was 
93  per  cent,  completed,  approximately  $80,000,000  hav- 
ing been  expended  on  construction.  The  speed  with  which 
the  construction  work  proceeded  may  be  judged  from 


*By  E.   A.   Wardenburg,   assistant   chief   engineer,   Engineering 
Dept..  E.  I.  du  Font  de  Xemours  Co. 


the  fact  that  the  rate  of  expenditure  was  2i  times  the 
rate  of  expenditure  on  the  Panama  Canal  at  its  peak. 

The  built-up  area  of  the  manufacturing  plant  is  1800 
acres. 

The  plant  and  village  connected  therewith  cover  an 
area  approximately  four  miles  by  one  mile,  or  an  actual 
built-up  area  of  2360  acres. 

Num.ber  of  manufacturing  buildings,  1112. 

Number  of  buildings  in  village,  3667. 

Population  for  which  the  village  was  designed,  com- 
plete with  water  supply,  sewage  disposal,  lighting, 
streets,  sidewalks,  stores,  amusement  facilities,  etc., 
30,000. 

Miles  of  broad-gage  track,  54. 

Miles  of  plant  industrial  track,  32. 

Maximum  number  of  men  engaged  on  construction, 
33,170. 

The  conditions  to  be  met  in  designing  this  plant 
were. 

1.  Speed  of  Construction — The  serious  shortage  of 
smokeless  powder  made  it  necessary  that  every  feature 
of  the  design  be  studied  so  that  the  maximum  speed  in 
securing  materials  and  completing  the  construction  work 
could  be  obtained.  Everything  else  was  subordinated  to 
this  feature. 

2.  Loiv  First  Cost — Because  of  the  probable  short 
time  of  operation,  happily  realized,  the  cost  was  to  be 
kept  at  the  lowest  possible  point  consistent  with  satis- 
factory operation  under  the  strained  labor  conditions  ex- 
isting. Permanency  of  structures  was  to  be  .sacrificed, 
and  operating  savings  were  not  considered  unless  the 
additional  installation  cost  would  be  returned  in  one 
year's  operation. 

3.  Operating  Simplicity — To  get  the  plant  operating 
quickly,  everything  must  be  as  simple  as  possible,  there- 
by facilitating  training  of  supervisors  and  labor. 

4.  Conservation  of  Steel — The  minimum  of  steel  was 
to  be  used  because  of  the  existing  shortage. 
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powder  Plant  Near  Nashville,  Tennessee* 


The  estimated  daily  coal  consumption  was  5000  tons, 
including  420  tons  per  day  used  in  the  manufacturing 
processes  direct.  This  coal  was  to  be  obtained  from 
the  western  Kentucky  field  with  a  haul  of  130  miles. 
The  comparatively  short  haul  combined  with  the 
precedence  which  this  plant  could  secure  on  delivery 
and  transportation  made  it  possible  to  figure  on  a 
storage  capacity  of  only  20  days'  supply,  or  100,000 
tons.  This,  however,  is  a  fair-sized  coal  pile,  as  it 
covers  61  acres  piled  16,  ft.  deep,  with  allowance  for 
the   necessary   tracks    for   handling. 

Western  Kentucky  coal  is  likely  to  develop  spontane- 
ous combustion  and  should  not  be  stored  over  8  ft. 
deep.  But  this  would  have  required  such  a  large  area 
for  coal  storage  and  such  a  large  cost  for  handling 
equipment  that  it  was  decided  to  make  the  pile  16  ft. 
deep  and  submit  to  the  cost  of  digging  out  fires  as 
they  occurred.  It  was  also  decided  to  store  crushed 
coal,  although  provision  was  made  in  the  design  to 
store  screened  coal  only  if  the  firing  was  later  found 
to  be  too  serious.  Before  operations  ceased,  a  pile 
of  90,000  tons  had  been  accumulated  and  was  on  fire  in 
several  places,  so  that  trouble  was  in  sight,  although 
the  extra  yearly  cost  of  digging  out  fires  was  not 
determined. 

The  coal-handling  plant  decided  on  was  worked  out 
with  the  assistance  of  the  Link-Belt  Co.,  and  is  shown 
in  plan  in  Fig.  1  and  in  elevation  in  Fig.  2.  The 
headpiece  shows  a  general  view  of  the  coal-handling 
equipment  and  the  bunker.  Coal  is  delivered  on  three 
tracks  laid  on  a  1  per  cent,  grade  with  a  sufficient 
length  above  and  also  below  the  dumping  hoppers 
to  hold  35  cars.  It  had  originally  been  promised 
that  hopper-bottomed  dump  cars  only  would  be  fur- 
nished for  this  service,  and  hoppers  Nos.  1  and  2 
covering  tracks  Nos.  1  and  2  were  laid  out  for  such 
cars  spaced  44  ft.  between  centers.  It  was  later  decided 
by  the  Fuel  Administration  that  hopper-bottomed  cars 
could  not  be  secured  100  per  cent,  of  the  time  and  a 


change  was  made  on  the  second  half  of  the  plant,  an 
extra  hopper  being  added  so  that  side-dump  cars,  dump- 
ing throughout  their  entire  length,  could  be  used,  two 
cars  on  each  track.  Hoppers  Nos.  3,  4  and  5  accord- 
ingly cover  tracks  Nos.  2  and  3  and  are  located  28 
ft.   between   centers. 

Each  hopper  is  27  x  27  ft.  and  delivers  to  a  42-in. 
apron  feeder  with  a  capacity  of  150  tons  per  hour, 
which  feeds  the  coal  to  a  36  x  36-in.  two-roll  crusher 
operating  at  110  r.p.m.  These  crushers  deliver  to  24-in. 
belts  operating  at  300  ft.  per  min.,  each  of  which  has 
a  capacity  of  150  tons  per  hour. 

These  belts  convey  the  coal  to  the  first  set  of  in- 
clined belts,  which  lift  the  coal  to  the  top  of  No.  1 
silo,  a  reinforced  concrete  tower  20  ft.  in  diameter  and 
43  ft.  high.  If  the  coal  is  to  be  delivered  direct  to 
the  bunker — that  is,  without  storing — it  drops  through 
the  silo  to  the  second  set  of  inclined  belts,  to  the 
top  and  down  through  silo  No.  2  to  the  third  set 
of  inclined  belts,  which  lift  it  to  the  top  of  thj  bunker, 
where,  by  means  of  the  horizontal  belts,  each  provided 
with  a  hand-movable  tripper,  it  is  delivered  to  any 
l)art  of  the  bunker.  Each  of  the  inclined  belts  is 
24  in.  wide  and  at  a  speed  of  600  ft.  per  minute  has  a 
capacity  of  300  tons  per  hour. 

If  coal  is  to  be  stocked,  it  is  diverted  through  a 
hole  in  the  upper  part  of  either  silo,  forming  a  pile 
Irom  which  it  is  dug  by  one  of  two  cranes  operating  on 
a  four-rail  track  having  a  figure-8  shape.  Each  crane 
is  of  110  ft.  radius  and  is  provided  with  a  3A-ton 
bucket  and  has  a  designed  capacity  of  200  tons  per 
hour.  Coal  being  reclaimed  is  dug  from  any  part  of 
the  pile  desired  and  thrown  against  the  silo,  into  which 
it  passes  through  a  hole  in  the  lower  part  to  a  feeder 
that  delivers  it  on  one  of  the  inclined  belts  for  delivery 
to  the  bunker.  The  silos  are  of  sufficient  size  so  that 
in  case  it  is  later  found  necessary  to  store  only  screened 
coal,  the  crushers  and  screens  can  be  installed  in  them. 

The   principal   difficulty   experienced   with    the   coal- 
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iiHiullintr  systiMii  was  with  dust.  Tho  silos,  coiivi-yor 
runways  and  top  of  the  bunker  woro  very  dusty,  and 
it  was  necessary  to  shut  down  every  day  lon^  enough 
to  remove  the  tine  dust  that  had  si'ttlcd.  to  prevent 
the  niaehinery  from  beinjr  elojjKtMl.  It  is  uncertain 
whether  fully  imlosed  motors  mi^ht  not  liave  heen 
required. 

The  coal-hanilliiiK  equipment    did    not   operate    for  a 
sulluient  len^rtll  of  time  to  obtain  maximum  ellkiency, 


in  waitiuK  for  ears.  DuriiiK  this  time  the  followinx 
record  was  ke|)t  of  the  time  required  to  unload  various 
types  of  cars:  lloijper-hottomed  dump  cars,  approxi- 
mately fjO  tons,  four  men  for  20  minutes;  bottom-dump 
cars,  approximately  40  tons,  8  men  for  40  minutes; 
.side-dump  cars,  approximately  TjO  tons,  8  men  for  .'{0 
minutes. 

The  desire  to  keep  down   first  cost  ltd  to  the  adop- 
tion of  a  bunker  with  a  storage  capacity  of  only  about 
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FIG.    1.      PLAN   OF    COAL-STORAGE   ARRANGEMENTS 
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but  a  record  was  kept  for  one  month,  during  which 
time  approximately  56,000  tons  of  coal  were  unloaded, 
85  per  cent,  of  which  went  direct  to  the  bunkers  and 
15  per  cent,  to  the  stockpile.  Considering  the  total 
number  of  men  employed  for  the  entire  coal-handling 
equipment,  including  mechanics  for  minor  repairs  and 
adjustments,  385  man-hours  were  required  per  1000 
tons  unloaded ;  however,  this  crew  could  have  unloaded 
a  considerably  larger  amount  if  there  had  been  no  delays 


24  hours,  or  5000  tons.  This  was  made  of  reinforced 
concrete  to  conserve  steel  and,  as  a  matter  of  fact,  at 
approximately  the  same  first  cost  as  steel.  The  bunker 
was  located  outside  of  the  boiler  plant  so  that  its 
construction  did  not  interfere  with  the  erection  of  the 
boilers.  Coal  is  delivered  from  the  bunker  to  the 
boilers  by  electrically  driven  weighing  larries  with  a 
capacity  of  4  tons  each.  The  height  to  the  top  of  the 
concrete  bunker  is  63  ft.  and  to  the  top  of  the  cor- 
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rugated-iron  building  over  the  belt  conveyors  is  86  ft. 
The  length  is  414  ft.,  giving  a  capacity  of  12  tons  per 
foot. 

It  was  anticipated  that  the  boiler  plant  would  present 
difficulties,  with  an  estimated  average  load  24  hours  per 
day  of  86,000  boiler-horsepower  at  very  close  to  100 
per  cent,  load  factor  and  with  the  burning  of  Western 
Kentucky  coal  having  a  proximate  analysis  about  as 
follows:      Moisture,    6.5   per   cent,    (separately    deter- 


passing  that  after  the  operating  force  was  properly 
broken  in,  a  full  month's  operation  demonstrated  that 
the  designed  rating  could  be  secured  without  great 
difficulty.  Fig.  3  shows  a  plan  of  the  boiler  plant  giving 
also  the  steam-piping  diagram,  and  Fig.  4  shows  a 
cross-section  through  one  of  the  boiler  houses.  There 
are  five  of  these  units  side  by  side  in  the  plant 

There    are    sixty-eight    823-hp.    class    M-30    Stirling 
boilers  set  two  in  a  battery  with  8-ft.  alleys.     Eight 
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mined);  fixed  carbon,  55  per  cent.;  volatile  matter,  31 
per  cent.;  ash,  14  per  cent.;  sulphur  (separately  deter- 
mined) 1.8  per  cent;  B.t.u.  per  lb.  of  dry  coal,  12,600; 
ash  with  a  low  fusing  temperature. 

It  was  decided  to  install  boilers  on  the  basis  of  oper- 
ation at  175  per  cent,  continuous  rating  24  hours  per 
day  and  with  12}  per  cent  spares.  As  far  as  is  known  this 
is  a  higher  24-hour  rating  than  has  been  used  heretofore 
with  a  coal  of  such  poor  quality.    It  might  be  noted  in 


boilers  are  connected  by  a  steel  breeching  to  a  radial 
brick  stack  15  ft.  in  diameter  and  200  ft.  high  above 
ground  level.  The  stokers  are  Westinghouse  eight- 
retort.  Three  stoker  engines  are  provided  for  each 
line  of  eight  boilers,  the  two  end  engines  for  regular 
operation  and  the  center  engine  for  a  spare  for  either 
set  of  four  boilers.  For  a  double  line  of  16  boilers 
there  are  4  fans,  each  with  a  capacity  of  110,000  cu.ft. 
per  min.  against  6  in.  static  pressure,  delivering  into 
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n  ploiium  chnnil)er  directly  above.  Kiich  fan  is  K'ejired 
to  «  22ri-hp.  Moore  tiirhine.  The  fans  are  proportioned 
so  that  at  full  speed  of  970  r.p.m.  three  fans  will  larry 
14  boilers  at  200  per  cent.  ratinR  and  two  will  carry 
14  boilers  at  140  per  cent,  ratiny:.  The  boiler  setting 
is  shown  in  Fip.  4.  Acccs.s  to  the  furnace  is  through 
three  doors  in  the  bridge-wall  to  facilitate  removal  of 
clinkers.  It  was  not  determined  whether  this  was 
actually  justified  or  not.  but  probably  it  was  not.  The 
ash  gate  at  first  installed  proved  too  lijrht  for  the  heavy 
clinkers  obtained  and  had  to  be  discarded.  Fig.  6  shows 
the  gate  finally  adopted,  which  proved  satisfactory. 


pressure  desired  for  minimum  radiation  losses  on  lony 
transmission  lines.  The  cost  of  pipe  lines  also  had 
a  bearing  on  this  decision — on  the  one  hand  the  greater 
diMiculty  in  securing  a  tight  job  with  the  higher  pres- 
sure, and  on  the  other  the  smaller  si/cs  of  pipe  which 
could  be  used  to  deliver  the  reciuired  pressure  at  the 
oiierating  buildings. 

Feed  water  is  hand-regulated,  although  if  the  plant 
had  continued  operation,  automatic  regulators  would 
have  been  provided,  the  labor  saving  and  additional 
security  against  high  or  low  water  ju.stifying  the  in- 
stallation. 


.^'-0"- >U ^'-o- 

PIG.   4.      CROSS-SECTION  THROUGH   ONE   UXIT   OF  BOILER   PLANT 


Coal  is  slipplied  to  the  boilers  by  5-ton  electrically 
driven  weighing  larries  operating  at  a  speed  of  500 
ft.  per  min.  and  supplied  with  current  at  110  volts 
to  minimize  the  danger  if  a  man  should  touch  the 
contact  rails.  One  larry  could  supply  16  boilers  deliver- 
ing 48  tons  of  coal  per  hour.  Extension  hoppers  were 
provided  for  the  stokers,  each  boiler  having  a  capacity 
of  5  tons,  or  1!  hours,  at  175  per  cent,  rating. 

The  plant  was  designed  to  carry  an  average  steam 
pressure  of  160  lb.  per  sq.in.,  this  being  a  compromise 
between  the  higher  steam  pressure  desired  for  eco- 
nomical operation  of  prime  movers  and  the  lower  steam 


Ground  was  broken  for  the  boiler  plant  on  Apr.  1. 
and  50  days  later  the  first  boilers  went  into  regular 
operation.  When  the  armistice  was  signed,  seven 
months  after  breaking  ground,  56  of  the  boilers  with 
all  equipment  were  entirely  completed  and  the  re- 
maining 12  would  have  been  entirely  completed  in  two 
weeks  more. 

The  building  up  from  nothing  of  a  highly  efficient 
operating  organization  for  such  a  large  boiler  plant 
is  the  work  of  years,  and  not  of  a  few  months.  It  is 
not  surprising,  therefore,  that  difficulty  was  experienced 
at  first  in  maintaining  the  high  rating  desired.  175  ner 
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cent.,  with  coal  far  from  good.  During  the  last  month 
of  operation,  however,  this  rating  was  secured  with- 
out difficulty  and  with  a  fair  over-all  efficiency — approxi- 
mately 68  per  cent.  Difficulty  was  also  experienced 
with  brickwork  repairs,  but  with  better  operation  of 
furnaces  as  the  operators  became  more  skilled,  it  was 
anticipated  that  these  difficulties  would  have  been  much 
lessened. 

Operation  of  a  boiler  plant  at  such  a  high  rating  and 
with  such  a  small  percentage  for  spares  requires  water 
of  good  quality.  The  Cumberland  River  water  has  an 
average  mineral   analysis   about  as   follows: 


Grains 
per    Gal. 

Calcium  carbonate 3.26 

Calcium  sulphate    0.13 

Magnesium  carbonate 0 .  64 

Silica. 0.66 

Iron  oxide  and  alumina 0.52 


Grains 
per    Gal. 

Sodium  carbonate 0 .  06 

Sodium  sulphate 0 .  78 

Sodium  chloride 0.71 

Volatile  and  orgaaic 1 .  26 


Total  solids 8  02 

This  water  can  be  classed  as  reasonably  good  and 
it  was  not  anticipated  that  difficulty  would  be  experi- 


ation  at  900  tons  per  day.  A  better  idea  of  this 
amount  may  be  secured  by  considering  that  this  ash, 
dumped  in  a  waste  bank  10  ft.  high,  would  have  neces- 
sitated moving  650  lin.ft.  of  dump  track  8  ft.  sideways 
every  24  hours. 

The  ash  hoppers  under  the  boilers  have  a  capacity 
for  7  hours'  operation  at  175  per  cent,  rating.  From 
these  the  ash  is  dumped  into  side-dump  cars  of  40 
cu.ft.  capacity.  Storage-battery  locomotives  haul  trains 
of  these  over  a  level  track  onto  a  trestle,  where  the 
ash  is  dumped  into  broad-gage  cars.  Trains  of  these 
were  to  be  hauled  to  the  ash  dump  by  a  saddle-tank 
locomotive,  although  during  the  actual  operation  of  the 
plant  all  the  ash  produced  was  used  for  roads  and 
ballasting  of  tracks. 

In  the  power  house  adjacent  to  the  boiler  plant  are 
located  the  electric  units,  air  compressors,  hydraulic 
pumps,  water-service  pumps  and  boiler-feed  equipment. 
Fig.  5  is  a  transverse  section  through  the  two-story 


FIG.    5.      CROSS-SECTKJX    THROUG'H    POWER    HOUSE 


enced  with  it.  The  best  criterion  of  a  boiler  water, 
however,  is  its  action  in  the  boiler.  It  was  found 
that  the  one  large  boiler  plant  using  this  water,  and 
with  a  returned  condensate  from  surface  condensers 
of  85  per  cent.,  had  so  much  trouble  with  boiler  scale 
that  a  water-softening  plant  had  to  be  provided  for 
the  15  per  cent,  makeup  water. 

Because  of  the  enormous  size  of  the  softening  plant 
(7,000,000  gal.  per  day)  it  was  decided  not  to  provide 
this  plant  at  first,  but  to  watch  the  boilers  very  care- 
fully. This  decision  was  amply  justified,  the  boilers 
being  almost  entirely  free  of  scale.  As  a  matter  of 
fact,  as  far  as  the  water  surfaces  were  concerned,  the 
boilers  could  have  been  operated  for  three-month 
periods. 

The  handling  of  ash  is  always  a  problem  and  at 
Old  Hickory  it  was  of  unusual  difficulty  because  of 
the  amount  of  ash,  which  was  estimated  for  full  oper- 


part  containing  the  electric  units.  The  difference  from 
the  usual  central  station  is  indicated  by  the  fact  that 
whereas  the  boiler  capacity  installed  would  carry  a 
continuous  load  of  175,000  kw.,  just  10  per  cent,  of 
this,  or  17,500  kw.,  was  the  installed  capacity  at  Old 
Hickory.  This  capacity  is  made  up  of  two  1000-kw. 
Allis-Chalmers  noncondensing,  one  3500-kw.  General 
Electric  condensing,  one  3000-kw.  General  Electric 
mixed-pressure  and  three  3000-kw.  General  Electric 
condensing  turbines,  all  60-cycle  2300-volt  machines. 
Each  of  the  condensing  turbines  is  connected  directly 
to  a  jet  condenser  in  the  basement  beneath.  These 
condensers  draw  injection  water  from  one  side  of  the 
service-water  flume  and  discharge  into  the  other  side. 
This  provides  a  continuous  supply  of  condensing  water 
and  delivers  warmer  water  to  those  portions  of  the 
plant  which  can  use  warm  water  satisfactorily.  Each 
turbine  pump  is  driven  by  a  geared  turbine,  and  two 
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rotative  (liy-vurmini  pump-*  wr\v.  llu-  four  fondciiserH 
on  the  ;i()0()-k\v.  tiirhiiie.s.  With  the  two  nuncoiidciisinK 
marhiiu's  mid  the  mixed-prcHsure  machine  it  wa.s  ex- 
pected that  ahiiost  an  exact  hent  balance  would  he  ob- 
tained the  year  round. 

Three  exciters  are  provided,  two  of  100-kw.  capacity 
each,  direct-driven  by  (leneral  Electric  turbines,  and 
the  third  a  Tfj-kw.  motor-jjenerator  set.  With  the 
simultaneous  failure  of  two  of  the  exciters,  the  re- 
maininjf  one  can  carry  70  per  cent,  of  the  total  alter- 
natinjr-current    load. 

The  switchboard,  .shown  in  Fip.  7,  was  designed  for 
simplicity  of  construction.  It  is  of  slate  and  compri.ses 
7  Kt""e>iitor  panels,  ."?  exciter  panels,  1  regulator  panel 
and  21  single  circuit  feeder  panels.  The  oil  switches 
are  mounted  on  the  wall  back  of  the  switchboard  and 
are  hand-operated  throuKh  bell  cranks.  The  outgoing 
circuits  pass  through  an  overhead  concrete  duct  to  a 
steel  distributing  tower  outside  the  power  house. 
General  plant  distribution  is  at  2300  volts  with  440- 
volt  motors  and  110-  to  220-volt  lighting.  For  the 
river   pumphouses,   however,   transmission    is   at   6600 
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FIG.  6.     DETAILS  OP  ASH  GATF 

volt«  from  2300-  to  6600-volt  transformers  at  the 
base   of  the   distributing   tower. 

Compressed  air  for  general  plant  use,  such  as  blow- 
ing acid,  operation  of  acid  pulsometers,  etc.,  is  supplied 
at  60  lb.  pressure  from  six  15  and  26  x  20  x  24-in. 
compound  steam,  duplex  air  Laidlaw-Dunn-Gordon  com- 
pressors with  a  displacement  of  2570  cu.ft.  each  at 
150  r.p.m.  Compressed  air  for  operation  of  shop  tools 
is  supplied  at  110  lb.  pressure  by  two  9  and  17  x 
15  and  9  x  12-in.  compound  steam,  compound  air 
Laidlaw-Dunn-Gordon  compressors  having  a  displace- 
ment of  630  cu.ft.  per  min.  each  at  250  r.p.m.  All  these 
compressors  exhaust  to  the  feed-water  heaters. 

The  fabrication  of  smokeless  powder  requires  large 
amounts  of  water  under  pressure.  The  so-called  high- 
pressure  water  at  3500  lb.  pressure  is  supplied  by  ten 
25  and  38  x  4?  x  24-in.  Worthington  compound  duplex 
pumps  with  a  capacity  at  20  r.p.m.  of  140  g.p.m.  each.  A 
better  idea  of  the  size  of  this  pumping  installation  can 
be  obtained  perhaps  from  the  fact  that  the  estimated 
steam  consumption  with  plant  at  full  operation  was 
5000  boiler-horsepower.    Connected  to  the  high-pressure 


system  are  two  42  x  11}  x  r)0-in.  hydro-pneumatic  ac- 
cumulators with  n  capacity  of  22^  gal.  each.  These 
really  act  as  pressure  regulators,  starting  and  stopping 
the  pumps  by  cables  attached  to  balanced  steam  valves 
on  the  pump  supply  pipes. 

Low-pressure  water  at  :J00  lb.  pres.sure  for  the  first 
movements  of  pre.sses  is  obtained  from  six  14  and  20  x 
7}  x  18-in.  Worthington  compound  duplex  pumps  with  a 
rated  capacity  of  400  g.p.m.  each  at  29  r.p.m.  These 
pumps  are  connected  to  a  pressure  tank,  a  float  valve  in 
which  controls  the  steam  supply  to  the  pumps. 

All  the  hydraulic  pumps  are  piped  to  exhau.st  against 
15  lb.  back  pressure  for  u.se  in  some  of  the  plant  opera- 
tions, with  sectionalizing  valves  so  that  some  of  the 
pumps  can  exhaust  to  the  feed-water  heaters  in  the 
summer  time. 

On  the  turbine  floor  are  placed  eight  11,000-hp. 
Warren-Webster  feed-water  heaters  supplying  feed 
water  to  eight  8-in.  Alberger  three-stage  pumps  having 
a  capacity  of  1050  g.p.m.,  or  15,000  hp.  each,  and  each 
direct-driven  by  a  181-hp.  Alberger  turbine  at  1900 
r.p.m.  The  power  house  also  contains  14  water-service 
pumps  and  two  1500-g.p.m.  duplex  Under- 
writers' pumps  for  maintaining  pressure  on 
the  fire  mains. 

Fig.  3  shows  the  steam-piping  diagram. 
It  will  be  noticed  that  each  kind  of  service 
is  connected  to  at  least  three  sections  to 
avoid  interruptions  in  case  of  failure  of 
any  portion  of  the  steam  piping.  Every 
other  system  of  piping  was  sectionalized  in 
(gcJ  a  somewhat  similar  manner.     Ground  was 

,\liFrame  broken  for  the  power  house  on  Apr.  2  and 
one  unit  of  each  kind  was  placed  in  regular 
operation  on  June  17,  or  75  days  later. 
When  the  armistice  was  signed,  seven 
months  after  breaking  ground,  the  power 
house  was  complete  in  practically  every  de- 
tail. 

The  use  of  refrigeration  for  condensation 
of  solvent  vapors  in  the  operation  of  re- 
covering solvent  from  the  powder  made 
necessary  the  construction  of  a  refrigerat- 
ing plant  of  3250  tons  refrigerating  capac- 
ity— larger  than  any  other  known  refriger- 
ating plant.  This  plant  was  built  as  a 
separate  unit  instead  of  as  an  adjunct  to  the  power 
house,  to  reduce  the  cost  of  brine  lines  and 
avoid  the  presence  of  ammonia  in  the  power  house. 
There  are  thirteen  18  x  24-in.  De  La  Vergne  horizontal 
double-acting  ammonia  compressors  each  rated  at  260 
tons  at  160  r.p.m.  at  a  head  pressure  of  185  lb.  and  a 
suction  pressure  of  23  lb.,  corresponding  to  20  deg.  F. 
brine.  Each  compressor  is  direct-connected  to  a  370-hp. 
23  X  24-in.  Ames  Uniflow  engine. 

The  engines  driving  the  ammonia  compressors  operate 
condensing  by  means  of  two  Schutte  &  Koerting  jet 
condensers.  Water  for  these  condensers  is  supplied  by 
means  of  motor-driven  pumps  from  the  discharge  from 
the  ammonia  condensers,  the  tail  water  flowing  by 
gravity  back  to  the  plant  for  further  use  in  the  manu- 
facturing operations,  thus  using  this  water  three  times. 
In  connection  with  the  refrigerating  plant  a  60-ton  ice 
manufacturing  plant  was  provided  to  take  care  of  com- 
pany hotels  and  commissaries  and  for  cooling  of  drink- 
ing water. 

The  purification  of  guncotton  and  raw  cotton  requires 
enormous  quantities  of  water — 345  lb.  water  for  each 
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pound  of  guncotton  made — which  must  be  practically 
free  from  turbidity,  alkaline  and  not  too  high  in  min- 
eral impurities.  In  addition,  large  quantities  of  water 
are  required  for  cooling  in  acid  manufacture,  alcohol 
rectification  and  ether  manufacture.  This  made  the  de- 
velopment of  the  water  supply  one  of  the  major  problems 
of  the  plant. 

The  Cumberland  River,  as  is  usual  with  southern 
rivers,  is  subject  to  heavy  rises  and  records  from 
previous  years  showed  a  flood  stage  of  55  ft.  above  low- 
water,  which  was  the  rise  for  which  the  river  pump- 
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FIG.  7.     VIEW^  OP  SW^ITCHBOARD  IN  POWER  HOUSE 

houses  were  designed.  There  are  two  duplicate  pump- 
houses,  like  that  showTi  in  Fig.  8,  each  containing  five 
14-in.  Worthington  pumps  rated  at  8500  g.p.m.  each, 
at  112  ft.  head  and  operating  at  1170  r.p.m.  Each 
pump  is  connected  to  a  300-hp.  General  Electric  2300- 
volt  induction  motor.  In  each  house  is  provided  space 
and  foundation  for  a  sixth  pump  and  space  by  crowding 
and  rearranging  the  stairway  for  a  seventh  pump.  The 
estimated  consumption  of  the  plant  for  which  these 
pumphouses  were  designed  is  100,000,000  gal.  per  day, 
sufficient  for  a  city  of  1,000,000  inhabitants. 

The  services  of  the  Foundation  Company  of  America 
were  secured  to  design  the  concrete  details,  and  this 
company  furnished  a  foreman  to  supervise  the  construc- 
tion work.  Construction  was  carried  on  by  building 
a  cofferdam  of  lock  steel  piling  to  bedrock  and  dewater- 
ing  the  site.  The  soil  and  loose  rock  were  removed  and 
keys  cut  into  the  solid  rock  to  prevent  sliding.  The 
work  was  flooded  out  twice,  causing  a  loss  of  several 
days  until  the  river  receded  sufficiently  to  allow  of 
dewatering  and  starting  work  again. 

In  a  sump  below  the  floor  line  is  a  vertical  pump 
with  a  capacity  of  400  g.p.m.  and  driven  by  a  vertical 
shaft  by  a  motor  above  the  flood  stage.  This  pump  is 
provided  so  that  in  case  of  a  leak  or  break  in  a  pump 
casing  the  pumphouse  could  be  drained  without  too 
serious  a  loss  of  time.  It  also  takes  care  of  any 
leakage,  which  is,  as  a  matter  of  fact,  almost  completely 
absent.  A  fan  is  provided  to  blow  fresh  air  to  the 
bottom  of  the  structure  to  displace  the  air  warmed  by 
the  motors.    This  is  a  necessity  for  summer  operation. 

The  pumps  discharge  into  a  36-in.  header  from  which 
two  42-in.  risers  are  taken.  The  four  42-in.  risers  from 
the  two  pumphouses  combine  into  three  42-in.  wood- 
stave  mains  which  deliver  the  water  to  the  plant  8000 
ft.  away. 

On  top  of  the  concrete  structure  and  housed  in  a  light 
corrugated-iron  structure  are  three  600-kw.  transform- 
ers to  reduce  the  voltage  from  6600,  which  is  the  trans- 


mission voltage  from  the  plant,  to  2300,  the  motor  volt- 
age. There  are  two  6600-volt  lines  following  entirely 
different  routes  from  the  plant  to  minimize  possibility 
of  interference  by  any  accident. 

Power  to  drive  guncotton  pulping  and  poaching  ma- 
chinery and  also  for  the  machinery  in  cotton  purification 
plants  is  furnished  by  52  Allis-Chalmers  Corliss  engines, 
18  X  36  in.,  rated  at  350  hp.  each  at  120  r.p.m.  Steam 
from  these  engines  is  just  sufficient  to  heat  the  water 
required  in  the  process.  The  use  of  engines  instead  of 
motors  for  this  work  resulted  in  a  very  large  saving 
in  both  installation  cost  and  operating  cost. 

The  outside  piping  systems,  to  distribute  such  large 
amounts  of  power  over  such  a  large  area,  can  best  be 
appreciated  perhaps  by  the  following  figures,  which  arc 
for  main  lines  and  do  not  consider  branches: 

Tntal,  Total 

Ft-rt  .Miles 

Steam  mains  (of  which  24,000  ft.  is  16-in.) 176.000  33 

Compressed-air  mains 58.000  1 1 

Water  mains,  excluding  fire  mains II  0,000  2 1 

Fire  mains 180,000  34 

Brine  mains 56,000  1  I 

Hydraulic  mains  (including  high-pressure,  low-pressure  and 

return) J6,900  7 

Total  main  lines 117 

In  the  steam  distribution  for  the  cotton  purification 
plants  and  for  the  guncotton  plants  headers  are  run 
from  which  branch  lines  are  taken  to  each  unit  and  into 
which  steam  is  fed  by  lines  from  the  boiler  plant.  The 
whole  system  is  sectionalized  so  that  the  failure  of  no 
section  can  result  in  the  shutdown  of  more  than  two 
out  of  the  nine  units.  Expansion  is  taken  care  of  by 
changing  the  elevation  with  long-radius  bends  or  by  in- 
serting an  expansion  joint  made  up  of  long-radius  bends 
and  straight  pipe  sections  approximately  every  500  ft. 
It  will  surprise  many,  no  doubt,  to  know  that  the 
radiation  loss  from  this  extensive  system  with  a  maxi- 
mum transmission  of  6400  ft.  and  with  pipe  covering 
about  an  inch  thick  is  well  under  5  per  cent. 

These  distributing  systems,  together  with  the  enor- 
mous amount  of  piping  of  all  kinds   in  the  various 


FIG.   8.      PUMPHOUSE,   SHOWIXG   CONCRETE   FOUNDATION 

manufacturing  buildings  and  power  plant,  constitute 
perhaps  the  largest  single  piping  job  ever  undertaken. 
The  work  was  carried  on  by  the  organization  and  manu- 
facturing shop  of  the  B.  F.  Shaw  Co.,  which  were  taken 
over  temporarily  by  the  du  Pont  Engineering  Co. 

This  article  would  not  be  complete  without  a  word 
of  appreciation  for  those  manufacturers  who,  with 
shops  full  of  other  work  and  confronted  with  great 
difficulties  in  securing  labor  and  materials,  nevertheless 
turned  out  as  fast  as  required  the  equipment  that  made 
it  possible  to  complete  the  power  installation  in  record- 
breaking  time. 
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The  practical  electrician  and  the  operating  en- 
gineer are  frequently  confronted  ivith  the  prob- 
lem of  determining  the  size  of  the  transformers 
to  specify  for  a  given  size  motor.  This  question 
is  discussed  and  methods  are  given  for  solving 
the  problem  to  meet  a  variety  of  conditions  that 
occur  in  practice 


IN  SELECTING  transformers  to  be  used  with  in- 
duction motors,  there  is  a  large  field  for  the  use  of 
good  judgment.  The  transformers  must  not  be  too 
small,  or  they  will  burn  out  when  the  motor  is  loaded. 
If  they  are  too  large,  it  means  unnecessary  energy  losses 
in  the  system  and  unnecessary  investment  in  the  trans- 
formers. So  it  is  important  to  know  what  should  be 
expected  of  motors  and  transformers  and  how  to  group 
them. 

Probably  the  most  common  case  will  be  where  a  motor 
wound  for  220  or  440  volts  is  to  be  run  from  a  power 
line  at  2200  volts.  Transformers  for  this  kind  of  serv- 
ice are  built  in  two  classes.  The  first  class  has  its 
low-voltage  winding  divided  into  two  parts,  which  may 
be  connected  in  series  for  220  volts,  or  in  parallel  for 
110  volts.  The  second  class  has  the  low-voltage  winding 
in  two  parts,  which  give  440  volts  when  connected  in 
series  and  220  volts  when  connected  in  parallel.  Fig.  1 
shows  the  development  of  the  winding  of  a  transformer 
for  2200  to  440  or  220  volts. 

The  size  of  transformers  to  be  used  with  a  given 
motor  depends  on  several  factors.  According  to  the 
Standardization  Rules  of  the  American  Institute  of 
Electrical  Engineers  and  of  the  National  Electric  Light 
Association,  transformers  are  designed  to  have  a  tem- 
perature rise  of  55  deg.  C,  above  the  surrounding  air 
when  carrying  continuously  the  load  indicated  on  the 
name-plate.  The  reason  fcr  this  is  that  if  a  transformer 
is  located  in  a  hot  place  (45  deg.  C.  or  113  deg.  F.  is 
taken  as  the  standard  air  temperature),  and  loaded,  the 
coils  will  reach  45  -f  55  =:  100  deg.  C,  which  is  as 
high  a  temperature  as  the  insulation  should  be  called 
upon  to  stand  continuously. 

•Engineer.  Transformer  Department,  Westinghouse  Electric  & 
Manufacturing  Co. 


Now  a  motor  rarely  has  an  absolutely  uniform  load, 
and  short-time  peaks  much  above  the  rating  of  the 
transformers  will  be  harmless  if  the  load  between  the 
peaks  is  correspondingly  low.  Usually,  unless  the  in- 
stallation is  important  enough  to  warrant  a  test  of 
actual  load  conditions,  the  best  that  can  be  done  is  to 
estimate  the  size  of  the  transformers  required  from 
the  size  of  the  motor,  and  then  to  inspect  them  at  in- 
tervals for  a  few  days  or  a  few  weeks  to  find  whether 


FIGS.   1   TO   3.      DIAGRAMS  OF  TRAX.SFOR.MER   AND 

INDUCTION-MOTOR    CONNECTION.S 

Fig.   1 — Upper   left-hand   corner :    diagram   of   transformer   con- 

neitions.      Fig.    2 — Lower    left-hand    corner :    diagram    of    single- 

pha.'ie    motor   connected    to    transformer.      Fig.    3 — On    the    right ; 

diagram    of   a   two-phase   motor   connected    to   two    transformers. 


they  are  getting  too  hot.  If  any  doubt  exists  as  to  the 
transformers  to  use,  it  is  better,  of  course,  to  err  on 
the  side  of  safety. 

Another  thing  that  sometimes  causes  uncertainty  is 
the  difference  in  the  way  of  rating  motors  and  trans- 
formers. Motors  are  always  rated  in  horsepower  or  in 
kilowatts — usually   in   horsepower — while  transformers 
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are  alwaj^s  rated  in  kilovolt-amperes.  With  direct-cur- 
rent motors  the  product  of  the  volts  by  the  amperes 
gives  the  power  in  watts  actually  put  into  the  motor; 
but  with  alternating-current  motors  this  is  not  true. 
With  alternating-current  motors  the  product  of  volts 
by  amperes  must  be  multiplied  by  another  factor,  called 
the  "power  factor,"  to  give  the  watts.  That  is,  if  two 
motors  to  which  is  being  supplied  the  same  amount  of 
power  at  the  same  voltage,  one  alternating  current  and 
the  other  direct  current,  the  alternating  current  will 
require  more  current  than  the  direct-current  machine. 
And  since  it  is  current  and  not  power  that  heats  the 
transformers,  they  must  be  large  enough  to  take  care 
of  this  extra  current.  The  transformers  must  also 
supply  the  losses  that  take  place  in  the  motor  itself, 
which  makes  them  still  larger. 

Methods  for  approximating  the  correct  size  of  trans- 
formers f(Jr  various  conditions  are  given  in  what  fol- 
lows.   They  are  based  on  the  assumption  that  the  motor 
A  A 
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factor  than  corresponding  60-cycle  motors.  As  a  rough 
general  rule,  which  is  easy  to  remember,  it  may  be  said 
that  each  horsepower  of  the  motor  rating  will  need 
one  kv.-a.  of  transformer  rating.  The  figures  given 
in  what  follows  are  somewhat  closer  than  this,  but  in 
order  to  use  standard  transformers  it  will  often  be 
necessary  to  select  them  larger  or  smaller  than  indicated 
by  the  figures. 

Fig.  3  shows  a  two-phase  motor  connected  to  a  two- 
phase  line.  In  this  case  two  transformers  are  needed, 
as  shown,  and  the  size  of  each,  if  the  motor  is  small 
(say  25  hp.  or  less)  may  be  taken  as 

kv.-a  of  one  transformer  =  hp.  of  motor  X  0.58 
For  large  two-phase  motors,  say  100  hp.  or  more,  the 
size  of  transformers  may  be  found  from  the  expression, 

kv.-a  of  one  transformer  =  hp.  of  motor  X  0-46 
In   operating   three-phase   motors    from    three-phase 
lines,  we  have  a  choice  of  several  connections.     Fig.  4 
shows  the  open  delta,  or  "V"  connection,  which  is  fre- 
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FIG.    4.      THREE-PHASE    MOTOR 
CONNECTED    TO    TWO    TRANS- 
FORMERS   IN   OPEN-DELTA 


FIG.    5.      THREE-PHASE    MOTOR    CON- 
NECTED   TO    THREE    TRANSFORMERS 
IN  CLOSED-DELTA 


FIG.    6.      THREE-PHASE   MOTOR    CON- 
NECTED   TO    THREE    TRANSFORMERS 
STAR   TO    DELTA 


will  carry  about  full  load  and  will  have  an  efficiency  and 
power  factor  as  good  as  a  typical  modem  induction 
motor.  The  simplest  case  of  alternating-current  motor 
connection  is  a  single-phase  motor,  as  shown  in  Fig.  2. 
Two  wires  are  run  from  the  secondary  of  the  trans- 
former through  fuses  and  a  switch  to  the  motor.  Small 
motors  are  usually  connected  to  the  lighting  circuits 
and  treated  as  a  part  of  the  lighting  load,  but  the  larger 
sizes  are  likely  to  cause  flickering  of  the  lights,  and 
are  therefore  better  run  from  separate  transformers. 
Single-phase  motors  are  built  in  sizes  ranging  from  a 
small  fraction  of  a  horsepower  up  to  about  ten  horse- 
power. The  approximate  size  of  transformer  for  a 
single-phase  motor  may  be  found  from  the  formula, 
kv.-a  of  transformer  =  hp.  of  motor  X  1-25 
In  most  cases  where  power  is  required,  it  can  be 
better  supplied  by  polyphase  motors  than  by  single- 
phase  motors,  because  the  former  are  cheaper,  have 
better  operating  characteristics  and  are  more  sturdy 
and  reliable.  As  a  rule,  the  larger  the  motor  the  higher 
will  be  both  its  power  factor  and  efficiency.  High-speed 
motors  generally  have  better  power  factor  than  slow- 
speed  motors,  and  25-cycle  motors  have  better  power 


quently  used,  especially  for  motors  of  the  smaller  sizes. 
In  this  connection  the  current  in  the  transformers  is 
cut  of  phase  with  the  voltage,  so  a  larger  total  kv.-a  of 
transformers  is  needed  than  with  the  delta  connection. 
On  the  other  hand,  only  two  units  are  needed  instead  of 
three,  and  this  is  an  advantage  in  installation.  For 
small  motors  connected  as  in  Fig.  4  the  siza  of  each 
transformer  may  be  found  from  the  formula, 

kv.-a.  of  one  transformer  =  hp.  of  motor  X  0.67 
and  for  large  motors, 

kv.-a  of  one  traruiformer  =  hp.  of  motor  X  ^-^^ 
The  delta  connection,  shown  in  Fig.  5,  is  alsc  much 
used  for  transformers  supplying  three-phase  moto-s. 
One  advantage  of  this  connection  is  that  in  case  o* 
trouble  with  one  transformer  it  can  be  cut  out,  and  the 
remaining  two  transformers  will  operate  in  open  delta 
and  allow  the  motor  to  carry  about  58  per  cent,  of  its 
normal  load.  The  size  of  the  transformers  for  small 
motors  is, 

kv.-a  of  one  transformer  =    hp.  of  motor  X  0.39 
and  for  large  motors  is, 

kv.-a  of  one  tramiformer  =  hp.  of  motor  X  0.31 
Another  connection  frequently  used  is  the  star,  or 
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"Y,"  connection,  .shown  in  Fijr.  fi.  It  is  ospociaily  con- 
venient where  it  \s  desired  to  run  threc-phiusc  motors 
from  a  throo-phiiso  .SSOO-volt  line,  usinp:  standard  2200- 
volt  transformers.  One  hiKh-voltajrc  terminal  of  each 
transformer  is  connecte<l  to  a  common  junction,  and 
the  reniaininp  three  terminals  are  connected  to  the 
*hree  line  wires,  as  .shown.  The  size  of  tran.sformers 
needed  is  the  same  as  for  the  delta  connection  Riven  in 
the  foregoing. 

Sometimes  it  is  desired  to  operate  two-phase  motors 
from  a  three-phase  power  line,  or  vice  versa.  The 
usual  connection  for  this  ca.se  is  shown  in  Figs.  7  and 
8.  Two  transformers  are  needed,  and  the  three-phase 
side  is  provided  with  special  taps.  Fig.  7  shows  a 
two-phase  motor  connected  to  a  three-phase  line.  The 
"main"  transfomier,  shown  at  the  left  in  the  sketch, 
has  a  lead  brought  out  from  the  middle  point  of  itft 
high-voltage  winding,  and  this  lead  js  connected  to  an 


The  direction  of  rotation  of  a  single-phase  motor  can 
lie  reversed  hy  interchanging  the  loads  of  the  starting 
winding  or  running  winding  on  motors  of  the  .split- 
phase  type  or  by  shifting  the  brushes  on  motors  of  the 
repulsion  type.  The  details  of  this  operation  depend 
on  the  arrangement  of  leads,  and  instructions  are  always 
.sent  with  the  motor.  Two-phase  motors  may  be  re- 
versed by  interchanging  the  two  lejids  of  either  phase, 
and  three-phase  motors  may  be  reversed  by  interchang- 
ing any  two  leads. 

A  volume  might  be  written  on  the  subject  of  emer- 
gency connections,  because  there  are  so  many  possible 
emergencies,  but  the  operator  must  always  depend  fin- 
ally on  his  own  judgment  and  knowledge.  It  may  be  of 
assistance  in  forming  a  judgment  in  any  particular  case 
to  point  out  certain  facts  and  relations. 

Two  transformers  can  usually  be  connected  in  parallel 
to  give  an   output  equal  to  the  sum  of  thetr   ratings. 


!  rciPifit/zs       rscv'Vo/i's 


-h-H 


[1. 


FIG.  7.     COXXECTIONS  FOR 
OPERATIXG  A  TWO-PHASE 
MOTOR     FROM     A     THREE- 
PHASE    LIXE 


FIG.  8.     COX.XECTIOXS  FOR 
OPERATIXG  A  TWO-PHASE 
MOTOR     FROM      A     TWO- 
PHASE  LINE 


FIG.  9.     CONNECTIONS  FOR 
OPERATING  A  TWO-PHASE 
MOTOR     FROM    A    THREE- 
PHASE  LINE 


86.6  per  cent,  tap  on  the  "teazer"  transformer.  The 
other  end  of  the  teazer  winding  is  connected  to  the 
three-phase  line.  This  causes  the  voltages  in  the 
secondary  windings  of  the  two  transformers  to  be  90 
deg.  apart  and  equal  in  magnitude;  that  is,  to  be  two- 
phase  voltages.  The  connection  of  a  three-phase  motor 
to  a  two-phase  line  is  shown  in  Fig.  8.  In  this  case 
the  special  taps  are  in  the  low-voltage  windings,  in  the 
same  relative  positions  as  above.  For  small  motors 
connected  according  to  either  Fig.  7  or  Fig.  8  the  size  of 
transformers  is 

kv.-a  of  one  transformer  =  hp.  of  motor  X  0.67 
and  for  large  motors, 

kv.-a  of  oyre  transformer  =  hp.  of  motor  X  0.53 
Small  motors  are  started  by  closing  the  main  switch 
and  connecting  the  motor  directly  to  the  line,  as  shown 
in  all  the  figures,  but  for  large  motors  this  would  cause 
too  large  a  rush  of  current,  so  some  kind  of  starting 
device,  or  "compensator,"  is  used.  This  is  connected 
between  the  motor  and  the  main  switch  and  usually 
consists  of  auto-transformers,  or  choke  coils.  There 
are  several  kinds  of  compensator  on  the  market,  and  as 
a  diagram  of  connections  always  accompanies  the  com- 
pensator, they  are  not  included  in  the  figures  given  here. 


FIG.    10.       METHOD      OF 
CHECKING      P.VRALLEL- 
CONNECTED    TRANS- 
FORMERS 

This  is  true  especially  if 
the  two  transformers 
were  built  by  the  same 
manufacturer  and  are  not 
too  far  different  in  size. 
For  instance,  a  lO-kv.-a. 
transformer  would  prob- 
ably operate  satisfactorily 
in  parallel  with  a  5-kv.-a.  or  a  25-kv.-a.  or  any  size  be- 
tween the  limits,  but  it  might  be  doubtful  wisdom  to  con- 
nect a  5-kv.-a.  in  parallel  with  a  lOO-kv.-a.  unit.  In  some 
cases  the  characteristics  of  large  transformers  are  such 
that  they  will  not  divide  the  load  in  proportion  to  their 
ratings  when  connected  in  parallel.  This  merely  means 
that  the  output  of  the  bank  is  limited  by  the  transformer 
which  takes  more  than  its  share.  In  case  of  doubt 
it  is  well  to  ask  the  manufacturer  whether  the  two  trans- 
formers in  mind  are  suitable  for  operation  in  parallel, 
although  this  is  seldom  necessary  for  transformers 
smaller  than  100  kv.-a. 

In  making  a  parallel  connection  between  transformers 
it  is  always  well  to  check  their  polarity,  especially  if 
they  were  made  by  different  manufacturers.  This  may 
conveniently  be  done  as  shown  in  Fig.  10.  Connect 
one  transformer  to  the  primar>'  and  secondary  lines,  as 
shown  at  the  left  of  the  sketch,  and  connect  the  other 
transformer  to  the  primary  line  and  to  one  side  only 
of  the  secondary  line.  Now  take  a  voltmeter,  or  in- 
candescent lamps,  and  test  between  the  open  side  of  the 
transformer  and  the  other  secondary  line  wire  as 
shown.  If  no  voltage  is  indicated,  the  connection  is 
correct  and  may  be  completed.     If  the  voltmeter  shows 
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a  reading  or  the  lamps  light,  the  leads  of  the  second 
transformer  must  be  reversed.  If  lamps  are  used  for 
this  test,  enough  should  be  connected  in  series  to  take 
up  double  the  voltage  for  which  the  transformers  are 
connected. 

Two-phase  motors  may  sometimes  be  run  from  three- 
phase  lines  using  standard  transformers.  For  the 
"main"  transformer  select  one  which  has  its  primary 
wound  for  2200  or  1100  volts,  series-parallel,  and  for 
the  "teazer"  transformer  one  which  has  two  5  per  cent, 
taps  in  the  primary.  These  are  both  standard  arrange- 
ments, and  the  ordinary  central  station  usually  has  both 
kinds.  The  two  transformers  are  connected  as  shown 
in  Fig.  9.  This  gives  a  two-phase  voltage  which  is 
unbalanced  and  which  consequently  puts  the  motor  at  a 
disadvantage;  but  it  will  enable  the  motor  to  run  and 
may  sometimes  save  a  long  delay  in  getting  the  proper 
special  transformers. 


Du  Bois  Piston  Ring  for  Internal 
Combustion  Engine 

A  piston  ring  designed  for  internal-combustion 
engine  pistons  is  shown  in  the  accompanying  illustra- 
tions. It  is  of  the  composite  type  and  is  formed  by  a 
plurality  of  rings,  coacting  to 
produce  a  tight  packing  ring. 
The  carrier,  or  bull  ring,  has 
an  outer  annular  groove  in  the 
central  plane  of  the  ring, 
which  forms  the  seat  for  an 
inner  expansion  ring.  Both 
rings  have  gaps  adapted  to 
form  a  straight  joint.  The 
carrier  also  forms  an  expan- 
sion ring  the  action  of  which 
is  more  limited  than  that  of 
the  inner  expansion  ring,  ow- 
ing to  the  difference  in  con- 
struction. 

Packing  rings  are  mounted 
to  encompass  the  carrier  ring 
and  the  expansion  ring.    Each 

of  the  packing  rings  has  on  its  inner  face  a  bevel  against 
which  the  expansion  ring  bears,  and  acting  on  the  bevels 
tends  to  move  the  two  packing  rings  apart  on  the  carrier 
ring.  As  the  separation  of  the  packing  rings  is  limited 
by  the  width  of  the  piston-ring  groove,  the  expansion 
ring  will  also  control  the  lateral  expansion  of  the  pack- 
ing rings  if  the  carrier  fails  to  sufficiently  expand  the 
packing  rings  laterally.  The  result  is  a  longitudinal  and 
lateral  motion. 

The  bevels  of  the  rings  are  at  angles  of  45  deg.  to 
the  bearing  faces  of  the  packing  rings,  which  are  made 
either  corrugated  or  smooth.  The  gaps  in  the  packing 
rings  may  form  a  straight  joint,  or  a  lap  joint  may  be 
used  if  so  desired.  The  packing  rings  are  provided 
with  elongated  notches  in  the  proximate  faces,  into 
which  enters  a  pin  which  is  anchored  in  the  carrier 
ring;  the  pin  also  passes  through  the  gap  of  the 
expansion  ring.  The  pin  is  set  at  an  angle  of  135  deg. 
to  the  gap  of  the  carrier  ring,  and  the  notches  in  the 
packing  rings  are  formed  at  oppositely  directed  angles 
of  45  deg.  from  their  notches.  Therefore  the  joints 
of  the  packing   rings   are   90   deg.   apart,   and   one   of 


them  is  180  deg.  and  the  other  90  deg.  from  the  joint 
of  the  carrier,  giving  the  best  lateral  expansion. 

In  cases  where  it  is  desirable  to  dispense  with  the 
carrier  ring,  a  seat  for  the  expansion  ring  is  provided 
directly  in  the  piston  groove,  for  which  purpose  a  groove 
is  depressed  from  the  bottom  of  the  groove.  The  pack- 
ing rings  are  also,  if  desired,  reduced  at  their  upper 
outer  faces  to  provide  space  for  secondary  packing 
rings,  the  gaps  of  which  rings  have  straight  joints. 
The  secondary  packing  rings  present  as  much  working 
surface  as  the  primary  rings  which  carry  the  secondary 
rings. 

In  this  construction  of  composite  rings,  the  elongated 
notches  in  the  adjacent  faces  of  the  packing  rings 
engage  the  pin,  which  is  in  this  case  anchored  in  the 
expansion  rings  at  an  angle  of  135  deg.  from  the  gap 
therein.  The  relative  rotation  between  the  primary 
and  secondary  packing  rings  is  controlled  by  pins  an- 
chored in  the  primary  packing  ring  and  which  are 
located  in  the  gap  of  the  corresponding  secondary  ring. 
The  pins  are  so  mounted  in  the  primary  rings  that  the 
gaps  of  fhe  secondary  rings  are  at  an  angle  of  90  deg. 
from  one  another.  These  predetermined  positions  give 
the  best  lateral  action. 

The  ring,  which  is  manufactured  by  Frederick  Du 
Bois  Blauvelt,  New  York  City,  is  designed  to  take  the 


ASSEMBLED  RING  AND  RING  PARTS 

place  of  a  plurality  of  piston  rings  used  at  present,  and 
to  provide  a  composite  ring  particularly  adaptable  for 
internal-combustion  engines  having  high  compression 
and  slow  speeds.  It  is  made  for  cylinders  from  5  to  30 
in.  in  diameter. 


Ohio  reports  that  millions  of  tons  of  coal  are  on  fire 
on  lake  port  docks  from  spontaneous  combustion  indi- 
cate that  we  are  reaping  one  of  the  fruits  of  war  hurry, 
says  the  Wall  Street  Journal  Straws.  An  industrial 
coal  expert  explains  that  during  the  war  everything 
was  coal,  the  good,  bad  and  worse,  and  as  such  was 
dumped  indiscriminately  at  lake  ports.  In  this  way 
much  coal  with  high  sulphur  content  was  dumped  in 
big  piles.  The  action  of  water  on  the  sulphur  in  the 
coal  piles  forms  crude  sulphuric  acid.  This,  in  turn, 
generates  heat  and  causes  combustion.  Water,  except 
in  great  quantity,  is  useless  in  fighting  coal  fires.  Going 
to  the  heart  with  a  steam  shovel  alone  settles  the  ques- 
tion. Apprehension  is  expressed  that  the  lake  coal  sit- 
uation, owing  to  the  big  tonnage  that  is  involved, 
may  prove  to  be  extremely  troublesome  as  well  as 
costlv. 
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JUST  what  doe.s  it  require  in  light,  heat  and  power 
to  care  for  the  necessities,  conveniences  and  com- 
fort.s  of  the  guests  of  this  beautifullj'  imposing  palace 
in  America's  greatest  all-year  playground,  Atlantic  City, 
N.  J.?  The  Traymore  is,  in  general,  patterned  after  a 
castle  on  the  Killarney  Lakes  of  Ireland.  There  is  a 
total  of  900  rooms,  including  700  guest  rooms  with 
baths;  1400  guests  could  be  conveniently  accommodated, 
though  1100  is  the  usual  maximum.  One  travels  far 
before  seeing  such  impressive  architecture. 

The  hotel  stands  on  the  beach.  The  engine  room  is  on 
the  ground  level,  the  boiler  room  being  4  ft.  below 
sea  level.  There  are  six  200-hp.  water-tube  boilers  in 
three  batteries.  These  are  handfired  and  carry  125  lb. 
pressure  with  no  superheat.  Buckwheat  No.  1,  50  per 
cent.,  and  Lykens  Valley  buckwheat  No.  2,  50  per  cent., 
is  used  at  present. 

The  boiler-furnace  walls  and  boiler  tops  are  covered 
with  42-in.  insulating 
brick  and  plaster.  The 
flue-gas  temperature  is 
plotted  by  a  recording  py- 
rometer, the  CO,  is  re- 
corded, and  control  of 
combustion  is  guided  in 
part  by  combined  draft 
gages,  known  widely  aS  a 
"boiler  efficiency  meter." 
The  firemen  are  negroes 
trained  by  the  watch  en- 
gineers. Typi  c  a  1  CO. 
charts  show  that  combus- 
tion results  usual  in  this 
plant  are  equal  to  those 
had  in  large  industrial 
and  central  power  plants 
where  high-set  boilers 
with  stokers  are  the  rule. 
The   heat    for   the   whole 
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hotel — that  is,  for  the  light,  power,  heating,  steam  for 
the  laundry  and  the  kitchen — comes,  of  course,  origin- 
ally from  the  coal.  The  coal  consumption  in  winter 
averages  about  800  tons  per  month  and  in  summer  about 
600  tons. 

Up  to  this  writing  the  water  has  not  been  accurately 
metered,  and  no  scales,  automatic  or  otherwise,  are 
regularly  used,  therefore  accurate  data  upon  which  to 
determine  the  boiler  performance  are  not  available.  Coal 
scales  and  a  water  meter  likely  will  soon  be  installed. 
Roughly,  however,  about  8.5  lb.  of  water  per  pound  of 
coal  as  fired  was  the  average  evaporation  during  1918. 
The  combustion  chambers  and  tubes  are  cleaned 
monthly. 

The  stack,  or  natural,  draft  is  0.75  in.  in  the 
furnace.  For  burning  the  mixture  of  Nos.  1  and  2 
buckwheat  coal,  a  steam  blower  is  used. 

No  city  water  is  used  in  the  hotel.  Fresh  water  is 
had  from  two  wells,  each 
850  ft.  deep,  the  water  be- 
ing raised  by  air  lift  with 
80  lb.  pressure  on  the 
wells  and  100  lb.  on  the 
supply  tank.  The  air  is 
compressed  in  two-stage 
compressors  shown  i  n 
Fig.  2.  Air  for  the  op- 
eration of  the  thermo- 
statically controlled  valves 
in  the  heating  system  is 
furnished  from  the  main 
supply  tank  mentioned, 
through  a  reducing  valve. 
For  lighting  and  power 
one  125-kw.  and  two  250- 
kw.  Corliss  engine-drive  i 
direct-current  generatoi'.s 
are  used.  The  power  volt- 
age is   220,  the  lighting 
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voltage  110,  motor-generator  balancer  sets  being  used. 
The  average  load  through  the  day  is  500  amperes,  1100 
to  1200  amperes  at  night,  220  volts.  One  of  the  250-kw. 
generating  sets  is  shown  in  Fig.  2.  Tests  conducted  on 
these  units  gave  the  following  results : 

Indicated  horsepower  at  1060  anip.,  223  volts 356. 85 

Friction  load,  hor-sepower 15,7 

Efficiency  of  engine  and  generator,  per  <  nt , 86. 6 

Steam  consuniption  I  horsepower-hour,  lb 19.0 

Pressure,  lb.  gage 115.0 

Back  pressure,  lb.  gage Atmospheric 

Speed,  r.p.m 112.0 

Clearance,  per  cent,  estimated 3.0 

The  switchboard  is  shown  in  Fig.  4. 

All  large  elevators  are  of  the  hydraulic  plunger  type. 


The  plungers  are  Hi  in.  in  diameter,  the  chambers  being 
of  the  large  pot  type  with  5i-in.  diameter  soft-rubber 
valves. 

Two  relay  pumps  are  used,  each  18  and  28  x  14  x  24- 
in.  of  the  American  Pump  Co.  type. 

Exhaust  steam  is  the  medium  used  for  heating  the 
building.  There  is  a  total  of  65,240  sq.ft.  of  radiating 
surface,  chiefly  in  1600  radiators;  to  distribute  the 
steam  220  risers  are  used.  For  a  time  after  the  open- 
ing of  the  hotel  15-in.  vacuum  was  maintained  in  the 
returns  owing  to  a  rise  and  fall  in  several  of  the  lines. 
This  rise  has  been  eliminated  by  the  chief  engineer  and 
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FIGS.  1  TO  4.     VIEWS  IN  THE  ENGINE  ROOM,  HOTEL  TRAYMORE 
Fig.  1 — One  of  the  250-kw.  Corliss  engrine  generating  sets.     Fig.    2 — Showing  the  two-stage  air  compressors.     Fig.  3 — View  of  tbe 
water  end  of  the  high-duty  elevator  pump.     Fig.   4 — The  switchboard. 


There  are  ten  for  passenger  service,  one  for  the  kitchen 
and  one  chair  lift.  Two  passenger  cars  go  to  the  top 
floor,  the  length  of  the  6^-in.  plunger  on  each  being 
225  ft.;  the  other  passenger  cars  have  6J-in.  plungers, 
each  180  ft.  long.  The  service  cars  have  5^-in.  plung- 
ers. The  operating  pressure  is  160  lb.  and  the  pilot 
pressure  is  the  same.  There  are  eight  counterbalance 
cables  to  each  car. 

The  high-duty,  outside-packed  elevator  pump  is  driven 
by  a  three-cylinder  compound  engine — one  18-in.  diam- 
eter high-pressure  cylinder,  each  low-pressure  24-in., 
stroke  24-in.  The  steam  consumption  per  indicated 
horsepower  was  19.9  lb.  on  tests  under  the  same  oper- 
ating conditions  given  for  the  engine  of  the  generating 
set.  This  pump  was  specially  designed  for  the  service 
ct  hai.d;  a  view  of  the  water-end  is  shown  in  Fig.  3. 


now  but  6-in.  vacuum  is  required.  One  with  experience 
with  large  heating  systems  appreciates  how  such  a  re- 
duction has  decreased  air  leakage  into  the  systems  and 
other  troubles  arising  from  carrying  a  high  vacuum  on 
a  heating  system. 

The  steam  supply  to  the  radiators  is  at  the  top, 
through  a  vapor  valve.  Exhaust  steam  does  not  issue 
from  the  hotel  except  on  some  days  during  July  and 
August,  all  of  it  being  demanded  for  use  within  the 
building.  The  laundry  uses  considerable.  In  addition 
to  exhaust  steam,  the  laundry  uses  some  live  steam  sup- 
plied to  it  through  a  4-in.  pipe.  Worth-while  reduction 
in  the  use  of  live  steam  by  the  laundry  has  been  effected 
by  the  removal  of  several  small  live-steam  pipes  form- 
erly used  to  heat  water  in  open  tanks.  Heedless  use 
of  this  steam  resulted  in  much  waste  of  it.     The  water 
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is  now  ho.ttPtl  in  n  tnnk  iindor  rnntrol  of  the  i-nprint-crs. 
For  refiiK»'rntion,  iii-  niakinjr  and  cooling  drini<iiijf 
water  two  horizontal  doutile-aitinjs'  amnioniu  compres- 
sors of  25  tons  eaih  are  installed. 

A  total  of  f)!  boxes  are  cooled,  and  about  5  tons  of 
ice  is  pulled  daily.  There  is  can  capacity  for  13.5  tons 
in  100-lb.  cans.  The  drinking  water  is  maintained  at 
40  dejT.  F.  I)ouble-pij)e  conden.sers  are  provided.  The 
circulating'  water  for  use  in  these  conden.sers  is  taken 
from  the  artesian  wells,  to  which  it  is  returned  after 
passinjr  throuK'h  the  condenser. 

The  vacuum  cleaning  machines,  of  which  there  are 
two,  are  of  the  Palm  inclosed  horizontal  type,  each 
driven  by  a  10-hp.  motor.  Each  has  capacity  for  hand- 
ling 800  cu.ft.  of  free  air  per  minute. 

The  visitor  to  this  plant  is  impressed  with  the  unusu- 
ally smooth  operation  of  the  equipment.  This  is  vitally 
e.ssential  to  the  success  of  a  hotel  pqwer  plant.    Though 


FIG.   5.     BOILER  ROOM,  HOTEL  TRATMORB 

practically  all  of  the  machinery  in  the  Traymore's  plant 
is  reciprocating,  there  is  such  a  marked  absence  of 
sound  from  it,  that,  standing  near  the  entrance  to  the 
engine  room,  only  the  initiated  ear  would  know  it  was 
there  by  the  intermittent  hiss  of  water  rushing  through 
the  hydraulic  relief  valve  of  the  elevator  pump. 

The  concrete  floor  of  the  plant  is  covered  with  a  well- 
knowTi  preparation.  The  writer  was  impressed  by  the 
absence  of  dust  from  the  floor  and  with  absence  of  oil 
around  the  pans  under  the  valve  gear  of  the  Corliss 
engines. 

Price  &  McLanahan,  of  Piiiladelphia.  were  the  archi- 
tects; the  heating  system  was  installed  by  William 
M.  Anderson,  Philadelphia.  The  engines,  elevator 
pumps,  elevators,  tanks,  -etc.,  were  designed  and  built 
by  the  Robert  Wetherill  Co.,  Chester,  Penn.  George  W. 
Armitage  is  chief  engineer. 

Shipment  of  Power-Plant  Equipment 

By  M.  a.  Salleb 

While  the  average  manufacturer  or  purchaser  of 
power  apparatus  is  concerned  with  specifications, 
guarantees,  details  of  construction,  etc.,  it  frequently 
happens  that  little  attention  is  given  to  proper  ship- 
ments and  packing. 

Probably  the  first  point  of  importance  is  making 
shipment  and  delivery  on  scheduled  time,  especially  on 
new  construction  work,  where  it  is  necessary  to  place 


one  pieie  of  equipment  after  another,  and  where  fre- 
<iuenlly  one  appliance  cannot  be  put  in  position  until 
another  line  of  cMjuipment  is  installed.  Delay  may 
hold  up  dependent  work,  cau.se  a  change  of  plans  and 
.scaffolding  at  considerable  extra  expen.se  or  make  it  M 
nece.s.sary  to  leave  unfinished  some  parts  of  the  building  ■ 
walls  in  order  to  admit  the  delayed  equipment. 

Freight  .shipments  and  routings  are  al.so  important. 
If  a  plant  is  situated  on  a  railroad  siding,  where  facilities 
are  available  for  removing  the  equipment  from  cars 
with  cranes,  the  shipments  should  be  sent  over  that  ■ 
particular  railroad;  if  routed  over  another  line  it  will  1 
be  necessary  to  pay  transfer  charges  or  haul  the  equip- 
ment from  another  freight  station. 

The  shipment  of  heavy  machinery  in  high-sided 
gondolas  is  a  source  of  embarrassment  and  expense 
when  the  crane  capacity  is  not  available  for  lifting  the  J 
material  vertically  from  the  cars.  Shippers  of  heavy  " 
machinery  should  use  flat  cars  unle.ss  it  is  known  that 
the  purchaser  can  handle  the  material  satisfactorily 
from  a  high-sided  car. 

The  shipper  should  make  sure  that  the  apparatus  is 
firmly  attached  to  the  car  so  that  it  cannot  work  loose 
in  transit.  This  will  avoid  broken  or  bent  parts  due 
to  .shifting  of  the  apparatus. 

Sometimes  the  manufacturer  will  forward  apparatus 
which  is  not  complete;  that  is,  make  a  partial  shipment 
without  notifying  the  customer  specifically  just  what 
has  gone  forward  and  what  is  to  follow.  Confusion  and 
delay  are  then  bound  to  occur  when  the  purchaser  begins 
to  erect  the  apparatus  and  finds  certain  parts  missing. 
When  partial  shipments  are  made  the  manufacturer 
in  every  case  should  notify  the  customer  as  to  what 
parts  are  missing  and  when  they  will  follow.  The 
purchaser  should  also  be  notified  when  shipment  is  made, 
over  what  routing,  etc.,  but  in  many  cases  the  manu- 
facturer is  remiss  on  these  details. 

It  is  rarely  possible  to  ship  power-plant  equipment 
complete  and  erected.  In  most  cases  the  fittings  and 
small  parts  are  packed  in  crates  or  boxes  accompanying 
the  main  unit.  Each  box,  crate  or  detached  part  should 
be  marked  with  the  proper  order  numbers  and  identifi- 
cations so  that  the  box  or  part  can  be  identified  even 
if  it  becomes  detached  from  the  main  shipment  en  route. 
Some  manufacturers  follow  the  excellent  policy  of 
making  up  a  detailed  packing  list  showing  the  number 
of  each  box  or  package  with  an  itemized  list  of  the  parts 
or  fittings  contained  therein. 

It  is  a  notorious  fact  among  power-plant  equipment 
erectors  that  the  detailed  directions  and  instructions 
for  the  erection  and  installation  of  the  equipment  often 
never  reach  the  actual  operating  force,  but  are  retained 
in  office  files  or  in  the  storeroom.  Manufacturers  should 
arrange  to  send  complete  directions  by  mail  to  the 
purchaser,  and  also  include  such  directions  with  the 
actual  shipment  so  that  they  are  available  to  the  erecting 
men  on  the  ground  in  case  the  instructions  previously 
sent  do  not  reach  them. 

Innumerable  complaints  are  received  by  shippers  and 
manufacturers  to  the  effect  that  parts  of  shipments, 
fittings  or  other  items  are  "  short."  In  a  great  many 
of  the  cases  the  shortage  is  the  result  of  oversight 
or  a  mistake  at  the  source  of  the  shipment ;  but  experi- 
ence has  shown  that  oftentimes  the  reported  shortage 
is  due  to  carelessness  or  lack  of  system  in  unpacking 
or  perhaps  to  theft.  When  excelsior  is  used  in  packing 
care  must  be  taken  that  no  small  parts  are  thrown  away 
with  the  packing  material. 
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Horsepower  Requirements  of  Centrifugal  Pumps 


By  t.  m.  heermans* 


Horsepower  requirements  as  related  to  motor 
drive.  How  to  figure  it,  including  the  power 
to  lift  the  water  and  overcome  friction  and 
velocity  heads  and  the  allowance  made  for  pump 
efficiency.  Starting  torque,  types  of  motor  used 
and  motor  troubles  traceable  to  the  pump. 


BEFORE  attempting  to  show  why 'one  centrifugal 
pump  needs  a  100-hp.  and  another  a  50-hp.  motor, 
or  why  a  squirrel-cage  motor  is  best  for  some 
conditions  and  not  for  others,  it  might  be  well  to  con- 
sider a  few  fundamental  relations  as  affecting  the 
horsepower  required  to  do  pumping  work  with  this  kind 
of  pump. 

A  centrifugal  pump  raises  water  by  the  rotation  of 
a  runner  in  a  properly  designed  casing  which  is  first 
filled  with  water,  or  primed,  before  pumping  can  begin. 
As  may  be  seen  in  Fig.  1,  the  runner  is  mounted 
centrally  in  the  pump  casing  and  fastened  to  the  shaft 
which  extends  out  of  the  casing  for  connection  to  the 
driving  motor  or  engine.  When  the  shaft  is  rotated,  the 
water  in  the  pump  is  forced  from  the  center  outward 
by  the  runner  and  into  the  discharge  passage,  while 
more  water  is  drawn  up  into  the  pump  to  take  the  place 
of  that  displaced,  thereby  making  the  pumping  continu- 

CONSERVATIVE   EFFICIENCIES  FOR  PUMPS  OF  VARIGU.S 
CAPACITIES 

Efficiency 

Multistage   Hcatis 

Above   150  Ft., 

Per  Cent 
45 
SO 
56 
62 
68 
70 
72 
73 
74 
75 

ous.  The  energy  given  the  water  by  the  runner  is 
sufficient  to  raise  it  to  some  height  and  discharge  a 
certain  quantity,  depending  on  the  speed  of  the  pump, 
the  diameter  of  the  runner  and  its  design.  It  can  be 
seen,  therefore,  that  work  is  done  by  lifting  this  quan- 
tity of  water  to  the  given  height. 

The  amount  of  useful  work  done  is  knovm  as  the 
water  horsepower  and  is  equal  to  the  weight  of  water 
lifted  a  certain  number  of  feet  in  a  definite  length  of 
time.  Since  pump  capacity  is  usually  expressed  in 
gallons  per  minute  (g.p.m.),  and  a  gallon  of  water 
weighs  8i  lb.. 

Work  done  per  minute  =  g.p.m.  X  8J  lb.  X  feet  head, 
and  as  one  horsepower  is  equivalent  to  lifting  33,000  lb. 
one  foot  in  one  minute,  water  horsepower, 
yf.  ,      ^  g.p.m.  X  8i  X  feet  head  _  g.p.m.  X  feet  head 

■  ^-  38,000  3957 

In  the  preceding  formulas  the  head  not  only  consists 
of  the  height  the  water  has  to  be  lifted  but  also  includes 
the  head  lost  by  friction  in  the  piping  and  the  head 
required  to  make  the  water  flow  through  the  piping  at  a 
given  rate;  that  is,  the  total  head  equals  the  static 
lift  plus  pipe  friction  plus  velocity  head.     The  driving 

•Mechanical  Engineer.  Centrifugal  Pump  Dept.,  AUls-Chalmers 
Manufacturing  Company. 


Efficiency 

Normal 

Single-stage  Usads 
Up  to  150  Ft., 

Capacity, 

Size  of  Pump, 

In. 

G.P.M. 

Per  Cent. 

2 

100-150 

50 

3 

200-350 

55 

4 

400-600 

60 

5 

650-900 

65 

6 

950-1300 

70 

8 

1500-1800 

72 

10 

2000-3000 

75 

12 

3500-4500 

76 

14 

5000-6500 

77 

78 

motor,  therefore,  to  turn  the  runner  at  the  required 
speed  must  be  able  to  develop  the  water  horsepower  the 
pump  takes,  and  in  addition  there  are  losses  in  the  pump 
to  be  overcome. 

Briefly,  these  losses  in  the  pump  are  the  friction  of 
the  water  in  the  casing  on  the  outside  of  the  revolving 
runner,  leakage  and  other  hydraulic  losses  on  the  inside 
of  the  pump,  and  bearing  and  stufling-box  friction. 
These  losses  have  to  be  added  to  the  water  horsepower 
to  find  out  the  horsepower  actually  needed  to  run  the 
pump  and  the  size  of  motor  required  for  the  drive. 
The  ratio  of  the  water  horsepower  to  the  actual  horse- 
power required  to  run  the  pump  gives  the  pump  effi- 
ciencv.  which  p'lr^n  buiMers  hgv  +o  determine  from 
j,.er  becoming  partly  obstructed  or  an  obstruction  lodg- 
ing in  the  suction  passage  on  one  side,  which  unbalances 
the  runner.  Unequal  wear  of  the  runner  wearing  riiigs 
on  opposite  sides  of  a  double-suction  runner  or  dis- 
placement of  the  runner  slightly  to  one  side  of  the 
center  line  of  the  casing  also  -"vill  cause  thrust.  In 
multistage  pumps  thrust  is  generally  caused  by  failure 
or  partial  failure  of  the  arrangements  provided  to  bal- 
ance the  end  thrust.  Two  pumps  taking  their  suction 
from  the  same  suction  pipe  or  discharging  into  the  same 
discharge  line,  if  they  are  not  properly  arranged  and 
do  not  have  the  right  kind  of  characteristics,  can  cause 
trouble  by  dividing  the  work  unequally,  but  this  and 
similar  questions  are  outside  the  scope  of  this  article. 
It  can  be  safely  stated  that  a  pump  should  not  be 
bought  merely  as  a  pump  of  a  certain  size  without  any 


operating  at  suitable  speeds  against  moderate  heads. 

As  an  example,  in  figuring  the  horsepower  required  to 
drive  an  8-in.  single-stage  pump  designed  to  deliver 
1500  g.p.m.  against  a  total  head  of  100  ft.,  use  the 
formula  for  water  horsepower  previously  derived  and 
divide  the  water  horsepower  by  the  pump  efficiency 
given  in  the  accompanying  table,  that  is,  horsepower 
required  by  the  pump  is: 

^  g.p.m.  X  feet  head  _  . 

■"P-  ~  Qonn '^  pump  ejjiciency  = 


3957 

1500  X  100 

3957 


0.72  =  52.6 


As  computed  in  the  last  paragraph  the  horsepower  is 
known  as  the  actual  figured  horsepower  required  by  the 
pump,  but  a  motor  somewhat  larger  should  be  selected, 
say  the  nearest  standard  rating,  which  is  10  to  12  per 
cent,  greater  than  the  brake  horsepower  figured.  In 
the  case  worked  out,  therefore,  a  60-hp.  motor  would 
be  recommended.    There  are  several  reasons  for  giving 
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motors  this  alijrht  mnr^riii  of  hoTsi'|)o\vt'r  over  that  actii 
ully  ftKured. 

Ill  the  first  place  the  runners  of  commercial  centrif- 
ugal pumps  cannot  be  turned  out  easily  to  the 
thousandth  of  an  inch  in  the  cast  pa.'^saKes  without 
uiululy  increasing  the  cost.  Conscciuently,  in  fitting 
pumps  with  runners  for  a  jriven  condition,  the  sizo  of 
the  runner  openings  are  made  a  little  large  to  allow 
for  slight  inaccuracies  of  manufacture  and  to  make  .sure 
that  the  pumps  will  test  out  slightly  over  capacity. 
This  usually  is  not  objectionable  to  the  purchaser,  as 
very  few  complaints  are  made  because  a  pump  discharges 
more  than  the  guaranteed  quantity,  provided  the  motor 
is  not  overloaded.  A  margin  allowed  in  figuring  the 
motor,  therefore,  will  prevent  its  being  overloaded 
should  the  pump  be  slightly  over  capacity.  It  is  al.so 
true  that  runners,  after  being  used  for  .some  time,  may 
become  worn,  causing  the  runner  to  handle  more  water, 
and   although    this    wat.T    may    not   be   discharged   but 


FIG.   5.     BOILER  ROOM,  HOTEL  TRAYMORB 

practically  all  of  the  machinery  in  the  Traymore's  plant 
s  reciprocating,  there  is  such  a  marked  absence  of 
sound  from  it,  that,  standing  near  the  entrance  to  the 
ngine  room,  only  the  initiated  ear  would  know  it  was 
here  by  the  intermittent  hiss  of  water  rushing  through 
he  hydraulic  relief  valve  of  the  elevator  pump. 

The  concrete  floor  of  the  plant  is  covered  with  a  well- 
known  preparation.     The  writer  was  impressed  by  the 
^sence  of  dust  from  the  floor  and  with  absence  of  oil 

merely  circulate  around  inside  of  the  pump,  still  the 
load  on  the  motor  will  be  increased. 

Then  again,  possibly  to  meet  certain  conditions,  a 
pump  will  have  what  is  known  as  a  rising  horsepower 
characteristic,  which  means  that  the  horsepower  does 
not  drop  off  as  the  head  decreases  and  the  pump  delivers 
more  water,  but  increases  with  the  discharge.  With 
a  pump  having  a  rising  horsepower  characteristic  as 
in  chart  A,  Fig.  2,  if  there  is  a  possibility  that  it 
will  be  operated  against  lower  than  rated  heads,  it 
should  accordingly  be  connected  to  a  motor  large  enough 
to  handle  the  load  over  the  complete  pumping  range 
of  head  without  being  dangerously  overloaded. 

Still  other  pumping  units  are  used  in  places  that  are 
hot,  damp  or  poorly  ventilated,  and  to  insure  reliable 
operation  the  motors  will  be  selected  slightly  large. 
Finally,  the  present  trend  in  rating  motors  is  to  give 
them  a  maximum  rating  with  verj'  little  if  any  overload 
capacity.    This  means  that  maximum  rated  motors,  par- 


ticularly for  driving  pumps,  will  have  to  be  chosen 
big  enough  at  the  out.set,  us  they  would  not  work  safely 
if  overloaded.  For  all  these  reasons  the  usual  practice 
in  liltuig  motors  to  centrifugal  pumps,  as  previously 
stated,  is  to  allow  10  per  cent,  leeway  over  the  horse- 
power that  it  is  figured  will  be  re(|uired. 

Besides  knowing  the  size  of  motor  to  put  on  a  pump, 
it  is  necessary  al.so  to  know  something  about  the  start- 
ing" requirements  of  centrifugal  pumps  and  how  they 
affect  the  selection  of  the  type  of  motor  and  also  the 
starting  apparatus  to  be  used.  Centrifugal  pumps  are 
started  up  quite  easily  and  are  generally  considered 
"light  starting  duty  for  a  motor."  Consequently, 
squirrel-cage  motors,  and  even  .synchronous  motors  that 
do  not  have  mu^h  starting  torque,  can  be  used  to  drive 
centrifugal  pumps,  but  this  statement  needs  a  little 
explanation.  The  curves  of  Fig.  2  are  typical  of  the 
performance  characteristics  of  three  different  types  of 
centrifugal-pump  runners.  Chart  A  is  for  a  standard 
single-stage  centrifugal  pump  fitted  with  a  runner  hav- 
ing a  rising  horsepower  characteristic.  By  slightly 
changing  the  runner  design,  this  pump  can  be  made  to 
have  a  horsepower  curve  that  is  practically  flat  from 
the  point  of  maximum  efficiency  on.  Chart  B  is  repre- 
sentative of  the  ordinary  ty^e  of  multistage  pump  with 
diffusion  vanes,  and  chart  C  .shows  the  characteristics 
of  a  single-stage  pump  with  a  so-called  Francis  type 
runner  which  is  particularly  designed  so  that  relatively 
high  pump  rotative  speeds  can  be  employed  for  low 
heads.  These  curves  have  been  reproduced  to  show  in 
particular  the  "shutoff  horsepower"  of  different  kinds 
of  pump  runners.  This  is  the  power  required  to  rotate 
the  pump  runner  at  rated  speed  in  the  pump  casing 
when  full  of  water  but  when  no  water  is  allowed  to 
be  discharged,  as  would  be  the  case  when  the  pump 
is  started  up  with  the  valve  in  the  discharge  from 
the  pump  closed.  The  shutoff  horsepower  has  been  in- 
dicated as  a  certain  percentage  of  the  horsepower  re- 
quired at  the  highest  point  of  the  curve,  which  has  been 
taken  as  100  per  cent. 

Slip-ring  or  shunt-wound  direct-current  motors  will 
start  pumps  having  the  characteristics  shown  by  all 
three  curves,  and  squirrel-cage  motors  also  have  been 
found  capable  of  'starting  these  pumps,  although  in  the 
larger  sizes  and  sometimes  for  pumps  having  the  char- 
acteristics shown  by  chart  C,  squirrel-cage  motors  will 
take  too  much  current  in  start'ing  to  be  used.  Standard 
synchronous  motors  will  ordinarily  start  pumps  having 
the  characteristics  of  chart  A,  and  develop  the  neces- 
sary torque  to  pull  into  synchronism  when  up  to  speed, 
but  will  have  to  have  specially  constructed  motors  to 
develop  the  50  per  cent,  of  rated  horsepower  required 
to  pull  pumps  having  the  characteristics  of  chart  B 
into  synchronism,  and  cannot  be  used  at  all,  except  by 
making  special  arrangements  to  start  pumps  having  the 
characteristics  shown  in  chart  C. 

The  special  arrangement  just  mentioned  is  to  equip 
a  pump  so  it  can  be  started  up  empty  and  then  primed 
after  being  brought  up  to  synchronous  speed.  What 
is  done  is  to  provide  some  means  of  lubricating  the 
close  clearances  in  the  pump  until  it  can  be  primed, 
when  the  water  will  provide  the  lubrication.  The  neces- 
sary arrangements  can  be  made  eagily  on  single-stage 
pumps,  but  it  is  rather  difficult  to  fix  up  the  multistage 
type.  For  this  reason  they  are  seldom  started  up  empty, 
although  clutches  are  sometimes  employed. 

All  the  previous  remarks  apply  to  pumps  that  are 
started  up  with  a  closed  valve  in  the  discharge.     As  a 
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general  rule  this  should  be  figured  on,  as  otherwise 
starting  conditions  will  be  much  worse.  It  is  necessary 
only  to  refer  to  the  curves  again  to  see  that  where  no 
discharge  valve  is  provided,  the  motor  in  coming  up  to 
speed  has  also  to  come  up  to  full  horsepower  and  be 
thrown  on  the  line  at  full  rating  instead  of  at  a  fraction 
of  full  horsepower.     This  is  not  good  practice  and  is 


FIG.  3. 


MOTOR-DRIVEN  SINGLE-STAGE  10500-G.P.M. 
CENTRIFUGAL  PUMPING  UNIT 


bad  for  the  motor  even  if  undue  disturbances  will  not 
be  caused  in  the  line.  Instances  have  been  known  where 
the  heavy  surges  of  current  to  start  squirrel-cage  motors 
attached  to  centrifugal  pumps  without  any  valve  in 
the  discharge  have  in  time  loosened  up  the  motor  coils. 

Having  considered  the  power  required  to  start  and 
operate  centrifugal  pumps,  brief  reference  will  be  made 
to  the  kinds  of  motor  used  for  pump  drive.  This  is  a 
large  subject  in  itself  and  will  be  taken  up  in  detail  in 
succeeding  articles.  Probably  the  motor  most  commonly 
used  to  drive  centrifugal  pumps  is  of  the  squirrel-cage 
induction  type.  This  motor,  on  account  of  its  simplic- 
ity and  also  because  the  starting  duty  of  a  centrifugal 
pump  is  not  heavy,  is  used  to  drive  the  majority  of 
small  and  moderate-sized  pumps. 

In  sizes  over  150  hp.  and  in  many  cases  less,  the 
slip-ring  induction  motor  is  used  instead  of  the-squirrel- 
cage  type,  because  it  takes  less  current  from  the  line 
in  starting.  Also  power  companies  often  fix  the  maxi- 
mum size  of  squirrel-cage  motor  they  will  allow  to  be 
connected  to  their  lines.  In  still  other  cases  where  a 
system  does  not  have  much  capacity,  throwing  a  large 
squirrel-cage  motor  on  the  line  would  cause  serious 
disturbances  and  possibly  a  voltage  drop  that  would  be 
enough  to  prevent  the  motors  coming  up  to  synchronous 
speed.  These  cases  call  for  the  use  of  slip-ring  motors. 
This  type  is  used  sometimes  when  a  moderate  .amount 
of  speed  control  of  the  pump  is  required,  possibly  to 
maintain  a  constant  pressure  with  a  variable  discharge 
or  to  maintain  a  constant  discharge  with  varying  heads. 

Direct-current  motors  as  well  are  used  where  speed 
variation  is  required,  but  for  constant-speed  service 
are  not  used  so  much  as  induction  motors.  Then,  too, 
for  moderate  heads  standard  centrifugal  pumps  or- 
dinarily run  at  higher  than  the  best  direct-current  motor 
speeds.  However,  relatively  high-speed  direct-current 
motors  are  now  being  built  that  can  be,  used  as  satisfac- 
tory pump  drives  where  only  direct  current  is  available. 

As  a  fourth  kind  of  pump  drive  synchronous  motors 
are  just  beginning  to  receive  deserved  attention.  Many 
centrifugal  pumps,  because  they  offer  a  constant  steady 
load,  present  a  fine  opportunity  for  using  a  large 
synchronous  motor  to  keep  up  or  correct  the  power 
factor  of  a  power  system,  and  by  using  proper  care 


suitable  synchronous  motor-driven  centrifugal  pumps 
can  be  often  selected. 

Before  leaving  the  subject  of  the  horsepower  re- 
quirements of  centrifugal  pumps  as  related  to  motor 
drive,  possibly  it  will  be  well  to  point  out  a  few  troubles 
that  are  sometimes  encountered  with  motors  and  that 
are  traceable  to  the  centrifugal  pump.  The  most  com- 
mon difficulty,  which  has  been  mentioned  previously,  is 
operating  an  improperly  selected  pump  at  less  than  the 
rated  head.  This  will  overload  the  motor  and  cause  it 
to  run  hot.  Another  trouble  almost  as  common  is  pump 
and  motor  out  of  alignment  due  to  improper  erection. 
This  causes  vibration  and  hot  bearings  and  wears  out 
rapidly  the  coupling  bushings.  A  third  trouble  some- 
times e.xperienced  and  resulting  in  hot  motor  bearings, 
is  when  the  centrifugal  pump  develops  an  end  thrust, 
causing  collars  on  the  shaft  to  rub  on  the  ends  of  the 
bearings.  End  thrust  may  develop  in  a  single-stage 
double-suction  pump  on  account  of  one  side  of  the  run- 
ner becoming  partly  obstructed  or  an  obstruction  lodg- 
ing in  the  suction  passage  on  one  side,  which  unbalances 
the  runner.  Unequal  wear  of  the  runner  wearing  riags 
on  opposite  sides  of  a  double-suction  runner  or  dis- 
placement of  the  runner  slightly  to  one  side  of  the 
center  line  of  the  casing  also  will  cause  thrust.  In 
multistage  pumps  thrust  is  generally  caused  by  failure 
or  partial  failure  of  the  arrangements  provided  to  bal- 
ance the  end  thrust.  Two  pumps  taking  their  suction 
from  the  same  suction  pipe  or  discharging  into  the  same 
discharge  line,  if  they  are  not  properly  arranged  and 
do  not  have  the  right  kind  of  characteristics,  can  cause 
trouble  by  dividing  the  work  unequally,  but  this  and 
similar  questions  are  outside  the  scope  of  this  article. 

It  can  be  safely  stated  that  a  pump  should  not  be 
bought  merely  as  a  pump  of  a  certain  size  without  any 


FIG.    4.      MOTOR-DRIVEN   MULTISTAGE    1800-G.P.M. 
CENTRIFUGAL  PUMPING  UNIT 

Both   motor   and   pump   have   combined   radial    and   ball   thrust 
bearings    as    the    unit    operates    in    the    inclined    position    shown. 

reference  to  the  work  it  will  have  to  do.  In  conjunction 
with  the  driving  motor  it  should  be  selected  to  do  certain 
definite  work  to  the  best  advantage.  It  is  therefore 
preferable  to  buy  pumps  that  have  been  te.sted  carefully 
and  their  characteristics  determined,  with  motors  of 
suitable  size  to  run  the  pumps  under  all  the  conditions 
that  will  be  met  with  in  service.  That  is,  a  pump  and 
the  drive  should  be  considered  as  a  unit  and  selected 
accordingly. 
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ECONOMY  of  the  Diesel  engine  is  so  much  superior 
to  that  of  any  other  type  of  prime  mover  that 
it  is  certain  not  only  to  remain  in  its  present  field 
but  to  attain  wider  employment.  It  is  particularly 
suited  for  locations  where  coal  is  expensive  and  fuel  oil 
cheap.  althouKh  it  may  often  be  used  to  advantage 
even  where  coal  is  cheap,  especially  in  small  plants  that 
do  not  operate  continuously,  for  xhe  reason  that  stand- 
by losses  of  coal-burning  plants  are  eliminated.  In 
Diesel  engines  the  matter  of  size  has  little  influence  on 
the  economy,  and  in  small  electric  plants  using  oil  at 
one  dollar  per  barrel  the  cost  of  fuel  is  only  about  one- 
quarter  of  a  cent  per  kilowatt-hour  and  in  a  small  flour 
mill  in  which  Diesels  are  installed,  the  cost  of  fuel  per 
barrel  of  flour  runs  about  one  cent  with  oil  at  one  dollar 
per  barrel 

Diesel  engines  in  electric  plants  will  deliver  a  kilowatt- 
hour  on  three-quarters  of  a  pound  of  oil,  while  in  the 
best  steam  plants  (large  units)  where  oil  is  used  as  fuel 
under  the  boilers,  the  oil  consumption  per  kilowatt- 
hour  ranges  from  1]  to  13  pounds. 

One  of  the  most  promising 
fields  for  the  Diesel  engine  is 
marine  propulsion,  because 
the  weight  of  fuel  to  be  car- 
ried for  a  given  voyage  is 
only  about  one-third  of  that 
required  for  steam  vessels 
using  coal  as  fuel.  This 
means  an  increase  in  cargo 
space  of  approximately  twen- 
ty per  cent.,  a  much  smaller 
engine-room  crew  and  a  form 
of  fuel  that  can  be  much 
more  conveniently  handled 
and  stowed  than  coal  or,  if 
desired,  the  steaming  radius 
c.  G.  SPRADO  of  the   Diesel   ship   can   be 

made  much  greater  than  is 
possible  with  a  steam-driven  ship  without  carrying  an 
excessive  weight  of  fuel. 

The  weight  of  coal  for  a  steamship,  either  turbine  or 
reciprocating-engine  driven,  is  practically  three  times 
that  of  fuel  required  for  a  Diesel  engine  of  the  same 
power,  and  even  if  oil  were  burned  under  the  boilers  on 
the  steam-driven  ship,  the  weight  of  fuel  would  be  more 
than  double  that  required  for  the  Diesel-engine  ship. 

Diesei-driven  ships  of  any  size  should  be  fitted  with 
two  engines  and  twin  screws  as  is  customary  with 
steam-driven  ships,  but  it  is  especially  necessary  for 
the  larger  Diesel  ships  on  account  of  the  limitation  of 
the  size  of  engines  which  it  has  been  found  feasible 
to  construct  up  to  this  time. 

Owing  to  the  high  pressures  used  and  the  high 
temperatures  developed,  the  Diesel  engine  has  some 
limitations  as  to  size  and  up  to  the  present  time  has 
not  been  built  much  above  3000  hp.,  and  its  develop- 
ment above  this  power  will  probably  be  rather  slow, 
so  that  at  present  it  can  be  considered  only  for  plants 


of  moderate  size  or  for  large  plants  where  it  is  desii- 
able,  on  account  of  flexibility,  to  have  several  units. 

While  the  Diesel  engine  has  unequaled  economy,  its 
reputation  has  suffered  in  some  instances  from  being 
used  under  unsuitable  condition.s,  but  more  especially 
by  unskillful  handling.  Overenthusiastic  advocates  of 
the  Diesel  engine  have  injured  its  reputation  by  leading 
purchasers  to  believe  that  the  machine  was  "fool-proof" 
and  required  no  operating  skill;  but  as  a  matter  of 
fact,  in  return  for  its  very  high  economy  the  Die.sel 
engine  demands  a  certain  amount  of  attention  (such 
i\s  grinding  valves,  etc.)  at  the  right  time,  and  there 
are  instances  where  ab.solutely  duplicate  installations 
have  either  been  highly  successful  or  practical  failures, 
dependent  entirely  on  the  skill  of  the  operating  crew. 

The  Diesel  engine  is  practically  a  "maximum  rated" 
machine,  for  its  power  is  limited  by  the  volume  of  air 
compressed  in  the  main  cylinders,  as  the  amount  of 
oxygen  present  determines  the  quantity  of  oil  that  can 
be  given  perfect  combustion.  It  can  readily  be  seen 
that  on  this  account  Diesel  engines  are  limited  to 
small  overload  capacity  and  that  for  comparatively 
short  periods,  but  they  will  operate  with  relatively  high 
economy  on  lighter  than  maximum  loads. 

Like  all  moderate-speed  internal-combustion  engines, 
the  Diesel  has  a  relatively  high  first  cost  per  brake 
horsepower,  and  in  order  to  offset  this  there  has  been 
a  tendency  among  builders  to  over-rate  their  engines 
both  as  to  capacity  and  speed;  while  this  may  do  no 
harm  on  fluctuating  loads,  it  is  sure  to  give  un- 
satisfactory operating  results  on  continuous  heavy 
loads  such  as  marine  work,  pumping,  flour  mills,  etc., 
owing  to  overheating,  carbon  from  incomplete  combus- 
tion, etc. 

In  brief,  it  may  be  said  that  the  Diesel  engine  has  the 
limitations  of  all  internal-combustion  engines,  which, 
however,  are  not  serious  and  are  now  well  understood; 
and  because  of  its  superior  economy  and  ability  to  oper- 
ate on  any  kind  of  liquid  fuel,  it  may  be  confidently 
predicted  that  it  will  find  a  rapidly  widening  field  and 
will  continue  to  be  used  so  long  as  fuel  oil  is  obtainable 
at  any  reasonable  cost.  C.  G.  Sprado, 

Engineer  in  Charge  of  Gas  and  Oil  Engines. 
Allis-Chalmers  Manufacturing  Co. 

Milwaukee.   Wis. 

DR.  DIESEL  secured  his  first  patent  in  1893, 
and  the  first  successful  engine  was  put  in  oper- 
ation in  1897  in  a  match  factory  in  Germany. 
During  the  duration  of  the  original  Diesel  patents  the 
use  of  this  invention  was  mostly  limited  to  one  licensee 
in  each  of  the  pri/icipal  countries,  and  the  late  Adolphus 
Busch,  of  St.  Louis,  Mo.,  induced  by  the  late  Colonel 
Meier,  obtained  the  sole  right  for  this  country.  When 
the  original  patents  had  expired,  approximately  50,000 
hp.  in  Diesels  were  in  operation  in  this  country,  and  as 
by  this  time  their  economic  superiority  had  been  proved, 
a  large  number  of  manufacturers  here,  and  still  more 
abroad,  took  up  the  manufacture  of  this  engine. 
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It  has  often  been  asked  why  it  is  that  the  European 
countries  have  developed  this  engine  on  a  much  larger 
scale  than  this  country  has  done  it,  in  spite  of  the 
fact  that  oil  here  is  so  much  cheaper  than  in  Europe. 
Some  of  the  reasons  are  the  following:  Firstly,  coal 
is  much  cheaper  in  this  country  than  in  Europe; 
secondly,  the  steam  engine  is  much  cheaper  here  than 
in  Europe,  but  the  Diesef  engine  is  not  and  will  never 
be,  as  it  is  an  engine  of  high-class  material  and  skilled 
workmanship;  thirdly,  in  America  the  question  of  first 
cost  is  more  important  than  it  is  in  Europe  where 
economic  operation  and  the  greatest  possible  economic 
production  are  the  leading  and  cogent  features  in 
industry.  However,  our  easy  attitude  in  this  direction 
has  been  changed  more  or  less  through  this  war,  and 
we  also  will  in  the  future  be  compelled  to  watch  the 
economic  side  if  we  want  to  compete  in  the  world  mar- 
ket, particularly  at  the  present  rate  of  labor. 

A  great  deal  of  resourceful  study  and  work  of  this 
kind  is  bound  to  set  in.  Actual  figures  of  operation  of 
plants  in  Texas,  Arizona  and  other  Southern  States 
where  Diesel  engines  were  substituted  for  steam  plants 
showed  the  following  saving:  A  barrel  of  flour  was 
produced  at  H  to  13  cents  for  fuel  oil,  compared  with 
8  to  10  cents  and  more  for  steam;  and  water  pumped 
at  from  7  to  9  gal.  of  fuel  oil  per  100  water  hp.  against 
50  to  60  gal.  for  steam  plants.  Similar  remarkable 
results  have  been  obtained  in  ice  and  electric-power 
plants  and  with  marine  Diesels.  The  quoted  examples 
apply,  of  course,  in  the  same  measure  to  other  parts 
of  the  country.  Wherever  we  have  today  an  oil-fired 
boiler,  by  putting  in  a  Diesel  engine  only  one-third  to 
one^  fifth  of  the  fuel  will  be  required.  This  fact  is  at 
the  same  time  an  answer  to  the  fuel-oil  supply  of  the 
future,  since  we  can  on  this  basis  more  than  triple  the 
capacity  of  our  prime  movers  before  we  reach  again 
the  demand  of  fuel  under  present  conditions. 

At  the  present  time  we  are  most  interested  in  the 
question  as  to  whether  the  Diesel  engine  is  still  in 
its  experimental  stage  and  if  there  is  enough  experience 
available  to  guarantee  success  to  the  manufacturer 
when  he  enters  this  new  field.  The  latter  certainly 
must  be  answered  in  the  affirmative.  The  next  question 
is,  which  type  is  the  one  to  be  preferred?  The  writer 
claims  that  this  can  today  be  answered  definitely  on 
the  basis  of  failures  or  final  success  in  actual  operation. 
It  is  knowTi  which  types  have  failed  and  which  have 
met  with  indisputable  success  and  why.  Of  course 
there  still  remain  questions  to  be  solved,  but  as  a 
whole  it  can  be  said  that  competent  Diesel  engineers 
have  settled  down  to  certain  generally  recognized  stand- 
ards which  must  be  followed  if  a  successful  Diesel 
engine  is  expected.  This  applies  to  design,  construction 
and  operation. 

A  few  items  as  to  the  design,  which  have  become 
recognized  elements,  may  be  enumerated.  The  trunk 
piston  has  given  a  very  satisfactory  service  up  to  about 
16  in.  in  diameter;  for  larger  sizes  most  of  the  leading 
manufacturers  have  adopted  the  crosshead  type.  With 
about  this  size,  or  starting  perhaps  with  20  in.  in  diam- 
eter, water  cooling  of  the  piston  is  required.  The 
elements  that  demand  the  most  attention  as  to  design 
are  a  rigid  and  heavy  baseplate,  with  well-supported 
bearings,  and,  as  to  design  and  material,  it  is  the  piston, 
cylinder  liner  and  cylinder  head. 

In  the  writer's  opinion  the  future  development  of  the 
oil  engine  in  this  country  will  see,  up  to  200  or  300 


hp.,  at  the  most,  the  more  cheaply  constructed  hot-bulb 
engine  (not  Diesel)  prevailing  on  the  market;  from 
there  up  to  2000  or  3000  hp.  the  single-acting  four- 
cycle engine,  and  from  2000  hp.  upward  the  double- 
acting  two-cycle  type. 

The  single-acting  two-cycle  stationary  engine  in 
larger  units  has  met  so  far  with  little  success  except 
perhaps  under  particular  conditions,  where  the  full  rated 
capacity  has  never  been  called  upon  or  in  the  most  dur- 
ing a  very  short  interval  at  the  time  of  peak  load. 
Judging  by  single-acting  two-cycle  engines  which  the 
writer  has  watched  in  operation,  the  bearing  troubles 
— that  is,  the  continuous  one-sided  pressure — seem  to  be 
the  most  serious.  At  the  present  time  on  the  test  stand 
of  one  of  our  largest  companies  of  the  world  a  single- 
acting  marine  Diesel  of  about  2600  hp.  is  being  sub- 
mitted to  the  severest  test  in  order  to  study  these 
various  questions,  and  we  engineers  must  congratulate 
any  company  that  is  willing  to 
do  such  pioneer  work  and  we 
may  hope  that  this  engine  will 
show  up  in  actual  sea  opera- 
tion better  than  other  Euro- 
pean types  of  this  class  have 
done.  It  has  been  reported  that 
Sulzer  Bros.,  of  Switzerland, 
have  recently  had  great  suc- 
cess with  this  type  of  engine, 
but  it  still  remains  to  be  seen 
how  they  will  stand  up  in  con- 
tinuous operation. 

Another  novelty  in  this  line 
is  the  solid-injection  engine, 
which  type  is  still  too  new  for  h.  schreck 

one  to  express  any  definite  opinion  one  way  or  the  other. 
It  only  may  be  said  that  the  tests,  so  far  carried  on  w4th 
it,  entitle  one  to  exi>ect  a  great  future  for  it,  which  is 
all  the  more  to  be  hoped,  as  it  simplifies  the  Diesel  and 
makes  it  a  cheaper  engine. 

It  might  be  of  interest  to  mention  the  limit  that 
has  been  reached  so  far  as  to  size.  Sulzer  Bros,  have 
built  stationary  two-cycle  engines  of  about  4000  hp. 
each,  with  cylinders  of  29.92-in.  bore;  the  "Bullaren," 
built  in  Sweden,  has  two  six-cylinder  four-cycle  engines 
of  29i-in.  bore;  the  "Glenapp,"  built  in  England,  has 
two  eight-cylinder  four-cycle  engines  of  29i-in.  bore; 
and  the  Engine  Works  of  Nuremberg,  Germany,  have 
probably  by  this  time  finished  and  delivered  their  three- 
cylinder  double-acting  two-cycle  engine  of  31J-in.  bore. 

From  these  figures  it  would  seem  that  about  30-in. 
cylinder  bore  is  the  limit  to  which  one  can  go  safely. 
Going  to  a  still  larger  cylinder  bore  increases  the 
difficulty  of  transmitting  sufficiently  the  excessive  heat 
through  the  cylinder  walls,  and  with  a  larger  size  we 
are  going  into  the  experimental  region  of  the  Diesel 
engine.  Schneider  &  Cie.,  of  France,  have  been  running 
for  some  time  on  the  test  stand  a  single-cylinder  two- 
cycle  unit  of  39g-in.  bore  which  is  developing  1200  hp. 
in  this  one  cylinder.  As  far  as  the  construction  of 
larger  engines  in  this  country  is  concerned,  it  can  be 
stated  that  only  two  companies  have  under  construction 
four-cycle  engines  whose  cylinders  are  of  28  and  30-in. 
bore,  respectively,  which  is  about  250  to  300  hp.  per 
cylinder.  H.  Schreck, 

Chief  Engineer  Diesel  Engine  Department, 
Whittelsey  &  Whittelsey,  Naval  Architects. 

New  York  City. 
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1'MIK  first  intornal-oombustion  onprinc  was  dcsiRiied 
to  usp  gnu  for  fuol.  and  *Jft  per  cent,  of  the  cnRincs 
of  today  are  k'""*  enK'nes  tryinj;  to  run  muitcsh- 
fiilly  on  liquid  fuel  more  or  le«8  imperfectly  gHHittcd  by 
aton\i/ati()n  and  heat. 

So  used  to  Ka«  engines  are  both  the  builders  and  the 
ultimate  users  that  a  chanpc  from  thi.s  type  of  prime 
mover  to  a  type  using  fuel  which  will  not  gasify  by 
induction  seems  such  a  radical  innovation  and  a  hercu- 
lean task  that  builders  of  automotive  engines  hesitate 
to  start  such  a  departure,  yet  practically  every  concern 
building  large  gas  engines  is  getting  into  the  heavy-oil 
type. 

But  the  advantages  of  engines  using  fuel  or  crude 
oil  as  found  in  nature  over  that  type  of  engine  which 
must  have  volatile  hydrocarbon  fuels  to  work  success- 
fully, are  .so  great,  even  if  the  price  of  fuels  were  not 
taken  into  consideration,  that  in  the  writer's  opinion 
self-igniting  constant-compression'  heavy-oil  engines 
even  for  automotive  purpo.ses  will  become  standard  and 
a  universally  used  type  much 
sooner  than  the  most  op- 
timistic expect.  While  large 
fuel-oil  engines  have  been  in 
successful  operation  for 
years,  some  running  contin- 
uously for  six  months  at  a 
time  without  a  shutdown, 
builders  of  automobile  en- 
gines, whose  output  exceeds 
the  output  of  the  manufac- 
turers of  all  other  prime 
movers,  are  still  making  the 
original  gas  engine  with  its 
low,  inefficient  compression 
and  complicated  ignition  sys- 
c.  E.  SARGENT  tem,  Until  now  the  price  of 

volatile  hydrocarbons  has  in- 
creased 600  per  cent.  On  account  of  the  variable  disas- 
sociation  characteristics  of  the  volatile  fuels  now  ob- 
tained by  intensive  distillation,  explosion  pressures  in 
gas  engines  often  reach  twice  the  maximum  pressure  ob- 
tained in  the  cylinder  of  a  high-compression  fuel-oil  en- 
gine, so  the  question  of  weight  and  strength  is  in  a  sense 
automatically  solved  by  the  light-weight  variable-com- 
pression engines  withstanding  these  excessive  pressures. 
As  efficiency  increases  with  compression  in  any  in- 
ternal-combustion engine  and  as  the  compression  of 
gas  engines  which  compress  a  combustible  mixture  is 
limited  by  the  critical  pressure  of  preignition,  the 
heavy-oil  engine  compressing  pure  air  from  five  to 
eight  times  higher,  naturally  delivers  a  horsepower  on  a 
smaller  number  of  heat  units  per  hour. 

The  present  standard  automotive  gas  engine,  of 
which  millions  are  in  operation  every  day  of  the  year 
on  account  of  a  limited  compression  must  have  an  in- 
tricate, complex  (and  often  defective)  ignition  system 
to  start  the  inflammation,  while  heavy-oil  engines  with 
high  compression  automatically  provide  the  heat  for 
ignition. 

While  the  ordinary  gas  engine  at  full  load  is  about 
two-thirds  as  efficient  as  the  heavy-oil  type,  yet  the 
method  of  controlling  the  speed  and  load  by  varying 
the  quantities  of  the  constant  mixture  induced,  is  as 
inefficient  as  throttling  a  steam  engine  to  reduce  the 
mean  effective  pressure. 

Constant-compression  engines  using  a  liquid  fuel  the 


<iuiintity  of  which  varies  with  the  load  will  eventually 
supersede  variable-compression  gas  engines  with  com- 
plicated gas-making  attachments  if  thermal  efficiency 
is  taken  into  consideration  and  Himplicity  and  relia- 
bility are  to  be  desired. 

The  company  with  which  the  writer  is  connected 
is  building  one-  to  six-cylinder  heavy-oil  engines  from 
ten  to  one  thousand  horsepower  and  expects  eventually  to 
furni.sh  heavy-oil  engines  for  trucks,  tractors  and  auto- 
mobiles which  will  fit  in  standard  chassis,  as  well  as 
larger  engines  for  all  purposes  of  the  most  exacting 
conditions,  including  reversing  marine  and  power-plant 
units.  C.  E.  Sargent, 

Chief  Engineer,  Midwest  Engine  Co. 

Indianapolis,  Ind. 

AT  THE  present  time  probably  all  reputable  manu- 
/-\  facturers  of  stationary  oil  engines  have  sufficient 
J.  \.  orders  on  their  books  to  keep  them  busy  for 
six  months  or  a  year  to  come.  This  great  volume  of 
business  at  the  pre.sent  time  is  to  some  extent  due  to 
the  fact  that  many  large  users  of  oil  engines  for  one 
reason  or  another  did  not  make  the  usual  enlarge- 
ments to  their  equipment  during  the  period  of  the 
war.  and  now  that  labor  is  more  plentiful  the  increase 
in  their  business  has  necessitated  this  action.  The 
outlook  for  future  oil-engine  business  is  encouraging 
and  may  be  still  more  so  as  prices  of  raw  materials 
decrea.se.  As  long  as  .skilled  labor  demands  the  high 
rates  now  existing,  the  price  of  the  finished  oil  engine 
cannot  be  much  decreased. 

Great  developments  and  improvements  have  been  ef- 
fected in  oil  engines  in  the  last  ten  or  fifteen  years, 
with  regard  to  reliability  in  operation  and  also  as  to 
economy  of  fuel.  The  guarantee  of  0.9  lb.  of  fuel  made 
fifteen  years  ago  is  now  reduced  to  0.45  or  J  lb.  per 
b.hp.  per  hour,  which  is  made  by  many  concerns  both 
with  the  hot-surface  type  and  Diesel  oil  engines.  While 
the  earlier  engines  could  burn  only  the  lighter  fuels, 
today  the  guarantees  already  mentioned  are  made  when 
using  any  fuel  or  crude  oil  produced  in  the  United 
States  or  Mexico.  Many  oil  engines  have  operated  con- 
tinuously day  and  night  for  six  and  eight  months  at 
full  load,  which  is  a  sure  proof  of  their  reliability. 

In  the  larger  sizes,  say  from  500  to  1000  hp.,  where  a 
highly  skilled  attendant  can  be  in  charge,  the  full  Diesel 
type  of  engine  has  many  advantages  and  probably  will 
be  favorably  considered  by  prospective  purchasers.  In 
sizes,  say,  from  25  to  500  hp.,  the  hot-surface  type,  with 
its  lower  range  of  pressures  and  greater  simplicity  of 
construction,  will  find  favor.  For  land  installations, 
except  where  local  conditions  such  as  water  and  relative 
cost  of  fuels  favor  the  oil  engine,  plants  of  over  1000 
hp.  may  find  competition  of  the  steam  turbine  not  in- 
considerable. 

The  oil  engine,  on  account  of  its  high  first  cost,  is 
essentially  a  prime  mover  which  shows  to  the  greatest 
advantage  when  operating  with  a  maximum  horsepower- 
hour  output  per  year.  It  is  also  supreme  in  positions 
where  only  a  bad  quality  of  water,  unsuitable  for  boiler 
use,  is  available,  and  its  economy  is  most  prominently 
set  forth  where  all  fuels  are  at  a  high  cost.  For  land 
purposes  the  horizontal  type,  on  account  of  its  greater 
accessibility  for  inspection  and  repairs,  is  most  favored. 
The  vertical  type,  for  marine  installations  or  for  places 
where  floor  space  is  restricted  and  where  sufficient 
headroom  is  also  available,  is  employed. 
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There  is  a  tendency  to  develop  "solid  fuel"  injection 
with  some  Diesel  types,  thus  eliminating  the  high- 
pressure  air  and  three-stage  air  compressor.  In  the 
hot-surface  type  the  tendency  of  improvement  which 
the  company  that  the  writer  is  connected  with  has  fol- 
lowed is  the  production  of  an  oil  engine  having  a  high 
efficiency,  equal  to  that  of  the  Diesel,  but  with  com- 
paratively low  compression,  and  also,  of  course,  with 
"solid  fuel"  injection.  A.  H.  GOLDINGHAM, 

Mechanical  Engineer,  De  La  Vergne  Machine  Co. 

New    York  City. 

Reversing  Field  Connections  of 
Compound  Generator 

By  B.  a.  Briggs 

When  the  field  coils  of  a  generator  are  connected  so 
that  their  magnetomotive  force  opposes  that  of  the  re- 
sidual magnetism  in  the  polepieces,  the  machine  cannot 


brush  gear,  and  in  many  cases  the  armature  leads  can- 
not be  crossed. 

The  best  solution  of  the  problem  is  obtained  by  shift- 
ing the  brushes  from  one  neutral  position  to  the  next, 
which  means  that  the  brushes  will  be  shifted  90  deg. 
on  a  four-pole  machine,  60  deg.  on  a  six-pole  machine, 
etc.  A  comparison  of  Figs.  1  and  2  will  make  clear  this 
idea.  The  brushes  in  Fig.  2  have  been  shifted  clock- 
wise around  the  commutator  60  deg.  from  that  in  Fig. 
1.  This  will  reverse  the  current  through  the  field  wind- 
ings of  Fig.  2  and  is  the  equivalent  of  crossing  the  leads 
of  both  field   windings   in   Fig.   1. 

In  a  plant  where  the  generator  had  been  moved 
from  one  location  to  another,  difficulty  was  experienced 
in  getting  the  machine  into  service.  An  electrician 
was  called  in  and  found  that  the  generator  would  come 
up  to  full  voltage,  but  that  when  the  load  was  thrown 
on  the  voltage  dropped  about  fifty  volts,  indicating  that 
the  shunt  and  series-field  windings  were  in  opposition. 
The  first  solution  suggested  was  to  cross  the  series- 


FIG.  1.  DIRECT-CURRENT  GENERATOR  SHOWING  NORMAL. 
POSITION    OF   THE    BRUSHES 


FIG.  2.  DIRECT-CTJRRENT  GENERATOR  BRUSHES  SHIFTED 
TO    REVERSE    THE    POLARITY 


build  up  its  voltage.  Not  infrequently  the  statement 
is  made  that  the  remedy  for  this  condition  is  to  "cross 
the  field  connections."  In  a  shunt  machine  this  can 
generally  be  easily  done,  and  as  far  as  the  shunt  wind- 
ing in  a  compound  machine  is  concerned  the  foregoing 
is  always  true.  But  in  the  compound  generator,  to 
keep  the  series  winding  the  same  polarity  as  the  shunt, 
the  leads  of  the  former  must  also  be  crossed  if  this  is 
possible.  However,  if  the  machine  is  of  100-kw.  capac- 
ity or  above,  it  not  infrequently  happens  that  the  series- 
field  leads  are  heavy  copper  bars  brought  to  terminal.^, 
as  shown  in  Fig.  1,  which  makes  it  impossible  to  cross 
these  leads. 

If  it  is  necessary  to  cross  the  field  connections  for 
the  machine  to  build  up,  the  shunt  connections  can  be 
crossed  and  the  generator  will  come  up  to  voltage,  but 
if  the  field  windings  are  in  opposition  when  the  load  is 
thrown  on,  the  voltage  will  decrease  very  rapidly  as  the 
load  increases,  owing  to  the  demagnetizing  effects  of  the 
series-field  winding. 

It  may  be  possible  to  cross  the  armature  connection 
instead  of  the  field.  If  this  can  be  done,  the  machine 
will  come  up  to  voltage  and  the  field  windings  will  have 
the  correct  polarity.  But  at  the  best  this  generally  re- 
sults  in   a  bad   arrangement  of  the  leads   around   the 


winding  leads.  However,  this  could  not  be  done  as  they 
were  made  of  copper  bars,  as  in  the  figures,  and  it  was 
not  until  after  considerable  effort  that  the  proper  solu- 
tion was  discovered.  This  was  to  shift  the  brushes 
from  one  neutral  to  the  next,  which  left  the  machine  so 
that  it  could  not  build  up.  Then  by  crossing  the  shunt- 
field  leads  the  machine  came  up  to  voltage  with  the  field 
winding  the  correct  polarity  and  was  put  into  service 
without  any  further  trouble. 

The  cause  of  the  difficulty  was  that  the  machine  had 
been  dismantled  to  move  it  and  when  reassembled  the 
brushes  had  been  shifted  around  the  commutator  the 
space  betw^een  two  adjacent  sets  of  brushes.  When  this 
was  done,  the  machine  would  not  build  up;  then,  to 
remedy  this,  the  shunt-field  winding  was  crossed,  which 
allowed  the  generator  to  come  up  to  voltage  but  left  the 
field  windings  in  opposition.  No  doubt  the  trouble 
would  have  been  rectified  by  crossing  the  series-field 
lead,  if  this  could  have  been  done,  without  the  true  cause 
even  being  discovered,  but  in  this  case  the  heavy  cop- 
per-bar terminals  prevented  applying  this  remedy. 


The  water  removed  from  crude  oil  by  electrical  de- 
hydration is  of  considerable  value,  for  much  of  it  is  of 
such  character  as  to  be  available  for  boiler  feed. 
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Operat/on  a^TYo/twood 

^         RECORD    KEEPING 

FORMS a//r/ FOLLOW-UPS         " 

/v- 

C/tur/cs  //  liromley 

DesrriheK  xnme  of  the,  principal  record  forms 
used  nt  Holtu'ood.  II  jV;  likely  that  many  en- 
gineers will  find  siif/f/estinn.s  of  value  in  this  de- 
Kcription  of  the  Holtwood  record  fornm. 


COPE  of  the  Holtwood  Records — The  purpose  of 
record  keeping  at  Holtwood  is  to  have  before 
the  chief  operator  a  complete  record  of  operation; 
of  cleaning  and  inspection 
of  all  equipment,  hydraulic 
and  electrical;  of  mainte- 
nance, that  is,  repairs  done 
and  to  be  done;  of  troubles 
and  interruptions;  of  the 
estimated  and  actual  river 
flow,  together  with  condi- 
tions of  tied-in  steam  re- 
serve stations  and  of  load 
demands  to  facilitate  load 
dispatching.  While  the  re- 
ports, charts  and  follow-up 
forms  are  numerous,  their 
use  is  made  convenient  by 
having  thte  much-used 
forms — as  for  example,  the  electrical  cleaning  progress 
sheet  and  the  electrical  and  hydraulic  maintenance 
progress  charts — mounted  in  glass-front  cases  on  the 


The  large  hydro-rlectric  station  of  ihr  Pi-iin- 
.sylvania  Water  and  Power  Co.  is  at  Holtwood. 
on  the  Susauehanna  River  about  twenty-five 
miles  from  Lancaster,  Penn.,  and  about  forty 
miles  in  an  air  line  from  Baltimore.  jMd.  The 
power  house  and  dam  are  of  concrete  con- 
struction, the  dam  being  2370  ft.  long  and  ^3 
ft.  high,  with  a  base  width  of  65  ft.  The  capac- 
ity of  the  station  is  1 18,500  hp.  in  eight  units, 
five  of  13,500  hp.  each  and  three  of  17,000 
hp.  each.  Electricity  is  generated  at  11,000 
volts  and  transmitted  at  70,000  volts.  For 
further  construction  details  see  article  by  the 
author,  "Power"  May  13,  1913. 


wall.  All  reports,  records  and  charts  are  bound  in 
loose-leaf  books  and  kept  in  metal  filing  cabinets  in  the 
chief  operator's  office,  where  they  are  often  referred  to. 

The  Station  Log  Sheet 
— The  daily  report  or  sta- 
tion log.  Fig.  1,  will,  upon 
studying  it  a  little,  be  seen 
to  be  thorough  yet  not  bur- 
dened with  unnecessarj' 
items.  The  main  electrical- 
connections  diagrams  on 
the  log  sheet,  one  diagram 
for  each  watch,  is,  so  far 
as  the  writer  knows,  origi- 
nal with  Holtwood.  The 
operator  going  off  watch  in- 
dicates in  red  ink  on  the 
diagram  what  oil  switches 
and  other  connections  are 


closed  or  open.  In  the  event  of  disturbances  or  inter- 
ruptions the  inked-in  connections  have  shovim  them- 
selves of  value  in  settling  disputes,  which  at  times  ari.se. 
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FIG.   1.      FACSIMILE  OF  THE  DAILY  LOG  SHEET  USED  IN  THH  HOLTWOOD 


May  20,  1919 


POWER 


771 


Pennsylvania  Water  &.  Power  Co. 

"" 

lO.O 

;.r:. 

SISNtD. 

o 

o 

""■"' •"•'■"••" 

e                                              t-CUoM  or  Ab«u.i<»l  Stum  0<H(>Iloa 

""•""" 

"~~ — ■                p-r             r  "" 

'-'■■'*'  1^"                                  »— 

-^'r:.:^' ^ -^ 

^"'rJ',T^"" 

'-u.i"     =-:£.-j 

_,  :_j:::__.:i:H:j 

-|-  -:-^^  =  = 

«-l..™„, 5    i                       j 

•"k"'!-.   s  =  - 

rw«     ^1      Q^|°°  1 — [ —        ^"    "       j  " 

H.,-™,                                                    '-_,-_ 

'^- "  .            „E    -!-  =  IM-!  i-f  1"!  1"  f-N-  i 

'•"-"•                                              „    -:         -      - 

-  ;_3  ;  =^  =G:-::.  --. 

T     ,     -^  :  __  = 

u.  ..,„                 ]■  '        1        ,.=  =  =-- 

-.     ^--t[  -    -      =    --       -     =    :     - 

-T  -_ 

70  E=P'' 

^^^-^t=;r_.f_Lj  q-;:-]f  _ 

3^-==jF    -  z-'  = 

*-!.(. „„N0(„ ^    =   =^ 

^.    ,„,,...                                                            ^ 



a 

HOLTWOOD  OPERATING   SHEET 


FIG'.  2.   SKRVICK  INTERRUPTION  REPORT 


PIG.  3.  DETACHABLE  END  OF  THE  DAILY  LOG  SHEET 


Notice  that  the  megawatts  instead  of  watts  are  en- 
tered on  the  sheet.  This  is  done  to  save  writing  in  a 
great  number  of  ciphers  each  day.  The  switchboard 
operators  and  machinemen  will  tell  you  how  they  ap- 
preciate the  use  of  "megawatts." 

The  right-hand  end  of  the  log  sheet,  shown  in  Fig.  3, 
is  detachable  and  punched  for  insertion  in  the  filebook. 


The  load  curve  and  the  curve  of  the  power-house  draft, 
as  computed  hourly  from  the  turbine-efficiency  charts 
by  the  operator,  are  plotted  on  the  sectioned  part  of  the 
sheet;  the  time  that  each  main  unit  is  in  service  is 
indicated  by  lines  at  the  top  of  the  sectioned  portion 
drawn  against  hours.  The  electrical  transmission  sys- 
tem covers  a  wide  area,  and  much  of  it  is  in  a  hilly 
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(ouiitry  whore  t'loctrii-Hl  storms  sometitiu'.s  lit'conic  vi- 
olent. Wht'tluT  at  Holtwood  or  iit  the  various  sut)- 
stfttion.",  .sloam  .stations  or  alorij;  the  tninsmissioii  rijrht- 
of-'vay,  slet't  and  storm  warnings  aro  imnu-diatcly  re- 
ported to  Holtwood. 

Notice  that  the  river  eiierjry,  that  is,  the  number  of 
kilowatt  hours  available  from  the  river  flow,  al.so  the 
leakape  through  the  flashboard.s,  and  overflow,  arc  re- 
corded.   The  "K.W.  K(iuivalent"  item  calls  for  the  num- 
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y\C,.    1.      MIMKOCKAPHED  I'ORMS  I'SBD    HY  THE  CREW  IN  TAKI.NO   READINOS 


iiiK  instriiclioiis.  etc.,  are  made  more  systematic.  When 
II  phone  rinRs,  before  removing  the  receiver  the  opera- 
tor Himply  .says  the  time;  then  after  removing  the  re- 
ceiver he  Kives  the  name  of  the  station  an<l  of  himself, 
repeats  then  the  message  to  the  person  who  K"ve  it 
and  }?ives  his  answer  to  the  ([uestion.  The  per.son  on 
the  other  end  of  the  line  repeats  the  an.swer  and  the 
operator  confirms  the  correctness  of  the  other  man's 
understanding  by  the  word  "Kijrht."  With  one  opera- 
tion the  conversation  is  re- 
HoiLood,  p..  corded  with  no  Kuesswork  or 

uncertain  recollection  of  what 
was  said,  as  the  operator 
can  place  the  reproducer  in  re- 
peating position  and  have  the 
time  and  conversation  re- 
peated to  himself. 

Repeating  of  all  mes.sages 
over  the  phone,  including 
orders  given  verbally  to  as- 
sistants, etc.,  was  Holtwood 
practice  even  before  the  use 
of  the  dictaphone,  so  that 
no  additional  time  is  required 
for     the     recording    of    the 


ber  of  kilowatt-hours  pro- 
duced per  cubic  foot  of  water. 
The  forms,  Figs.  4  and  5, 
were  developed  by  the  switch- 
board operators  to  facilitate 
taking  readings  of  the  many 
meters.  These  forms  are 
mimeographed  and  used  by 
the  men  when  taking  meter 
readings,  which  later  are 
transferred  to  the  station  log. 
There  is  many  a  plant  that 
might  advantageously  follow 
Holtwood's  practice  in  the  use 
of  these  mimeographed  sheets 
instead  of  furni.shing  the  men 
with  scrap  paper. 

Service  -  Interruption  Re- 
ports— Fig.  2  shows  the  serv- 
ice-interruption report  form. 
These  are  in  three  colors: 
Blue  for  troubles  originating 
at  Holtwood  station;  buff  for 
the  transmission  lines  and 
substations;  white  when  the 
cause  originates  with  the  cus- 
tomer. Going  hand  in  hand 
with  these  reports  and  at- 
tached thereto  for  transmittal 
to   the  chief  operator   is   the 

service-interruption  diagram.  Fig.  8,  which  needs  no 
explanation.  The  trouble  report  used  in  the  station  is 
shown  in  Fig.  7.  Notice  that  the  trouble  is  reported 
in  detail  so  that  the  information  may  be  available  for 
transfer  to  the  Machinery  Record,  Fig.  9. 

Dictaphone — Another  verj'  interesting  feature  of  the 
semipermanent  operating  records  at  Holtwood  is  the 
use  of  a  dictaphone.  Dictaphones  have  been  used  at 
the  power  house  and  at  the  principal  substation  in 
Baltimore  since  1914  as  a  result  of  a  suggestion  made 
by  one  of  the  company's  operators.  With  the  aid  of  a  dic- 
taphone, the  giving  and  receiving  of  messages,  operat- 
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JII.MEOGRAPHED   DATA   SHEET    USED   BY   CREW    IN   TAKING    READINGS 

conversations  on  both  ends.  However,  at  present  a 
further  improvement  in  this  respect  is  contemplated  by 
the  use  of  a  vacuum  tube  in  the  receiving  apparatus  that 
would  energize  a  loud  speaking  telephone  connected  di- 
rectly to  the  dictaphone  instrument. 

The  following  is  from  a  typical  dictaphone  record  of 
conversation  between  the  operator  at  Holtwood  and  the 
substation  at  Highlandtown ;  record  started  4:09  p.  m., 
Mar.  31,  finished  4:58  p.  m.,  Apr.  1. 

"Mar,  31:  5:  10  p.m.  Holtwood;  Harvey:  Willie,  our 
capacity  will  probably  be  reduced  to  65,000  over  night 
due  to  work  on  the  restoring  mechanism  of  No.  5  unit 
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governor.  That's  right.  [The  man  at  Highlandtown 
has  repeated  the  sentence.]  We  are  not  sure  you  see 
-No.     I'll  let  you  know  if  we  want  stand-by;  we 


maximum   capacity   is   20,500 — 10,000   available  on   six 
})oilers,  otherwise  the  same. 
To  the  Patrol  Chief:    4:46  p.  m.  Holtwood;  Harvey: 
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ed  to  restore  normol  service  cafter  interruption 
Signed—  Operator 
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FIG.    6    (TOP).      GRAPHIC   MONTHLY   RECORD   OP  INSPEC- 
TION AND  CLEANING  OP  ELECTRICAL  EQUIPMENT 
PIG.  7  (BOTTOM).     FACSIMILE  OF  THE  TROUBLE  REPORT 

ought  to  be  able  to  go  through  0.  K.  without  it.  I'll 
call  you.    All  right. 

"5:50  p.  m.  Holtwood;  Harvey:  Our  capacity  is  now 
75,000.    No.  5  unit  is  ready  for  service.    That's  right. 

"Apr.  1:     12:12  a.m.  Holtwood;  Shaub:  Westport's 


FIG.  8  (TOP).  GRAPHIC  REPORT  OF  ELECTRICAL. 

INTERRUPTIONS  ;  NOTE  THE  SYMBOLS  USED 

FIG.  9  (BOTTOM).   THE  MACHINERY  RECORD  FORM 

Parker  at  tower  360.  Right.  No.  1  is  clear  and  ready 
for  service  as  far  as  your  work  is  concerned.  All 
right.  I'll  report  you  clear  on  No.  1  circuit,  time  4:47. 
Right." 

When  a  record  cylinder  is  filled,  it  is  removed  from 
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the  maiuliel  and  a  new  one  is  put  in  its  place.  If  there 
i.«*  anything  of  particular  interest  recorded  on  a  cylinder, 
it  is  marked  "Important"  and  is  saved  for  ten  days;  if, 
at  the  expiration  of  this  lime  there  is  no  controversy 
al)t)ut  any  of  the  converstation  on  the  record,  it  its  uhttved. 


any  particular  troulile,  iait  also  pavintr  the  way  Home- 
times  for  further  improvements. 

Machinery  Record  Sheet — One  of  the  forms  that  moHt 
impressed  the  writer  is  the  machinery  record  sheet, 
Fig.  d.     This  particular  aheet  in  typical  of  the  record 
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FIG'.    10    (TOP).      PACKING   DATA   SHEET  USED   AT    HOLTWOOD 

A  large  quantity  and  wide  variety  of  packing  is  used.     This  sheet   serves  not  only  as  a  record  of  packing  sizes  and  number  of  rings 

required  for  the  different  stuffing-boxes,  but  more  important,  gives  the  life  of  each  kind  of  packing  used 

FIG.   11    (BOTTOM).      PROGRESS   CHART  OF   HYDRAULIC    IXSPECTION 
The  completed  regular  inspections  are   indicated   by  writing  the    date  in  the  space  opposite  the  name  of  the  apparatus. 


As  a  rule  the  records  from  the  power  house  and  sub- 
station referring  to  all  abnormal  operating  events  or 
disturbances  are  transcribed  at  the  office.  They  furnish 
a  valuable  adjunct  in  the  analysis  of  all  disturbances, 
showing  not  only  to  what  extent  the  operating  attend- 
ants displayed  precision  and  good  judgment  in  handling 


kept  of  al!  machinery  worth  recording.     The  value  of 
the  form  is  obvious. 

At  Holtwood  cleaning  of  equipment,  hydraulic  and  elec- 
trical, is  assigned  to  particular  men,  and  such  assign- 
ments are  listed  and  posted  on  the  station  wall  in  a  Rand 
visible  index,  thus  arguments  among  the  men  as  to  who 
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will  ilu  Ihia  tuul  do  that  never  happen;  instvud,  equip- 
ment in  i)roperly  cleaned.  Deflnito  ussijrnment  of  oarinK' 
for  apparatu.s  fiirni.shea  ijuite  an  incentive  to  individual 
nicniliers  of  the  force  to  make  a  creditable  showing 
within  the  Hjjhcre  of  their  res^pon.sibility  no  matter  how 
small  the.>*e  duties  may  be. 

Kspecial  attention  is  given  electrical  apparatus.  A 
cleaning  progress  chart,  or  list  on  which  every  piece  of 
electrical  apparatus  is  designated,  together  with  dates 
and  names  of  men  assigned  to  clean  particular  ap- 
paratus, is  inclosed  in  a  glass-front  case  on  the  wail 
(.see  the  headpiece).  As  each  apparatus  is  periodically 
cleaned,  tlie  date  is  entered  and  the  name  of  the  ap- 
paratus checked  off.    Fig.  (3  shows  the  graphic  monthly 


FIG.   14.     SWITCHBO.\RD  OPERATOR  GIVING  INSTRUCTION 

TO  SUBSTATION  BY  'PHONE 

His  conversation  is  recorded  on  the  dictaphone.     Note  the  watch 

hanging:  on  the  front  (left)  of  the  dictaphone. 

record  of  inspection  and  cleaning  of  electrical  equip- 
ment. Notice  that  current  inspections  are  indicated  in 
red  ink  and  delayed  inspections  in  black  ink. 

Progress  Chart  of  Hydraulic  Inspection — Fig.  11 
shows  one  of  the  progress  charts  of  inspection  of  hy- 
draulic machinerj'.  The  key  to  the  various  rectangles  is 
given  on  the  chart.  Thus  some  machinery  is  to  be  in- 
spected annually,  others  every  six  months,  some  every 
four  and  others  every  three  months. 

As  each  called-for  inspection  is  made,  the  date  is 
written  in  the  corresponding  rectangle. 

The  Yearly  Work  Schedule — Of  all  the  forms  used 
at  Holtwood,  the  writer  believes  that  the  yearly  work 
schedule  holds  first  place  in  point  of  value  as  related  to 
maintenance  and  operation.  This  schedule  chart  is 
shown  in  Fig.  12;  notice  that  it  applies  to  the  whole 
station — to  electrical  and  hydraulic  equipment. 

When  the  job  called  for  is  done,  the  corresponding 
circle  is  inked  in  in  red;  if  half  done,  half  the  circle 
is  inked  in. 

Delray  Station  To  Be  Revamped 

Plans  have  been  perfected  by  the  Detroit  Edison  Co. 
for  the  installation  of  a  new  30,000-kw.  unit  in  plant 
No.  2  at  Delray.  To  receive  it,  an  extension  will  be  made 
to  the  turbine  room  and  a  new  switchhouse  will  be  built. 
Work  on  the  foundations  has  started  already,  and  it  is 
thought  the  unit  will  be  ready  for  service  some  time 
next  winter.  At  the  present  writing  plant  No.  1  can 
carry  a  maximum  load  of  40,000  to  44,000  kw.  and  in 
plant  No.  2  the  ultimate  capacity  is  62,000  kw.,  made 
up  from  four  machines,  three  having  a  nominal  rating 
cf  14,000  kw.  each  and  the  fourth,  15,000  kw.     By  the 


addition  of  the  new  unit  and  with  nwre  economical  load- 
ing of  the  older  machines,  the  Delray  stationH  will  carry 
handily  130,000  kilowatts. 

It  .so  happen.H  that  Delray  is  long  in  boilerH,  or  will 
be  when  the  new  unit  is  installed,  owing  to  its  low  water 
rate,  .mo  that  instead  of  installing  a  suflicient  number 
cf  boilers  to  carry  the  new  unit,  it  will  bo  neces.sarv 
to  add  only  two  1300-hp.  Stirling  boilers  of  the  same 
type  as  the  2:]f).')-hp.  boilers  that  have  long  made  this 
plant  a  leader  in  steam  generation.  This  is  explained 
by  the  fact  that  the  new  unit  will  carry  20,000  kw.  on 
the  .same  quantity  of  steam  required  by  a  14,000-kw. 
machine.  Then  by  adding  sufficient  boiler  capacity  to 
carry  10,000  kw.,  the  load  considered  normal  for  one 
of  the  large  boilers  or  the  two  new  boilers,  ample  pro- 
vision has  been  made  for  the  30,000-kw.  unit. 

It  is  the  plan  to  remove  two  of  the  older  machines 
eventually,  one  14,000-kw.  and  one  15,000-kw.,  to  make 
room  for  another  30,000-kw.  unit,  and  finally  to  substi- 
tute a  third  large  unit  for  the  two  oldest  machines 
remaining. 

Delray  revamped  will  be  a  refinement  of  Connors 
Creek  practice.  The  new  G.  E.  unit,  rated  at  30,000  kw. 
will  generate  three-phase  60-cycle  12,200-volt  current, 
the  steam  conditions  being  200  lb.  pressure  and  200  deg. 
of  superheat,  and  the  speed  1800  r.p.m.  The  generator 
leads  will  be  tied  solidly  to  the  low-tension  terminals  of 
a  three-phase  compensator-type  12,200-  to  24,400-volt 
transformer.  This  will  feed  through  single-conductor 
cables  carried  underground  to  the  machine  switches 
located  in  the  switchhouse  which  is  being  built  at  the 
north  end  of  the  Delray  site.  There  will  be  no  main 
switching  done  in  the  power  house  proper. 

On  the  steam  end  the  condenser  auxiliaries  will  be 
driven  by  direct-current  motors  to  insure  a  wide  range 
of  speed  variation  and  convenience  of  operation.  To 
effect  a  heat  balance,  the  plant  will  be  provided  with  an 
auxiliary  turbine  e.xhausting  into  a  heater  condenser. 
To  conform  with  the  motors,  the  generator  will  be  a 
direct-current  machine.  Sturdiness  and  simplicity  of 
control  are  the  reasons  assigned  for  the  choice  of  direct- 
current  apparatus. 

As  the  energy  required  by  the  auxiliaries  is  not  at 
all  times  proportional  to  the  load  on  the  main  gener- 
ator, there  will  be  times  when  the  auxiliary-power  de- 
mands, if  supplied  entirely  by  the  auxiliary  turbine, 
would  involve  an  excess  of  exhaust  steam — more  than 
enough  to  heat  the  condensate  from  the  main  unit.  At 
other  periods  the  conditions  may  be  reversed.  To  meet 
this  situation,  a  synchronous  motor-generator  set  will 
be  installed. 

When  the  load  on  the  main  unit  is  light  and  the 
auxiliary  apparatus  requires  more  energy  than  the  aux- 
iliarj'  turbine  will  supply,  incidentally  to  heat- 
ing the  feed  water,  the  deficiency  will  be  made 
up  from  the  main  bus  through  the  motor-generator 
set,  and  this  source  will  be  drawn  on  should  the  aux- 
iliary turbine  be  out  of  commission.  At  times  of 
heavy  load,  when  in  order  to  heat  the  feed  water 
it  will  be  necessary  to  generate  more  energy  than 
the  auxiliaries  require,  the  surplus  will  be  transformed 
to  the  main  bus  through  this  same  motor-generator 
by  reason  of  its  flexibility.  This  arrangement  should 
prove  an  advance  over  former  practice. 

There  will  be  a  rearrangement  of  steam  piping  in  the 
station,  and  as  at  Connors  Creek,  direct-current  motors 
will  be  used  to  drive  the  blower  equipment. 
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Conditions  in  the  Power  Industry  Abroad 


By  l.  w.  alwyn-schmidt 


A  digest  of  reports  of  United  States  consuls 
on  the  power  situation  in  various  parts  of  the 
world  and  the  influence  of  the  roar  on  this  im- 
portant industry. 

MANY  months  have  passed  since  the  armistice 
was  declared,  but  little  actual  progress  has 
been  made  so  far  in  the  resumption  of  large 
construction  work  and  public  enterprise.  Much  of  the 
present  stagnation  no  doubt  is  caused  by  the  very  unsat- 
isfactory situation  in  Europe.  Only  the  neutral  countries 
appear  to  have  continued  work  on  those  of  their  hydro- 
electric enterprises  that  were  in  building  when  the 
declaration  of  the  armistice  suddenly  brought  a  change 
in  the  general  situation.  Building  has  remained  active 
in  Norway  and  Sweden. 

Available  Hydro-Electric  Power  in  Norway, 
Sweden  and  Iceland 

Commerce  Reports  has  given  the  European  hydro- 
electric situation  a  great  deal  of  attention,  and  a  recent 
issue  contains  an  extensive  description  of  the  situ- 
ation in  the  two  countries.  It  is  said  in  this  report  that 
the  total  power  available  in  Norway  for  development 
is  estimated  at  15,000,000  hp.,  while  Sweden 
has  a  total  reserve  of  6,000,000  hp.  Norway  so  far  has 
developed  1,300,000  hp.,  while  950,000  hp.  has  been 
developed  in  Sweden.  Norwegian  water  power  has  ob- 
tained its  largest  support  from  the  electrochemical 
industry  which  has  settled  in  recent  years  in  that 
country,  attracted  by  the  extensive  hydro-electric 
powers  that  might  be  obtained.  The  total  developed 
hydro-electric  power  in  Norway  is  0.5  hp,  per  person, 
but  it  is  only  0.17  hp.  in  Sweden. ' 

Both  countries  have  numerous  developments  owned 
as  a  rule  by  municipalities  or  operated  under  local  con- 
cessions. The  war  has  shown  that  many  of  these  plants 
are  operated  on  a  wasteful  basis,  and  especially  that  a 
great  number  of  them  are  working  on  too  heavy  a  load, 
making  operation  unnecessarily  expensive,  while  others 
have  a  much  larger  output  than  is  actually  required. 
To  correct  this  situation  it  is  now  contemplated  to  unite 
all  the  hydro-electric  enterprises  in  a  single  district  for 
the  purpose  of  cooperative  operation.  The  first  experi- 
ment of  this  kind  was  made  in  central  Sweden,  where 
33  stations  have  been  combined.  The  new  company  will 
exert  a  sort  of  controlling  influence  in  its  district  by 
directing  the  power  production  and  distribution  in  the 
most  economic  channels.  The  Swedish  government  also 
is  very  active  in  promoting  power  development.  The 
water-power  commission,  which  already  had  $2,200,000 
at  its  disposal  this  year  for  the  purchase  and  extension 
of  existing  water-power  developments,  has  asked  for 
authorization  of  an  additional  $268,000,  and  $670,000 
will  be  required  during  1920. 

More  specific  information  is  now  obtainable  on  the 
new  development  contemplated  in  Iceland.  The  work 
for  this  enterprise  is  in  the  hands  of  a  Norwegian  com- 
pany financed  by  Norwegian  and  Icelandic  interests. 
The  whole  system  will  consist  of  a  series  of  plants,  the 
largest  of  which  will  be  erected  on  the  Thorsaflod,  the 


principal  river  of  the  island.  Other  stations  will  be 
located  at  points  on  the  tributary  rivers  of  the  main 
system.  The  local  conditions  for  erecting  the  plant 
appear  to  be  excellent,  and  it  is  estimated  that  the  Ice- 
land consumers  will  get  their  electricity  as  cheaply  as 
it  is  sold  to  consumers  in  Norway.  The  total  develop- 
ment, which  may  consist  of  six  individual  but  intercon- 
nected stations,  will  produce  approximately  1,114,000 
horsepower. 

The  Water  Powers  of  Finland 

The  development  of  the  water  powers  of  Finland  has 
been  held  back  in  recent  years  by  the  inability  of  the 
Russian   government   to  provide   the  necessary   means. 
Finland  is  very  similar  in   its  topographic  appearance 
to  the  other  Scandinavian  countries.     There  are  high 
mountains  approaching  the  sea  and  many  rivers  with 
powerful  falls.     The  new  Finnish  republic  is  now  mak- 
ing an  attempt  to  develop  part  of  the  existing  resources 
either   by   private   or   by   government   enterprise,    and 
plans  have  been  drawn  for  a  hydraulic  plant  yielding 
118,000  hp.,  to  be  located  just  north  of  Viborg.     The 
power  will  be  gained  from  a  fall  of  the  Imatra  River  of 
68.9  ft.    The  cost  of  the  whole  development  is  estimated 
to  be  from  $18,000,000  to  $24,000,000.     Pre-war  esti- 
mates amounted  to  $6,000,000  only.    To  secure  an  even 
flow  of  water  it  is  intended  to  make  use  of  the  Saimaa 
Lake,   which   would   permit   the   additional   use   of  the 
Vuoksen  Rapids.    This  would  add  approximately  500,000 
hp.  to  the  total  possible  development.    The  present  plans 
of  the  Finnish  government  contemplate  a  linking  up  of 
all  the  existing  minor  enterprises  along  the  Vuoksen. 
The  present  hydro-electric  activity  in  northern  Europe, 
including   the   large    project    in    Iceland,    deserves   the 
closest  attention  of  the  American  power  industry.    Gov- 
ernmental  enterprise   will   aid    in   the   construction   of 
many  of  the  new  developments,  but  there  is  plenty  of 
room  for  private  construction.     This  applies  especially 
to  Finland,  in  which  industrial  progress  was  held  back 
in  pre-war  times  by  the  lack  of  coal  and  capital.     The 
new  republic  will  now  have  to  aid  in  the  building  up  of 
a   new   national   industry   so   as   to   make   the   country 
reasonably  independent  of  foreign  supplies.     The  first 
step  must  be  to  supply  cheap  and  reliable  power.     Full 
support,  therefore,  will  be  given  to  foreign  enterprise 
likely  to  aid  in  the  exploitation  of  the  power  resources 
of  the  nation.     American  capital  no  doubt  will  be  wel- 
come and  its  employment  will  be  followed  by  orders  for 
American    power    machinery    and    general    equipment. 
American  capital  also  may  come  handy  in  the  develop- 
ment of  the  power-consuming   industries,  such  as  the 
electrochemical  industry,  which  appears  to  find  a  very 
fertile  field  in  the  Scandinavian  countries.     So  far  Eng- 
lish capital  has  been  most  prevalent  in  financing  these 
enterprises  with  the  result  that  much  power  equipment 
has  been  ordered  from  English  firms. 

Hydro-Electric  Development  in  Great  Britain 
AND  France 

Accessibility  to  coal  has  so  far  retarded  hydro-electric 
development  in  England.  With  coal  directly  at  the 
doors  of  the  power  houses,  so  to  speak,  there  was  little 
reason  tc  spend  large  amounts  of  money  in  the  erection 
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of  co.stly  wnter-povvcr  atntionH.  The  iiKiua.siMK  «-0«t  of 
coal  niul  fro(iucnt  Inhor  troubles  iit  tho  mines  have  now 
directed  more  attention  to  the  hydro-ekrtric  possibili- 
ties of  KiiKland  and  Scotland.  There  arc  very  few 
water-power  sites  available  in  the  south  of  Kn(fland. 
More  can  be  found  in  the  north,  and  their  number 
grows  with  the  crossinjf  of  the  Scottish  border.  A  sur- 
vey of  the  most  promisinjr  i)ower  sites  in  Scotland 
seem.s  to  show  that  between  375,000  and  050,000  hp.  may 
be  made  available,  and  authorization  is  now  being 
sought  by  promoters  to  permit  the  development  of 
certain  sites. 

The  government  so  far  has  not  been  very  ready  to 
grant  exploitation  rights  of  water-power  sites,  as  the 
whole  question  of  supplying  England  with  electrical 
power  is  still  under  discussion.  The  large  coal  inter- 
ests naturally  view  with  disfavor  any  enterprise  that 
might  lead  to  a  reduction  in  the  coal  consumption,  and 
it  is  likely  that  at  first  an  attempt  will  be  made  to  carry 
out  the  intended  linking  up  of  the  great  power  stations 
in  the  Midlands,  which  has  been  referred  to  several 
times  in  the  course  of  these  reports. 

The  inquiry  into  the  hydro-electric  resources  of 
France,  which  has  been  undertaken  as  a  result  of  the 
war,  is  proceeding  and  it  is  now  estimated  that  France 
will  have  at  her  disposal  approximately  5,000,000  hp. 
that  may  be  available  all  the  year  round  and  another 
5,000,000  hp.  available  during  only  six  months  of  the 
year.  Of  this,  750,000  hp.  was  developed  before  the 
war.  The  French  government  has  rapidly  pushed  for- 
ward all  the  work  under  way  during  the  war  and  it  has 
been  possible  to  add  415,000  hp.  during  the  last  four 
years.  Several  other  projects  were  begun  during  the 
last  year,  but  have  not  been  completed.  These  comprise 
the  development  of  125,000  hp.  during  1919  and  225,000 
hp.  during  1920  and  1921.  When  these  are  completed, 
France  will  have  at  her  disposal  1,600,000  hp.  derived 
entirely  from  water  power. 

South  American  Markets  for  Pow^r  Material 

The  war  has  broken  the  dominating  influence  of  the 
German  electrical  industry  in  South  American  markets. 
It  is  estimated  that  the  total  consumption  of  electrical 
goods  in  South  America  amounted  to  $22,000,000  during 
1913.  Of  this,  $10,000,000  worth  was  supplied  by 
Germany,  $5,400,000  by  England  and  $4,500,000  by  the 
United  States.  Since  the  outbreak  of  the  war  Germany 
has  practically  vanished  from  the  market  and  the 
United  States  imports  have  grown  to  nearly  $10,000,000. 
The  largest  of  the  South  American  markets  for  power 
material  is  Argentina. 

Argentina,  unfortunately,  is  somewhat  handicapped 
in  developing  electrical  power  owing  to  its  lack  of  water- 
power  sites.  The  only  large  waterfall  is  the  Iguassu, 
which  is  situated  on  the  Argentina-Brazil  boundary,  but 
it  is  too  far  removed  from  the  present  centers  of  elec- 
trical consumption  to  be  of  real  use.  There  are,  how- 
ever, hydro-electric  enterprises  in  Tucuman  and  Cor- 
doba. It  is  estimated  that  Argentina  employs  today 
about  130,000  hp.  of  electrical  energy  in  industrial 
enterprises  and  the  electric  motor  power  increases  at 
the  rate  of  6000  hp.  annually.  The  largest  of  the  cen- 
tral stations  in  Buenos  Aires  is  under  German  control, 
and  German  capital  also  is  invested  to  the  extent  of 
$24,000,000  in  many  other  electrical  enterprises  in 
Argentina.  A  second  power  station  in  Buenos  Aires 
is  financed  by  Swiss-Italian  interests.  Most  of  the 
equipment  imported  by  these  two  companies  is  Euro- 


pean. The  electric  railroads  are  UHing  principally 
English  or  German  motors. 

The  second  consumer  of  electrical-power  material  ol 
importance  in  South  America  is  Brazil.  The  two 
largest  central  stations,  those  in  Rio  d«;  Janeiro  and  Sao 
Paulo,  are  owned  by  the  Brazilian  Traction,  Light  and 
Power  Co.,  which  is  a  Canadian  company.  The  Sao 
Paulo  central-station  plant  supplies  power  to  electric 
motors  totaling  50,000  hp.  and  that  in  Rio  Janeiro  to 
100,000  hp.  There  are  several  good  prospects  for  the 
development  of  water  power  in  the  .state  of  Minas 
Geraes.  The  country  is  rich  in  large  and  small  streams 
falling  rapidly  in  the  direction  of  the  coast.  At  the 
present  time  little  use  has  been  made  of  the  existing 
opportunities,  as  the  principal  power  .sources  are  too 
far  removed  from  the  distribution  centers  to  make 
worth  while  their  exploitation.  The  largest  available 
sites  are  those  of  the  Sete  Quedas,  providing  for  20.- 
000,000  hp.,  the  Iguassu  with  3,000,000  hp.  and  the 
Paulo  AfTonso  with  1,500,000  hp.  Many  of  the  smaller 
rivers  have  been  harnessed  successfully,  providing  power 
for  neighboring  cities,  industrial  enterprises  and  mines. 

In  Uruguay  most  of  the  existing  central  stations  are 
owned  by  the  government,  which  has  a  central  manage- 
ment office  in  Montevideo.  There  is  small  chance  for 
hydro-electric  development  and  lack  of  coal  makes  neces- 
.sary  the  use  of  Diesel  engines  for  power  generation. 

Chile,  the  third  market  in  importance  for  electric- 
power  equipment  in  South  America,  has  lately  showm 
remarkable  activity  in  the  development  of  her  hydro- 
electric resources.  In  the  section  from  Coquimbo  to 
Valdivia  there  is  an  abundance  of  water  power,  and  the 
government  has  created  a  commission  to  study  the 
possibility  of  constructing  a  longitudinal  artery  for 
the  transmission  of  power  through  this  stretch.  The 
two  large  central  stations  in  Santiago  and  Valparaiso 
are  under  German  control. 

There  are  several  small  power  developments  under 
way  in  South  and  Central  America.  In  Nicaragua  the 
cities  of  Granada  and^-Leon  are  discussing  the  question 
of  building  electric-power  stations,  and  an  American 
consulting  engineer  has  made  an  investigation  of  the 
available  water  power  near  Granada.  In  Cuba  steps 
are  being  taken  to  rebuild  the  power  station  in  Nueva 
Gerona  on  the  Isle  of  Pines,  which  was  destroyed  during 
a  hurricane.  The  Legislative  Council  of  Guadeloupe  has 
just  granted  a  franchise  for  the  control  of  two  water- 
falls that  will  furnish  power  for  the  operation  of  elec- 
tric railways  in  the  colony. 

Power  Development  in  British  India 

The  government  of  India  intends  to  have  a  survey 
made  of  the  hydro-electric  resources  of  British  India. 
The  British  government  has  decided  that  the  develop- 
ment of  water-power  sites  in  India  cannot  longer  be 
left  to  private  enterprise  and  that  the  government  will 
have  to  undertake  this  work.  "Owing  to  the  great  value 
of  the  natural-power  resources  of  a  countrj',"  the  India 
Office  says  in  a  letter  to  the  provincial  governments,  "it 
is  important  that  each  site  should  be  developed  to  its 
full  potentialities  and  to  prevent  small  concerns  devel- 
oping the  best  sites  for  the  purpose  of  schemes  requir- 
ing limited  quantities  of  power  only,  when  they  might 
have  been  developed  into  larger  projects  of  more  gen- 
eral public  utility."  The  government  will  now  make  an 
examination  of  those  sites  already  known  and  others 
will  be  charted  so  that  they  may  be  made  available 
when  required. 
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ONE    of    the    most    annoying 
troubles  encountered  in  the  op- 
eration of  electrical  machinery 
is  the  flat  spot  which  frequently  devel- 
ops on  both  collector  rings  and  commuta- 
tors.   The  spots  may  result  from  a  variety 
of  conditions,  and  the  exact  cause  in  a  given 
case  is  often  difficult  to  ascertain.    It  is  the 
purpose  of  this  article  to  discuss  some  of  the 
more  frequent  causes  of  this  trouble  and  to 
point  out  how  they  may  be  overcome. 

One  of  the  most  common  causes  for  flat 
spots  on  collector  rings  is  vibration  which 
makes  the  brush  break  contact  with  the 
ring,  producing  a  burned  spot  on  the  sur- 
face. This  condition  is  especially  trouble- 
some if  the  vibration  is  of  periodic  char- 
acter, breaking  the  contact  of  the  brush  re- 
peatedly at  the  same  spot  on  the  ring.  It 
may  result  from  unequal  expansion  of  the 
ring  destroying  its  true  cylindrical  form 
as  the  machine  warms  up.  This  fault  is 
most  likely  to  occur  with  spoked  rings  of 
light  cross-section.  In  some  cases  the  trouble  may  be 
corrected  by  grinding  the  ring  after  it  has  been  heated 
up  to  operating  temperature.  It  is  well,  where  possible, 
to  perform  this  grinding  operation  at  the  full  running 
speed  of  the  machine,  as  at  this  speed  there  may  be  a 
distortion  that  does  not  exist  at  lower  speeds.  If  the 
trouble  continues  after  this  has  been  done,  it  may  be 
necessary  to  change  the  design  of  the  ring,  giving  it  a 
form  that  will  not  become  distorted  under  the  conditions 
of  speed  and  temperature  encountered  in  service. 

Other  sources  of  troublesome  vibration  are  brushes 
too  loose  in  the  holders,  insecure  mounting  of  brush- 
holders,  loose  bearings,  pound  of  reciprocating  engines 
and  a  mechanically  unbalanced  rotating  element.  The 
remedy  in  all  these  cases  is  to  correct  the  mechanical 
fault.  It  is  wrong,  as  is  sometimes  done,  to  try  to 
overcome  a  mechanical  fault  by  the  use  of  an  abrasive 
brush. 

Chattering  of  the  brushes  is  a  form  of  vibration  that 
is  frequently  a  source  of  spotting.  It  may  be  due  to  a 
loose  brush-holder  or  too  much  clearance  between  the 
brush  and  the  holder.  Clearance  between  brush  and 
holder,  in  the  direction  of  rotation,  should  not  exceed 
0.01  in.  at  operating  temperature,  and  even  less  clear- 
ance is  desirable.  Chattering  may  also  be  due  to  the  use 
of  a  brush  with  too  high  a  coefficient  of  friction  for  the 
peripheral  speed  of  the  ring  on  which  it  is  operated. 


•Engineer,  Corliss  Carbon  Co.,  Bradford,  Penn. 


Flat  Spots  on  Commutators 

cznd 

Collector  Icings 

Warren  C.  Kalb  * 


In  this  case  it  is  best  to  select  a  brush  with 
a  lower  coefficient  of  friction. 

Where  the  rotative  speed  of  the  ring  is 
very  high,  as  is  often  the  case  with  turbo- 
alternators,  it  is  sometimes  found  advan- 
tageous to  use  a  brush  of  low  specific  grav- 
ity. The  lower  inertia  of  such  a  brush,  as 
compared  with  that  of  a  brush  of  high 
density,  enables  it  to  be  held  in  more  in- 
timate contact  with  the  ring. 

The  construction  of  the  brush-holder  and 
the  angle  at  which  it  is  set  are  points  hav- 
ing an  important  bearing  on  the  tendency 
of  the  brush  to  chatter.    Clamp-type  brush- 
hoWers,   Fig.   1,   should  never  be  used  on 
very  high-speed  rings  or  commutators,  as 
the  inertia  of  the  holder  added  to  that  of 
the  brush    is   liable   to   cause  considerable 
jumping  even  where  the  inequality  of  the 
contact   surface    is   very    slight. 
Even  the  weight  of  a  rigid  pres- 
sure arm,  as  illustrated  in  Fig. 
2,  may  be  sufficient  to  allow  some 
chattering  of  the  brush,  which  can  be  eliminated  by  the 
use  of  a  light  flexible  blade  on  the  under  side  of  the 
pressure  finger,  as  shown  in  Fig.  3. 

Brushes  operating  in  the  leading  or  stubbing  position 
should  be  inclined  at  a  sufficient  angle  from  the  radial 
to  insure  the  brush  riding  steadily  against  the  leading 
side  of  the  brush-holder.  If  the  brush  is  set  too  near 
radial,  the  friction  will  pull  it  away  from  the  leading 
side  of  the  holder,  tip  it  up  on  the  toe  and  chattering 
will  follow.  An  inclination  of  30  deg.  or  more  should 
be  used  when  operating  in  this  direction.  Leading 
operation    is    illustrated    in    Fig.    2. 

In  trailing  operation  the  inclination  of  the  brush 
should  not  be  so  great  as  in  leading.  With  too  sharp 
an  angle  there  is  a  wedging  action  of  the  brush  between 
the  ring  or  commutator  and  the  trailing  side  of  the 
holder,  resulting  in  excessive  friction  and  a  sluggish 
action  of  the  brush  in  the  holder.  The  best  angle  for 
trailing  operation  will  usually  lie  around  12  deg.  to  15 
deg.  Fig.  3  illustrates  this  position. 

Flat  spots  on  rings  sometimes  result  from  hard  or 
soft  spots  in  the  material  composing  the  ring.  This  is 
a  somewhat  common  fault  in  cast-iron  rings,  and  spongy 
spots  are  of  rather  frequent  occurrence  in  bronze  rings, 
especially  where  the  composition  is  very  high  in  copper. 
Best  operation  on  rings  of  this  nature  is  generally  ob- 
tained by  using  a  brush  with  some  polishing  or  even  a 
slight  abrasive  action.     This  may  result  in  noticeable 
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riiiK  wear,  hut  if  flat  H]m{»  are  avoijiod  by  this  means, 
the  ultimate  riiiK  life  will  prol)ably  bo  greater  than 
would  be  the  case  where  freciuenl  turninjr  i.s  nece.Hsary 
to  remove  Hat  .spot.**. 

Current  left  on  when  the  machine   is  standiuK   is  a 
leas  common  cause  of  Mat  spots  than   those  previously 


FIG.    1.      CLAMP-TYPE   BRUSH-IIOI.DER 

mentioned,  but  one  that  may  sometimes  be  found  even 
with  field  ringrs  whore  the  current  might  not  be  thought 
excessive.  The  temperature  attained  at  a  brush  contact 
on  a  stationary  ring  is  higher  than  might  be  realized 
at  first  thought. 

Surges  of  current  due  to  short-circuits,  sudden  peak 
loads,  hunting  between  machines  operated  in  parallel  or 
static  disturbances  are  liable  to  produce  small  burned 
spots  on  collector  rings  which,  if  not  cleaned  oiT,  may 
develop  into  spots  of  considerable  size.  The  original 
cause  in  such  cases  may  be  beyond  the  control  of  the 
operator  so  that  all  he  can  do  is  to  see  that  the  ring  is 
put  in  proper  condition  after  the  injury  to  its  surface 
has  taken  place. 


FIG.   2.      BRUSH  OPERATIKG    FIG.   3.      BRUSH  OPERATING 
IN  LEADING  POSITION  IN  TRAILING  POSITION 

Perhaps  the  most  common  cause  for  the  development 
of  flat  spots  on  commutators  is  high  mica.  This  condi- 
tion results  in  small  arcs  being  drawn  between  the 
brush  and  the  edge  of  the  commutator  segments.  The 
burning  of  the  segments  is  cumulative  in  its  action  and 
will  usually  be  of  greater  severity  at  certain  points  on 
the  commutator  than  at  others,  due  to  a  lack  of  perfect 
symmetry  in  some  electrical  or  mechanical  characteris- 
tic of  the  machine.  If  the  condition  is  not  corrected, 
flat  spots  will  sooner  or  later  develop  at  these  points. 
Some  of  the  causes  of  high  mica  are:  Difference  in 
hardness  of  the  mica  or  of  the  commutator  segments; 


lack  of  abrasiveness  in  brushes  operated  on  hard,  (lush 
mica;  sparking,  whatever  the  cause  may  be;  poorly  sea- 
soned mica.  The  last-name<l  fault  ari.ses  through  the 
mica  expanding  and  projecting  beyond  th«!  copper.  Thin 
may  disappear  after  the  commutator  has  been  turned  a 
few  times  due  to  the  sea.soning  that  takes  place  at  oper- 
ating temperatures.  When  this  fault  is  found,  the  com- 
mutator should  always  be  tightened  before  turning,  as 
the  baking  out  of  the  mica  may  leave  the  .segmentH 
loose. 

Sparking  may  result  from  such  a  variety  of  causes 
that  a  discussion  of  this  point  will  not  be  undertaken  in 
this  article.  Where  possible,  the  cause  of  the  sparking 
should  bo  located  and  removed.  Where  the  two  remedies 
mentioned  are  not  applicable  or  high  mica  recurs  after 
they  have  been  tried,  the  best  procedure  is  to  undercut 
the  mica  below  the  surface  of  the  copper.  The  other 
alternative  is  to  select  a  brush  of  sufficient  abrasiveness 
to  cut  the  mica  down  as  rapidly  as  the  copper  is  burned. 

As  is  the  case  with  collector  rings,  vibration  is  a  fre- 
quent cause  of  flat  spots  on  commutators.     The  sources 


FIG.   4.     DUPLEX  ARMATURE  WINDING 

of  vibration  named  for  collector  rings  apply  as  well  to 
commutators.  A  cause  of  flat  spots  peculiar  to  commu- 
tators is  high  or  low  bars.  Where  this  fault  is  found, 
tighten  the  commutator  and  grind  or  turn  it  to  a  true 
cylindrical  surface. 

Surges  of  current  are  another  source  of  flat  spots 
common  to  commutators  and  collector  rings.  In  addi- 
tion to  the  causes  named  when  considering  collector 
rings,  heavy  surges  may  be  thrown  on  the  commutator 
of  a  rotary  converter  by  putting  it  on  the  line  when 
it  is  not  in  exact  phase. 

Flat  spots  are  produced  by  unbalanced  circuits  with- 
in the  armature  v/inding,  such  as  may  occur  when  there 
is  an  open-circuit,  a  high  resistance  connection  or  a 
coil  wholly  or  partly  short-circuited.  The  remedy,  of 
course,  is  the  correction  of  the  electrical  fault. 

Flat  spots  evenly  spaced  around  a  commutator  are 
always  traceable  to  a  source  having  a  periodic  char- 
acteristic. This  fact  is  often  of  assistance  in  locating 
and  removing  the  cause.  Periodic  vibrations,  such  as 
may  result  from  the  pound  of  a  reciprocating  engine  or 
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the  changes  in  angular  velocity  found  on  a  generator 
driven  by  a  gas  engine  lacking  in  flywheel  capacity,  will 
be  accompanied  by  equidistant  spotting  of  the  com- 
mutator. 

Unbalanced  circuits  in  the  armature  winding  some- 
times cause  several  flat  spots  around  the  commutator, 
due  to  disturbances  created  in  parts  of  the  winding 
other  than  that  containing  the  electrical  fault.  In  such 
cases  the  spots  will  usually  be  spaced  at  twice  the  dis- 
tance between  brush  studs.  Hunting  of  a  periodic  char- 
acter is  a  source  of  evenly  spaced  flat  spots,  the  spacing 
depending  on  the  relation  between  the  frequency  of  the 
hunting  period  and  the  speed  of  the  machine. 


FIG.  8 


FIGS.    5    TO    8.      EFFECTS    DURING    COMMUTATION    IN    A 
WINDING  HAVING  THREE  COILS   IN  A   SLOT 

Spotting  of  every  second  or  third  bar  is  a  condition 
which  may  result  where  the  armature  has  a  duplex  or 
triplex  winding  the  parts  of  which  are  not  evenly  bal- 
anced. A  duplex  winding  is  shown  in  Fig.  4,  and  it 
can  readily  be  seen  that  a  condition  in  one  portion  of  the 
winding  tending  to  burn  the  commutator  segments 
would  affect  only  every  other  segment,  the  intermediate 
segments  being  connected  to  the  other  portion  of  the 
winding,  and  unafl'ected  by  the  disturbing  condition. 
This  condition  may  arise  even  when  the  windings  in 
themselves  are  perfect,  owing  to  the  fact  that  commuta- 
tion does  not  take  place  simultaneously  in  the  two  sec- 
tions of  the  winding.  An  examination  of  Fig.  4,  in 
which   the  coils   of  both  windings   are   shown    in   the 


same  slot,  will  show  that  commutation  in  one  section 
takes  place  later  than  in  the  other,  the  angular  differ- 
ence in  time  being  the  angular  displacement  of  one 
segment.  If  the  neutral  or  commutating  field  is  narrow, 
this  difference  in  time  of  commutation  may  be  suffi- 
cient to  prevent  setting  the  brushes  so  that  perfect 
commutation  is  secured  in  both  windings,  and  burning 
of  every  other  segment  will  result. 

A  similar  condition  arises  in  the  case  of  a  simplex 
winding  where  there  is  an  insuflScient  number  of  slots 
in  the  armature,  resulting  in  placing  several  coils  in 
one  slot.  The  condition  arises,  in  this  case,  from  the 
fact  that  several  coils  are  grouped  close  together  in  one 
slot  while  the  segments  to  which  these  coils  are  con- 
nected are  evenly  distributed  around  the  commutator. 
Figs.  5,  6,  7  and  8  illustrate  this  condition.  In  Fig.  5 
commutation  in  coil  a  is  just  being  completed  by  the 
segment  1  passing  from  under  the  brush  B.  The  coil  at 
this  time  is  at  the  distance  x  from  the  following  pole 
tip. 

In  Fig.  6  the  commutator  has  moved  the  width  of  one 
segment  and  coil  h  is  just  completing  commutation.  It 
will  be  noted  that  its  distance  y  from  the  pole  tip  is 
less  than  x,  Fig.  5.  Similarly,  in  Fig.  7  commutation 
is  seen  to  be  completed  in  coil  c  when  it  is  a  still  smaller 
distance  z  from  the  pole  tip.  Coil  d  in  the  following 
slot.  Fig.  8,  completes  commutation  at  a  distance  x  from 
the  pole  tip,  the  same  as  coil  a.  It  is  evident  that  when 
the  brushes  are  so  set  as  to  give  perfect  commutation 
in  coil  a,  there  is  likely  to  be  some  sparking  from  coil  h 
and  commutation  may  be  so  poor  in  coil  c  as  to  cause 
serious  burning  of  the  segments  to  which  it  is  con- 
nected. This  condition  would  result  in  the  spotting  of 
every  third  bar  of  the  commutator. 

To  avoid  the  foregoing  difficulty  there  should  be  not 
less  than  34  slots  in  the  space  between  poles.  This  al- 
lows a  wide  enough  commutating  zone  for  all  the  coils 
to  commutate  properly.  Inasmuch  as  the  space  between 
poles  is  usually  about  30  per  cent,  of  the  pole  pitch, 
there  should  be  not  less  than  12  armature  slots  per 
pole.    In  large  machines  less  than  14  are  seldom  used. 


Fallacy  of  Haphazard  Records 

By  C.  C.  Raitt 

While  there  is  no  doubt  that  the  records  of  the  oper- 
ation of  central-station  equipment  can  play  a  large 
part  in  increasing  the  efficiency  of  the  plant,  it  is  also 
true  that  records  that  are  not  accurately  kept  are  not 
only  useless,  but  may  be  the  cause  of  much  wasted  time 
and  effort.  There  is  no  meter  that  will  run  on  indefi- 
nitely and  give  accurate  results  without  periodic  check- 
ing, and  this  is  especially  true  of  the  flow  meters  avail- 
able at  the  present  time.  Flow  meters  have  not  yet 
reached  a  stage  where  they  can  be  considered  sturdy. 

The  conditions  under  which  they  are  expected  to  oper- 
ate are  anything  but  desirable  for  a  delicate  mechan- 
ism. There  is  invariably  a  quantity  of  fine  coal  dust  in 
the  air  around  a  boiler  room,  and  there  is  sure  to  be 
considerable  vibration  in  the  building.  Therefore,  if 
there  is  to  be  an  accurate  record  of  steam  flow,  some- 
one must  make  frequent  inspection  of  the  meters  and 
keep  them  clean  and  carefully  adjusted. 

In  many  cases  where  flow  meters  have  been  installed 
and  the  readings  used  for  various  calculations  month 
after  month,  it  has  been  found  later  that  the  meter 
had  gotten  out  of  adjustment  and  the  readings  were  all 
wrong.     No  doubt  there  are  instances  where  it  is  ira- 
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pusMibli'  to  tfi'l  a  (heck  on  the  How  niclfis  and  know 
whether  they  are  workinR  properly.  When  thi.s  i.n  true, 
it  i.s  doubtful  if  the  nieter.s  are  a  wi.Me  inve.stnient.  How- 
ever, in  mcst  ca.se.s.  the  capacity  of  the  turbines  or  the 
boilers  nietere<l,  together  with  the  rcadiuK.s  of  other 
nieter.s  workinjr  in  conjunction,  .should  give  a  .sufficient 
check  on  the  readin^.s  of  a  meter. 

At  this  point  it  would  be  well  to  explain  just  what  i.s 
meant  by  chockinj;  a  meter  by  the  capacity  of  the  equip- 
ment metered.  It  certainly  does  not  mean  that  an  esti- 
mate of  steam  How,  ba.sed  on  the  capacity  of  the  e(juip- 
ment  metered,  is  to  be  piven  precedence  over  the  read- 
injrs  of  the  meter  and  used  whenever  meter  readings  do 
not  look  satisfactory.  But  it  does  mean  that  whenever 
the  meter  readings  do  not  agree  with  the  estimate,  it  is 
time  to  hunt  the  trouble. 

It  should  be  hunted  first  in  the  meter,  and  if  the 
meter  is  proved  to  be  correct  the  reading  should  hold 
and  the  trouble  should  be  hunted  in  the  metered  equip- 
ment. There  is  always  a  tendency  to  assume  that  the 
operation  is  normal  and  the  meter  wrong  because  it  is 
so  easy  to  estimate  what  the  reading  should  have  been 
and  let  it  go  at  that.  But  whenever  this  is  done,  the 
purpose  for  which  the  meters  were  installed  is  defeated. 
A  meter  reading  should  be  considered  right  until  it  is 
proved  wrong. 

In  determining  the  pounds  of  coal  burned  in  the  plant, 
a  number  of  difficulties  arise.  Where  the  coal  burned 
is  not  of  uniform  size,  it  is  difficult  to  obtain  the  weight 
by  measuring  volume.  Even  though  it  may  be  bought 
in  uniform  size  or  crushed  in  the  station  yard,  there  is 
still  the  danger  of  ice  causing  lumps  to  form  which  in- 
terfere with  the  measurements.  It  is  best  to  weigh  all 
the  coal  burned  if  possible. 

Here,  again,  there  is  an  opportunity  for  errors  unless 
the  weights  are  automatically  recorded.  It  is  only 
human  to  make  mistakes  and  to  be  negligent  where 
there  is  no  check  on  a  man's  work.  Therefore,  to  trust 
an  employee  to  put  down  the  weights  without  any  way 
of  knowing  whether  he  is  doing  it  properly  or  not  is  to 
invite  trouble. 

If  it  is  true  that  the  automatic  mechanisms  we  use 
need  care  and  attention,  it  is  even  more  true  that  the 
human  element  in  our  records  must  be  watched.  And 
so  it  is  not  enough  to  provide  means  for  weighing  all 
coal  burned,  but  some  method — automatic  if  possible — 
should  be  used  to  make  sure  that  all  coal  is  accurately 
weighed. 

Oil  and  Fuel  Troubles  in  a  Diesel  Engine 

By  D.  L.  Fagnan 

Poor  lubrication  of  pistons,  accompanied  by  excessive 
wear  on  piston  rings  and  liners,  developed  in  a  Diesel 
engine.  Examination  showed  that  the  crank-case  oil 
was  fairly  good,  but  that  the  pistons  were  lubricated  by 
an  old-style  force-feed  lubricator.  It  was  therefore  ad- 
vised that  a  new-style  lubricator  be  purchased  and  in- 
stalled, as  this  is  timed  to  inject  the  oil  in  synchronism 
with  the  piston  movement.  That  is,  the  oil  is  injected 
at  the  dead-center  position  of  the  piston  at  the  begin- 
ning of  the  power  stroke,  so  that  it  acts  to  seal  the  pis- 
ton rings  and  lubricate  the  liner  at  a  time  when  the 
piston  is  doing  the  most  work  and  lubrication  is  most 
needed. 

Naturally,  oil  delivered  by  the  old-style  lubricator  to 
the  four  openings  in  the  cylinder  liners  sometimes  is  in- 
jected at  the  proper  time ;  but  as  other  pistons  may  have 


puHsed  the  opcningH,  any  oil  injected  at  such  time  does 
no  work  and  is  of  no  benefit.  Instead,  it  helps  to  form 
carbon  in  the  cylinder.  To  obtain  greater  benefit,  the 
piston  should  be  in  position  to  receive  the  lubricant  on 
its  outer  circumference,  directly  between  the  third  and 
fourth  rings,  while  it  is  practically  at  a  standstill. 
This  is  the  dead-center  position,  and  srj  the  timed 
lubricator  gives  the  most  efficient  service  on  Diesel  en- 
gines. A  set  of  gears  attached  to  the  layshaft  is  used 
for  timing.  From  15  to  20  drops  of  oil  per  piston  per 
minute  is  average  practice  on  engines  up  to  225  hp.  at 
1G4  r.p.m.  Above  this  speed  proportionately  more  oil 
should  be  u.sed,  30  drops  per  minute  for  larger  engines 
being  about  the  maximum. 

By  means  of  a  bent  wire  it  was  found  that  the  auc- 
tion check  on  the  main  fuel  tank  was  badly  adjusted, 
and  this  adjustment  was  remedied  to  prevent  silt,  sand 
and  such  rubbish  from  being  picked  up  and  carried  to 
the  auxiliary  fuel  tank.  Considerable  grit  had  been 
sucked  up  and  no  doubt  had  cau.sed  the  fuel  nozzles  to 
cut  badly.  They  had  to  be  reground  practically  every 
two  weeks,  whereas  once  a  month  should  be  sufficient. 

All  piston  rings  on  the  engine  were  removed,  all 
valves,  fuel  nozzles  and  seats  ground  in,  and  new  fuel- 
cam  noses  put  on  to  replace  those  that  were  worn.  The 
gears  were  checked  for  correct  timing,  and  the  cylinder 
walls  were  smoothed  up  by  scraping  and  polishing  with 
emery  cloth.  The  oil  in  the  crank  case  was  renewed,  the 
bearings  keyed  up  all  around,  the  piston  pins  polished, 
all  jackets  and  heads  washed  out  with  a  hose  and  the 
water  passages  examined  for  scale.  After  assembling, 
the  engine  was  started,  and  the  indicator  was  applied 
to  determine  the  compression  in  each  cylinder.  This 
was  found  to  be  excellent,  and  no  further  trouble  from 
excessive  wear  occurred,  while  the  fuel  consumption  was 
notably  decreased.  Part  of  the  success  in  providing  good 
lubrication  on  this  engine  was  due  to  the  change  of  oil. 

Areas  of  Segments  of  Boiler  Heads 

Extreme  simplicity  and  compactness  characterize  the 
chart  on  the  opposite  page,  which  is  intended  to  be 
used  for  finding  the  area  of  a  boiler-head  segment  to 
be  stayed,  according  to  the  latest  revision  of  the  A.  S. 
M.  E.  Code.  The  chart  was  compiled  by  C.  H.  Baker, 
mechanical  engineer,  Public  Service  Electric  Co.,  N.  J. 

The  method  of  applying  the  chart  may  be  explained 
most  easily  by  an  example.  Suppose  that  a  boiler  90 
in.  in  diameter  has  a  head  iJ.  in.  thick  and  is  to  carry 
a  pressure  of  200  lb.  gage,  and  let  it  be  required  to 
find  the  area  of  segment  to  be  stayed,  assuming  that 
the  height  H  of  the  segment  is  23.9  in. 

Starting  from  the  point  indicating  200  lb.,  on  the 
horizontal  line  at  the  middle  of  the  chart,  proceed 
vertically  to  the  curve  and  then  horizontally  to  the 
right  to  the  diagonal  representing  a  head  thickness  of 
ii  in.  From  this  point  drop  vertically  to  the  m.iddle 
horizontal  line,  which  will  be  cut  at  a  point  correspond- 
ing to  a  value  of  3.9,  indicating  that  d  is  3.9  inches. 

From  the  value  3.9  continue  vertically  downward  to 
the  inclined  line  denoting  a  boiler  diameter  of  90  in. 
and  from  that  point  turn  horizontally  to  the  left.  As 
H  is  23.9  in.  and  the  value  of  d  was  found  to  be  3.9 
in.,  H  —  d  —  23.9  —  3.9  =  20  in.  Consequently, 
proceed  horizontally  to  the  curve  marked  20  and  then 
vertically  to  the  lower  edge  of  the  chart,  where  a  value 
of  855  will  be  indiated.  Then  the  area  of  the  segment 
is  855  square  inches. 
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The  Engineer  as  a 
Social  Economist 

AT  A  RECENT  gathering  of  engineers  Professor  L. 
P.  Breckenridge,  who  had  just  returned  from  his 
annual  tour  with  the  senior  class  in  mechanical  engi- 
neering of  the  Sheffield  Scientific  School  at  Yale,  gave 
striking  expression  to  a  thought  which  has  been  gaining 
form  in  many  minds. 

He  had  stood,  he  said,  at  East  Pittsburgh  and  looked 
down  the  throat  of  a  great  hydraulic  turbine  designed 
to  develop  forty-five  thousand  horsepower.  His  first 
job  after  leaving  college  was  testing  waterwheels  with 
Clemens  Herschel  at  the  Holyoke  flume.  They  had  less 
than  thirty  thousand  horsepower,  but  that  "rush  of 
many  waters"  used  to  seem  to  him  to  be  enough  to  run 
the  universe.  Yet  here  was  a  single  turbine  that  would 
drink  it  all  up  and  call  for  more.  And  he  marveled  at 
the  skill  of  the  engineer  who  had  devised  that  mech- 
anism that  in  a  few  feet  of  correctly  fashioned  guides 
and  blading  could  take  the  energy  out  of  this  flowing 
mass  and,  without  impact  or  friction  or  eddy  or  con- 
fusion, deposit  it,  quiet  and  harmless,  in  the  tailrace, 
its  energy  converted  to  the  beneficent  purposes  of 
industry. 

And  then  they  were  taken  to  the  stoker  department 
and  shown  how  the  black,  smudgy,  smoky  coal  was 
converted  into  a  mass  of  glowing  white  incandescence 
and,  after  flowing  through  a  few  properly  proportioned 
passes  of  the  boiler,  escaped  as  a  comparatively  cool  and 
colorless  gas  into  the  atmosphere,  having  left  some 
three-quarters  of  its  energy  in  the  steam;  and  he  ad- 
mired the  skill  that  fashioned  the  apparatus  and  con- 
trolled so  completely  the  process  of  converting  this 
great  quantity  of  heat  energy  at  such  temperatures 
without  even  discomfort  to  the  operators. 

And  then  there  were  the  boilers,  each  joint  and 
element  designed  and  constructed  by  the  skill  of  the 
engineer  to  withstand  with  a  large  reserve  of  security 
the  enormous  pressure  upon  them;  and  the  turbine 
where,  within  a  space  that  could  be  spanned  by  the 
extended  arms,  that  steam  was  made  to  give  up  its 
energy  to  the  revolving  shaft  to  be  converted  into 
electricity  for  the  service  of  mankind. 

And  then,  as  he  rode  back  with  his  class  in  the 
train,  he  read  in  his  daily  paper  the  stories  of  strikes 
and  revolutions  and  other  manifestations  of  social 
unrest.  Empires  and  thrones  and  dynasties  had  been 
overthrown;  millions  of  people,  unused  to  the  free  air 
of  liberty,  untaught  in  the  problems  of  industrial 
administration,  had  been  torn  loose  from  any  allegiance 
to  constituted  authority;  thousands  of  laborers  filled 
with  a  new  sense  of  their  indispensableness  were 
clamoring  for  the  democratization  of  industry  as  well 
as  of  the  forms  of  government,  for  a  voice  in  the 
determination  of  the  conditions  under  which  they  work 
and  live.  And  he  wondered  where  the  skill  and  tact 
and  expert  knowledge  was  coming  from  that  would 
devise  the  method  and  the  mechanism  that  would  direct 
this   mighty   force,   the   man   power   of  the   world,   to 


its  beneficent  purpose,  the  support  and  development 
of  the  race,  smoothly,  efficiently,  without  clash  or  fric- 
tion   or   calamity. 

If  the  water  gets  away,  we  have  a  Johnstown  flood; 
if  the  fire  gets  beyond  control,  we  have  a  confiagration ; 
if  the  boiler  is  not  properly  designed,  constructed  and 
operated,  we  have  an  explosion;  if  there  is  friction  or 
lack  of  balance  in  the  turbine,  it  may  wreck  itself  in  a 
few  revolutions. 

What  may  be  the  consequences  of  a  failure  properly 
to  understand  and  direct  these  great  human  forces  now 
wasting  themselves  in  friction  and  eddy  and  conflict 
and  misdirection?  Who  better  than  the  engineer  with 
his  analytical  habit  of  thought  and  his  methods  of 
applying  the  forces  and  materials  of  nature  in  the  most 
direct  and  efficient  manner  to  the  benefit  of  man,  can 
outline  and  put  into  execution  a  plan  which  will  unite 
administration  and  manipulation  in  a  system  of  national 
production  that  can  be  carried  at  the  full  rate  and  at 
maximum  efficiency  and  in  which  the  standing  and 
emolument  of  each  shall  be  in  proportion  to  the  service 
rendered  ? 

Size  of  Transformer  for 
Induction  Motor 

THE  question  of  the  selection  of  transformers  for 
induction  motors  is  one  that  has  frequently  been 
given  too  little  consideration  by  those  who  have  ap- 
plications of  this  sort  to  make.  The  rules  and  formula 
given  in  the  article  by  J.  B.  Gibbs,  on  Page  756  of 
this  issue,  are  extremely  simple  and  practical  and  will 
be  of  great  assistance  to  those  making  applications  of 
this  sort.  The  information  given  on  emergency  con- 
nection is  of  particular  value  in  that  by  becoming 
familiar  with  these  schemes  it  may  be  possible  for  an 
operator  to  save  a  long  and  serious  shutdown.  In 
using  emergency  connections  of  this  kind,  care  should 
be  taken  to  see  that  the  reduced  capacity  of  the  trans- 
formers is  given  due  consideration  and,  if  necessary, 
the  load  can  be  reduced  until  proper  repairs  can  be 
made. 

As  stated  by  Mr.  Gibbs,  according  to  standardization 
rules  of  the  American  Institute  of  Electrical  Engineers 
and  of  the  National  Electric  Light  Association,  trans- 
formers are  designed  to  have  a  temperature  rise  of 
fifty-five  degrees  Centigrade  above  the  surrounding 
air.  Some  motors  are  rated  on  a  fifty-degree  Centi- 
grade rise  for  continuous  operation,  but  there  are  a 
large  number  of  motors  sold  on  a  basis  of  a  forty- 
degree  rise  with  the  stipulation  that  they  shall  be 
capable  of  operating  under  an  overload  of  twenty-five 
per  cent,  for  two  hours  after  a  continuous  run  with 
a  temperature  rise  not  exceeding  fifty-five  degrees 
Centigrade.  This  would  obviously  considerably  over- 
load a  transformer  based  on  fifty-five  degrees  rise 
for  full-load  condition  of  the  motor.  The  transformer 
should  be  either  based  on  forty  degrees  Centigrade 
rise  or  the  capacity  increased  twenty-five  per  cent, 
when  rated  on  fifty-five  degrees  rise. 
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Where  n  transformer  is  used  to  supply  two  or  more 
motors,  the  diversity  fnctor  of  the  various  motors  must 
be  tiiken  into  account,  since  it  is  not  necessary  to 
supply  a  transformer  having'  a  capacity  etjual  to  the 
comhiiu'd  capacity  of  all  of  the  motors.  This  diversity 
factor  depends  not  only  upon  the  number  of  motors 
involved,  but  also  the  class  of  work  to  which  they 
are  applied.  For  the  ordinary  machine-shop  drive,  this 
diversity  will  be  approximately  fifty  per  cent.,  which 
means  that  the  capacity  of  the  transformer  feedinp  a 
jrroup  of  motors  in  the  machine  shop  may  be  about 
fifty  per  cent,  of  the  combined  capacity  of  the  motors. 
For  crane  operation  the  diversity  factor  is  very  much 
less.  The  capacity  of  crane  motors  is  based  on  an 
intermittent  ratinp  which  is  about  fifty  per  cent, 
greater  than  their  continuous  rating.  The  motors  on  a 
crane  are  seldom  all  in  operation  at  the  same  time, 
and  in  a  group  of  cranes  there  are  always  several  idle. 
The  result  is  that  the  capacity  of  the  transformers 
for  a  group  of  cranes  can  be  about  ten  per  cent,  of 
the  combined  capacity  of  the  various  motors,  based 
on  their  intermittent  rating.  The  diversity  factor  of 
each  group  of  motors  should  be  given  a  very  careful 
study  before  determining  the  actual  size  of  the  trans- 
former required.  As  pointed  out  by  Mr.  Gibbs,  if 
a  transformer  is  too  small,  it  will  burn  out,  and  if  too 
large,  there  will  be  unnecessary  energy  loss  in  the 
system  and  an  unnecessary  investment  in  transformers. 

The  N.  E.  L.  A.  and  Some 
Power  Problems 

AFTER  a  lapse  of  over  two  years,  during  which 
time  its  meetings  were  devoted  almost  exclusively 
to  problems  connecting  the  industry  with  the  prosecu- 
tion of  the  war,  the  National  Electric  Light  Association 
Convention  this  week  at  Atlantic  City  will  afford 
central-station  men  an  opportunity  to  get  together  for 
the  discussion  of  their  normal  problems,  both  technical 
and  commercial.  Many  familiar  faces  will  again  be 
seen,  and  the  important  committee  reports  will  once 
more  be  in  evidence. 

This  year  finds  the  industry  confronted  with  many 
new  conditions  and  problems.  Normal  development  in 
certain  lines  was  retarded  to  make  way  for  the  more 
pressing  demands  occasioned  by  the  war;  while  in  other 
lines  exigencies  accelerated  development.  Many  com- 
panies have  been  handicapped  through  loss  of  skilled 
labor  and  operatives  in  the  face  of  increased  production 
demands.  Moreover,  it  has  often  been  difficult  to  obtain 
the  desired  quality  of  material,  and  labor  shortage, 
together  with  inability  to  secure  delivery  of  new  equip- 
ment, has  often  rendered  proper  maintenance  difficult. 

Another  factor  of  utmost  importance  is  the  increased 
cost  of  fuel  and  labor,  both  of  which  are  here  to  stay. 
This  calls  for  closer  attention  to  operating  economies 
and  the  attaining  of  more  favorable  load  conditions. 
It  also  emphasizes  the  necessity  for  greater  water- 
power  development,  the  lack  of  adequate  legislation 
regarding  which  has  been  so  costly  to  the  nation  during 
the  last  few  years.  With  a  definite  solution  near,  the 
closing  days  of  the  Sixty-fifth  Congress  again  shattered 
hopes  for  early  development  when  it  let  die  a  bill  that 
was  generally  acceptable  to  all  interests  concerned.  Will 
the  performance  be  repeated  by  the  new  Congress  or 
will  it  be  spurred  to  action  by  the  coal  situation? 
Meanwhile  the  attitude  of  Secretary  Lane  is  most  en- 


couraging. His  plan  for  a  survey  of  the  power  situation 
in  the  New  England  and  Atlantic  States  section  and 
the  scheme  for  "Itegional  Power  Systems"  as  outlined 
by  George  Otis  Smith,  Director  of  the  (leological  Sur- 
vey, give  promise  of  closer  cooperation  between  the 
Government  and  central-station  interests  in  solving  the 
power    problem. 


Our  many  readers  in  large  power  stations  particularly 
will  find  much  of  intere.st  and  value  to  them  in  the 
article  on  Holtwood  record  keeping  elsewhere  in  this 
issue.  The  excellence  of  service  from  this  large  hydro- 
electric plant  supplying  power  to  Baltimore,  Maryland, 
and  Lancaster,  Pennsylvania,  is  due  in  no  small  measure 
to  the  methods  of  recording,  filing  and  checking  data 
on  the  operation  and  condition  of  the  station's  equip- 
ment. It  is  not  practicable  to  standardize  record  and 
report  forms,  but  one  wonders  if  there  is  excuse  for 
the  wide  variety  of  forms  found  in  plants  similar  in 
character.  Of  all  the  forms  we  have  seen,  certainly 
none  were  better  suited  to  a  plant  than  those  at  Holt- 
wood.  We  believe  many  of  them  are  applicable  in  other 
stations,  hydro-electric  and  steam. 


In  his  discussion  of  the  Diesel  engine  in  this  issue, 
Mr.  Sprado  lays  stress  on  the  importance  of  employing 
high-grade  men  to  operate  them.  This  statement,  which 
reflects  the  present  view  of  prominent  builders  of  this 
type,  is  most  gratifying  and  in  accord  with  the  stand 
that  Power  has  always  maintained;  although  it  will  be 
recalled  that  four  or  five  years  ago  certain  other  build- 
ers took  quite  a  different  view  and  were  quick  to  resent 
such  a  statement.  It  goes  to  prove  that  an  experienced 
and  intelligent  operator  is  one  of  the  best  assets  toward 
establishing  a  good  reputation  for  any  piece  of  power- 
plant  apparatus,  and  particularly  a  Diesel  engine  where 
small  clearances,  high  pressures  and  high  temperatures 
are  encountered. 


Regarding  the  difference  in  steam  consumption  in  a 
heating  system  when  using  either  exhaust  steam  or 
live  steam  at  reduced  pressure,  considerable  difference 
may  be  had  in  the  results  due  to  the  design  of  the 
system.  Therefore  the  man  who  claims  that  he  burns 
as  much  coal  to  heat  a  building  using  live  steam,  and 
the  engine  shut  down,  as  he  does  when  using  exhaust 
steam  with  the  engine  running,  may  be  as  correct  in  his 
conclusions  as  the  engineer  who  claims  that  less  steam 
is  used  when  he  utilizes  the  exhaust  from  his  engine. 


Dealers  are  very  much  concerned  and  the  Government 
is  very  considerate  lest  the  releasing  of  some  of  the 
surplus  supplies  that  it  accumulated  should  break  the 
high  prices  at  which  the  goods  are  at  present  held; 
Viut  we  did  not  notice  any  such  concern  or  precaution 
against  inflation  of  the  price  to  the  consumer  by  the 
exceptional  demand  at  the  time  that  they  were  bought. 


It  is  not  within  the  power  of  the  human  machine  to 
turn  out  continuously  as  much  work  in  a  thirty-hour 
week  as  in  a  forty-four-hour  week.  Therefore  to  keep 
up  production  to  meet  the  world's  needs,  increasing  use 
must  be  made  of  machinerj\  This  being  the  case,  the 
future  promises  plenty  of  activity  and  opportunity  for 
the  engineer. 
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Loose  Connection  Causes  Motor  Troubles 

A  10-hp.  500-volt  direct-current  motor  was  giving 
trouble  owing  to  the  fuses  blowing,  but  the  cause  could 
not  be  found.  A  circuit-breaker  was  installed  in  place 
of  the  fuses,  but  the  shop  was  still  frequently  shut  down, 
which  showed  that  the  trouble  had  not  been  removed. 
The  motor  and  the  starting  box  were  taken  to  a  shop 
and  were  given  what  was  supposed  to  be  a  complete 
■overhauling.  When  they  were  reinstalled  and  tested, 
the  armature  started  very  slowly  and  the  starting-box 
resistance  became  very  hot,  which  indicated  that  the 
field  circuit  was  apparently  open.  The  starter  was 
opened  up  and  the  field  circuit  was  found  to  be  con- 
nected as  shown  at  B,  in  Fig.  1.  Since  practically  all 
the  line  voltage  is  absorbed  in  the  starting  resistance 
when  the  starting-box  handle  is  on  the  first  contact 
points,  the  voltage  across  the  field  coils  is  very  low, 
hence  the  field  current  is  very  small.  This  caused  the 
armature  to  develop  practically  no  torque  or  pulling 
power,  which  accounted  for  its  slow  speed  and  the  heat- 
ing of  the  starting  resistance. 

By  changing  the  field  connection  inside  of  the  starting 
box  to  that  at  B,  Fig.  2,  the  starter  trouble  was  re- 
lieved and  the  motor  was  again  put  into  service.  In  a 
short  time  the  circuit-breaker  opened  again  and  caused 
the  plant  to  be  shut  dowTi.  This  showed  that  the  trouble 
had  not  been  corrected. 

A  study  of  the  conditions  indicated  that  the  motor 
showed  no  bad  effects  and  the  breaker  did  not  open 
from  a  short-circuit,  but  that  the  trouble  was  appar- 


FIG.    1.      SHOWS   WRONG   CONNECTION   IN   STARTING   BOX 

ently  caused  by  a  loose  connection,  which  opened  the 
line  for  a  few  seconds  and  closed  it  again  before  the 
starting-box  handle  returned  to  the  off  position. 

A  voltmeter  was  connected  across  the  switch  as  in 
Fig.  2,  and  watched  for  a  drop  in  voltage  before  the 
breaker  opened.  If  the  voltmeter  had  showed  a  drop, 
the  trouble  would  have  been  between  the  switch  and 
source  of  power.     But  the  voltage  was  steady,  hence 


the  trouble  was  between  the  switch  and  the  motor. 
Starting  at  the  switch  all  connections  were  examined. 
The  armature  leads  were  held  in  brass  terminals  by 
setscrews.  One  of  these  screws  had  worked  loose,  thus 
permitting   the   circuit   to    open   momentarily    at   this 


FIG.  2.   STARTING  BOX  CORRECTLY  CONNECTED 

point  due  to  vibration.  The  joint  was  covered  with 
tape,  which  held  the  lead  in  place  and  also  made  the 
trouble  difficult  to  locate.  R.  L.  Hervey. 

Washington,  D.  C. 

Generator  Heats  Excessively 

In  my  letter,  "Generator  Heats  Excessively,"  in  the 
Feb.  11  issue  of  Poiver,  I  did  not  intend  to  create  the 
impression  that  it  is  necessary  for  the  armature  to 
rub  on  the  polepieces  to  cause  heating,  since  the  unequal 
air  gaps  alone  are  enough  to  produce  the  trouble;  the 
greater  the  difference  the  greater  the  heating.  I  am 
writing  from  personal  experience,  as  I  had  this  trouble 
two  years  ago. 

I  have  charge  of  the  heating  and  lighting  plant  at 
Huron  College,  and  we  have  a  50-kw.  direct-current  gen- 
erator directly  connected  to  a  12  x  12  engine,  the  main 
bearings  of  which  became  so  badly  worn  that  in  taking 
up  the  lost  motion  with  the  wedges  the  armature  was 
drawn  over  until  it  did  not  lack  more  than  the  thick- 
ness of  a  sheet  of  paper  of  touching  one  of  the  pole- 
faces.  The  generator  was  a  six-pole  compound-wound 
machine,  and  the  pole  nearest  the  armature  became  so 
hot  that  I  could  not  hold  my  hand  on  the  yoke;  and 
as  I  could  not  shut  down  to  make  repairs  at  that  time, 
I  cut  out  the  shunt  winding  on  this  pole  and,  by 
allowing  the  main  bearing  to  run  a  little  loose,  got 
through  the  season  without  serious  trouble. 

We  rebabbitted  the  main  bearing  the  following  fall, 
and  the  generator  has  been  running  satisfactorily  ever 
since.  JAMES  N.  Challacombe. 

Huron,  S.  D. 
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\Muil   DooH  lh«'   IMrlor  Koiul? 

The  artirlf.  "How  to  Road  the  Wntt-llour  Motor,"  by 
Victor  H.  Toiid,  in  the  iaaue  of  Mnrch  25,  ha.s  created 
considerable  interest  nnion^  the  fellows  around  our 
plant,  iu  reading  watt-hour  meters.  However,  the  dial 
ftrranRement  shown  in  the  fitture  is  one  that  we  have 


10,000 


10.000,000 


WATT  HOURS 


.000 


moving.  Hefore  usinK  these  plates,  the  front  arch  had 
to  bo  relaid  once  or  twice  a  year,  but  the  plates  lasted 
two  or  three  years,  and,  until  they  were  burned  back 
too  far  to  hold  the  arch  bars  no  relaying:  of  the  arch 
was  re<iuired. 

A  leak  would  sometimes  occur  around  the  long 
throuph  rods  which  extend  from  end  to  end  of  the  re- 
turn-tubular boilers.  After  trying  several  kinds  of 
gaskets,  such  as  asbestos,  wire  gauze,  red  lead  and  iron 
filings  without  satisfactory   results,  a  mold  was  made 


WATT-HOUR    METER    DIAL 

not  been  able  to  agree  upon  as  to  just  what  the  correct 
reading  is.  1  am  therefore  submitting  this  problem  to 
the  readers  of  Power,  thinking  that  some  of  them  will 
give  the  correct  reading  and  the  reason  for  their  inter- 
pretation. Charles  A.  Armstrong. 
Philadelphia,  Penn. 

Firing-Door  Arch  Construction 

Brick  linings  at  the  sides  of  the  furnace  fire-doors 
had  to  be  replaced  frequently  due  largely  to  being 
broken  by  fire  bars  and  cleaning  tools.  A  pattern  of 
1-in.  pine  board  was  made  as  shown  in  Fig.  1,  and  cast- 
ings were  made  the  width  of  the  deadplate  and  the 
height  of  the  brickwork  at  the  sides  of  the  fire-doors, 


FIG.   1.     APPLICATION  AND  DETAILS   OF  ARCH  BAR  AND    SIDE  PIECES 


in  this  case  about  14  in.  The  slanting  notch  and  the 
projecting  piece  at  the  top  were  to  hold  the  ends  of  the 
cast  arch  bars  which  extend  across  the  fire-doors  and 
support  the  front  arch  bricks.  This  notch  prevented  the 
arch  bars  from,  creeping  toward  the  fire.  The  bars  were 
about  1  in.  thick  and  5  in.  wide.  By  drilling  a  l-in. 
hole  in  each  end  in  the  flat  part  and  slipping  in  a  bolt 
two  or  three  inches  long,  the  plates  were  prevented  from 


OASKET  /IPPUED 
TO  STAr-ROD 


MOLD  FOR  LEAD  GASKET 
PIG.   2.     MOLD  AND  APPLICATION  OF  LEAD  GASKET 

of  two  pieces  of  boards  clamped  together  and  a  hole 
bored  through  them  in  the  center  the  size  of  the 
through  bolt,  then  cut  out  each  half  tapering  about  \ 
or  I  in.  deep,  as  showm  in  Fig.  2.  A  piece  of  tube  or 
pipe  was  then  placed  in  the  hole  the  size  of  the  rod  and 
all  clamped  in  a  vise  and  lead 
poured  in  the  mold,  which 
made  a  tapered  lead  gasket  as 
shown  at  A.  This  gasket  was 
slipped  on  over  the  rod  with 
the  large  washer,  and  when 
the  nut  was  screwed  up  tight 
the  leak  was  permanently 
stopped. 

Trouble  was  also  experi- 
enced with  the  cast-iron  col- 
lector rings  on  the  alternator, 
due  to  burned  spots  on  them 
equidistant  between  the 
brushes.  As  the  rings  are 
case-hardened,  it  was  almost 
impossible  to  smooth  them  up. 
An  old  wire-gauze  alternator 
brush  was  sawed  dowm  to  the 
size  of  the  carbon  brushes 
on  the  rings,  and  one  was  put 
on  each  ring  in  place  of  the 
carbon  brush.  As  a  result  in 
a  short  time  the  burned  spots 
had  disappeared  and  then  the 
metal  brushes  were  replaced 
with  the  carbon  until  the  rings  began  to  spot  again.  The 
metal  brushes  will  run  somewhat  hot,  but  they  will  true 
up  the  rings. 

Many  methods  have  been  employed  in  truing  up 
burned  rings.  My  way  is  so  simple  that  anyone  can  use 
it  without  the  expense  and  trouble  of  making  apparatus 
to  do  the  job.  Le  Roy  Miller. 

Sodus,  N.  Y, 
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Hand-Damper  Regulation  Bonus 

On  page  328  of  the  Mar.  4  issue  is  an  article  by  John 
F.  Hurst,  on  "Hand-Damper  Regulation."  I  am  a  firm 
believer  in  the  uptake  control,  and  where  a  firm  or  com- 
pany is  so  poor  or  penurious  that  they  cannot  or  will 
not  purchase  a  good  damper  regulator,  the  idea  of  P. 
Henwood,  published  in  a  previous  issue,  is  all  right,  but 
the  best  fireman  in  the  universe  cannot  regulate  his 
draft  at  all  times  as  nicely  or  efficiently  as  will  a  good 
hydraulically  operated  regulator. 

I  had  an  opportunity  a  few  years  ago  to  see  this  nicely 
demonstrated.  The  fireman  was  an  exceptionally  good 
man  and  tried  his  best  to  get  results,  but  in  spite  of  his 
good  will  and  best  endeavors,  the  safety  valve  would 
blow  occasionally  and  steam  would  drop  a  little  at  times. 

The  engineer  was  also  the  machinist  for  the  shop, 
and  so  the  fireman  oiled  the  engine  and  pumps.  One 
day  as  I  was  passing,  the  "old  man,"  as  we  all  called 
the  fireman,  asked  me  what  I  thought  of  the  idea  of 
operating  the  damper  automatically  and  I  told  him  that 
almost  anyone  who  made  any  pretense  of  being  bright 
had  done  that  trick  for  some  years. 

"Do  you  do  it?"  he  asked  me  point  blank,  and  I  don't 
know  to  this  day  whether  he  meant  it  for  a  joke  or 
otherwise,  but  I  told  him  that  I  had  an  ancient  edition 
that  did  not  regulate  within  8  pounds. 

He  told  me  that  the  makers  of  a  certain  regulator 
guaranteed  it  to  hold  steam  within  one  pound  and  that 
his  company  was  going  to  give  it  a  test.  The  regulator 
was  installed  and  McNally  gave  it  a  test.  He  fired  as 
faithfully  as  he  knew  how  and  they  weighed  the  coal; 
a  water  meter  was  on  the  boiler  line. 

This  line  supplied  the  faucet  at  the  sink  and  the  hose 
connection  for  wetting  the  ashes  and  then  fed  through 
a  closed  heater  into  the  boiler.  A  feed  pump  could  be 
put  in  operation  if  the  town  pressure  fell  below  a  cer- 
tain point,  which  it  did  at  times. 

The  meter  was  always  read  once  a  week,  on  Sunday, 
so  they  knew  approximately  what  the  boiler  was  doing. 

The  boiler  was  operated  the  first  week  with  the  new 
regulator  working  as  nicely  as  they  guaranteed.  The 
next  week  the  boiler  was  fired  without  the  regulator 
working  and  the  fireman  did  his  level  best  to  beat  the 
regulator,  but  he  fell  short  by  several  hundredweight 
of  coal,  and  the  water  meter  showed  a  little  more  water 
used  the  week  the  regulator  was  operating;  but  the 
regulator  was  taking  from  the  line,  which  accounted 
for  some  of  the  water  used. 

Several  tests  were  made  and  the  saving  appeared  to 
be  about  Si  per  cent.  The  agent  who  placed  the  regu- 
lator on  trial  had  guaranteed  at  least  5  per  cent,  and 
he  said  it  might  show  10,  so  of  course  he  was  disap- 
pointed, but  anyone  that  knew  McNally  was  not  sur- 
prised. 

Even  at  3i  per  cent,  the  regulator  was  a  paying  in- 
vestment, so  it  stayed  in  the  plant,  but  it  would  have 
shown  10  per  cent,  saving  in  fifty  plants  out  of  a  hun- 
dred and  probably  5  to  8  per  cent,  in  75  plants. 

I  believe  in  paying  my  firemen  the  highest  possible 
wages,  as  well  as  my  engineers,  oilers,  helpers  and  re- 
pairmen— with  no  bonus.  We  make  cloth  of  varying 
weights  and  textures  and  cannot  draw  a  fine  line  nor 
split  a  coarse  line.  If,  after  paying  my  men  the  limit, 
they  must  have  a  bonus  to  do  good  work,  I  simply  drop 
them.  I  firmly  believe  bonus  systems  in  a  plant  lead  to 
crooked  work  that  more  than  offsets  the  good  they  do. 


In  one  plant  with  which  I  am  more  or  less  acquainted 
at  stock-taking  time  the  coal  was  always  accurately  es- 
timated from  the  daily  log,  but  six  months  after  a  bonus 
system  was  tried  the  coal  fell  short  of  the  estimate  by 
400  tons. 

The  bonus  system  had  shown  a  saving  of  12  per  cent. 
Stock  taking  showed  a  loss  of  just  the  amount  of  bonus 
paid.  The  coal  consumption  was  neither  more  nor  less 
than  for  the  same  period  of  the  previous  year,  notwith- 
standing that  the  water  evaporation  was  higher — ap- 
parently. No  more  product  was  shipped  from  the  plant, 
the  same  amount  of  fuel  was  purchased  as  formerly,  the 
grade  was  the  same,  and  the  only  difference  was  a 
bonus  paid  that  was  not  earned  and  a  rupture  caused 
that  eventually  cost  the  chief  engineer  a  mighty  good 
berth. 

If  I  am  in  doubt  as  to  whether  a  man  who  is  paid  by 
the  hour  has  worked  three  or  four  hours  overtime,  I  give 
him  four  and  also  pay  time  and  a  half.  If  my  salaried 
men,  who  are  allowed  two  weeks  vacation  per  year,  are 
sick  one  or  two  weeks,  I  don't  call  that  their  vacation 
nor  deduct  from  their  salary,  but  the  man  who  tries 
to  put  something  over  has  got  to  do  it  in  such  a  nice 
refined  way  that  I  cannot  detect  it  or  he  has  lost  his 
job,  and  the  men  know  it. 

A  man  who  works  for  me  will  get  any  bonus  on  his 
merits  by  a  raise  in  salary  if  the  plant  can  afford  it, 
and  my  men  must  be  far  enough  advanced  in  their  craft 
to  be  able  to  get  results  without  signs  to  warn  them 
how  to  do  it. 

Many  times  the  fireman  is  referred  to  in  an  unbe- 
coming way,  which  he  does  not  deserve,  and  his  in- 
tellect is  questioned,  but  it  is  a  wrong  proceeding,  and 
many  a  man  behind  the  shovel  or  at  the  stoker  has  got 
just  as  many  ounces  of  gray  matter  as  the  man  on 
watch  in  the  turbine  room,  and,  incidentally,  many  a 
chief  engineer  started  on  the  end  of  a  coal  scoop. 

New  York  City.  c.  W.  Peters. 

Safe  Loading  of  Two-Phase  Cables 

In  the  loading  of  three-wire  two-phase  cables  where 
all  three  conductors  are  the  same  size,  the  current  in 
the  center  wire  frequently  is  not  considered.  In  a 
three-wire  cable  carrying  a  balanced  two-phase  load,  the 
current  in  the  middle  wire  is  \/2,  or  1.41,  times  the 
current  in  the  outside  wires;  so  that  the  capacity  of 
the  middle  wire  is  the  determining  factor  in  the  load- 
ing of  the  cable. 

As  the  ammeters  are  always  placed  in  the  two  out- 
side wires,  it  is  very  easy  for  the  operator  to  neglect 
the  current  in  the  middle  conductor.  For  this  reason 
the  capacity  per  phase  of  such  cables  should  be  com- 
puted for  the  current  in  the  middle  wire.  Thus  a  three- 
wire  two-phase  cable  rated  at  300  amperes  per  con- 
ductor should  carry  a  full-load  current  per  phase  of 

only  —7=,  or  213  amperes. 

l/2 

In  the  relay  settings  this  same  consideration  must 
be  made  where,  as  is  usually  the  case,  the  relays  are 
connected  only  to  the  outside  wires.  Thus,  if  the  300- 
ampere  per  conductor  cable  were  to  be  protected  for 
100  per  cent  overload,   the   relays   should   be   set  for 

2.0  X  —7^,  or  426  amperes,  instead  of  600  amperes. 

Philadelphia,  Penn.  F.  J.  GiLLOOLY. 
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IiidiH'tion  IMotor  FailtMl  To  Start 

A  t\V()-i)liase  four-win'  four-polo  .')(lO-voll  iii<luctio!i 
motor  used  to  drivi'  a  .small  freijrht  elevator  failed  to 
start  when  the  switch  was  close<l.  No  starting  device 
was  used  with  this  motor,  the  stator  winding  being  con- 
nected directly  to  the  line 
through  a  four-pole  single-throw 
fused  switch,  as  shown  in  the 
illustration.  Ifpon  closing  this 
switch  the  motor  made  a  noi.se 
similar  to  that  of  any  induction 
motor  with  one  phase  open.  The 
fuses  were  removed  and  tested 
and  were  found  in  good  condi- 
tion. The  stator  winding  was 
also  tested,  but  no  trace  of  a 
ground    or   an   open-circuit    was 


ARRAXGEMEXT    OF    MOTOR    INSTAI.LATIOX 

found.  Upon  questioning  the  attendant  he  said  that 
he  had  opened  the  fuse  clips  a  small  amount  so  that  he 
could  remove  the  fuses  easily.  Upon  replacing  the  fuses 
it  was  found  that  one  of  them  was  held  tightly  by  the 
bottom  clips,  but  a  very  small  air  space  remained  be- 
tween the  upper  ferrule  and  the  top  clips.  Thus,  when 
the  switch  was  closed  the  motor  vpas  placed  across  the 
line  with  one  phase  disconnected.  Upon  tightening  the 
clips,  the  motor  was  started  without  further  trouble. 
Jersey  City,  N.  J.  JOHN  H.  Shaver. 

Qualifications   of  a   Diesel   Operator 

Much  credit  for  smooth  operation  of  Diesel  engines  is 
due,  naturally,  to  the  operating  engineer.  A  certain 
author  in  a  book  on  Diesel  engines,  comparing  them 
with  gas  and  producer-gas  engines,  stated:  "In  this 
respect  the  Diesel  engine  differs  from  other  prime  mov- 
ers in  that  its  over-all  fuel  economy  is  not  dependent 
on  the  efficient  operation  of  auxiliaries,  or  even  on  the 
skill  of  the  operators,  as  its  operation  is  largely  an 
automatic  thermodynamic  process  in  the  engine  itself. 
With  a  correctly  designed  and  efficiently  built  engine 
this  economy  will  be  maintained  undiminished  during 
the  life  of  the  engine,  provided  the  engine  receives 
proper  care." 

Now,  unless  the  operator  is  a  skilled  mechanic,  he  can- 
not give  the  Diesel  engine  the  proper  care  its  import- 
ance in  the  world  of  power  demands.  The  engine  re- 
quires considerable  attention.  Joints  must  be  ground 
in  to  perfection  to  prevent  leakage  of  air,  for  it  re- 
quires but  a  small  leak  to  cause  loss  of  pressure. 

The  pressure  varies  from  800  to  1200  lb.  per  sq.in. 
Some  gages  are  marked  in  atmospheres  and  others  in 


l)ouii(ls.  The  pressures  to  be  used  vary  with  the  load 
carried,  the  highest  existing  at  heavy  loads,  and  they 
are  regulated  by  the  engineer  by  throttling  the  inlet  to 
the  air  compres.sors,  by  bleeding  the  air  bottle.s  and 
sometimes  l)y  setting  an  auxiliary  safety  valve. 

An  unskilled  operator  will  gradually  become  skilled, 
but  while  doing  .so  he  will  cost  money  and  will  cause 
some  unavoidable  shutdowns  and  fuel  losses.  The 
skilled  man  will  save  money  in  fewer  repairs,  higher 
operating  economy  and  reliability  of  operation  during 
working  hours,  and  the  higher  the  grade  of  the  man  the 
bettor  the  ovor-all  enicieiicy  u\)  to  the  maximum  obtain- 
able. The  old  story  that  the  oil  engine  or  gas  engine 
requires  no  skilled  operator  has  never  had  much  of  a 
chance  to  impress  the  erecting  man.  It  has  been  ex- 
ploded many  a  time.  D.  L.  Fagnan. 

New  York  City. 

Fackiiio;  a  Piston  Kod 

I  use  the  following  method  in  packing  piston  rods 
with  fibrous  metallic  packing.  It  is  necessary  that  the 
rod  be  .smooth  and  running  true  to  use  such  packing 
successfully. 

I  secure  a  wooden  bushing,  such  as  is  used  with 
wooden  pulleys,  which  exactly  fits  the  stuffing-box  and 
rod,  put  in  a  small  amount  of  packing  at  a  time,  place 
the  bushing  in  the  stuffing-box,  jam  it  home  with  the 
gland,  and  repeat  this  until  the  stuffing-box  is  full. 
Then  I  jam  the  gland  against  the  packing  until  it  sets 
to  conform  with  the  shape  of  the  gland.    Frequently  the 


USIXG  WOODEX   BUSHIXG   WITH   FIBROUS   METALLIC 
PACKING 

distance  between  the  oil  splasher  and  the  stuffing-box 
is  very  short.  In  such  cases  it  will  be  necessary  to  saw 
the  bushing  off  as  the  stuffing-box  fills  with  packing. 
Do  not  attempt  to  jam  the  packing  in  with  the  gland, 
as  it  will  not  stay  square  in  the  stuffing-box. 

Kansas  City,  Mo.  E.  J.  SCHAEFFER. 


The  Locoynotive,  published  by  the  Hartford  Steam 
Boiler  Inspection  and  Insurance  Co.,  lists  39  flywheel 
explosions  as  having  occurred  during  the  year  1918. 
Up  to  and  including  September  of  the  same  year  it 
records  314  boiler  explosions. 
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Too  Much  Blowdown  of  Safety  Valve — If  a  pop  safety 
valve  that  was  set  at  90  lb.  is  adjusted  to  blow  at  70  lb. 
and  the  valve  does  not  shut  off  until  the  steam  pressure 
of  the  boiler  drops  to  60  lb.,  what  should  be  dene?       H.  A. 

Safety  valves  of  boilers  carrying  an  allowed  pressure  of 
less  than  100  lb.  per  sq.in.  gage  should  close  after  blowing 
down  not  more  than  4  lb.  If  the  safety  valve,  when  set 
to  blow  at  70  lb.,  does  not  close  until  the  steam  pressure 
falls  to  60  lb.,  thereby  allowing  10  lb.  blowdown,  the  blow- 
down  should  be  adjusted  so  the  valve  will  close  at  not  less 
than  70  —  4  =   66-lb.  pressure. 

Travel  of  Cylinder  Over  Piston — I  claim  that  at  times  the 
cylinder  of  a  locomotive  travels  over  the  piston,  while  B 
and  C  claim  it  would  be  impossible.     Which   is  right? 

F.  J.  S. 

Motion  of  a  body  is  change  of  its  position  with  reference 
to  the  position  of  a  point,  a  line,  or  another  body.  Regard- 
ing a  railroad  track  as  a  stationary  object  to  which  motion 
of  the  parts  of  a  locomotive  are  referred,  when  the  loco- 
motive is  going  forward,  the  cylinder  is  carried  forward 
at  the  speed  of  the  locomotive,  and  during  a  stroke  of  the 
piston  from  the  head  end  of  the  cylinder,  it  is  not  moving 
forward  as  fast  as  the  cylinder  and  the  cylinder  may  be  said 
to  pass  over  the  piston  in  the  same  way  that  a  boy  might 
make  a  running  jump  and  pass  over  the  head  of  another 
who  is  walking  slowly  in  the  same  direction. 
n        *        * 

Equivalent  Evaporation  at  Different  Feed-Water  Tem- 
peratures— How  many  pounds  of  feed  water  at  212  deg.  F. 
evaporated  into  steam  at  TO-lb.  gage  pressure  would  be 
equivalent  to  the  evaporation  of  30  lb.  of  water  from  a 
temperature  of  100  deg.  F.  into  steam  at  the  stated  pres- 
sure? J.   E.   C. 

A  pound  of  steam  at  70-lb.  gage  pressure,  or  85  lb. 
absolute,  contains  1183.4  B.t.u.  above  32  deg.  F.,  and  evapo- 
ration of  30  lb.  of  feed  water  from  a  temperature  of  100 
deg.  F.  into  steam  at  70-lb.  gage  pressure  would  require 
[1183.4  -  (100  -  32)]  X  30  =  33,462  B.t.u.  For  evap- 
oration from  a  temperature  of  212  deg.  F.  into  steam  at 
70-lb.  gage  each  pound  of  feed  water  would  require  1183.4 
-  (212  -  32)  =  1003.4  B.t.u.,  and  to  obtain  an  evapora- 
tion into  steam  at  70-lb.  gage  pressure  equivalent  to  con- 
version of  30  lb.  of  feed  water  from  a  temperature  of  100 
deg.  into  steam  at  70-lb.  gage  pressure  would  require  the 
evaporation  of  33,462  -h  1003.4  =  33.35  lb.  of  the  feed 
water  at  the  temperature  of  212  deg.  F. 

Determining    Lap   and    Lead   of   D-Valve — How   can    the 

steam   lap   and    lead   of   a   D-slide   valve   of   an   engine   be 
determined  without  removing  the  steam-chest  cover? 

E.  M. 
Make  a  mark  on  the  valve  stem  at  the  end  of  the  stuffing- 
box  gland  when  the  stem  is  farthest  in,  and  another  when 
it  is  farthest  out  of  the  stuffing-box,  and  halfway  between 
these  marks  locate  another  mark  to  represent  the  mid 
travel  of  the  valve.  Then  turn  and  block  the  engine  wheel 
to  such  a  position  that  steam  will  be  just  admitted  to  one 
end  of  the  cylinder  with  the  throttle  valve  open  only  a 
little,  as  shown  by  the  escape  of  steam  from  the  open  cyl- 
inder pet-cock  on  the  same  end  of  the  cylinder.  Make  a 
mark  on  the  valve  stem  at  the  end  of  the  stuffing-box  gland 
and  locate  a  similar  mark  with  the  valve  just  opening  on 
the  other  end.  The  distance  between  these  latter  marks  will 
be  equal  to  the  sum  of  steam  laps  of  both  ends  of  the  valve, 
and  the  distance  that  each  one  is  from  the  mark  previously 
made  to  register  the  mid  travel  will  be  the  amount  of 
steam  lap  on  corresponding  ends  of  the  D-valve.  To  deter- 
mine the  lead  at  either  end,  place  the  engine  on  a  center 


and  make  a  mark  on  the  valve  stem  at  the  end  of  the  stuf- 
fing-box. Note  the  distance  of  this  mark  from  the  mark 
made  for  registering  the  beginning  of  opening  of  the  same 
end  of  the  valve.  If  the  engine  would  have  to  be  turned 
backward  to  obtain  the  registration  of  the  opening,  then 
the  distance  so  noted  would  be  the  amount  of  positive  lead, 
but  if  it  would  have  to  be  turned  forward,  the  distance 
would  be  the  negative  lead,  or  amount  the  valve  would 
lack  of  being  open  at  the  beginning  of  the  stroke. 
*       <t>       « 

Shell  and  Core  Type  Transformers — ^What  is  the  differ- 
ence in  construction  in  shell-type  and  core-type  trans- 
formers? K.  B.  A. 

In  the  shell-type  transformer  the  coils  are  assembled  and 
then  the  core  is  built  up,  of  thin  sheets  of  soft  iron,  around 
the  coils,  as  shown  in  Fig.  1 ;  and  in  the  core-type  the  coils 
are  placed  around   a  core  built   up  of  thin   sheets  of  soft 


FIG.  1 


PIG.   2 


iron  in  the  form  of  a  square  link,  as  shown  in  Fig.  2. 
Tiie  arrangement  shown  in  Fig.  2  is  the  one  generally 
used  for  core-type  transformers,  and  the  one  given  in  Fig. 
1  is  only  one  of  a  number  of  arrangements  for  the  core 
and  coils  of  shell-type  transformers,  but  they  all  follow 
the  general  idea  set  forth  in  this  figure. 
*       *       * 

Data  for  Ordering  Pinion — If  the  pinion  to  an  elevator 
should  be  broken  beyond  repair,  what  data  should  be  sent 
to  the  factory  to  secure  a  wheel  to  replace  the  broken  one? 

W.  H. 

When  ordering  of  the  maker,  state  the  purpose  of  the 
wheel,  and  give  the  pattern  number  if  it  bears  one.  The 
order  should  state  whether  a  cut  or  cast  gear  is  to  be  sup- 
plied. Give  an  accurate  measurement  of  the  working  dis- 
tance between  the  center  of  the  pinion  and  center  of  gear 
wheel  with  which  the  pinion  meshes,  and  the  number  of 
teeth  and  outside  diameter  of  each,  and  furnish  a  draw- 
ing or  templet  the  shape  of  a  segment  of  the  gear  wheel 
that  will  include  eight  or  ten  teeth,  showing  their  shape 
marked  off  from  the  wheel  on  a  sheet  of  tin  plate  or  card- 
board, and  state  the  desired  width  of  face  of  the  teeth  for 
the  pinion.  Also  state  the  length  of  hub,  how  much  each 
end  of  the  hub  is  to  be  offset  under  or  beyond  the  teeth; 
whether  ends  of  hub  are  to  be  finished,  diameter  of  bore, 
size  of  setscrew,  size  of  keyway  in  shaft,  whether  new  key 
is  wanted  and  from  which  end  of  the  hub  key  is  to  be  driven. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  ad- 
dresses. This  is  necessary  to  guarantee  the  good  faith  of 
the  communications  and  for  the  inquiries  to  receive  atten- 
tion.— Editor.] 
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(]oin|mriM4>n   of  Itrll    Malrrialn 

Kvoryone  who  hu.s  hud  i'.\|ii'iieiu'e  in  the  use  of  bultin»{ 
for  powor  transmi.ssion  hns  in  n  ^fnt-ral  wuy  decided  upon 
the  relative  merits  of  various  types  of  belts  and  belt  mate- 
rials. Since  each  drive  has  its  own  characteristics  and 
dirtlculties,  there  is  a  lack  of  UKTeement  amonvc  the  user.s 
of  belts  us  to  just  what  the  various  types  of  beltinir  will 
do,  and  it  was  to  supply  this  information  that  the  investiga- 
tion' was  started. 

Tests  were  made  with  various  types  of  pulleys,  all  of 
which  are  in  everyday  use.     While  different  results  were 

obtained  with  differ- 
ent pulleys,  the  ratios 
between  the  various 
types  of  beltinp  ma- 
terials remained  the 
same.  That  is,  al- 
though leather  on  pa- 
per pulleys  showed 
iiigher  results  than 
on  iron,  so  also  did 
b  a  la  t  a  and  rubber, 
and  the  advantage  of 
leather  over  other  ma- 
terials remained  un- 
changed. 

In  all  tests  the 
pulleys  used  were  24 
in.  in  diameter,  some 
were  crowned  and 
some  straight  face. 
In  the  series  of  tests 
on  the  first  set  of  ma- 
chines the  belt  was 
run  at  3770  ft.  per 
min.,  while  in  the 
series  run  on  the  sec- 
ond set  of  machines 
the  belt  speed  was 
varied  from  2500  to 
5000  ft.  per  min. 
Most  of  the  tests  were 
made  at  500  r.p.m.,  or 
a  belt  speed  of  3140 
ft.  per  minute. 

Tests  were  made  at 
a  number  of  tensions 
in  order  to  determine 
whether  or  not  the 
relative  capacities  of 
the  belts  changed  with 


Per  Cent,  of  Slip 
RELATION    OF   BELT    SLIP    TO 
HORSEPOWER 


changing  tension.  The  light  running  tension  varied  from 
35  to  75  lb.  per  inch  of  width,  which  corresponds  to  approxi- 
mately 45  to  90  lb.  per  incli  of  width  when  the  belt  is  stand- 
ing still.  The  difference  between  the  tension  of  the  belt 
standing  still  and  running  under  no  load  is  due  to  centrifugal 
force.  Most  of  the  data  liere  presented  are  based  on  tests 
in  which  the  tension  was  a  little  higher  than  that  advised 
by  the  manufacturers  of  the  various  belts,  and  ranged  from 
50  to  70  lb.  per  inch  of  width  when  the  belt  was  standing  still. 

The  tests  were  conducted  by  increasing  the  load  on  the 
belt  from  zero  to  a  point  where  the  slip  amounted  to  at 
least  3  per  cent,  and  the  belt  showed  signs  of  distress. 
Measurements  of  speed,  tension  and  horsepower  were  made 
at  each  step.  The  horsepower  transmitted  by  the  various 
belts  at  diiTerent  percentages  of  slip  is  shown  in  the  illus- 
tration. 

The  curves  show  that  fabric  belts  all  possess  a  definite 
maximum  beyond  which  it  is  impossible  to  go,  and  that  the 
points  of  maximum  power-transmitting  capacity  are  below 
the  safe  load  for  leather  belting.  The  leather  belts  at  this 
speed  are  rated  from  20  to  25  hp.  The  curves  show  that 
leather  belting  operating  at  25  hp.  has  an  overload  capacity 
of  60  per  cent.,  while  not  one  of  the  fabric  belts,  operating 
with  no  factor  of  safety  at  all,  can  carry  such  a  load.   While 

'Investigation  conducted  at  the  Mellon  Institute  of  Industrial 
Research.  Pittsburgh.  This  abstract  is  based  on  the  data  thus  ob- 
tained, as  sent  out  by  the  Leather  Belting  Exchange,  Philadelphia. 


it  would  not  be  advisable  to  operate  belts  ut  their  full 
capacities,  it  i.s  important  to  know  just  whut  ninrKin  is 
available  for  overloads. 

The  results  of  these  tests  indicate  the  following: 

1.  Leather  belting  posseSBCH  a  much  jfrcuter  power-trans- 
mitting rapacity  than  fabric  and  in  the  ratios  shown  in  th<- 
illustration. 

2.  The  enormous  advantage  of  leather  over  all  the  sub- 
stitute belts  jiersists  at  all  speeds  up  to  at  least  5000  ft 
per  min.,  and  at  all  tensions  within  the  range  practicable 
for  power  transmission. 

;{.  The  relative  capacities  of  the  various  belts  remain 
the  same  on  various  kinds  of  pulleys. 

4.  Leather  belting,  at  its  rated  horsepower,  possesses  a 
big  overload  capacity,  while  the  fabric  belts  at  much  lower 
horsepower  posses.ses  no  overload  capacity  whatever. 

5.  Leather  belting  improves  with  age,  while  the  fabric 
belts  are  at  their  best  when  new. 

6.  Wherever  a  fabric  belt  of  a  given  width  is  carrying 
its  load  with  some  degree  of  success,  a  suitable  leather 
belt  three-(iuarters  as  wide  will  do  better  work  than  the 
fabric. 

Leather  is  peculiarly  suitable  as  a  material  for  belting. 
It  has  great  tensile  strength;  it  is  tough,  pliable,  flexible 
and  practically  indestructible.  There  are  in  existence  pieces 
of  leather  that  are  known  to  be  hundreds  of  years  old, 
still  strong  and  full  of  life.  Time  has  no  effect  on  its 
chemical  construction.  Water  or  dampness  does  not  in- 
jure it,  and  it  does  not  rust,  corrode,  crystallize  or  disin- 
tegrate. It  is  injuriously  affected  only  by  certain  acids,  and 
it  wears  slowly  from  the  results  of  friction.  A  leather  belt, 
properly  proportioned  to  its  work  and  of  a  suitable  char- 
acter, will  give  service  for  a  long  time  with  reasonable  care. 

Should  a  leather  belt  outlast  its  first  installation,  it  may 
be  cut  to  a  narrower  size,  shortened  or  lengthened  and  the 
remodeled  belt  is  as  good  as  ever.  When  it  has  become 
old  and  beyond  the  repairing  ability  of  the  mechanic  of  the 
shop,  it  can  be  rebuilt  by  its  maker,  the  bad  places  cut 
out,  the  good  retained,  and  sufficient  new  added  to  make 
the  proper  length.  It  is  then  good  for  many  more  years 
of  usefulness.  When  repairs  become  inadvisable,  it  still 
has  a  value  for  repairing  other  old  belts,  or  for  straps, 
brake  shoes,  heel  taps,  etc.  The  last  remnant  of  it  is 
worth  something  to  somebody. 

None  of  these  statements  is  true  of  the  substitutes  for 
leather  belts.  They  cannot  be  cut  down  into  other  sizes, 
repaired  or  rebuilt,  and  when  finally  discarded  they  have 
no  salvage  value.  Some  of  these  belts  have  a  low  first 
cost  and  others  approximate  the  cost  of  the  leather  belt; 
but  all  of  them,  calculated  on  a  basis  of  the  cost  of  trans- 
mission per  horsepower  per  annum,  will  be  found  to  cost 
many  times  the  price  of  the  best  leather  belts. 


In  a  paper  on  boiler  mountings  recently  contributed  to 
the  Liverpool  Engineering  Society,  J.  Purves  describes  an 
unbreakable  water  gage.  It  consists,  says  The  Engineer, 
of  a  perforated  metal  tube,  and  replaces  the  S-in.  glass  tube 
in  an  ordinary  water-gage  mounting.  The  diameter  of  the 
holes  is  ih  in.  On  the  gage  cocks  being  opened  water  is- 
sues from  the  hole  belo%v  the  water  line  in  the  form  of  a 
rapidly  diverging  white  cloudy  spray,  well  defined  and 
readily  distinguished.  Steam,  on  the  other  hand,  which  issues 
from  the  holes  above  the  water  line,  is  only  faintly  visible 
and  is  hardly  discernible.  The  steam  jet  is  almost  parallel 
and  quite  distinct  in  character  from  that  of  the  water;  a 
definite  indication  is  therefore  assured.  The  character  of 
the  water  jet  bears  a  distinct  relation  to  the  thickness  of 
the  wall  of  the  tube;  by  reducing  the  thickness  of  the  tube, 
the  jet  can  be  made  to  assume  wider  proportions.  Good 
results  are  obtained  by  thinning  the  tube  down  to  ^2  in. 
round  a  ^2  in.  diameter  hole.  Much  smaller  holes  than 
these,  however,  will  give  a  perfectly  visible  jet. 


Frank  H.  Probert,  consulting  engineer  of  the  United 
States  Bureau  of  Mines,  says  that  the  destruction  wrought 
by  Germans  in  northern  France  was  so  "systematic  and 
diabolical"  that  it  will  require  five  years  to  rehabilitate  the 
coal,  iron  and  steel  industry  and  from  12  to  15  years  to 
return  the  mines  and  mills  to  normal  output. 


May  20,  1919 
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Chicago    N.  A.  S.  E.  Entertain    National 
President 

On  his  way  home  from  California  to  the  1919  convention 
city,  Huntington,  W.  Va.,  Roderick  MacKay,  president  of 
the  National  Association  of  Stationary  Engineers,  stopped 
off  at  Chicago  and  attended  a  meeting  of  local  No.  28  on 
the  evening  of  May  3.  As  a  directors'  meeting  had  been 
called  for  the  same  date,  the  Chicago  association  had  the 
unique  honor  of  entertaining  all  of  the  national  officers. 
The  return  of  the  president  was  timed  to  attend  the  weekly 
meeting  of  No.  1  on  May  6. 

Mr.  MacKay  said  that  he  had  been  impressed  favorably 
with  the  preparations  for  the  annual  convention.  The 
Chamber  of  Commerce  was  active  and  enthusiastic,  the 
city  was  of  about  the  right  size  and  the  convention  hall 
an  excellent  place  for  the  meeting.  Reviewing  the  affairs 
of  the  association,  he  stated  that  the  organization  was  in 
good  financial  condition  due  to  the  increasing  prosperity 
of  the  official  paper.  Membership  was  not  so  satisfactory. 
There  had  been  some  decrease  in  the  last  year  or  two, 
but  this  had  been  due  to  the  unusual  conditions.  The  presi- 
dent favored  isolated  membership,  particularly  in  the 
Western  States,  where  distances  between  locals  were  great. 
These  men  got  the  news  of  the  association  from  the  official 
paper  and,  when  they  moved  to  a  city  having  a  local,  at 
once  became  active  members.  He  also  favored  junior  mem- 
bership. Get  the  young  man  early  so  that  he  will  become 
an  active  member  automatically.  His  enthusiasm  and 
energy  are  needed,  and  he  in  turn  will  be  benefited  by  the 
older  heads.  A  firm  believer  in  honorary  membership,  Mr. 
MacKay  pointed  out  the  mutual  advantages  of  having  the 
employer  with  them  and  taking  an  interest  in  the  work. 

"Dad"  Beckerleg,  the  first  president  of  the  association, 
made  an  appropriate  response. 

John  Lane  spoke  of  the  welfare  topics  to  be  discussed 
at  the  coming  convention  and  the  innovation  of  receiving 
written  discussion  from  any  member  to  be  read  at  the 
meeting. 

The  great  interest  being  taken  by  the  coal  men  in  the 
coming  convention  was  mentioned  by  Fred  Raven.  Already 
there  were  twenty  coal  exhibitors.  With  brief  talks  by 
Joseph  O'Connell,  John  McGrath  and  Charles  Naylor,  com- 
plimentary to  the  present  officers  and  trustees,  the  meeting 
was  closed  promptly  to  allow  the  national  president  to  make 
an  early  start  for  Topeka,  Kan.,  to  attend  the  first  state 
convention  of  the  season. 

Establishes  Memorial  Scholarships 

As  a  proper  war  memorial  to  the  more  than  8000  em- 
ployees of  the  Westinghouse  Electric  and  Manufacturing 
Co.  who  entered  the  service  of  the  Government  in  the  great 
war,  this  company  has  decided  to  establish  a  number  of 
technical  scholarships.  The  details  of  the  plan  by  which 
this  will  be  done  have  been  given  out  by  President  E.  M. 
Herr  as  follows: 

Four  War  Memorial  Scholarships  will  be  established  each 
year  under  the  following  general  conditions : 

a.  Candidates  will  be  limited  to  sons  of  employees  of  the 
Westinghouse  Electric  and  Manufacturing  Co.  and  its  sub- 
sidiaries, who  shall  have  been  employees  in  good  standing  for 
a  period  of  five  years. 

b.  Two  of  such  annual  scholarships  may  be  open  to  the 
younger  employees  of  the  company  or  its  subsidiaries  who 
have  been  in  their  service  for  a  period  of  at  least  two  years 
and  who  do  not  exceed  the  age  of  twenty-three. 

c.  The  selection  is  to  be  determined  by  competitive  exam- 
ination to  be  conducted  annually  by  the  company's  educa- 
tional department  under  the  direction  of  the  committee  here- 
inafter provided.  The  examination  is  to  take  into  account 
not  only  the  applicant's  academic  training  and  preparedness, 
but  due  consideration  will  be  given  to  personal  qualifications, 
general  character  and  aptitude. 

d.  Scholarships  will  entitle  the  successful  candidate  to 
pursue  a  four  years'  course  in  any  technical  school  or  college 
that  he  may  select  with  the  approval  of  the  committee.  The 
scholar  may  pursue  a  course  in  any  branch  of  engineering 
that  he  may  select. 

e.  Scholarships  will  be  granted  for  one  year  only  but  will 
be  continued  for  the  full  four  years  provided  the  scholar 


pursues  a  course  in  any  branch  of  engineering  that  he  may 
select. 

f.  Scholarships  will  be  granted  for  one  year  only,  but  will 
be  continued  for  the  full  four  years  provided  the  scholar 
maintains  the  academic  and  other  standards  required  by  the 
college  or  institution  in  which  he  elects  to  pursue  his  course 
of  study. 

g.  Each  scholarship  carries  with  it  an  annual  payment  of 
$500  to  be  made  in  two  installments  and  the  number  of  new 
scholarships  will  be  four  each  year. 

h.  A  Memorial  Scholarship  Committee  will  be  established 
consisting  of  three  vice  presidents  of  the  company  to  whom 
shall  be  referred  the  names  and  records  of  the  candidates 
and  who  shall  select  therefrom  the  four  successful  persons. 

Data  on  Electric  Light  and  Power 
Plants  in  Six  States 

The  Bureau  of  the  Census  has  given  out  some  preliminary 
figures  of  the  forthcoming  report  on  electric-light  and  power 
stations  in  the  various  states  for  the  five-year  period,  1912- 
17.    Statistics  for  six  states  may  be  summed  up  as  follows: 

The  number  of  electric  light  and  power  stations  in  Ala- 
bama increased  during  the  period  covered  from  69  to  82, 
10  of  the  13  additional  plants  being  municipal  and  three 
commercial.  The  total  income  increased  from  $1,257,720 
in  1912  to  $3,152,709  in  1917,  or  150.7  per  cent.,  while  the 
total  expenses  increased  195.4  per  cent.  Steam  supplied 
the  greater  part  of  the  primary  power  in  1912,  but  in  1917 
56.3  per  cent,  of  the  power  was  derived  from  water.  The 
aggregate  dynamo  capacity  in  1917  was  128,509  kw.,  an 
increase  of  425  per  cent.,  as  compared  with  1912. 

Georgia  had  176  stations  at  the  close  of  the  period,  as 
compared  with  126  at  its  beginning,  40  of  the  60  new  es- 
tablishments being  municipal.  The  total  income  increased 
75.1  per  cent.,  the  total  expenses  63  per  cent.,  and  the 
aggregate  horsepower  42.9  per  cent.  In  1917  the  percent- 
age of  power  derived  from  water  was  59.8,  as  compared 
with  59.1  in  1912. 

From  1907  to  1912  the  number  of  establishments  in  Illi- 
nois decreased  from  383  to  269,  but  by  the  close  of  1917 
they  had  increased  to  303.  Of  the  34  new  establishments 
in  the  period  1912-17,  22  were  municipal.  The  total  ex- 
penses in  1917  were  $37,921,833,  and  the  gross  income, 
$46,245,976,  the  quinquennial  increases  being  61  per  cent, 
and  53.9  per  cent,  respectively.  Steam  supplied  93.9 
per  cent,  of  the  horsepower  in  1917  and  93.7  per  cent,  in 
1912.     The  total  horsepower  increased  62.1  per  cent. 

The  325  light  and  power  stations  in  Iowa  in  1917  brought 
in  a  gross  income  of  $10,240,235,  while  the  total  expenses 
were  $8,669,600,  the  increases  over  1912  being  132.4  per 
cent,  and  160.4  per  cent,  respectively.  Water  supplied  62.9 
per  cent,  of  the  primary  power  in  1917;  but  in  1912,  when 
there  were  only  223  plants  in  the  state,  87.4  per  cent,  of 
the  power  was  generated  by  steam.  This  change  was  due 
to  the  completion  of  the  immense  plant  on  the  Mississippi 
River  with  dam  and  power  house  at  Keokuk,  Iowa.  The 
increase  of  815.3  per  cent,  in  the  output  of  current  is  also 
due  to  the  starting  up  of  the  Mississippi  River  Power  Co.'s 
plant,  which  distributes  current  not  only  in  Iowa  but  in  sev- 
eral adjoining  states. 

The  statistics  for  Louisiana  show  an  increase  from  50 
to  85  stations  during  the  period  1912-17,  22  of  the  35  new 
ones  being  commercial  plants.  The  total  income  in  1917 — 
$3,244,789 — represented  an  increase  of  42.4  per  cent.,  while 
the  total  expenses  —  $2,459,868  —  increased  53.4  per  cent. 
Steam  and  internal-combustion  engines  supplied  the  greater 
part  of  the  horsepower  throughout  the  period,  no  water- 
power  plants  being  reported. 

Maine  had  93  electric-light  and  power  plants  in  1917  as 
compared  with  79  in  1912.  Twelve  of  the  fourteen  establish- 
ments represented  in  the  net  increase  were  commercial,  and 
two  municipal.  During  the  five-year  period  the  total  ex- 
penses increased  52.4  per  cent,  and  the  gross  income  49.6 
per  cent.  The  increase  in  horsepower  during  the  period 
was  only  9.5  per  cent.;  water  supplied  78  per  cent,  of  the 
power  in  1912  and  76.9  per  cent,  in  1917. 

These  statistics  cover  only  municipal  and  commercial 
plants.  The  figures  do  not  take  into  consideration  any  idle 
plants  or  plants  in  process  of  construction. 
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KnjjiiHM'r  l)isriiHM(*H  !\ia«iJini  PowtT 

.\t  till'  if^rular  iiu'ctiiit;  of  llu-  Di'lioit  KiiKint'fi'inK 
Soi-iety,  Friday  ovt'ninjf,  May  2,  tlio  spi-akcr,  John  L. 
HiirpiT,  I'liiof  fnniiii'iT  of  the  NiaK-'ira  Kulls  Powi-r  Co., 
jravi'  his  auilionci-  an  insight  into  the  prvsent  inHtallutions 
am)   future  ili'Vi-lopnient  of  power  at  the   Falls. 

Theoretically,  the  Falls  eould  develop  6,000.000  hp.; 
in  reality,  only  ;{,(;00,000  is  available,  as  40  per  eent.  of 
the  water  would  have  to  pass  over  the  falls  to  keep  the 
river  clear  of  ice. 

The  speaker  discussed  the  three  principles  upon  which 
the  povernnients  of  the  United  States  and  Canada  base 
the  amount  of  water  that  niipht  be  diverted  from  the 
Falls  for  power  purposes:  (H  The  safety  of  the  stream 
as  a  national  boundary;  (2)  hindrance  to  navijration,  caus- 
ing Lake  Erie  to  be  lowered;  (3)  destroying  the  scenic 
beauty.  His  argument  against  the  first  item  was  that  the 
people  on  the  border  had  lost  their  fear  of  the  "warlike" 
Canadians;  second,  that  the  water  could  be  diverted  for 
power  purposes  without  affecting  the  level  in  Lake  Erie 
by  taking  it  from  the  pool  immediately  above  the  Falls. 

In  answer  to  the  scenic  beauty,  he  showed  a  picture  of 
the  beautiful  American  Falls,  over  which  only  5  per  cent, 
of  the  water  flows.  With  this  as  a  unit  of  measuring 
beauty,  he  suggests  that  the  Horseshoe  Falls  be  reduced 
to  this  flow.  This  would  allow  80  per  cent,  of  the  water 
to  be  diverted  for  other  purposes.  However,  the  40  per 
cent,  of  the  water  would  necessarily  have  to  flow  over  the 
Falls  to  keep  the  river  free  from  ice,  so  the  scenic  beauty 
could  not  be  destroyed  by  the  power  companies  even  should 
they  divert  all  the  water  possible.     Again,  he  brought  out 


the  point  that  Momething  muHt  be  done  to  prevent  the 
Falls  from  destroying  theniHelves.  Between  the  yearn  1764 
and  III  15,  the  brink  of  the  Falln  has  retired  900  ft.  and 
at  the  present  time  it  is  falling  back  at  the  rate  of  10 
ft.  a  year.  Economically,  he  figured,  basing  the  cost  of 
power  in  ternm  of  coal  and  distributing  the  cost  of  coal 
over  the  1,000,000  visitors  per  year,  that  the  waste  power 
now  addi'd  to  the  scenic  beauty  is  costing  $100  a  look. 

Regarding  the  scenic  effect  of  the  Kapids,  it  is  generally 
conceded  that  they  are  more  beautiful  when  the  waU-r  is 
low,  due  to  the  more  agitated  condition  of  their  surface. 
A  peculiar  thing  was  that  75  per  cent,  of  the  petitions  to 
retain  Niagara  and  its  beauty  were  signed  in  the  coal 
mining  districts. 

Lantern  slides  were  shown  of  the  different  methods  used 
in  developing  the  power,  the  different  plants  now  oper- 
ating and  the  construction  of  the  100,000  hp.  addition  to 
the  hydro-electric  plant  below  the  P^alls  on  the  American 
side.  The  100,000  hp.  will  be  developed  by  three  33  to  37 
thousand  horsepower  units.  Each  unit  has  a  concrete  base- 
40  X  40  X  12  ft.  thick,  containing  00  tons  of  steel  reinforc 
ing.  Great  pains  w'ere  taken  to  insure  the  greatest  possible 
efficiency.  The  penstocks  have  a  bell  mouth  to  allow  the 
water  to  gather  speed  before  entering  the  comparatively 
smaller  cross-section,  the  blades  of  the  waterwheel  arc 
given  the  correct  pitch  to  insure  the  maximum  power  and 
longevity,  and  the  water  which  leaves  the  wheel  has  its 
velocity  retarded  from  20  to  4  ft.  per  sec,  the  pressure 
being  converted  into  suction  on  the  wheel.  It  is  expected 
that  a  cubic  foot  of  water  will  develop  twenty-one  horse- 
power in  these  units  as  compared  with  twenty  in  the  old 
plant. 


New  Publications 


EXPORT    PACKING    OP   ENGINEERING 
M.\TERIAI, 

The  Enprineer  Corps.  United  States  Army, 
has  recently  compiled  and  issued  an  in- 
struction book  for  export  packing  of  engi- 
neering material.  The  matter  contained  in 
the  book  is  the  outcome  of  experience 
gained  in  the  War  Department  during  the 
war.  where  a  great  many  diversified  pack- 
ing problems  were  encountered,  in  all  of 
which  it  was  necessary  not  only  to  protect 
adequately  the  articles  shipped,  but  also 
to  secure  minimum  space.  The  book  is  di- 
vided into  seven  parts:  Part  I  covers 
Standard  Crating  Specifications  of  the  War 
Department  ;  Part  II.  Standard  Boxing 
Specifications  of  the  War  Department:  Part 
III.  Standard  Specifications  for  Wire-'Wound 
Boxes  :  Part  IV.  Standard  Specifications 
for  Baling::  Part  V.  Problems  Encountered: 
Part  VI.  Supplementary  Specifications  for 
Packing  for  Engineer  Material  ;  Part  VII. 
Standard  Marking  Specifications.  Numer- 
ous illustrations  of  boxes  and  crates  are 
given,  and  detailed  directions  for  packing 
boilers,   machines,   switchboards,   etc. 


Personals 


Joseph  V.  Santry,  of  the  firm  of  Schu- 
maker  &  Santry,  of  Boston,  has  been  made 
vice-president  of  Combustion  Engineering 
Corp.,   11  Broadway,  New  York  City. 

George  A.  Harder  has  been  elected  presi- 
dent and  a  director  of  the  Central  Foundry 
Co.,  New  York  City,  and  its  subsidiaries, 
Mr.  Harder  is  also  president  of  the  Essex 
Foundry  Co.,  Newark,  N.  J. 

Lewis  Xixon,  state  superintendent  of 
public  works  of  New  York,  has  been  ap- 
pointed Public  Service  Commissioner  by 
Governor  Smith  for  the  First  District  of 
Greater  New  York,  in  charge  of  regula- 
tion. 

Stephen  C.  Pohe,  who  has  been  general 
manager  of  the  Penn.  Public  Service  Co. 
at  Clearfield.  Penn.,  has  been  appointed 
vice  president  of  the  operating  companies 
controlled  by  the  Pennsylvania  Electric  Co. 
of  New  York  City,  with  headquarters  at 
Johnstown,  Penn. 

William  D.  Ennig,  who  has,  since  his  re- 
lease from  military  service,  been  acting 
professor  of  mechanical  engineering  at  Co- 


lumbia University,  has  been  appointed  pro- 
fessor in  marine  engineering  in  the  post- 
graduate department  of  the  United  States 
Naval  Academy, 

L.ieut.-CoI.  .lohii  J.  Swan,  who  has  been 
connected  with  the  Personnel  Branch,  Oper- 
ation Division,  of  the  United  States  Gen- 
eral Staff,  and  more  recently  in  the  Classi- 
fication Division  of  the  Adjutant  General's 
office,  has  resigned  from  the  service  to  be- 
come associated  with  the  Prest-O-Lite  Co., 
of  Indianapolis,  Ind, 

J.  C.  Kockwell  has  been  promoted  from 
local  general  manager  to  vice  president  of 
the  Manila  Electric  Railroad  and  Light  Co., 
Manila,  Philippine  Islands,  in  charge  of  the 
general  Philippine  affairs  of  that  company. 
This  property  is  under  the  operating  man- 
agement of  the  J.  G.  White  Management 
Corporation,  New  York,  N.  Y. 

K.  Sanford  Riley,  president  of  the  San- 
ford  Riley  Stoker  Co.  and  the  Murphy  Iron 
Works,  has  returned  to  his  private  interests 
after  having  completed  the  organization  of 
a  performance  section  of  the  Emergency 
Fleet  Corporation.  The  performance  sec- 
tion has  charge  of  all  trial  trips  and  follows 
up  the  defects  developed  in  service. 

l.ieut.  H.  J.  Williams.  Engineering  Divi- 
sion. Ordinance  Department.  U.  S.  A., 
^'ashington.  D.  C.  has  recently  been  dis- 
charged from  the  service  and  appointed  en- 
gineer for  the  Beacon  Falls  Rubber  Shoe 
Co.,  Beacon  Falls,  Conn.  Before  entering 
the  service  Mr.  Williams  was  consulting 
and  mechanical  engineer  in  New  York  City 
and  was  also  on  the  teaching  staff  of  the 
Pratt  Institute,  Brookl>Ti,  N.  Y. 


Obituary 


George  Lewis,  of  Brooklyn  No.  S,  Na- 
tional Association  of  Stationary  Engineers, 
died  Apr.  3  of  pneumonia.  Mr.  Lewis  was 
recognized  as  one  of  the  most  progressive 
members  of  the  N.  A.  S.  E.  in  the  Empire 
State,  being  particularly  identified  with  the 
educational  activities  of  the  Association. 
He  was  past  president  of  Brooklyn  No.  8, 
and  at  the  time  of  his  death  was  a  mem- 
ber of  the  National  Power  Plant  Costs 
Committee.  He  was  a  member  of  Melville 
Council  of  Universal  Craftsmen,  Common- 
wealth Lodge  F.  &  A.  M..  and  many  other 
organizations.  He  was  42  years  of  age  and 
held  the  position  of  chief  engineer  of  the 
New  York  Consolidated  Card  Company,  of 
Long  Island  City.  He  is  survived  by  his 
widow  and  a  daughter. 


Engineering  AflFairs 


Iowa's     State     Convention,     >'.     A.     S.    E., 

at  Marshalltown,  June  11-13. 

Illinois    State    Convention.    N.    A.    S.    £., 

will  be  held  at  Decatur,  June  4-6. 

New  Jersey  State  Association,  N.  A.  S.  E., 

will  hold  its  yearly  convention  at  Bayonne, 
June  6-8. 

Penn.sylvania     State    Association,     N.     A. 

S.  E.,   convention  will  meet  at  Pittsburgh, 

June  26. 

Ohio   State   Association,   N.  A.   8.   E.,  will 

hold  its  annual  convention  at  Youngstown, 
June  19-21. 

Kentucky   State  Association,   N.  A.   8,  E., 

annual  convention  will  take  place  at  Louis- 
ville on  June  18. 

Canadian  Association  of  Stationary  En- 
gineers will  hold  its  annual  convention  at 
Brantford.  Ont..  June  24-26.  An  elaborate 
program  has  been  arranged. 

The  Heating  and  Piping  Contractors' 
National  Association  will  hold  its  thirtieth 
annual  convention  in  Atlantic  City,  N.  J.. 
June  12-14,  with  headquarters  at  the  Hotel 
St.   Charles. 

Elmer  E.  Chambers  Cooncil  No.  5  and 
the  Bronx  Council  No.  16,  of  the  Universal 
Craftsmen  Council  of  Engineers  celebrated 
a  consolidation  of  the  two  associations  on 
May  9  at  the  rooms  of  the  Elmer  E.  Cham- 
bers Council.  There  was  an  entertainment 
and  dancing,  and  refreshments  were  served. 
.\n  orchestra  composed  of  U.  S.  Navy 
"boys"  furnished  the  music. 

The  .Association  of  Iron  and  Steel  Elec- 
trical Engineers,  Chicago  Section,  will  hold 
a  joint  meeting  with  the  .\merican  Insti- 
tute of  Electrical  Engineers  on  May  26.  at 
the  rooms  of  the  Western  Society  of  Engi- 
neers in  the  Monadnock  Building.  J.  C. 
AVilson,  assistant  chief  engineer  of  Cutler- 
Hammer  Manufacturing  Co..  will  give  an 
illustrated  lecture  on  "Measuring  Gas  Elec- 
trically," and  B.  E.  Fernow,  of  the  Cutler- 
Hammer  Co.,  will  give  an  illustrated  lec- 
ture on  "Lifting  Magnet  Operation." 

The  Kansas  State  National  .Association 
of  Stationary  Engineers  held  its  seventh 
annual  convention  at  Topeka,  May  7-9. 
There  were  forty-five  delegates  present  and 
about  one  hundred  and  fifty  visiting  engi- 
neers and  ladies.  The  following  officers 
were   elected   for   the   ensuing  year:    J.   W. 
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Kessler,  of  Topeka,  slate  president  ;  H.  S. 
Dukes,  of  Atchison,  vice  president ;  C.  H. 
Taylor,  of  Topeica,  secretary ;  J.  R.  Stone, 
of  Fort  Leavenworlli,  treasurer ;  H.  F. 
Thrift,  trustee.  Topeka  was  chosen  as  the 
place  to  hold  the  next  convention.  In  every 
way  the  convention  was  a  big  success,  much 
of  this  success  beinp  due  to  the  work  of 
Fred  Painter,  chairman,  and  J.  M.  Van- 
sant,  retiring  secretary. 


Business  Items 


The  Ohio  Brass  Co.,  Mansfield,  Ohio,  has 
moved  its  Chicago  office  from  508  Fisher 
Building  to  1217  Fisher  Building,  343  South 
Dearborn  St. 

H.  W.  Jolins-Manville  Co.  announces  the 
removal  of  its  Denver  (Colo.)  oflice  from 
the  Denver  Gas  and  Electric  Building  into 
more  spacious  quarters  in  the  Iron  Build- 
ing, 1021  17th  St.,  with  Louis  H.  Inglee  in 
charge. 

L..  V.  Kstes,  Inc.,  industrial  engineers  and 
accountants,  for  a  number  of  years  located 
in  the  McCormick  building,  have  removed 
to  the  Century  Building,  202  South  State 
St.,  Chicago.  111.,  where  they  occupy  the  en- 
tire fifteenth  floor. 

The  American  Steam  Conveyor  Corp., 
Chicago,  announces  the  appointment  of  N. 
B.  Stewart  as  district  representative  in 
charge  of  its  St.  Louis  territory.  Offices 
have  been  opened  at  70S  Meri;hants-La- 
Clede  Building,  St  Louis. 

The  Turner-Wagener  Co.,  Inc.,  is  the  new 
name  of  what  was  formerly  kn')wn  as  the 
Turner  Advertising  Co.  J.  H.  Turner,  who 
was  president  of  the  former  company,  is 
also  president  of  the  new  organization.  The 
offices  are  at  28  East  Jackson  Boulevard. 
Chicago. 

The  Tork  Mannfactnring  Co.  announces 
that  its  Philadelphia  representatives,  Cen- 
tral Construction  and  Supply  Co.,  with 
main  offices  at  2222-26  Arch  St.,  have 
opened  a  branch  office  at  9  West  Redwood 
St.,  Baltimore,  Md.  The  office  is  in  charge 
of  H.   D.  Green  and  John   Hill. 

The    Black   &    Decker    Manufacturing    Co., 

of  Baltimore.  Md..  has  established  a  New 
York  office  at  Room  2920  Equitable  Build- 
ing, which  will  be  in  charge  of  G.  R.  Lun- 
dane,  who  will  supervise  the  distribution  of 
the  company's  products  in  Xew  York  City 
and  surrounding  territory,  including  the 
State  of  Connecticut.  Mr.  Lundane  was  for- 
merly connected  with  the  Thos.  B.  Jeffery 
Co.,  Kenosha,  Wis. 

The  Wayne  Oil  Tank  and  Pump  Co.,  of 
Fort  Wayne,  Ind.,  has  recently  inaugurated 
a  new  consulting  and  advisory  service  for 
oil  men,  with  F.  A.  Bean,  consulting  engi- 
neer, in  charge  of  the  work.  Mr.  Bean  has 
had  a  broad  engineering  experience  cover- 
ing a  period  of  23  years,  15  of  which  have 
been  in  an  executive  capacity,  and  has  been 
affiliated  with  the  oil  industry  since  1902. 
The  "Wayne  Co.  invites  all  oil  men  to  make 
free  use  of  this  service. 


Trade  Catalogs 


The  Smooth-On  .Manufacturing  Co.,  Jer- 
sey City,  N.  J.,  has  just  issued  a  new  and 
revised  edition  of  "Smooth-On  Instruction 
Book  No.  16."  The  new  edition,  like  its 
predecessors,  of  -vvliich  hundreds  of  thous- 
ands are  in  use.  is  made  up  of  helpful  and 
interesting  descriptions  of  engine  and 
boiler-room  repairs  of  all  kinds.  These  are 
described  by  the  men  who  made  them  in 
such  a  way  that  similar  problems  can  be 
quickly  and  economically  solved  by  other 
engineers.  The  book  is  well  illustrated  by 
actual  photographs  and  drawings.  A  copy 
will  be  mailed  free  on  request. 

The  Ta.vlor  Instrument  Companies,  Roch- 
ester. N.  Y..  nas  issued  a  general  industrial 
catalog  of  Tycos  instruments  containing  4  22 
pages  of  useful  and  interesting  temperature 
information.  This  new  publication  describes 
the  whole  line  of  Tycos  instruments  for  the 
indicating,  recording  and  control  of  tem- 
perature. Many  special  applications  are 
illustrated,  showing  the  manner  in  which 
Tycos  instruments  can  be  adapted  to 
diverse  temperature  needs.  Practically 
every  instrument  manufactured  by  the  com- 
panies for  industrial  purposes  is  illustrated, 
and  much  explanatory  matter  descriptive  of 
their  construction  and  principles  of  opera- 
tion is  given. 


THE    COAL   MARKET 


BOSTON— Current  prices  per  gross  ton  f.o.b.  New 
York  loading  ports: 

Anthracite 

Conip.iiiy 
Co;d 

Egg $7  80(u7  95 

.Stove 7  95(n  8    1  5 

Chestnut 8  05(<i  8  35 

Bituminous 

Cambiias 
and 
C'lrarfiolds        Somersets 
K.o.b.  mines,  npt  tons  $2    I  3(«  2.75  $2  75(«  3  25 

Philadelphia,  gross  tons    ..    4  ?7<"  4  95     5  95(<i  5  50 

New  York,  gross  tons 4.62(a5  29     5  29^5  85 

.AIon!;sidc    Boston    (water 

coal) ,  gross  tons 6.10@6.85     6.90(ft7  55 

Pocahontas  and  New  River  are  quoted  at  $4  70 
^,,5.25  f.o.b.  Norfolk  and  Newport  News,  Va.,  for 
spot  coal,  and  $7.20('i  8  60  alongside  Boston,  these 
prices  being  on  a  gross  ton  basis. 

NEW  YORK— Current  quotations.  White  Ash, 
per  gross  tons,  f.o.b.  Tidewater,  at  the  lower  ports* 
are  as  follows: 

Company  Company 

Mine     Circular  Mine     Circular 

Hroken    $6  05       $7  90        Pea 4  90  6  65 

Egg      .      5  95  7  80        Buck- 

Stove..      6  20         8  05  wheat      3  40  5    15 

Chest-  Rice.  2  75  4   50 

nut  ..      6  30  8.  15         Barley.      2   25  4  00 

Bituminous 

Spot  Contract 

South  Forks $2  90  @  $3   25  $2  95  @  $3   50 

Cambria    County 

igoodgrades) 2  75®     2  95      2.95®     3   25 

Clearfield  County    .  .    2  50  @     2  75       2.80®      2.95 

RcynoldsviUe 2  50®     2  75       2  75®     2  95 

Quemahoning 2  65®     2  85       2.95®     3    10 

Somerset  County 

(bestgrades) 2  65®     2   85       2  95®     3    10 

Somerset  County 

(poorer  grades)....  2  00  @  2  35  2.50®  2  75 
Western  Maryland   .    2  2">@     2  75       2.50®     2  75 

Fairmont 2  00®     2   25       2  35  ®     2   50 

Latrobe 2.10®     2.25       2  25®     2.40 

tlreensburg 2  2J  ®     2   35       2  3i  ®     2  60 

Westmoreland 2  60  ®     2   75       2  60  ®     2   75 

Westmoreland     run- 

of-mine 2  35®     2  60        2  35  ®    2  65 

Quotations  at  the  upper  port.s  for  both  bituminous 
and  anthracite  are  5c.  higher  on  account  of  the 
difference  in  freight  rates,  and  are  exclusive  of  the 
3%  war  freight  tax. 

PHIL.\DELPHL\— The  price  per  gross  ton  fob. 
cars  at  mines  for  line  shipment  and  f.o.b.  Port 
Richmond  for  tide  are  as  follows: 

Line     Tide  Line     Tide 

Broken $5.95   $7  80     Buckwheat....$3.  40  $4  45 

Egg 5  95      7  80     Rice 2.75     3  65 

Stove 6.20     8  05     Boiler 2.50     3  50 

Nut 6  30     8   15     Barley 2.25     3    15 

Pea 4.90     6  50     Culm 1.25      2    15 

CHICAGO — Current  prices  per  ton  for  Illinois 
and  Indiana  coal  are  as  follows:     ^^ 

Illinois 

So\ithern  Northern 

Williamson,  Saline  and        Illinois  Illin<.is 

Williamson  Counties       F.o.b-  Mines   F.o.b.  ?.lines 

Prepared  sizes $2.55@$2.75  $3.25 

Mine-run 2   35(.i    2  50  3.00 

.Screenings 1,85®   2.20  2,75 

BIRMINGHAM— Current  prices  per  net  ton  f.o,l), 
mines  are  as  follows: 

Slack   and 
Mine-Run       Prepared      Screenings 

Big  seam $2,45  $2,75  $2  40 

Black  Creek  and 

Cahaba 3  45  3  75  3  05 

Jagger    -    Pratt 

Corona 2  85  3,05  2  45 

Blacksmith 5,25  

Domestic  quoations,  slightly  increased,  are  as 
follows: 

Lump  and  Nut 

Black  Creek  and  Cahaba 3,  85@$4  50 

Corona 3  40 

Jagger 3.50 

Montvallo 5. 00 

ST.  LOUIS^The  prevailing  circular  per  net  ton 
f.o.b.  mines  is  as  follows: 

Mt.  Olive 
and 

Franklin  County  Staunton         Standard 

Prepared  sizes,  lump, 

egg,  Nos.   I  and  2 

nut $2,75     

Williamson  County 
Prepared  sizes,  lump, 

egg,  nut $2  55       $2.55         $2  00^"  2  25 

Mine-run 2.35         2  20  l.60®l.75 

Screenings 2.20         2,05  I.I5@I.30 

3-in.  lump 2  30 

2-in.lump I.75®1.90 

Williamson-Franklin  rate  to  St.  Louis  is  $1.07; 
other  rates  92jc. 


New  Construction 


PBOPOS£D    WOKK 

.Muss.,  Athol — The  Union  Twist  Drill  Co. 
will  install  a  steam  heating  plant  in  the 
4-story,  63  X  190  ft.  office  and  storage 
building  which  it  plans  to  build.  Total  esti- 
mated cost,  $100,000.  Frost  &  Chamber- 
lain, Slater  Bldg.,  Worcester,  Arch. 

Conn.,  Windsor  Liocks — G.  P.  Clark  Co., 
Canal  Bank,  will  install  a  steam  heating 
plant  and  electric  power  in  the  3-story,  60  x 
1S5  ft.  factory  which  it  plans  to  build.  Total 
estimated  cost,  $100,000.  Ford,  Buck  & 
-Sheldon,  Inc.,  60  Prospect  St.,  Hartford, 
lOngr. 

N.  Y.,  Athens — The  town  is  having  plans 
prepared  by  M.  Vrooman,  Engr.,  Glovers- 
ville,  for  the  construction  of  a  water  sys- 
tem, water  filters  and  pumping  station,  etc. 

N.  Y.,  Brooklyn — The  Board  of  Educa- 
tion, 500  Park  Ave.,  will  install  a  steam 
heating  system  in  the  4-story,  100  x  144  ft. 
school  which  it  plans  to  build  on  West  1st 
St.  Total  estimated  cost,  $299,500.  C.  B.  J. 
Snyder,  Municipal  Bldg.,  New  York  City, 
Engr. 

N.  Y.,  Brooklyn — I.  Miller,  1663  Union 
St.,  will  install  a  steam  heating  plant  in 
the  2-story,  100  x  145  ft.  theater  which  he 
plans  to  build  at  St.  John's  Place  and  Utica 
Ave.  Total  estimated  cost,  $150,000.  T. 
Short,  370  Macon  St.,  Arch. 

N.  Y.,  Brooklyn — J.  Spielberg,  308  Shef- 
field Ave.,  has  awarded  the  contract  for  the 
construction  of  a  2-story,  75  x  100  ft.  thea- 
ter which  he  plans  to  build  on  Stone  and 
Pitkin  Ave.,  to  the  Shoner  Building  Co.,  149 
Christopher  Ave.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $100,000. 

N.  Y.,  Brooklyn — The  Stone  Ave.  Realty 
Co.,  50  Court  St..  will  install  a  steam  heat- 
ing plant  in  the  1-story,  100  x  100  ft.  gar- 
age which  it  plans  to  build  on  Fulton  and 
Hendrick  St.  Total  estimated  cost,  $125,- 
000.     M.  A.  Canton,  373  Fulton  St..   Arch. 

N.  Y..  Buffalo — The  city  will  install  an 
American  Radiator  system  and  two  low 
water  line  boilers  in  the  3-story,  60  x  125  ft. 
detention  home  which  it  plans  to  build  on 
East  Ferry  St.  Estimated  cost,  $100,000. 
H.  L.  Beck.  City  Arch. 

N.  Y.,  Buffalo — The  city  will  install  an 
American  Radiator  system  in  the  2-story, 
175  X  400  ft.  barn  which  it  plans  to  build 
on  Hudson  St.  Total  estimated  cost,  $300.- 
000.     H.  L.  Beck,  City  Arch. 

N.  Y.,  Holle.v— The  Holley  Cold  Storage, 
Fruit  &  Produce  Co.  is  in  the  market  for 
ice-making  machinery.  Estimated  cost. 
$6000. 

X.  Y.,  Jamaica — H.  &  J.  Merkel.  450  Ful- 
ton St.,  Brooklyn,  will  install  a  steam  heat- 
ing plant  in  the  2-story,  75  x  100  ft.  fac- 
tory which  they  plan  to  build  on  Chichester 
Ave.,  here.  Total  estimated  cost,  $125,000. 
L.  Allmendinger,  20  Palmetto  St.,  Brooklyn, 
Arch. 

N.    Y.,   Long   Island    City — The    Board    of 

Education.  500  Park  Ave.,  New  Y'ork  City, 
will  install  a  steam  heating  plant  in  the 
3-story,  100  x  lOS  ft.  Public  School  No.  3 
which  it  plans  to  build  on  Colonial  Ave., 
between  Livingston  and  Meter  St.  Total 
estimated  cost.  $200,000.  C.  B.  J.  Snyder, 
Municipal  Bldg,  Xew  Y'ork  City,  Engrl 

N.  Y.,  New  Dorp — St.  John's  Guild,  103 
Park  Ave.,  New  York  City,  will  install  a 
steam  heating  plant  in  the  3-story  nurses' 
home  which  it  plans  to  build  here.  Total 
estimated  cost.  $150,000.  Y'ork  &  Sawyer, 
50  East  41st  St.,  New  York  City.  Engr. 

N.  Y.,  New  York — A.  Brocener.  Engr., 
110  West  40th  St.,  will  install  a  steam 
heating  system  in  the  16-story,  150  x 
200  ft.  hotel  which  he  plans  to  build  on  5th 
.\ve..  near  50th  St.  Total  estimated  cost, 
$500,000.     Owner's  name  withheld. 

N.  Y.,  Xew  York — The  Hudson  Motor  Car 
Co.  of  New  York.  1S42  B'wav.  will  install 
a  steam  heating  plant  in  the  10-storv  lOO 
X  100  ft.  store  and  office  building  wliich  it 
plans  to  build  at  62nd  St.  and  .Amsterdam 
Ave.  Total  estimated  cost,  $550,000.  E  J. 
Muller.   103  Park  Ave.,  Arch. 

N.  Y..  Xew  York — The  McCormick  Co.. 
Engr..  41  Park  Row,  will  install  a  steam 
heating  system  in  the  2-storv  bakery  which 
he  plans  to  build  at  165th  St.  and  Park 
Ave.  Total  estimated  cost,  $100,000.  Own- 
er's name  withheld. 
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N.  v..  Nc»»  Vork-  U  T  Uiuio.  Jr.  Clil- 
fiiiEu.  III.,  will  liiatull  It  Htfiiin  hoalliiK  plant 
In  tint  4-iilory  wiLrrhuuMo  which  he  plum  to 
J.ulhl  lit  19!(6  2010  Turk  Ave  Total  oml- 
inntril  i-oHt.  »175.oou.  Sturrett  *  Vun 
VIrik.  8   Wem  40lh  St..  ICimr. 

N.  J..  Trvnton — Tlip  Tnylor  Provliilon  Co., 
V*«>rrln«  Av»>.,  pliinH  to  luilltl  u  2-iitory,  60  x 
"0  ft.  refrlismilor  plant.  KMtlniiitcil  coMt, 
$20,000.  J.  O.  Hunt,  lU  North  Montgom- 
ery St,  Arch. 

Vn.,  Ilkmpton  Koad> — The  Buronu  of 
Yuriln  A  lH)ck8,  Navy  l>opartineiit,  Wash- 
hiKton,  1>.  C,  will  rt-colvc  blila  until  May  26 
for  InslalllnK  a  hlch  proBsure  air  luid  water 
«iy«tt<m  at  the  Subniarlno  Haao  here.  lOml- 
mated  cost,  143.000.  Specltloatlon  No.  3883. 
.\l«..  ItrRiirinrr — The  Honnl  of  Uovcnuo 
of  Jefferson  County.  liirmlnKhiini,  will  In- 
stall a  stoani  heatInK  plant  In  the  court 
house  and  Jail  which  It  plans  to  build.  J. 
W.  Qwln,  Pres. 

Ohio.  Cleveland — The  Arjo  Realty  Co., 
c/o  J.  l..aronBe.  Williamson  Bldg..  will  In- 
stall a  steam  heating;  plant  In  the  5-8tory 
commercial  hotel  which  It  plans  to  build  on 
East  66th  St.  and  CarneKle  Ave.  Total  esti- 
mated cost.  $7r>o,000.  Lehman  &  Schmidt, 
210  Electric  Bldg..   Enfrr. 

Ohio,  Cleveland — The  Rricklayers"  Asso- 
ciation. 2416  East  9th  St..  will  Install  a 
steam  heating  plant  in  the  3-story.  61  x 
140  ft.  Rarase  and  club  rooms  which  It 
plans  to  build  at  2101  East  21st  St.  Total 
estimated  cost.  $100,000. 

Ohio.  Cleveland^ — The  Cleveland  Heiphts 
Methodist  consreKatlon.  Lee  Rd.  and  Euclid 
HeiRhts  Blvd.,  will  install  a  steam  healing 
system  in  the  2-storv  church  which  it  plans 
to  build.     Total  estimated  cost,   $100,000. 

Ohio,  Cleveland — The  Cleveland  Masonic 
Clubs.  East  6th  St.  and  Superior  Ave.,  will 
install  a  steam  heating:  plant  in  the  3 -story, 
220  X  700  ft  Masonic  temple  which  they 
plan  to  build  at  3515  Euclid  Ave.  Total 
estimated  cost,   $500,000. 

Ohio.  Cleveland — The  Eleventh  St.  Co.. 
Williamson  Bldp..  plans  to  install  a  steam 
heating  plant,  in  connection  with  remodel- 
ing the  Lennox  Building  on  East  9th  St 
and  Euclid  Ave.,  and  building  a  new  addi- 
tion to  same.  Total  estimated  cost,  $150,- 
000. 

Ohio.  Cleveland — W.  G.  Montgomery,  1420 
Alameda  Ave..  Lakewood.  will  install  a 
steam  heatine  plant  in  the  3-story  theater 
which  he  plans  to  build  on  West  32nd  St 
and  Bridge  Ave.  Total  estimated  cost. 
$150,000. 

Ohio,  Cleveland — C.  Shane,  c/o  the  Lib- 
erty Theater,  10315  Superior  Ave.,  will  in- 
stall a  steam  heating  plant  in  the  5-story 
store  and  office  building  which  he  plans  to 
build  on  East  4th  St  and  Euclid  Ave.  Total 
estimated  cost,  $150,000. 

Ohio,  Cleveland — N.  I.  Stone,  Rockefeller 
Bldg.,  will  install  a  steam  heating  plant  in 
the  4-story.  73  x  198  ft.  theater  and  stores 
•which  he  plans  to  build  at  10618  Euclid 
Ave.  Total  estimated  cost.  $250,000.  A.  G. 
Tost.   Rockefeller   Bldg..   Arch. 


Ohio,  ClevrluiKl  \\  Taylor  A  Hon  Co. 
Ku.lld  Ave.  and  Olh  Ht..  will  Inalall  a  uteani 
lioatlnK  plant  In  the  il  iitory  udOllloii  to  IIh 
Htoro  which  It  plans  to  build.  T0I4U  eall- 
maled  coat,   $JUO,OUO. 

Ohio.  Clevvlund— W.  Vretman.  413  Ennl- 
neerH"  lllilk'..  will  Inatall  a  aleain  hratlnK 
plant  In  the  2-Btory  commercial  bulldhiK 
which  he  iilaiiH  to  build  on  Went  ll71h  St. 
and  Lorain  Ave.  Total  i-.fllniate<l  coHt. 
$125,000.  Whit  worth  &  Johnson,  413  En- 
gineers'  Uldg  ,   Engr. 

Ohio,  Martln'a  Ferry — The  city  plans 
flection  Auk.  12  to  vote  on  $450,000  bonds 
for  new  water  works  and  electric  lighting 
plant     C.  La.sh,  City  Engr. 

Ohio,  HtacyvUle — The  Power  Engineering 
Co.,  510  Corn  Exchange,  Minneapolis, 
Minn.,  plans  to  build  a  new  concrete  dam 
and    powi-r     plant     here.      J.     A.      Webber, 

Stacyvlllr.  Engr. 

Mich.,  Hutlle  Crerk — The  Advance  Pump 
&  Compressor  Co.,  North  Division  St.,  Is  in 
the  market  for  a  centrifugal  pump  for  heat- 
ing systems.      C.   A.   Fllnn,  Supt. 

Mich.,  Detroit — The  Detroit  Seamless 
Steel  Tube  Co.,  Jefferson  Ave.  and  19th  St, 
plans  to  build  a  70  x  100  ft  heating  plant 
Including  coal  crusher  and  powdered  coal 
system,  in  connection  with  the  proposed 
manufacturing  units  on  Warren  Ave.  Total 
estimated   cost.    $3,000,000. 

Mich..  Detroit — The  North  Woodward 
Methodist  Episcopal  Congregation,  c/o  W. 
v..  N.  Hunter.  Arch.,  1306  Chamber  of  Com- 
merce, will  install  a  steam  heating  plant 
In  the  2  story.  180  x  2.')0  ft  churcli  which 
it  plans  to  build  on  Woodward,  between 
Marston  and  Chandler  Ave.  Total  esti- 
mated   cost,    $600,000. 

Mich.,  Detroit — The  Woodward  Theatres 
Co.,  306  Breitmeyer  Bldg.,  has  awarded 
the  contract  for  the  construction  of  a  70  x 
160  ft  theatre,  store  and  office  at  158-164 
Gratiot  St,  to  the  F.  Farrington  Co.,  202 
Scherer  Bldg.  A  heating  plant,  consisting 
of  combination  system  with  motor  and 
fans,  air  compressors  and  sprinkler  system 
will  be  installed  In  same.  Estimated  cost, 
$60,000.      H.    Koppin.    Pres. 

Wis.,  Sheboygan — The  Congregational 
Congregation,  c/o  E.  Hammett,  1209  North 
7th  St.  will  install  a  central  heating  plant 
to  furnish  heat  for  the  2  story.  90  x  150 
ft.  church  which  it  plans  to  build  on  North 
7th  St.  Total  estimated  cost,  $100,000.  W. 
C.  Weeks.   720   Ontario  Ave.,  Arch. 

la..  Mapleton — The  city  will  soon  award 
the  contract  for  the  construction  of  a  pump 
house  and  laying  pump  suction  line.  Esti- 
mated cost.  $8000.  W.  E.  Standeven.  414 
Bee   Bldg.,  Omaha,  Engr. 

Minn.,  Hastings — The  State  Board  of  Con- 
trol or  C.  H.  Johnson.  Engr..  715  Capital 
Bank  Bldg..  St.  Paul,  will  receive  bids  until 
August  1st  for  the  completion  of  a  1  story. 
45  X  140  ft.  power  plant  here.  Estimated 
cost,    $125,000. 

Minn.,  Hibbing — The  Oliver  Mining  Co., 
Wolvin    Bldg.,     Duluth.     will    install     steam 


lii*ullng  eijuipment  In  the  b-Nlorv  ceiilnil 
iiddltluii  to  Ita  cumnicrclal  hotel.  Total  uall 
mated  <omI.  $20(1. (Kin.  H.  .S.  ItaiiiHcy,  Wolvlii 
lIldK.,    iJululh,    Engr. 

Kan..  Clityton— The  city  voled  $10,000 
ImjiuIm  for  the  construction  of  u  trunninls- 
hIoii    llnu   from    Clayton    to   Norcalur. 

Kiui.,    Ml.    Juliii      The    (Mty    voted    $45,000 
boiMlM   to   Improve   the    water   and   light   sys-  ' 
tern    by    Inatalllng    u    power    plant.     Nol«"' 
Feb.    11. 

Kun.,  Toprkit — It.   L.  Gamble,  State  Arch.,1 
will    receive    bids    until    May    27    for    Install- 
ing a  vacuum  Hteam  healing  and  water  sup- 
ply system  In  the  Stale  Capitol  building. 

N.  I).,  Ilcnaei— The  Village  Hoard  will 
soon  award  the  contract  for  one  16  hp.  forc« 
feed  oil  engine,  one  water  tank  HUltablo  for 
same,  one  &0-gal.  supply  tank  and  one  10 
kw.   dynamo.      L.  J.    Wllker,  Village  Clk. 

OklB.,  Newkirk — The  city  plans  election 
soon  to  vole  on  $110,000  bonds  for  the  con- 
struction of  electric  light  plant  and  service 
lines. 

Aril.,  Florence — S.  M.  Bailey,  City  Clk., 
will  receive  bids  until  May  28  for  the  con- 
struction of  a  water  works  and  electric 
light  plant  Estimated  cost,  $80,000.  Noted 
Feb.   25. 

Ore.,  Cofiuille — The  Johnson  Saw  Mill  Co. 
plans  to  electrify  its  plant  and  Install  two 
75  hp.  motors  and  one  smaller  motor. 

Cnl.,  Covinu — The  Covina  Citrus  Associa- 
tion plans  to  build  an  orange  packing  house 
and  precooling  plant  to  have  a  capacity  of 
80  cars  dally.  Ice  plant  machinery  will  be 
installed  in  same.  Estimated  cost,  $125,- 
000.     W.   W.   Bennett,  Mgr. 

Col.,  Modettto — The  Modesto  Gas  Co. 
plans  to  build  a  new  gas  generating  unit, 
install  two  new  purifiers,  build  a  300,000 
cu.ft  steel  gas  holder  and  extend  gas  mains 
to  new  section  of  the  city.  Estimated  cost, 
$65,000. 

P.  I.,  Cavite — The  Bureau  of  Yards  & 
Docks,  Navy  Department,  Washington,  D. 
C.  will  receive  bids  until  May  26  for  In- 
stalling power  plant  equipment  here.  Esti- 
mated cost,   $90,000.   Specification   No.    3871. 

CONTRACTS   AWARDED 

Conn.,  Hartford — Swift  &  Co.,  60  North 
Market  St.  Boston.  Mass.,  has  awarded  the 
contract  for  the  construction  of  a  2-8tory, 
78  X  100  ft.  cold  storage  plant  on  Church 
St.,  here,  to  J.  H.  Grozier  Co.,  721  Main  St. 
Estimated  cost,   $90,000. 

N.  Y.,  TTtica — The  Board  of  Education 
has  awarded  the  contract  for  installing  a 
heating  plant  at  the  J.  E.  Brandegee  School 
to  H.  C.  Petersen  &  Co.,  20  Oneida  St.,  for 
$16,973. 

Qne.,  Valleyfleld — The  Montreal  Cottons, 
Ltd.,  263  St  James  St,  Montreal,  has 
awar.ded  the  contract  for  four  51 -in.  ver- 
tical water  turbines  of  50  hp.  each,  to  oper- 
ate with  12-ft  head  at  100  r.p.m..  to  W. 
Hannetor  &  Co..  479  Reid  St..  Peterborough, 
Ont 
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The  Passing  of  the  Boss 


By    Brnjamix    O.    ^Vii.kins 


THIS  is  an  age  of  rapid  change.    Things  that  have 
been  familiar  to  us  for  years  and  customs  that 
we  have  followed  from  youth  are  rapidly  passing 
away.    Among  the  old  institutions  that  are  now  being 
numbered  with  the  missing  is  the  old-time  boss. 

The  school  of  bossing  is  disappearing  completely 
into  the  realm  of  the  "things  that  were."  We  can 
scarcely  realize,  at  times,  that  there  ever  was  such 
an  inefficient  custom  as  "bossing"  in  current  use.  Yet 
such  was  the  case;  and  most  of  us  can  remember  the 
days  when  the  head  of  the  shop  or  office  was  not  only 
called  "the  boss,"  but  actually  performed  his  func- 
tion of  supervising  men  by  carrying  out  the  idea  of 
bossing  to  the  limit.  Not  infrequently  he  did  so  with 
amazing  genius  for  misunderstanding  and  with  as 
little  humor  as  the  fellow  that  played  the  violin — 
"by  main  strength." 

In  the  coming  days  of  enlightenment  and  progress 
the  man  who  is  honored  by  being  placed  at  the  head 
of  a  group  of  men  will  realize  that  he  is  there  to  act  as 
a  helpful  and  stimulating  influence.  He  will  appre- 
ciate that  he  is  given  the  position  of  trust  and  respon- 
sibility because  he  is  judged  by  his  ability  to  work 
with  men  rather  than  by  the  outworn  and  discredited 
standard  that  used  to  serve  —  the  ability  to  make 
men  work  for  him.  He  will  be  a  coworker  in  the  truest 
sense. 


The  most  efficient  leader  nowadays  is  the  man  tnat 
is  an  inspiration  and  a  guide  to  those  who  come  to  him 
for  help.  He  is  sought  by  the  workmen  because  of 
his  readiness  and  ability  to  furnish  helpful  information. 
Frequently,  the  worker  feels  the  need  of  moral  sup- 
port in  his  tasks;  so  he  goe';  to  the  man  in  whom  he 
has  faith  and  from  whom  he  knows  he  will  obtain  the 
stimulus  of  encouragement. 

From  office,  shop  and  factory  comes  the  same  report 
of  the  passing  of  the  old  regime  — •  the  boss  is  vanish- 
ing as  an  old-style  dictator  and  is  being  supplanted 
by  a  new-style  director.  The  successor  is  not  afraid 
to  put  his  hands  to  the  work  with  his  men,  and  his 
willingness  to  help  lends  encouragement  and  enthu- 
siasm. The  men  are  quick  to  sense  his  attitude  and 
they  respond  by  trying  to  save  him  petty  annoyances 
and  by  showing  a  desire  to  do  things  more  on  their 
own  initiative. 

It  is  necessary  that  we  adjust  ourselves  to  such 
changes  as  these,  which  are  for  the  benefit  of  us  all. 
But  to  no  one,  perhaps,  is  the  transition  more  diffi- 
cult than  to  the  old-time  chief  who  is  trying  to 
conform  to  the  new  order.  He  needs  our  help  and 
he  deserves  it. 

The  drivers  of  men  have  no  place  in  the  present 
industrial  plan.  The  leaders  of  men  have  displaced 
them. 
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The  hotwrlt  wiitrr,  which  rnrir.f  hrhrcni  80  atid 
100  (hfl.  F.,  is'  used  for  cooling  the  lubricating  oil 
for  the  viain  turbine.  This  turbine  is  of  fiO.OOO 
kiv.  continuous  capacity  and  is  electrically  in 
])arallcl  7cith  tioo  mincondcnsing  house  turbines 
which  float  on  the  line  and  furjiish  power  for 
driving  practically  all  auxiliaries  i7i  the  station. 


C COMPETITION  and  the  ever-increasing  cost  of 
labor  and  material  have  forcved  electric-power 
-^  generating  stations  to  utilize  every  available 
means  to  minimize  their  cost  of  power  production.  The 
two  chief  elements  which  form  the  basis  of  efficient 
power  production  are:  First,  station  design  and  the 
arrangement  of  apparatus;  and  second,  scientific  opera- 
tion and  management.  The  latter  is  as  important  as 
the  former,  since  poor  operation  may  vitiate  the  natural 
advantages  of  the  best-designed  station.  The  design 
of  the  power  house  of  United  States  Nitrate  Plant  No. 
2  has  been  covered  in  previous  articles.  The  purpose  of 
this  is  to  discuss  and  describe  the  operation  of  it. 

With  the  accessibility  of  modern  instruments  and 
data,  to  attempt  to  operate  any  power-generating  sta- 
tion without  a  complete  detailed  analysis  of  all  station 
operations  is  the  poorest  policy.  The  steam  generation 
of  electric  power  is  almost  entirely  a  thermal  process. 
The  analysis  of  this  flow  of  thermal  energy  in  all  its 
forms  and  functions  from  the  coal  pile  to  its  final  con- 
version into  electric  power  is  termed  the  station  heat 
balance.  By  means  of  curves  it  shows  the  performance 
of  all  principal  apparatus  under  all  conditions  and  de- 
termines the  most  efficient  points  of  operation.  The 
heat  balance  also  shows  the  expected  and  unavoidable 
losses  in  both  position  and  extent  and  presents  a 
criterion  for  all  operation. 

The  following  list  of  station  apparatus  has  been  con- 
sidered in  the  heat  balance: 

1.  Sixty  thousand  kw.  unit,  made  up  of  three  20,000 
kw.  elements,  consisting  of  a  high-pressure  element  ex- 
hausting into  two  low-pressure  elements,  each  of  the 
latter  being  equipped  with  two  25,000-sq.ft.  condensers. 

2.  Auxiliaries  for  60,000-kw.  unit  consisting  of  four 
condensate  pumps,  four  dry  vacuum  pumps,  four  cir- 
culating-water pumps,  three  blowers  for  generators, 
water  pump  for  oil  cooling,  and  excitation.  Some  of 
the  pumps  are,  of  course,  spares. 

3.  Twelve  1508-hp.  Stirling  boilers. 

4.  Twelve  underfeed  stokers,  with  driving  motors  and 
forced-draft  fans. 

5.  Boiler-feed  pumps. 

6.  Two  2500-kv.-a.  house  turbines — noncondensing, 
with  excitation. 

7.  Coal-  and  ash-handling  machinerj'. 

In  general,  the  flow  of  thermal  energj'  begins  with  the 
coal  fired,  which  is  its  source.  After  conversion  into 
steam,  it  drives  all  steam-driven  apparatus,  and  finally 
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is  transformed  into  useful  electric  power.  In  this  flow 
of  energy  there  are  numerous  lo.s.ses  and  two  cloned 
cycles  of  energy  transfer.  One  of  the.se  closed  cycles 
involves  the  energy  returned  to  the  boilers  from  the 
exhaust  of  all  steam  apparatus.  This  includes  the  con- 
densate from  the  00,000  kw.  unit,  the  oil-cooling  water 
and  the  exhau.st  from  the  house  turbines  and  boiler- 
feed  pumps.  The  other  closed  cycle  is  the  power  con- 
sumed by  the  boiler-feed  pumps.  This  power  is  re- 
turned directly  to  the  boilers  in  the  form  of  pre.ssure 
and  kinetic  energy.  This  cycle  goes  on  continuously 
and,  with  the  exception  of  slight  frictional  losses,  there 
is  no  gain  or  loss,  and  hence  the  power  delivered  to  the 
feed  pumps  has  no  effect  on  the  heat  balance. 

The  temperature  of  the  hotwell  water  varies  from 
68  deg.  to  100  deg.  F.,  corresponding  to  the  highest  and 
lowest  vacua,  giving  an  average  of  about  80  deg.  F. 
This  is  suitable  for  cooling  the  oil  supplying  the  60,000- 
kw.  unit,  and  since  a  practically  constant  quantity  of 
about  200,000  lb.  per  hour  is  required,  which  is  heated  to 
about  130  deg.  F.,  a  considerable  heat  saving  is  effected. 
A  booster  pump  is  necessary  to  raise  the  water  pres- 
sure to  get  sufficient  water  through  the  oil  coolers  to 
produce  the  required  cooling  effect.  This  pump,  how- 
ever, consumes  in  power  only  about  1  per  cent,  of  the 
amount  of  heat  salvaged.  Also,  even  if  condensate  were 
not  used  for  oil  cooling,  an  equal  amount  of  water  would 
have  to  be  pumped  by  some  other  means. 

Auxiliaries  Mostly  Electrically  Driven 

With  the  exception  of  the  boiler-feed  pumps,  which, 
owing  to  their  inherent  operating  characteristics,  do 
not  lend  themselves  well  to  electrical  drive,  all  auxiliary 
apparatus  is  electrically  driven.  Power  for  this  pur- 
pose is  supplied  by  two  so-called  house  turbines.  The 
function  of  these  turbines  is  twofold:  First,  to  supply 
power  for  auxiliaries,  and  second,  to  supply  exhaust 
steam  for  feed-water  heating  purposes.  The  auxiliaries 
could  have  been  driven  by  power  taken  from  the  main 
bus,  and  steam  could  have  been  bled  from  the  60,000- 
kw.  unit  for  the  feed  water;  but  the  advantages  ac- 
cruing from  the  independence  of  power  source  and  the 
avoidance  of  a  possible  shut-down  because  of  motor 
trouble  due  to  a  jolt  coming  in  from  the  main  line 
made  the  house  turbines  advisable.  The  advantages  of 
these  turbines  over  individual  turbine  drive,  are:  First, 
they  eliminate  entirely  the  waste  of  surplus  exhaust,  for 
they  may  be  set  to  furnish  exactly  the  amount  of  exhaust 
steam  required  for  feed-water  heating  under  all  op- 
erating conditions  by  adjusting  their  kilowatt  output  in 
accordance  with  the  feed-water  heating  demands  as  in- 
dicated on  the  corresponding  curves.  It  should  be  em- 
phasized here  that  the  controlling  factor  for  house  tur- 
bine operation  is  feed-water  heating  requirements  and 
not  auxiliary'  power  requirements.  Second,  the  house 
turbines  afford  the  convenience  of  individual  motor 
drives  and  eliminate  a  large  amount  of  steam  piping,  and 
third,  turbine  speed  reduction  gears  are  entirely  done 
away  with,  the  reduction  being  accomplished  electrically. 

The  house  turbines  are  electrically  connected  through 
transfoi-mers  with  the  60,000-kw.  unit  in  parallel  and 
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float  on  the  line.  They  are  set  to  furnish  the  required 
amount  of  exhaust  steam  necessary  for  feed-water  heat- 
ing purposes  for  any  particular  station  load.  If 
this  loading  exceeds  the  power  demanded  by  the 
auxiliaries,  which  condition  occurs  at  heavy  loads, 
the  excess  is  available  for  and  may  be  credited 
to  the  station  load.  If  the  opposite  condition  pre- 
vails, as  it  does  at  light  loads,  the  deficit  is  supplied 
by  the  main  unit,  and  this  power  must  accordingly  be 
deducted  from  the  station  load.  It  is  much  more 
economical  to  take  this  power  from  the  main  unit  than 
it  is  to  load  the  house  turbines  to  the  necessary  capacity 
and  waste  the  surplus  exhaust.  The  ratio  of  steam 
consumption  for  the  production  of  equal  amounts  of 
power  by  the  house  turbines  and  the  60-000-kw.  unit  is 
approximately  25  to  11.  Taking  into  consideration  the 
thermal  energy  returned  in  the  condensate  from  the 
main  unit,  it  is  thus  about  2.4  times  more  expensive 
thermally  to  generate  power  by  means  of  the  house  tur- 
bines when  surplus  exhaust  must  be  sacrificed.     How- 


comes  greater.  A  point  is  thus  reached  where  the 
power  obtainable  from  the  house  turbines,  without  sur- 
plus exhaust,  begins  to  decrease  as  the  back  pressure 
is  increased,  even  though  more  exhaust  steam  is  called 
for.  This  point  will,  of  course,  vary  somewhat  with 
the  station  load,  but  is  in  all  cases  considerably  in  ex- 
cess of  5  lb.  The  saving  between  2\  lb.  and  5  lb.  back 
pressure  amounts  to  about  1  per  cent,  at  a  station  load 
of  50,000  kw.  The  percentage  saving  increases  at  light 
loads.  Because  of  the  fact  that  the  turbine  casings  and 
the  feed-water  heaters  are  not  designed  to  safely  with- 
stand a  greater  operating  back  pressure  than  5  lb.  and 
also  because  starting  becomes  more  and  more  difficult 
with  high  back  pressures,  5  lb.  represents  about  the 
maximum. 

Fig.  1  illustrates  the  flow  of  energy  involved  in  the 
generation  of  power,  as  a  whole.  As  will  be  seen,  there 
is  a  closed  cycle,  a  certain  amount  of  energy  being  taken 
from  and  returned  to  the  boilers.  The  two  extractions 
from  the  system  are  the  available  station  load  and  the 
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ever,  on  the  other  hand,  up  to  the  point  of  surplus  ex- 
haust, it  is  about  three  times  more  expensive  to  pro- 
duce power  for  any  purpose  with  the  main  unit.  This 
is  due  to  the  fact  that  up  to  this  point  power  is  pro- 
duced by  the  house  turbines  for  practically  nothing. 
Since  all  of  the  exhaust  heat,  including  all  latent  heat, 
is  returned  to  the  system,  the  only  losses  are  from 
radiation  and  friction. 

From  the  foregoing  it  is  evident  that  thermal  efficien- 
cies will  be  increased  by  raising  the  "surplus  exhaust" 
point  and  obtaining  all  the  power  possible  from  the 
house  turbines.  This  may  be  accomplished  by  increas- 
ing the  back  pressure,  which  will  increase  the  amount 
of  exhaust  required  for  feed-water  heating  purposes, 
and,  therefore,  raise  the  "surplus  exhaust"  point.  A 
limit  to  this  procedure,  however,  is  imposed  by  the 
fact  that  the  steam  consumption  of  the  house  turbines 
is  not  constant,  but  increases  more  and  more  rapidly 
with  the  back  pressure,  and  also,  in  smaller  measure, 
by  the  fact  that  the  heat  content  of  the  exhaust  be- 


total  station  losses,  the  sum  of  which  must  equal  the 
coal  fired. 

Fig.  2  illustrates  the  foregoing  in  detail.  Losses 
from  radiation  and  friction  have  not  been  included. 

The  expression  for  determining  the  quantity  of  ex- 
haust, and  hence  the  loading  of  the  house  turbines,  for 
feed-water  heating  under  various  conditions  is  de- 
veloped as  follows : 

A  back  pressure  of  2\  lb.  has  been  assumed. 
An  average  steam  consumption  of  25.7  lb.  per  b.hp.- 
hour  has  been  used  for  the  boiler-feed  pumps. 

The  average  makeup-water  temperature  has  been  as- 
sumed to  be  70  deg.  F. 

If  c  =  Condensate  from  60,000  kw.  unit  =  lb.  per  hour, 
0  ^  Condensate  from  60,000  kw.   going  through  oil 

cooler, 
n  =  Condensate  from  60,000  kw.  not  going  through 

oil  cooler, 
h  :=  Exhaust  from  house  turbines  —  lb.  per  hour. 
/  =  Exhaust  from  boiler-feed  pumps, 
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Fig.  3 — Showing  performance  of  house  turbines  under  variable  loading.  Fig.  4 — Performance  data 
under  different  temperatures  of  circulating  water.  Fig.  .5 — Boiler  and  furnace  characteristics.  Fig. 
istics  of  boiler-feed  pumps.     Figs.   7  and   8 — General  station-operating  characteristics  and  economies. 


for    the    60.000-kw.    unit 
6 — Operating    character- 
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m  =  Makeup-water  =  3  per  cent,  of  above, 

s  =  Total  boiler  feed  =  {c  -\-  h  -^  f  -\-  m) , 

Th  =  Temperature  of  cold  well,  and 
Hc=  Total  heat  in  condensate  at  heaters  at  (Th  ■ —  5), 
then 
(oX100+wX-f^.)  +  (/i+/)X1153.1+mX38  =  187.5Xs 

The  boiler-feed  pressure   is  about  325  lb.,  which   is 

equivalent  to  760  ft.  of  water;  60  per  cent,  is  used  for 

the  pump  efficiency.     Then 

760  V  2'i  7 
•^  =  5-0(rX3960i<^><«  =  0-«1^2(c  +  ;^) 

substituting  and  solving 

h  =  0.179c 


20,300 


Hc{c 


-  200,000) 
984  ' 


^or  2i  lb.  back  pressure 


Hc{c  -  200,000) 


Similarly 

h  =  0.187c  -  20,500  ^^^ 

for  5  lb.  back  pressure 
Solving  for  s, 

s  r=  1.05  (c  +  ;o 

The  number  of  boilers  is  determined  as  follows: 
Steam  is  taken  at  285  lb.  gage  with  180  deg.  F.  super- 
heat. 

If  Hs  =  Total  heat  in  live  steam, 
Hf  =  Total  heat  in  feed, 

AT  =  Number  boilers  operated  at  175  per  cent  rating, 
s(H,  -  Hi)  ^  ^ 

78,500 


N  = 


1.75  X  33,479  X  1508 
The  number  of  boilers  is  determined  by  the  foregoing 
and  then  the  exact  rating  from 

Percent,  rating  =  0.00224 vv 

The  boilers  will  normally  be  operated  at  or  in  the 
neighborhood  of  175  per  cent.  Throughout  this  range, 
as  may  be  gathered  from  the  characteristic  curves  of 
the  boilers,  the  over-all  boiler  <^fficiency  remains  prac- 
tically constant  at  76  per  cent,  and  the  superheat  at 
180  deg.  F.  W:th  coal  averaging  13,500  B.t.u.  per  lb., 
which  will  for  the  present  represent  the  average  ob- 
tained, the  coal  fired  per  hour,  in  pounds,  will  be 

s{H.-m 


13,500  X  0.76 


=  0.11  X  s 


The  total  station  auxiliary  load  which  has  been  in- 
cluded in  the  heat  balance  is: 

Constant  part  independent  of  station  load :  3  circulat- 
ing water  pumps,  2a  dry  vacuum  pumps,  3  blower  fans 
for  generators,  oil-cooler  pump. 

Variable  part  dependent  on  station  load :  Stokers, 
forced-draft  fans,  2  hotwell  pumps,  excitation  for  60,- 
000  kw.  unit,  excitation  for  house  turbines,  coal-  and 
ash-handling  machinery. 

This  auxiliary  load  consumes  power  and  must  be 
charged  against  the  production  of  the  ultimate  product, 
which  is  the  available  station  load  at  the  switchboard. 
It  thus  affects  the  amount  of  coal  fired  and  the  quanti- 
ties expressing  station  economies. 

The  curves  of  Fig.  3  represent  the  performance  of  the 
house  turbines  under  variable  loading.  From  these 
curves  it  is  possible  to  obtain  the  necessary  loading  for 
any  required  amount  of  house-turbine  exhaust.  These 
values  are  plotted  in  Fig.  8.  The  most  economical 
range  of  operation  with  5  lb.  back  pressure  is  between 
1600  and  1800  kw.,  with  a  steam  consumption  of  about 
26.5  lb.  per  kilowatt-hour. 


Fig.  4  gives  performance  data  for  the  60,000-kw.  unit 
under  different  temperatures  of  circulating  water.  The 
steam  consumption,  in  pounds  per  Ttilowatt-hour  is 
based  on  the  actual  amount  of  steam  passing  through 
the  unit  and  the  actual  generated  station  load  and  does 
not  include  the  steam  consumed  in  the  production  of 
auxiliary  power,  which  is  taken  care  of  by  the  total 
-station  water  rate  in  Fig.  7.  The  lowest  steam  con- 
sumption is  about  10.4  lb.  per  kw.-hr.  and  occurs  at  a 
load  of  about  500,000  kw.,  using  50-deg.  injec- 
tion water.  The  corresponding  figure  with  70-deg.  in- 
jection, which  represents  average  prevailing  conditions, 
is  about  10.8  lb.  per  kw.-hr.  These  are  exceptionally 
low  figures.  The  explanation  is  found  in  the  economies 
due  to  the  size  and  design  of  the  60,000-kw.  unit  and 
in  the  high  heat  content  of  the  steam.  Large  units 
favor  economy. 

Fig.  5  shows  the  boiler  and  furnace  characteristics. 
Two  constant-speed  squirrel-cage  motors  are  employed 
for  the  forced-draft  fan  drive.  The  smaller  one  is  en- 
tirely adequate  for  all  ordinary  loads,  and  the  larger 
one  is  only  used  for  occasional  high  overloads.  The 
highest  guaranteed  boiler  and  furnace  efficiency  is 
about  77  per  cent,  occurring  at  about  140  per  cent. 
It  is  hoped,  however,  that  by  virtue  of  the  large  com- 
bustion chamber  and  the  fact  that  the  entire  boiler 
setting  has  been  carefully  and  thoroughly  insulated  with 
a  heat-insulating  brick,  and  by  close  attention  to  op- 
eration, that  the  boiler  efficiency  may  be  bettered  by 
possibly  as  much  as  5  per  cent. 

Fig.  6  shows  the  operating  characteristics  of  the 
boiler-feed  pumps.  The  steam  consumption  is  given 
for  variable  station  load,  making  possible  the  determina- 
tion of  the  amount  of  exhaust  furnished  by  the  feed 
pumps  at  any  station  load. 

Figs.  7  and  8  illustrate  the  general  station-operating 
characteristics  and  economies.  The  coal  fired  per  kilo- 
watt-hour attains  a  minimum  of  1.35  lb.  at  a  load  of 
about  45,000  kw.  with  50-deg.  injection  water.  This 
is  based  on  13,500  B.t.u.  coal;  14,000  B.t.u.  coal  would 
bring  this  figure  down  to  1.3.  The  corresponding  min- 
imum heat  consumption  is  18,200  B.t.u.  per  kw.-hr. 
The  over-all  station  thermal  efficiency  reaches  a  maxi- 
mum of  18.8  per  cent,  at  about  50,000  kw.,  with  50-deg. 
F.  injection  water.  It  will  be  appreciated  that  these 
figures  represent  exceptionally  high  economies.  Radia- 
tion losses  have  not  been  included  in  the  computations, 
but  these  will  be  minimized  by  the  heat  insulation  ap- 
plied to  all  sources  of  such  radiation.  Blowdovni  losses 
and  losses  arising  from  careless  handling  (for  example, 
coal),  also  have  not  been  considered.  But  conservative 
figures  have  been  used  throughout,  and  it  is  expected 
that  their  betterment  will  at  least  offset  the  losses  men- 
tioned and  that  even  higher  economies  will  be  obtained. 

The  total  station  auxiliary  load  is  nearly  constant 
between  30,000  and  60,000  kw. ;  the  reason  being  that 
the  major  portion  of  this  load  is  constant.  The  house- 
turbine  load  required  for  feed-water  heating  equals  the 
station  auxiliary  load  at  about  45,000  kw.  Below  this 
point  the  deficit  in  auxiliary  power  must  be  made  up 
by  the  main  unit ;  above,  the  excess  over  auxiliary  power 
is  utilized  for  station  load.  The  explanation  of  the 
discontinuity  in  the  curves  representing  house-turbine 
loading  lies  in  the  fact  that  the  first  portion  is  for  one 
machine,  and  the  following  portion  for  two  machines. 
As  will  be  noted,  the  point  of  inflection,  or  change,  oc- 
curs at  2000  kw.,  which  is  the  point  at  which  a  second 
machine  must  be  started. 
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llinv   To  Riiild    Lc»v-VoUai»(*    Dirrcl-durn^nl 
EkHii'oiiiagiicLs   aiul   Solenoids 

By  henry  w.  townsf:ni) 


I'ata  on  till  rii}istriirtinii  of  dirrct-ciirrent  tidc- 
tioti  as  well  as  solenoid  tupis  of  magnets,  for  use 
on  battery  circuits,  which  have  actually  been  built 
and  tested. 


THK  design  and  construction  of  electromagnets  for 
a  given  duty  is  not  one  of  the  easiest  jobs,  and 
this  is  so  for  many  reasons.  For  one  thing  the 
grade  of  iron  or  steel  used  for  the  cores  may  vary, 
and  unless  an  actual  test  is  made  of  magnetic  material's 
permeabality  the  finished  magnet  is  quite  likely  to  be 
off  10  or  15  per  cent,  from  the  calculated  performance. 
Again,  the  coil  or  coils  may  not  be  constructed  exactly 
to  .specifications  and  of  course  this  introduces  another 
error.  Therefore,  the  appended  data  on  a  series  of 
electromagnets,  including  solenoids,  which  have  been 
built  and  tested,  should  be  of  service  to  electrical  and 
mechanical  men  who  frequently  have  a  use  for  such 
apparatus. 

A  few  instructions  will  be  given  in  the  discussion 
regarding  the  practical  building  and  application  of 
electromagnets,  but  the  theory  will  be  left  out,  as  there 
are  available  plenty  of  textbooks  dealing  with  the  mathe- 
matics of  electromagnet  design. 

The  design  shown  in  Fig.  1  is  a  double-pole  electro- 
magnet used  on  a  polarized  relay.  It  will  prove  very 
useful  where  one  needs  a  relay  for  telephone  and  signal 
circuit.  The  principal  dimensions  are  given  in  the 
figure.  In  all  the  magnets  shown  commercial  wrought- 
iron  bar,  procurable  at  any  machinery-supply  shop,  has 


DOUBLE-POLE    KLECTROMAr.XET 


been  found  very  satisfactory.  For  small  magnets  the 
rough  outer  coating  of  the  iron  may  be  turned  off  in 
a  lathe,  if  desired,  to  make  a  better-finished  and  more 
accurate  job. 

Pay  particular  attention  in  every  case  to  the  "fit" 
made  between  cores  and  yoke.  The  abutting  faces 
should  be  machined  or  filed  very  accurately,  as  the  mag- 


i.etic  flux  must  pass  through  these  joints  without 
leakage  or  else  the  magnet  will  have  a  low  efficiency, 
this  is  particularly  true  in  the  larger-sized  magnets.  Be 
careful  to  face  off  the  pole  faces  square,  particularly 
where  an  armature  is  used,  as  in  Fig.  2.  The  arma- 
ture should  be  of  the  same  stock  as  the  cores  and  yoke 
and  of  the  same  cross-section.  That  is,  if  the  round 
core  has  one  square  inch  area  of  cross-.section,  then  the 
yoke  and  armature  should  have  this  cross-section  also. 


ri-1 
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HORSESHOE  ELECTROMAGNET 


In  a  small  relay  this  is  not  always  done,  as  the  armature, 
to  have  the  requisite  delicacy  of  balance,  may  be  smaller 
in  cross-section  than  the  cores,  consequently  the  flux 
density  through  this  part  will  be  higher. 

The  bipolar  (two  pole)  electromagnet  of  Fig.  1  may 
have  fiber  or  hard-rubber  ends  on  the  coil  spools.  The 
core  between  the  disks  should  be  carefully  covered  with 
two  layers  of  thin  fiber  or  white  note  paper  and  may 
then  be  shellacked.  Do  not  make  the  mistake  of  using 
a  single  fine  wire  lead  from  the  coil;  use  a  stranded 
lead  (lamp  cord  is  often  used)  or  make  one  up  of  several 
pieces  of  No.  32  or  34  B.  &  S.  bare  or  insulated  wire 
and  solder  it  to  the  fine  wire  comprising  the  magnet 
winding.  Take  two  or  three  turns  Ground  the  core  with 
this  flexible  reinforced  lead,  and  it  will  never  pull  out. 
A  good  method  of  forming  both  inside  and  outside  ter- 
minals on  small  magnets  is  to  use  brass  nails  driven 
through  holes  in  the  fiber  ends  of  the  spool  just  small 
enough  to  make  a  driving  fit ;  machine  screws  are  also 
often  used.  In  any  event  file  them  flat  with  the  inside 
of  the  fiber  face  and  solder  the  leads  to  them,  and  then 
place  a  small  piece  of  silk  or  linen  tape  on  the  soldered 
joint. 

To  connect  the  coils  in  series  the  two  inside  or  outside 
leads  are  joined  together  and  the  other  two  leads 
brought  out  for  terminals.  In  a  parallel  connection 
the  inside  terminals  of  the  coils  are  connected  to  the 
outside  terminal  and  connection  brought  out  from  the 
junction  point.  Relay  electromagnets  are  invariably 
connected  up  series,  as  the  current  in  amperes  required 
to  actuate  them  is  generally  very  small. 

The  coils  for  the  design.  Fig.  1,  are  wound  in  even 


May  27,   1919 


POWER 


807 


layers,  either  in  a  hand  winder  or  in  a  lathe,  with  one 
of  the  following  sizes  of  magnet  wire,  depending  upon 
the  resistance  required.  No.  40  B.  &  S.  single-silk  cov- 
ered (s.  s.  c),  total  resistance  of  two  coils  in  series 
equals  15,000  ohms;  No.  39  B.  &  S.,  s.  s.  c,  total  re- 
sistance equals  10,000  ohms;  No.  38  B.  &  S.,  s.  s.  c,  total 
resistance  equals  5000  ohms;  No.  37  B.  &  S.,  s.  s.  c, 
total  resistance  equals  3750  ohms;  No.  34  B.  &  S.  s.  s.  c, 
total  resistance  equals  937  ohms.  One-half  the  fore- 
going values  of  resistance  may  be  obtained  by  connect- 
ing the  coils  in  parallel;  the  latter  will  be  found  most 
useful  on  signal  circuits  operated  from  battery  voltages. 
Be  careful  in  connecting  up  the  two  coils,  in  series 
or  parallel,  to  get  the  polarity  correct.  One  pole  must 
be  a  north  and  the  other  a  south,  in  every  case  for  all 
electromagnets  of  this  typ 

Designing  a  Battery  Lifting  Electromagnet 

Fig.  2  shows  the  design  of  a  battery  lifting  electro- 
magnet. The  core  i.s  made  of  one  piece  of  soft-wrought 
iron — mild  cold-rolled  steel  is  often  used  as  a  substi- 
tute— bent  in  U-shape  as  indicated.  The  magnet 
bobbins  are  formed  by  placing  fiber  disks  on  sheet-tin 
tubes,  permitting  them  to  be  wound  on  a  wooden  or 
other  mandrel  in  the  lathe.  The  tin  tubes  are  soldered 
along  the  joints  after  the  fiber  end  washers  are  in 
place.  The  ends  of  the  tube  are  allowed  to  extend  about 
one-eighth  inch  beyond  the  disks  and  slit,  bent  up  and 
solder  run  around  the  upturned  tabs,  forming  a  sub- 
stantial spool.  Cover  the  tubes  with  two  layers  of  thin 
fiber  or  paper,  shellac  them  and  wind  on  each  spool  14 
even  layers  of  No.  22  B.  &  S.  single  cotton-covered 
magnet  wire.  Connect  the  coils  in  series  to  give  re- 
sultant N  and  S  poles,  by  compass  test  or  by  observing 
which  way  the  windings  run,  as  explained  for  Fig.  1. 
If  the  coils  "buck"  each  other,  the  magnet  will  be  very 
weak,  hardly  attracting  a  nail. 

This  little  battery  magnet  is  very  handy  for  a  wide 
variety   of   purposes,    as,   for   instance,    in   picking   up 


FIG.   3.      SOL,ENOID-TYPE  ELECTROMAGNET 

screws  and  nails  from  stock  bins  and  barrels.  It  will 
pick  up  several  pounds  of  nails  and  screws  at  one  time, 
and  the  windings  can  easily  be  changed  to  finer  wire 
for  use  on  110-volt  direct  current. 

On  test  this  electromagnet,  excited  on  10  dry  cells  or 
15  volts,  took  a  current  of  0.95  ampere  and  lifted  50 
lb.  The  lifting  power  varies  of  course  with  the  number 
of  batteries  used.  For  battery  opsration  a  storage 
battery  gives  the  best  result. 

The  design  shown   in   Fig.  3  is  for  a  solenoid  type 


of  electromagnet.  In  some  experimental  work  it  wr.s 
found  that  the  effective  strength  at  different  strokes 
could  be  about  doubled  by  building  a  yoke  of  wrought 
iron  or  mild  cold-rolled  steei  about  it,  so  as  to  return 
the  magnetic  flux  efficiently,  instead  of  causing  the  flux 
to  return  from  the  N  pole  to  the  S  pole  through  the 
air.      The    iron    core    carries    the    magnetism    several 


DOUBLE-POLE    SOLENOID 


hundred  times  better  than  air,  as  any  iron  permeability 
table  shows. 

This  solenoid  is  wound  for  excitation  on  6  to  10  volts 
and  was  used  with  a  storage  battery  in  some  experi- 
mental work.  The  spool  and  core  dimensions  are  given 
in  the  figure.  The  bobbin  is  insulated  with  two  layers 
of  fiber  or  paper  and  then  wound  with  16  layers  of 
No.  14  B.  &.  S.  enameled  magnet  wire.  The  current 
consumed  on  6  volts  was  6.67  amperes,  the  ampere-turns 
(product  of  ampere  and  turns)  was  5000  and  the  coil's 
resistance  equaled  0.9  ohm. ;  weight  of  magnet  wire. 
31  lb.  The  pull  in  pounds  at  various  strokes,  distance 
between  end  of  core  and  the  end  x,  when  excited  on  6 
volts  storage-battery  current,  was  as  follows:  Stroke 
1   in.,  pounds  pull   10;   stroke   11   in.,   pounds   pull   8.5 

The  pull  of  a  solenoid  is  easily  measured  by  a  spring 
balance.  Another  good  method  is  to  attach  to  the  core  a 
pail  which  can  be  filled  with  sand.  Sand  is  put  in  or 
removed,  at  each  test  on  the  core,  until  the  solenoid  can 
just  pull  it  up.  The  pull  is  sometimes  measured  by 
means  of  a  lever  resting  on  a  platform  scale. 

Double-Pole  Battery  Solenoid 

In  Fig.  4  is  given  the  structural  dimensions  of  a 
double-pole  battery  solenoid.  Each  coil  is  wound  with 
twelve  even  layers  of  No.  18  B.  &  S.  single  cotton- 
covered  magnet  wire.  The  two  coils  are  connected  up 
in  series  to  give  north  and  south  poles.  All  the  iron 
parts  are  of  annealed  wrought-iron  stock.  The  bobbin 
shells,  which  are  made  up  on  a  brass  tube,  are  tightly 
fitted,  soldered  or  riveted  if  necessary,  to  the  stop  cores. 
The  resistance  of  each  coil  measures  1.25  ohms  and  the 
current  taken  at  10  volts  is  4  amperes.  The  pull  ob- 
tained at  various  strokes,  is:  At  1  in.,  1.25  lb.;  at 
1.5  in.,  1.1  lb.  At  12  volts  and  4.8  amperes  the  solenoid 
gave  a  pull  of  2  lb.  at  1-in.  stroke.  The  stroke  of  a 
solenoid  is  the  distance  the  armature  moves  through  in 
lifting  its  load. 

A  future  article  will  deal  with  the  construction  of 
electromagnets  and  solenoids  to  operate  on  110-  and  220- 
volt  circuits. 
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emwrcindSteelStacks 
G unite  Concrete 


By  M.  C.  Sher-rf/an 


Seven  self-supporting  steel  smoke- 
stacks, each  125  feet  high  and  six 
feet  in  diameter,  became  so  badly 
corroded  that  it  was  necessary  to 
rebidld  them.  This  was  accomplished 
by  placing  steel  hands,  vertical  rods 
and  wire  mesh  around  the  stacks. 
Then  gunite  vms  applied  to  the  steel 
and  wire-mesh  ivork,  making  when 
completed,  practically  a  reinforced- 
concrete  stack. 
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AN    INTERESTING    job    of   chimney   construction 

/-\    was    completed    recently   by   the    Baker-Dunbar- 

X  JIl.  Allen  Co.,  of  Cleveland,  Ohio,  on  five  pit-furnace 

stacks  at  the  plant  of  the  Pittsburgh  Crucible  Steel  Co., 

Midland,  Penn. 

The  original  stacks,  which  were  of  self-supporting 
steel,  125  ft.  high  and  approximately  6  ft.  in  diameter 
at  the  top,  were  badly  corroded,  owing  to  the  gas  from 


the  furnace  finding  its  way  through  the  brick  lining  of 
the  stacks  and  eating  out  the  steel  plate.  The  corrosion 
became  so  general  that  it  was  neces.sary  to  rebuild  or 
repair  the  stacks.  It  was  important,  however,  that  they 
be  kept  in  service. 

The  work  was  carried  out  by  building  reinforcing 
self-supporting  shells  around  the  stacks,  and  then  em- 
ploying the  cement  gun.     Accordingly,  all  details  were 


FIG.  1.     APPLYING  GUXITE  MATERIAL  TO  THE  BOTTOM  OF  A  STACK  FIG.  2.  FOUR  STACKS  COMPLETED 
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FIG.   3.     ONE   STACK  COMPLETED    AND   SCAFFOLDING 
BEING    REMOVED 

worked  out  and  the  reinforcing  cement  envelope  was  ap- 
plied. The  new  stacks  have  been  in  operation  for  over 
six  months,  and  the  construction  has  proved  entirely 
satisfactory. 

At  each  ring,  bolts  were  tapped  into  the  stack,  these 
bolts  carrying  steel  bands  properly  spaced,  the  bands 
in  turn  carrying  vertical  reinforcing  rods  of  square 
twisted  steel,  around  which  was  wrapped  wire  mesh. 
The  gunite  shells  were  applied  against  this  rein- 
forcement. 

Each  stack  required  approximately  1100  cu.ft.  of 
finished  gunite,  which  is  reinforced  with  about  li  per 
cent,  of  steel.  After  the  completion  of  stack  No.  2  it 
was  thought  that  better  results  would  be  obtained  by 
the  use  of  swinging  scaffolds  of  special  design,  instead 
of  the  continuous  timber  scaffolds.  Accordingly  the 
swinging  scaffold  was  used  on  the  last  three  stacks, 
with  improved  success  over  the  timber  scaffold  that  was 
first  used. 

Fig.  1  shows  the  nozzleman  applying  the  material  at 
the  base  of  the  stack.  Fig.  3  shows  stack  No.  1  com- 
pleted with  the  timber  scaffolding  in  process  of  dis- 
mantling and  stack  No.  2  with  the  steelwork  completed 
and  the  gunite  at  the  base  applied.  Fig.  4  is  a  close-up 
view  of  stack  No.  3,  showing  the  nicety  of  steel-rein- 
forcement work  and  applied  gunite  material.  Fig.  2 
shows  four  stacks  completed  and  the  fifth  stack  partly 
completed.  Fig.  2  shows  the  swinging  scaffold  and 
Figs.  3  and  4  the  timber  scaffolds. 

The  finished  work  presented  a  somewhat  splotched 
appearance,  as  shown  in  Fig.  2.  This,  however,  dis- 
appeared as  the  gunite  dried  out.  Special  precautions 
were  taken  to  keep  the  gunite  moist  until  a  full  setting 
was  obtained. 

A  great  advantage  in  this  method  of  building  these 
stacks  lies  in  the  fact  that  they  were  kept  in  nearly 
constant  operation  during  the  progress  of  the  work. 
Four  of  them  were  shut  down  for  a  few  days  while  the 


FIG.   4.     CLOSE-UP  VIEW  OF  ONE 
OF    THE    STACKS 

gunite  was  being  applied  to  the  upper  portions.  One 
stack,  however,  was  kept  in  constant  operation  while 
the  work  was  being  done. 

The  method  of  construction  was  less  expensive  than 
building  forms  around  the  present  steel  stacks  and  ap- 
plying ordinary  concrete.  The  speed  of  the  work 
was  also  much  greater;  the  operating  force  often  ap- 
plied 25  to  30  ft.  of  gunite,  instead  of  the  5  or  10  ft. 
possible  with  the  use  of  commonly  used  forms  and  ordi- 
nary concrete. 

Undoubtedly,  this  gunite  method  (patent  applied 
for)  could  be  applied  to  a  great  many  stacks  that  are 
in  a  poor  state  of  repair,  and  it  should  be  of  particular 
interest  to  steel-mill  operators,  or  anybody  who  has  a 
self-supporting  stack  in  need  of  repair  and  operating 
under  conditions  that  make  it  inconvenient  to  cut  it  out 
of  service,  as  the  gunite  as  shown  in  the  foregoing  can 
be  applied  while  the  stack  is  in  use  as  well  as  when  it 
is  idle. 

Stationary  Boiler  Superheater 

With  the  adoption  of  the  steam  turbine  in  power- 
plant  practice,  the  use  of  superheated  steam  has  become 
so  common  that  practically  no  turbine  plant  is  oper- 
ated with  saturated  steam.  By  the  use  of  superheated 
steam  the  efficiency  of  the  turbine  is  increased  through 
the  elimination  of  losses  due  to  friction  in  the  nozzles 
and  blades  and  the  windage  loss.  The  use  of  turbines 
has  also  led  to  increased  steam  pressure  on  larger 
boilers,  which  has  necessitated  a  like  growth  in  the 
size  of  superheaters  and  details  of  design  have  also 
kept  step  with  the  general  progress  of  the  modern 
power  plant. 

One  of  the  latest  entries  into  the  superheater  field 
for  stationary  power  plants  is  the  Locomotive  Super- 
heater Co.,  Woolworth  Building,  New  York  City.  This 
company  has  recently  brought  out  a  new  type  of  super- 
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heater  for  use  in  stationary  plants,  and  the  followinK 
points  have  been  kept  in  mind  in  working'  out  the  de- 
sign: Safety;  acce.ssibiiity  for  inspection  and  repairs; 
protection  UKftinst  overheat iiiK;  hi^h  superheating  elH- 
cieiuy;    improved    elliciency    of    combined    boiler    and 
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tion  to  many  difTerent  dcsiRns  of  boilers  manufactured 
As  shown  in  Fig.  1,  the  superheater  consists  in 
>,'eneral  of  two  headers,  one  acting  as  the  distributor 
for  the  saturated  steam  coming  from  the  boiler  and 
the  other  as  a  superheated  header  for  the  collection  of 
the  steam  after  it  has  been  superheated,  and  the  neces- 
sary connectinjT  units  in  which  the  actual  superheating 
takes  place.  The  headers  are  of  steel  and  are  located 
outside  of  the  hot-gas  path,  usually  outside  the  boiler 
setting  proper.  In  most  ca.ses  the  headers  are  made 
with  the  outlets  on  the  superheated  header  in  an  oppo- 
site location  to  the  inlet  on  the  .saturated  header,  and 


FIG.    1.      SUPERHEATER    HEADER    ASSEMBLED 

superheater;  consideration  of  steam  velocities  and  areas 
to  provide  minimum  drop  in  steam  pressure;  uniformity 
of  superheating  and  ease  of  regulation;  provision  for 
expansion  and  contraction ;  provision  for  cleaning ;  mini- 
mum possibilities  for  leaks;  and  flexibility  and  adapta- 


FI(3.  2.    IIKADKH  SHOWl.N'U  METHOD  OF  ATTACHING  UNIT.S 

where  conditions  require  the  saturated  header  is  pro- 
vided with  several  inlets. 

The  superheating  units  are  of  heavy  cold-drawn  seam- 
less steel  tubing,  bent  in  such  form  as  to  provide  free- 
dom for  expansion  and  contraction.  They  are  connected 
to  the  headers  by  means  of  ball-and-socket  joints  with 
ground  surfaces.  The  ball  of  the  joint  is  forged  on 
the  end  of  the  tube,  and  it  is  then  faced  and  ground. 
It  fits  into  a  ground  seat  in  the  header,  made  at  an 
angle  of  45  deg.  The  ball  and  seat  are  held  in  close 
contact  by  means  of  clamps,  bolts  and  washers.  Fig.  2 
shows  a  superheater  header,  showing  methods  of  attach- 
ing the  unit,  and  Fig.  3  shows  the  general  construc- 
tion of  the  superheater  and  illustrates  several  plans  for 
installing  it  in  vertical  water-tube  and  return-tubular 
boilers. 
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FIG.    3.      .'SUPERHEATER   AS   APPLIED   TO    SEVERAL   TYPES    OF   BOILERS 
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MECHANICAL  EQUIPMENT 

at 

JOHNS  HOPKINS  UNIVERSITY 

By  rJulian  C.  S?nallwood 


ORDINARILY,  the  mechanical  equipment  of  a 
technical  school  falls  in  two  distinct  classes: 
First,  that  necessary  for  power,  light  and  heat 
service;  and  second,  that  to  be  used  for  educational 
work  only.  It  frequently  happens,  however,  that  edu- 
cational results  are  improved  by  employing  both  of 
these  classes;  but  as  the  service  units  are  seldom 
arranged  to  suit  the  needs  of  laboratory  students,  much 
of  the  possible  benefit  is  unrealized. 

This  is  not  the  case  with  the  engineering  school  of 
Johns  Hopkins  University.  Naturally,  the  power  plant 
is  designed  primarily 
with  a  view  to  provid- 
ing economical  and 
continuous  service, 
which,  of  course, 
means  the  installa- 
tion of  modern  en- 
gines and  scientific  in- 
struments. But  of 
nearly  equal  promin- 
ence is  the  purpose  to 
include  not  only  every 
usual  facility  for  un- 
dergraduate experi- 
mentation, but  also  all 
practicable  means  for 
research,  usual  and  special.  In  fact,  it  may  be  said 
that  research  is  the  keynote  of  the  whole  equipment. 

There  are  two  power  plants,  the  main  one  furnishing 
winter  service  through  one  of  three  steam  units  ex- 
hausting into  the  heating  system,  which  may  also  receive 
reduced  high-pressure  steam.  These  three  units  consist 
of  two  turbine-generator  sets  and  one  four-valve  re- 
ciprocating engine  direct-connected  to  a  generator. 
Any  of  these  may  be  used  for  regular  service  or  for 
student  tests.  There  is  an  elaborate  grid  resistance 
installed  in  a  separate  room,  with  which  an  artificial 
load  may  be  secured  for  the  latter  purpose. 

In  the  boiler  room  of  the  main  power  plant  are 
four  250-hp.  Babcock  &  Wilcox  boilers,  this  large 
capacity  being  provided  for  future  heating  service.  One 
pair  is  equipped  with  Roney  and  the  other  with  Taylor 
stokers.  Coal  and  ash  are  weighed  when  fired  or  re- 
moved, and  the  weights  are  recorded.  The  performance 
of  the  boiler  room  is  at  all  times  under  observation 


SPRAY  POND  FOR  COOLING  CIRCULATING  WATER 


through  the  autographic  recording  equipment,  which 
includes  a  CO.  recorder  and  a  flue-gas  thermometer 
not  shown  in  the  illustrations. 

The  vacuum  heating  system  discharges  its  con- 
densate into  a  receiver  from  which  it  is  drawn  by  one 
of  two  feed  pumps,  and  thence  the  feed  passes  through 
a  closed  feed-water  heater  and  back  to  the  boilers. 
Makeup  water  is  provided  automatically  to  the  receiver. 
The  boiler  room  almost  runs  itself,  since  the  control 
is  largely  automatic  as  to  both  feed  and  draft. 
The   second   power   plant    referred    to    is    a    50-kw. 

Locomobile  of  Ameri- 
can design  (Buckeye- 
mobile).  This  is  in 
regular  service  dur- 
ing the  warm  months 
only,  when  there  is  no 
heating  load,  as  it  op- 
erates condensing.  A 
surface  condenser  is 
used  and  the  circulat- 
ing water  is  cooled  in 
a  spray  pond.  The 
whole  comprises  an 
exceedingly  econom- 
ical unit  as  is  evi- 
denced by  results  of 
student  tests — which,  of  course,  fall  short  of  profes- 
sional operation — amounting  to  2.26  lb.  of  coal  per  kilo- 
watt-hour at  rated  load. 

Supplementing  both  plants  is  a  storage  battery  in- 
tended for  night  and  Sunday  lighting  service.  The 
saving  in  labor  charge  at  the  power  plant  during  the 
periods  when  the  battery  is  delivering  current  makes 
an  ample  return  on  the  investment,  besides  having 
the  indirect  effect  of  making  a  higher  load  factor  for 
the  steam-power  plant. 

As  regards  testing  equipment  of  all  the  service  units, 
these  are  exceptionally  complete  in  all  the  usual  par- 
ticulars, and  in  addition  they  have  some  very  nice 
features  of  arrangement.  For  example,  although  the 
three  main  engine-room  units,  in  regular  operation, 
exhaust  into  the  heating  system,  a  surface  condenser 
is  provided  into  which  any  one  of  the  three  may  exhaust 
for  the  purpose  of  steam-consumption  trials.  Two 
weighing  tanks  of  7000   lb.  capacity  are  arranged  to 
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measure  condonsnto,  feed  water  to  boilers  or  lirculatiniir 
water  to  .spniy  pond.  The  la.st  named  i.s  ai.so  supplied 
with  a  weir  and  V-notch  recorder,  recording  ther- 
mometers. hvKrometers,  etc.,  by  which  very  complete 
spray-no/zle  tests  may  be  made. 

The  boiler  room  contains  some  unusual  facilities  for 
lesi'iirch.  The  air  supply  to  the  Taylor  stokers  passes 
through  a  Thomas  electric  air  meter,  thereby  enai)linK 
the  meiisurement  of  the  total  amount  of  air  during  a 
boiler  test.  Tlie  settin)i:s  of  all  boilers  have  numerous 
capped  opening's  for  the  insertion  of  thermocouples, 
fluc-jras  samplinjj  pipes  or  draft  RaKCs. 

The  stack  is  furnished  with  two  iron  balconies,  or 
landinjjs,  as  shown  in  the  headpiece,  one  50  ft.  and 
the  other  70  ft.  above  the  grates.  At  each  landing  are 
eight  capped  openings  for  the  insertion  of  draft  tubes, 
thermocouples  and  pitot  tubes.  At  the  base  of  the  stack, 
separated  from  the  stack  proper  by  a  concrete  floor 
just  beneath  the  bottom  level  of  the  breeching,  is  an 
instrument  room  in  which  temperatures,  drafts,  etc., 
are  read,  these  readings  applying  to  various  levels  from 
the  base  up  to  the  top.  Some  interesting  experiments 
have  been  made  with  this  equipment  and  will  be  con- 
tinued. 

The  equipment  provided  strictly  lor  experimental 
work  includes  the  following:  A  15-ton  Frick  refriger- 
ating machine  arranged  to  run  dry  or  flooded,  with 
calibrated  tanks  or  weir  measurement  of  brine  and 
scales  for  ammonia  weighing;  an  Ingersoll-Rand  two- 
stage  air  compressor;  several  steam  engines  with  the 
usual  testing  outfit;  an  80-hp.  Diesel  engine  with  com- 
pensating prony  brake;  a  Smith  25-hp.  suction  gas  pro- 
ducer supplying  a  14-hp.  Nash  gas  engine;  a  Studebaker 
auto  engine  with  fan  brake;  and  various  other  small 
gas  and  gasoline  engines.  All  of  the  more  important 
internal-combustion  engines  are  fully  equipped  for  com- 
plete heat  tests. 

An  unusually  well-supplied  laboratory  is  provided  for 
fuel  and  gas  testing,  in  addition  to  the  instrument- 
calibration  laboratory. 

In  a  special  building  is  a  miniature  illuminating-gas 
bj-product  plant,  erected  and  equipped  for  research. 

Taken  in  its  entirety,  it  may  well  be  judged  that 
here  is  an  equipment  fully  calculated  to  maintain  in 
mechanical  engineering  the  traditions  for  which  Johns 
Hopkins  is  known  in  other  branches  of  science. 

Full-Capacity  Safety  Valve 

In  the  early  days  of  steam  boilers,  when  pressures 
were  measured  by  atmospheres,  and  one  or  two  atmos- 
pheres was  considered  a  high  pressure,  and  when  the 
capacities  of  boilers  were  small  compared  with  today's 
practice,  a  simple  weighted  valve,  without  lever  or 
spring,  was  considered  a  good  safety  valve.  With  the 
increase  in  pressures  and  capacities  came  the  weighted, 
or  lever,  tj-pe  of  safety  valve. 

A  still  further  increase  brought  out  the  present 
spring-loaded  valve,  with  which  everj'body  having 
anything  to  do  with  steam  is  familiar.  It  would  seem, 
however,  that  safety-valve  capacity  has  not  kept  pace 
with  boiler  capacities,  and  the  valve  illustrated  here- 
with has  been  designed  as  a  solution  of  the  problem. 
It  is  manufactured  by  Atw^ood  &  Morrill,  Salem,  Mass. 

The  valve  is  of  the  pilot-operated  tj-pe,  in  which 
the  main  valve  A  is  set  at  a  somewhat  higher  pressure 
than  the  pilot  valve  B,  and  the  movement  of  the  main 
valve   A    has   a   direct   cutting-off   action   on   the   pilot 


valve  li.  In  other  words,  while  this  valve  will  open 
to  full  capacity  where  there  is  a  continued  increase  o( 
pressure,  it  will  not  do  this  at  the  first  pop.  This 
can  be  arranged  so  that  it  will  extend  over,  say,  a 
range  of   five   i)ounds. 

The  cutting-off  action  of  the  lever  C  acts  directly 
on  the  pilot  valve  spring  D  and  consequently  has  a 
controlling  effect  on  it.  The  lever  K  is  for  the  pur- 
pose of  testing,  and  the  pipe  F  is  the  feeding  pipe 
for  the  valve.  This  could  l)e  eliminated  and  a  cored 
pas.sage  cast  to  a  point  below  the  main  pop  A,  or  it 
would  undoubtedly  have  a  steadying  effect  on  the  valve 
if   this   pipe   were    used   and   connected   to   a   point    in 
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.SEC^IOX    THROUGH    PILOT    AND    MAIX   VALVE 

the  steam  drum  at  some  distance  away  from  where  the 
safety  valve  is  attached. 

An  upward  movement  of  the  pilot  valve  B  allows 
a  flow  of  steam  through  the  passage  G.  This  acts 
upward  on  the  annular  surface  H,  thereby  opening 
the  main  valve.  A  movement  of  the  main  valve,  as 
described,  has  a  choking,  or  slowing  down,  effect  on 
the  pilot-valve  spring  D,  and  consequently  on  the  pilot 
valve  B.  Continued  increase  of  pressure  at  B  means 
a  greater  opening  of  the  pilot  valve,  and  consequently 
a  greater  opening  of  the  main  valve  A  to  the  extent 
of  a  full  opening,  if  required.  The  main  valve  A  is 
loosely  fitted  to  J  and  K  to  take  care  of  steam  which 
passes  the  pilot  valve  B  after  it  is  closed. 


A  static  transformer  of  60,000  kw.  capacity  has  been 
made  in  Germany  for  stepping  up  from  6250  volts  to 
110,000  volts.  An  over-all  efficiency  of  99.07  per  cent,  is 
said  to  have  been  obtained. 
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Making  Each  Coil  of  Aimnonia  Condensers 

Do  Its  Share 


By  a.  G.  SOLOMON 


An  engineer  of  long  experience  m  the  operation 
of  refrigerating  plants  tells  hoiv  he  manages  to 
make  each  coil  of  ammonia  condensers  do  its 
share  in  the  all-important  absorption  of  heat  from 
the  ammonia  gas. 


THE  compressor  is  usually  in  good  operating  con- 
dition. Once  a  year  it  is  given  a  careful  overhaul- 
ing, and  the  suction  and  discharge  valves  and 
the  valve  cages  are  ground  in  so  that  all  joints  are 
gas-tight.  But  within  leason  the  working  condition  of 
the  compressor  is  not  as  important  as  the  condition 
and  intelligent  handling  of  the  ammonia  throughout 
its   cycle. 

The   compressor   has    to   take    the    heat-laden    vapor 
from  the  evaporator  and  send  it  to  the  condenser.    At 


many  heat  units  as  possible  from  the  evaporator  and 
then  to  see  to  it  that  the  greatest  possible  number 
of  heat  units  are  carried  away  by  the  circulating  water 
at  the  condenser. 

To  make  the  whole  refrigerating  plant  as  efficient  as 
possible,  the  amount  of  heat  taken  from  the  ammonia 
in  the  condenser  is  the  main  point  to  be  kept  in  mind. 
Briefly  stated,  get  all  the  heat  possible  out  of  the 
produce  and  into  the  ammonia,  and  then  get  this  heat 
and  the  heat  of  compression  out  of  the  ammonia  and 
into  the  circulating  water.  In  the  double-pipe  ammonia 
condenser  the  water  circulating  through  the  inner  tubes 
is  the  agent  that  performs  this  function. 

Most  engineers  become  concerned  if  the  scale  on  the 
internal  surfaces  of  the  boilers  gradually  increases  until 
the  fuel  consumption  per  ton  of  refrigeration  shows  an 
increase.  But  the  same  engineers  do  not  always  realize 
that  thev  can  gain  in  refrigerating  duty  by^watching 


PIO.    1.      SHOVi^ING    THE   USUAL.   WATER-OUTI.ET    CONNECTIONS 


a  stated  speed  for  a  compressor  of  known  dimensions 
a  certain  number  of  cubic  feet  of  vapor  will  be  com- 
pressed and  delivered  to  the  condenser  in  a  given  time. 
A  not  too  badly  leaking  valve  or  a  little  groove  in  the 
compressor  wall  will  lower  this  cubical  displacement  so 
little  that  it  can  hardly  be  detected  on  an  indicator 
diagram.  A  slight  increase  in  the  clearance  space  will 
hardly  be  noticeable  except  by  close  and  accurate  figur- 
ing. 

But  the  state  of  the  vapor  entering  the  compressor 
will  make  a  difference  that  is  readily  apparent.  So  no 
matter  how  many  cubic  feet  of  vapor  the  compressor 
is  able  to  di.splace,  the  objective  which  the  engineer 
must  strive  for  is  to  make  every  cubic  foot  carry  as 


Ihe  condenser  just  a  little  more  than  has  been  theii 
habit. 

Let  us  see  what  is  considered  "a  trip  around  the 
condensers"  when  the  condenser  happens  to  be  of  the 
single-pipe  atmo.spheric  type.  The  very  first  thing 
noticed  is  the  way  the  water  flows  over  the  pipes  of 
each  stand.  If  one  stand  is  not  getting  what  is  thought 
to  be  its  share,  the  valve  for  that  distributing  trough 
or  pipe  is  opened  more.  Or  if  the  water  is  splashing 
considerably,  owing  to  one  stand  getting  too  much,  that 
valve  will  be  closed  a  little. 

If  the  water-regulating  valves  frequently  become 
clogged  this  point  is  kept  in  mind  and  some  one  of  the 
engine-room  crew   has   a   "trip   around  the  condenser" 
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na  part  of  his  retruliir  routine.  Sciilo  formiiijr  on  the 
pipe."*  of  the  condt-nser  is  prevented  to  some  i-xtent  by 
wuahinjr  them  down  with  water  having  a  Rood  pressure 
behind  it.  And  the  scale  is  often  hanunered  or  scraped 
off  the  coils. 

Most  condensers  of  the  double-pipe  type  receive  little 
or  no  attention  unless  somethinjr  haj)|)ens.  Some  one 
of  the  en>rine-room  crew  will  walk  around  this  nejrlectetl 
condenser  mnybe  once  a  day,  and  if  he  does  not  hear,  see 
or  smell  ammonia  escapinjr,  all  is  well  and  jrood.  In 
case  of  a  leak  the  necessary  repairs  are  made.  The 
water  circulation  is  .scarcely  jriven  a  thought. 

In  nearly  all  plants  it  becomes  a  retrular  habit  to 
have  the  hifrh-pre.ssure  jrajre  show  a  certain  number  of 
pounds  pressure  on  the  condenser.  Whether  this  is 
the  pressure  that  should  be  carried  is  never  questioned. 
Just  so  long  as  the  pressure  does  not  go  up  to  a  point 
that  is  thought  to  be  too  high,  nothing  is  done  to  see  if 
the  condenser  is  working  properly  and  liquefying  the 
gas  at  the  lowest  pressure  possible.  And  very  few 
engineers  know  if  each  and  every  stand  of  the  double- 
pipe  condenser  in  his  care  is  doing  its  full  share  of  duty. 

As  this  article  is  dealing  only  with  the  removal 
of  heat  units  from  the  ammonia  in  the  condenser,  it 
will  be  taken  for  granted  that  the  full  amount  of  heat 
has  been  sent  there  for  removal.  First  to  be  considered 
is  the  water  circulation. 

The  writer  has  never  had  the  pleasure  of  seeing  ihe 
original  water  connections  leading  from  a  double-pipe 
condenser  arranged  in  such  manner  that  intelligent 
regulation  could  be  maintained.  Fig.  1  shows  the  usual 
practice.  One  can  see  at  a  glance  that  it  is  an  utter 
impossibility  to  judge  if  the  distribution  of  the  water 
is  proper  for  each  coil. 

The  way  this  condenser  is  handled  is  at  best  a  case 
of  guesswork  as  far  as  the  operator  is  concerned. 
The  valves  at  both  inlet  and  outlet  of  the  inner  tubes 
of  every  stand  are  wide  open.  This  is  true  whether 
the  condenser  consists  of  three  or  of  thirty  stands.  The 
only  time  that  any  of  these  valves  are  found  partly 
closed  is  when  there  is  an  attempt  made  to  economize 
on  water,  and  at  such  times  it  is  common  practice  to 
set  every  inlet  or  outlet  valve  the  same.  This  may 
be  one  turn  or  three  turns  open;  but  whichever  it  is, 
they  all  get  the  same  opening. 

Imagine  an  engineer  or  boiler-room  man  setting  all 
the  w-ater-feed  valves  the  same  on  a  battery  of  a  half 
a  dozen  boilers.  It  w-ouldn't  do.  Neither  will  the  set- 
ting of  the  water  valves  of  the  double-pipe  condenser 
do  if  real  efficiency  is  the  object  sought.  Each  boiler 
of  a  battery  will  not  evaporate  an  equal  amount  of 
water,  and  there  is  just  as  much  difference  in  the  quan- 
tity of  ammonia  condensed  in  the  different  stands  of 
an    ammonia    condenser. 

Under  changing  operating  conditions  of  the  compres- 
sor there  will  be  noticeable  changes  of  the  action  of 
the  condenser.  We  all  know  that  at  times  one  or  more 
coils  of  a  condenser  will  store  full  of  liquid  and  the 
operating  charge  of  ammonia  will  be  reduced  until  the 
liquid  is  started  circulating  through  the  dead  coil.  When 
a  coil  stores  ammonia  in  this  manner  it  is  easily  lo- 
cated, as  the  whole  stand  will  become  as  cold  as  the 
water  entering  the  inner  tubes.  But  when  a  coil 
only  partly  stores  liquid  or  becomes  what  one  terms 
slow  or  sluggish,  it  can  continue  in  that  condition  for 
a  long  time  without  being  noticed.  If  some  of  the  coils 
are  sluggish  and  deliver  only  a  small  amount  of  liquid 
to  the  receiver,  some  of  the  other  coils  will  not  condense 


their  share  of  guH  and  the  liquid  that  goes  to  the 
receiver  from  them  will  be  warmer  by  several  degrees 
than  it  should  be. 

To  overcome  many  of  the  troubles  found  in  doulile- 
pipe  condensers,  close  watch  of  the  water  circulation 
is  neces.sary.  The  drawing,  P'ig.  2,  shows  the  water 
connections  as  they  should  be  if  the  operator  is  to 
conveniently  keep  the  condenser  working  efTiciently. 
The  inlet  connections  are  the  same  as  those  in  Fig.  1, 
but  the  outlet  connections  are  different.  By  this  ar- 
rangement the  flow  of  the  water  through  each  coil  can 
be  watched,  and,  what  is  of  greater  importance,  the 
temperature  of  the  outgoing  water  can  be  taken  at  each 
coil. 

It  will  be  found  that  with  all  the  water  valves  wide 
open  there  will  be  a  temperature  difference  of  as  much 
as  ten  degrees  at  times  between  the  outlet  water  of 
each  of  many  different  coils. 

Let  us  suppose  that  the  condensing  water  enters  the 
bottom  of  the  coils  at  72  deg.  In  ordinary  practice  a 
rise  of  7  deg.  is  maintained  between  the  inlet  and  outlet 
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FIG.   2.      SEPARATE  WATER  OUTLETS  FOR  EACH  COIL 
A,   regxilating   valves  ;     B,    outlet   where   temperature   is   taken ; 
F,   tee    with   plug    to   facilitate   cleaning ;    G,   inner    tube   of   top- 
pipe  coil. 

FIG.   3.      TROUGH   FOR  WATER   DISTRIBUTION   OVER 
STEAM  CONDENSERS 

A  and  B,  same  as  in  Fig.  2  ;  C,  steam  condensers  ;  D,  regulating 
valves   (hand)  ;  E,  overflow. 

water  when  a  coil  is  working  satisfactorily.  But  all 
the  coils  will  not  show  the  same.  For  some  reason  some 
of  them  get  more  gas  than  others,  and  again  some  have 
a  slower  ammonia  circulation.  A  coil  that  handles  a 
large  volume  of  gas  will  heat  the  water  more  than 
one  that  is  not  condensing  so  much. 

Now  if  one  coil  becomes  very  sluggish  or  slow  in 
circulation,  the  water  from  its  outlet  will  be  but  one 
or  two  degrees  warmer  than  the  inlet.  This  sluggish 
coil  will  cause  a  shortage  of  ammonia,  and  the  circula- 
tion of  gas  through  another  coil  will  be  rapid,  therefore 
liquefaction  is  often  not  complete.  The  water  leaving 
the  inner  tube  of  this  hard-working  coil  will  be  heated 
as  much  as  ten  or  fifteen  degrees  and  even  more. 

With  the  separate  water  outlet  from  each  coil  and 
valves  to  regulate  the  flow,  it  is  possible  to  have  every 
coil  of  a  double-pipe  ammonia  condenser  doing  an  equal 
amount  of  work.     It  will  take  some  time  and  patience 
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before  the  regulation  is  satisfactory  and  the  results 
noticeable;  but  when  a  real  engineer  is  looking  toward 
efficiency,  he  will  be  rewarded  beyond  his  expectations. 
At  first  temperature  readings  should  be  taken  once 
every  two  hours;  that  is,  the  temperature  of  the  out- 
going water  from  each  separate  coil  should  be  taken. 
If  the  water  from  one  coil  shows  by  its  comparative 
coldness  that  too  much  water  is  being  circulated  for 
the  work  accomplished,  the  valve  on  that  coil  is  closed 
a  little.  But  do  not  expect  to  notice  a  difference  during 
a  few  minutes  or  even  a  half-hour.  Do  not  change 
the  position  of  the  valves  oftener  than  once  every  two 
hours. 

The  best  way  to  handle  this  temperature  taking  and 
water  regulating  is  to  have  a  card  or  suitable  piece  of 
paper  tacked  up  close  to  the  regulating  valve  of  each 
coil.  On  this  card  mark  down  the  temperature  every 
two  hours  and  also  make  a  note  as  to  what  change  is 
made  in  the  position  of  the  valve.  In  this  way  the 
valves  will  be  handled  intelligently  and  guesswork  done 
away  with. 

After  the  proper  flow  of  water  through  each  coil  has 
been  found  and  the  valves  set,  it  will  not  be  necessary 
to  make  further  changes.  The  effect  of  this  even  tem- 
perature of  the  overflow  water  will  be  noticeable  in  the 
uniform  liquid  level  in  the  liquid  receiver.  Also  the 
regulation  of  the  expansion  valves  will  be  easy  as  the 
temperature  of  the  liquid  will  not  vary. 

In  a  distilled-w^ater  ice  plant  the  separate  outlet  from 
each  coil  can  be  piped  into  a  wooden  or  metal  trough 
and  the  water  for  the  steam  condensers  can  be  taken 
from  this  (see  Fig.  3).  The  trough  must  be  provided 
with  an  overflow  so  as  to  take  care  of  any  water  that 
is  not  needed  for  the  condensing  of  the  steam.  When  a 
cooling  tower  is  used,  the  outlets  from  the  condenser 
coils  are  extended  to  the  top  of  the  tower. 

Now  that  a  method  of  water  regulation  is  in  use, 
the  next  step  toward  good  results  is  free  exchange 
of  the  heat  from  the  ammonia  to  the  water. 

In  another  article  the  writer  will  deal  with  methods 
of  cleaning  the  double-pipe  ammonia  condenser. 

Rivesville,  W.  Va.,  New  Power  Plant 

By  J.  W.  Weir 

Better  electrical  service  for  Fairmont  and  other 
towns  served  by  the  Monongahela  Valley  Traction 
Co.  is  being  realized  through  the  Rivesville,  W. 
Va.,  power  station,  whkh  is  now  in  operation  and  is 
delivering  energy  to  the  lines  and  operating  all  of  the 
car  lines  north  of  Jayenne,  W.  Va.  In  order  to  give 
better  service  the  company  has  put  the  Rivesville  station 
in  operation  before  it  is  completed,  and  it  will  assist 
in  carrying  the  load  and  at  the  same  time  add  to  its 
equipment  until  it  has  been  completed  and  is  ready  to 
carry  the  load  of  the  entire  upper  Monongahela  Valley. 
At  that  time  the  Hutchinson  plant,  which  has  served 
the  valley,  will  be  kept  in  reserve  so  that  in  the  de- 
velopment of  the  valley  the  traction  company  will  be 
able  to  cope  with  the  power  situation. 

The  company's  distributing  lines  from  this  station  run 
as  far  north  as  Morgantown  and  as  far  east  as  Berry- 
burg.  A  high-tension  line  is  connected  with  the  mines 
of  the  Maryland  Coal  Co.,  at  Simpson  and  Galloway. 
They  reach  to  Mannington  and  Baxter;  a  66,000-volt  line 
runs  from  the  Rivesville  station  to  the  Hutchinson 
plant,  and  from  that  point  power  from  the  Rivesville 
Dlant  is  distributed  over  the  lines  that  have  been  built 


into  Hutchinson  on  to  Worthington,  Helens  Run,  Wyatt, 
Lumberport,  through  Clarksburg  and  on  to  Watson. 
Some  years  ago  the  company  built  the  Jayenne  power 
plant.  At  that  time  it  was  thought  that  it  would  meet 
the  demands  for  power  for  some  time,  but  it  was  not 
long  until  it  was  outgrown.  The  Hutchinson  power  plant 
was  then  constructed  and  at  the  time  this  station  was 
erected  it  was  considered  the  best  and  most  economical 
equipment  that  could  be  installed.  The  conditions  at 
that  time  were  right  for  the  construction  of  that  plant. 
Since  its  construction  conditions  have  changed.  What 
was  then  considered  an  inexhaustible  gas  field  has  been 
so  depleted  that  the  steam  turbine  plant  is  the  more 
economical  and  especially  so  where  the  station  may  be 
supplied  by  coal  mines  within  reasonable  distance. 

At  the  Rivesville  station  the  main  shaft  of  one  of  the 
company's  mines  is  within  sixty  feet  of  the  point  where 
the  coal  is  dumped  into  the  hopper  at  the  station  to  be 
carried  by  elevators  to  the  stokers  for  the  boilers. 
During  the  war  period  it  was  hard  to  get  the  needed 
repairs  for  the  Hutchinson  plant  and  in  many  instances 
the  repairs  that  were  secured  were  constructed  out  of 
inferior  material.  It  was  a  case  of  the  company  doing 
the  best  that  it  could  and  all  that  it  could  to  give  its 
patrons  the  best  possible  service. 

So  the  Rivesville  station  was  built  to  take  care  of  the 
rapidly  increasing  demand  for  electric  power  through- 
out, connections  to  it  and  to  other  mines  in  close  proxim- 
ity giving  three  sources  for  fuel. 

The  building  is  four  stories  high  and  is  sufficient  to 
house  50,000  kw.,  of  which  20,000  is  being  installed. 
It  is  a  fireproof  steel  frame  and  brick  structure  with 
steel  window  frames  and  gypsum,  roof. 

The  operating  floor  of  the  turbine  room  is  7  ft. 
above  the  1885  flood  and  the  boiler-room  floor  is  15  ft. 
above  that  mark. 

An  earth  dike  the  top  of  which  is  2  ft.  above  this 
highest  flood  mark  will  prevent  water  from  running 
down  the  ash  tracks   into  the  boiler-room  basement. 

The  boiler  room  is,  115  x  150  ft.,  the  turbine  room 
50  X  165  ft.  and  the  switchhouse  27  x  165  ft.  From 
the  basement  of  the  boiler  house  to  the  roof  over  the 
coal  bunkers  it  is  108  ft.  There  is  20,000  cubic  yards 
of  concrete  in  the  building,  1,500,000  bricks  and  1500 
tons  of  steel. 

The  boilers  for  the  20,000  kw.  are  four  in  num- 
ber. Another  will  be  completely  installed  within  the 
next  few  days.  They  have  a  rated  horsepower  of  1245 
each,  and  are  of  the  horizontal  cross-drum  type.  They 
operate  at  250  lb.  pressure  and  250  deg.  of  superheat. 
They  are  fired  by  two  underfeed  mechanical  stokers, 
one  under  each  end  of  the  boilers. 

The  coal  is  delivered  from  the  mines  on  the  property 
or  from  railroad  cars  into  hoppers  under  the  railroad 
tracks  just  outside  of  the  building;  from  these  hoppers 
it  passes  through  crushers  and  by  means  of  elevators 
and  belts  to  the  coal  bunkers  above  the  boilers.  It  feeds 
by  gravity  to  traveling  larries,  which  automatically 
weigh  the  coal  and  deliver  it  to  the  stokers. 

Ashes  are  dumped  into  railroad  cars  w'hich  run  under- 
neath the  boilers  and  are  hauled  away  on  the  railroad 
or  by  trolley.  All  water  used  in  these  boilers  is  treated. 
In  the  turbine  room  two  10,000-kw.  turbo-generators 
are  installed,  with  space  for  a  20,000-  or  a  30,000kw. 
machine.  These  units  generate  energy  at  11,000  volts, 
which  is  stepped  up  at  the  outdoor  substation  to  22,000 
and  60,000  volts  for  transmission  to  the  various  load 
centers. 
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XVIII — Turning  from  details  of  conMniction  and 
operating  troubles,  the  men  discuss  the  status  of 
the  Diesel  engine  and  the  outlook  for  engineers 
trained  to  run  this  type  of  engine. 


THINGS  had  broken  well  all  week,  and  so  the  crowd 
arrived  at  the  meeting  in  a  cheerful  humor.  "These 
are  like  old  times,"  said  Kelly,  as  he  came  in.  "It 
used  to  be  that  we  ran  for  weeks  without  a  single  break- 
down and  with  the  same  old  gang,  too." 

"Well,"  said  Egan,  "if  conditions  were  the  same  we 
could  do  it  again.  In  those  days  we  had  a  400-kw.  load 
for  an  800-kw.  plant.  We  never  ran  at  full  load,  for  al- 
though we  could  have  loaded  one  engine,  our  orders  were 
to  put  on  another  unit  when  the  running  engine  had 
more  than  three-quarters  load." 

"WTiy  was  that,  J.  R.?"     Woods  asked. 

"In  those  days  the  oil  engine  was  still  regarded,  at 
least  in  America,  as  a  questionable  source  of  power;  so, 
to  be  safe,  no  one  ever  thought  of  having  it  pull  full 
load.  The  operators  were  green  and  didn't  know  how 
to  keep  her  up  to  the  top  notch.  Really,  a  fellow  was 
considered  a  born  genius  if  he  could  keep  her  going 
twenty-four  hours.  At  present  I  consider  an  engineer  a 
poor  one  if  he  can't  get  practically  full  load  for  days  at 
a  time. 

"In  Europe,  especially  in  Germany  and  Sweden,  there 
are  hundreds  of  plants,  dependent  on  Diesel  engines, 
that  supply  power  to  street  railways,  industrial  fac- 
tories and  lighting  systems.  As  much  faith  is  put  in 
them  as  we  place  in  a  steam  plant.  It  is  by  no  means 
uncommon  in  Germany  to  see  plants  containing  12,000 
hp.  in  Diesels.  In  fact,  units  have  been  built  of  6000  hp. 
each." 

"I  had  the  idea  that  we  were  as  smart  as  the  Huns," 
Kelly   observed.      "Probably   smarter,"    retorted   Egan. 

"In  fact,  smart  enough  to  use     

whatever  fuel  nature  supplied 
cheapest.  So  we  stuck  to  our 
steam  plants  while  coal  was 
cheap.      Now   that    it's   high, 


At  the  next  meeting  Egan  Mill  answer  some 
questions  asked  him  on  matters  of  interest  to 
the  men. 


more  Diesels  will  go  in.  They  will  be  success- 
ful, for  each  year  scores  of  men  are  being  trained  as 
oil-engine  men.  One  advantage  Europe  has  on 
us  is  her  ability  to  secure  technically  trained  men  as 
watch  engineers.  Because  of  low  wages,  it  has  been 
easy,  in  Germany,  to  employ  a  technical  graduate  for 
around  $60  per  month.  While  technical  training  is  not 
absolutely  essential,  there  is  no  doubt  that  an  engi- 
neering education  gives  a  man  the  capacity  for  thinking 
logically  and  correctly.  In  my  opinion  the  fact  that  a 
m.an  has  finished  an  engineering  course,  either  at  college 
or  night  school,  proves  he  is  made  of  good  stuff.  He  is 
the  kind  that  has  the  ginger  to  do  things  and  is  depend- 
able. Without  reflecting  on  you  fellows,  it  would  be 
fine  if  all  of  you  had  had  such  a  training.  Then  a  lot 
of  things  that  seem  beyond  explanation  to  you  would 
be  as  simple  as  rolling  off  a  log. 

"However,  I  congratulate  myself  that  the  men  at 
most  of  the  plants  are  far  above  the  ones  we  had  four 
years  ago.  In  those  good  old  days,  as  Kelly  calls  them, 
about  the  only  recommendation  we  got  with  a  new  man 
was  that  he  couldn't  read  or  write  but  was  a  natural- 
born  engineer.  If  we  had  no  trouble,  it  wasn't  due  to 
their  work  but  to  the  old  chief's  energy  and  to  the  low 
load  carried." 

"Well,  J.  R.,  I  can't  see  why  a  college  man  is  the 
thing  for  a  Diesel  plant.  I  never  saw  many  college 
graduates  around  steam  plants,"  said  Kelly,  who  was 
ready  to  defend  his  own  lack  of  engineering  education. 

"I  didn't  say  that  they  were  more  needed  in  a  Diesel 
plant  than  in  a  steam  plant.  In  past  days,  coal  was 
cheap,  and  to  be  considered  a  good  engineer  or  fireman 
it  was  necessary  to  have  a  strong  back,  even  though  ac- 
companied by  a  weak  mind.  A  man  was  rated  by  the 
tons  of  coal  he  could  throw  into  the  firebox.  Keeping 
steam  up  was  the  order  of  the  day,  with  no  thought 
as  to  the  cost  of  that  steam.  But  now  things  are  dif- 
ferent.   Just  glance  over  the  'want'  column  and  see  the 

. demand    for    technical    men, 

both  for  the  boiler  house  and 
the  engine  room.  Nowadays  it 
requires  brains  to  success- 
fully  run  a  steam   plant.     A 
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steam  plant  does  have  one  advantage.  The  outfit  will 
limp  along  even  though  boiler  tubes  leak  and  engine 
valves  are  out  of  shape.  So  most  anyone  can  make  the 
wheels  turn  even  though  at  a  frightful  cost. 

"In  a  Diesel-engine  plant  things  are  a  little  different. 
The  fact  that  the  engine  will  deliver  its  rated  horse- 
power is  good  evidence  that  it  is  producing  its  power 
fairly  economically.  It  may  almost  be  taken  as  an 
axiom  that  a  Diesel  engine  can't  produce  power  un- 
economically.  I  can  also  make  the  claim  that  the  engine 
must  be  in  good  mechanical  condition  to  run  at  all. 

"These  two  statements,  which  our  experience  proves 
are  facts,  show  why  a  poor  engineer  will  have  what 
he  calls  bad  luck  in  operating  a  Diesel.  If  he  is  ignorant 
of  the  engine's  peculiarities,  when  little  things  happen 
he  is  stumped,  and  the  engine  stops.  The  operator 
usually  has  no  time  to  experiment  to  find  out  what's 
wrong.  He  must  know  immediately  what  remedy  to 
apply.  For  this  reason  a  better-trained  and  more  in- 
telligent operator  is  required  than  in  case  of  a  steam 
plant.  If  a  man  has  had  a  technical  education,  he  can 
reason  more  logically.  His  years  of  study  have  given 
him  an  insight  into  the  theory  of  combustion  and  prin- 
ciples of  mechanics. 

"Unfortunately,  the  rate  of  pay  in  the  average  plant, 
both  steam  and  oil,  is  not  high  enough  to  attract  the 
college  man  in  this  country.  Even  though  the  matter 
of  pay  is  brushed  aside,  the  chance  of  advancement 
usually  is  meager.  The  day  is  coming,  however,  when 
this  state  of  affairs  will  be  changed.  It's  going  to  be- 
come an  accepted  fact  that  oil-engine  operation .  de- 
mands brains,  and  trained  ones  at  that. 

"You  men  who  have  been  denied  the  chance  of  an 
education  have  one  advantage.  Your  years  of  work  have 
given  you  considerable  mechanical  skill.  To  my  mind, 
the  operators,  or  at  least  one  operator  in  each  plant, 
should  be  a  skilled  machinist.  With  a  Diesel  plant  there 
is  much  work  requiring  a  higher  degree  of  mechanical 
skill  than  in  a  steam  plant.  The  clearances  are  less. 
It  is  necessary  to  have  the  bearings  turned  truer  and 
made  of  better  metal.  The  adjustment  of  governor 
parts,  as  well  as  fuel  mechanism,  demand  the  attention 
of  a  man  who  recognizes  the  importance  of  a  thousandth 
of  an  inch.  In  the  matter  of  bedding  a  valve  to  its 
seat,  one  cannot  be  satisfied  with  the  finish  cut  that 
is  usually  given  to  a  Corliss  valve.  On  the  contrary,  the 
finished  surfaces  must  be  perfect;  the  ground  seats 
should  be  as  true  as  the  surfaces  of  a  telescope  lens. 

"In  the  near  future,  the  ever-increasing  sale  of  Diesel 
engines  is  going  to  create  a  demand  for  high-class  engi- 
neers. A  poor  'monkey-wrench  and  cold-chisel'  engi- 
gineer  has  no  place  in  the  Diesel  engine  room.  This 
means  greater  opportunities  and  a  higher  value  placed 
on  your  services.  To  meet  this  demand,  you  men  should 
take  up  the  study  of  mechanics  and  other  engineering 
subjects.  A  correspondence-school  course  means  hard 
labor  after  working  hours,  but  if  you  ever  hope  to  rise 
above  the  pay  and  rating  of  a  watch  engineer  you  must 
study." 

"But  hang  it,"  Kelly  broke  in,  "I  don't  think  it  re- 
quires a  heap  of  knowledge  to  get  along  with  a  Diesel 
engine.  Take  the  plant  of  the  Gatesville  Light  Co. 
Ihey  are  running  that  with  a  chief  who  was  an  auto- 
mobile repair  man,  two  engineers  who  never  saw  an  oil 
engine  a  year  ago,  and  two  niggers.     I  don't  see  much 


book  learning  or  even  hoss  sense  in  that  crowd." 
"I'm  glad  you  mentioned  that .  plant.  It  happens  I 
have  its  record  for  last  year.  I  also  have  the  record  of  a 
Diesel  plant,  in  an  adjoining  town,  pulling  the  light 
and  street-railway  load.    Now  notice  these  figures : 

Other 

Gatesville  Plant 

Pounds  of  oil  per  kw.-hr 12  085 

B.t.u.  per  kw.-hr 18.870  15,725 

Station  load  factor 0  50  0  85 

Costs  in  mills  per  kw.-hr. : 

Labor ■ 2  25  150 

Fuel 4   50  5   20 

Maintenance 5  00  0  05 

Oil,  waste,  etc '..'." ;".'.T?.Tr.".VT'.  .     '     2  00  025 

Total  in  mills  per  kw.-hr ^ 1 3  75  5  00 

Station  wages,  monthly: 

Chief  engineer $100  $150 

Watch  engineers  (2) 150  160 

Oilers  (2) 90  135 

Total  monthly  labor  expense $340  $445 

"Note  the  high  fuel  and  maintenance  cost  of  the  plant 
using  cheap  labor.  Some  folks  knowing  the  history  of 
these  plants  might  raise  the  point  that  the  Gatesville 
engines  are  older  and  are  not  in  good  shape.  This  is 
true,  but  the  fact  they  are  not  in  good  shape  is  due  to 
the  cheap  labor  that  has  run  them  ever  since  they  left 
the  factory.  It  is  because  of  this  labor  that  the  load 
factor  is  so  low.  I've  been  in  that  plant  at  all  hours 
of  the  day,  and  at  no  time  was  the  load  ever  too  large 
to  be  handled  by  one  unit.  Yet  the  inexperienced,  poorly 
paid  operators  are  afraid  to  put  the  load  on  one  unit. 
So  both  engines  are  used  to  carry  a  one-engine  load. 
The  fuel  costs  are  of  course  high,  for  the  load  factor  is 
never  more  than  80  per  cent,  of  ^  single  engine's  rat- 
ing. The  maintenance  is  high,  since  the  units  are  run 
when  they  should  be  pulled  out  of  service  for  a  few 
hours.  Instead  of  this,  every  Sunday  is  spent  in  useless 
repairing.     I  myself  want  intelligent  and  skilled  help. 

"You  men  should  all  subscribe  to  trade  magazines. 
If  each  would  take  a  different  one,  together  you'd  have 
most  of  the  worth-while  magazines  published.  By  maga- 
zines I  don't  mean  those  published  for  the  general  pub- 
lic. In  those,  the  attempt  is  made  to  write  for  the 
whole  people,  and  of  course  the  material  is  not  very 
deep  or  accurate. 

"Whenever  you  are  near  a  power  plant — steam,  oil  or 
gas — go  visit  it.  You'll  get  lots  of  new  pointers.  Go 
over  the  plant  and  see  where  you'd  change  it — use  your 
brains.  In  our  own  plant  try  to  get  at  the  reason  for 
everything  that  happens.  Ask  questions.  It's  surpris- 
ing how  much  you  can  learn  from  the  other  fellow. 

"One  class  of  men  it  will  pay  you  to  listen  to  with 
especial  attention  is  the  machinery  salesmen,  or,  as 
they  are  called  of  late  years,  sales  engineers.  In  the 
old  days  the  usual  machinery  man  dropped  into  the  plant 
with  a  bottle  in  one  hand  and  a  cigar  in  the  other.  His 
stock  in  trade  was  his  good  humor  and  his  shady  stories. 
Of  late  years  a  new  class  of  men  are  selling  machinery. 
They  know  their  business.  I've  gotten  a  lot  of  in- 
formation from  them.  Lots  of  times  their  advice  has 
kept  me  from  making  mistakes." 


The  use  of  big  words  is  an  old  trick  to  inspire  awe  and 
respect.  The  label  of  a  proprietary  brand  of  clay 
poultice  explains  that  this  wonderful  substance  is  "com- 
posed of  the  finest  anhydrous  and  levigated  argillaceous 
mineral,"  which  expressed  in  language  not  "too  good 
for  the  common  people"  would  be  simply  "dried  and 
finely  powdered  clay." 
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The  Elrc-lri<*al  Sliidy  Course — ^Testing 
Moloi*  Kflieiencies 


Prrsents  ax  mttlitir  of  some  of  thr  methods 
commonlit  emplo\n'd  in  the  determination  of  mo- 
tor etfirietteii.     The  brake  test  is  then  singled  out 

t"r  "lorr  drtnilid  ronsidrratiov. 


THK  les.son  published  in  the  issue  of  Dec.  21,  1918. 
described  a  method  of  testing  the  efficiency  of 
motors  without  placinjf  a  load  on  them.  As 
explained  at  the  time,  the  method  outlined  does  not 
jiive  results  of  great  accuracy.  To  determine  the 
itticiency  under  the  conditions  actually  obtaining  when 
a    motor    is    running    under    load,    it    is    necessary   to 


FIG.  1.    DYXAMOMKTKR:  CKXKl'.ATi  lU  FRA.MK  Sr.SI'KNDUD 
ON   KXIFE-KDGES 

employ  a  different  form  of  test,  in  which  the  mechanical 
output  of  the  machine  can  be  obtained.  There  are 
several  methods  by  which  this  can  be  accomplished. 
Thus,  the  motor  may  be  coupled  to  a  generator  whose 
efficiency  curve  has  been  previously  determined;  since 
the  generator  output  is  equal  to  its  voltage  multiplied 
by  the  current  it  delivers,  it  is  a  readily  obtainable 
quantity,  and  since  the  efficiency  at  that  load  can  be 
found  from  the  efficiency  curve,  its  power  input  can 
be  computed.  This  input,  being  derived  entirely  from 
the  motor,  is  therefore  the  mechanical  output  of  that 
machine,  which  is  consequently  determined. 

Another  method  of  measuring  the  efficiency  is  to 
measure  the  output  by  means  of  some  ty'pe  of  dynamom- 
eter, a  favorite  form  of  which  is  a  generator  whose 
field  frame  is  supported  in  such  a  manner  that  it  is 
free  to  move  concentrically  about  the  armature  as,  for 
example,  in  the  manner  illustrated  in  Figs.  1  and  2.  In 
the  former  the  frame  is  suspended  upon  knife-edges  A 
and  in  the  latter  by  means  of  the  bearings  B. 

The  motor  to  be  tested  is  belted  to  the  pulley  P,  Figs. 
1  and  2,  in  either  ca^e,  causing  the  dynamometer  ma- 
chine to  run  as  a  generator.  By  varying  the  load 
connected  to  the  generator  the  load  upon  the  motor  can 
be  controlled.  When  current  flows  through  the  gen- 
erator armature,  it  exerts  a  drag  on  the  frame  since 
its  conductors  are  forced  to  cut  through  the  magnetic 
flux  of  the  field,  and  the  degree  of  drag  depends  upon 
the  amount  of  current.  This  drag  tends  to  make  the 
frame  revolve,  and  by  measuring  the  force  required 
to  keep  it  from  doing  so,  the  power  transmitted  to 
the  dynamometer  by  the  motor  can  be  computed. 

The  figures  are  to  be  considered  as  merely  repre- 
senting the  theory  of  operation  and  not  as  actual  illus- 
trations of  the  apparatus  used.  These  tj-pes  are  known 
as  transmission  dynamometers,  since  they  transmit  the 


tMiergy  without  expending  it  within  themselves,  barring, 
of  course,  the  amount  used  in  overcoming  the  losseH 
in  the  dynamometer  machine.  That  is,  the  pnprg>'  of 
the  motor  is  really  used  up  in  the  lamps  or  other  load 
that  may  be  supplied  with  current  from  the  generator. 
There  aie  other  types  of  transmission  dynamometers, 
but  they  all  have  for  their  object  the  transmis-sion, 
without  absorption,  of  energy,  couple<l  with  means  for 
determining  the  amount  of  power  transmitted. 

In  contradistinction  to  the  transmission  type  there 
is  a  class  in  which  the  energy  output  of  the  motor  is 
entirely  ab.sorbed  within  the  dynamometer.  This  type 
is  nothing  more  or  less  than  a  brake  that  is  applied 
to  the  pulley  of  the  motor.  That  is,  a  brake  te.st  is 
made  upon  the  motor  as  it  would  be  in  the  case  of 
an  engine,  for  instance.  In  addition  to  the  various 
methods  mentioned  in  the  foregoing,  there  are  others 
that  can  be  utilized  when  two  like  machines  are  avail- 
able. In  these  one  of  the  machines  is  operated  as  a 
motor  and  the  other  as  a  generator.  They  are  connected 
electrically  and  mechanically,  the  arrangement  being 
such  that  either  the  generator  furnishes  the  current 
necessary  to  run  the  motor,  or  the  motor  furnishes  the 
power  necessary  to  drive  the  generator.  The  los.ses  in 
the  two  machines  are  supplied  either  mechanically  by 
a  third  motor  of  small  size,  or  electrically  from  the 
supply  mains.  In  either  case  the  electrical  output  of 
one  machine  and  the  electrical  input  of  the  other  are 
known,  since  they  can  be  measured  by  means  of  volt- 
meters and  ammeters.     From  these  data  and  a  knowl- 
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FIG.    2.      DYNAMOMETER:    GENERATOR   FRAME   SUP- 
PORTED IN  BEARINGS 

edge  of  the  losses,  which  are  determinable,  the  efficiency 
of  the  machines  can  be  computed.  Of  all  the  methods 
described,  the  one  that  adapts  itself  most  readily  for 
use  under  any  circumstances  is  the  brake  test,  and  a 
more  comprehensive  explanation  of  it  will  be  given  than 
has  been  undertaken  for  any  of  the  others. 

To  begin  with,  the  object  of  any  such  test  is  to 
measure  the  mechanical  output  of  the  motor  at  the 
same  time  that  the  electrical  input  is  measured,  in 
order  that  its  efficiency  at  the  load  it  happens  to  be 
carrying  can  be  calculated.  Thus,  if  P  represents  the 
power  output,  P,  the  power  input,  and  Ef  the  per  cent. 

P 

efficiencv,  we  have  E,  =j,    X  100.     If  we  let  E  repre- 
■II 
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sent  the  voltage  at  the  motor  and  /  the  current  taken 
by  it,   we  have,   the  power   input  P,  =  EI,  and  con- 

p 
sequently  E,  =  ^X  100-     The  values  of  E  and  /  can 

readily  be  determined  by  means  of  a  voltmeter  and  an 
ammeter  connected  into  the  circuit.  It  therefore  re- 
mains to  find  P. 

Since  the  efficiency  at  various  loads  is  to  be  deter- 
mined, it  is  necessary  not  only  that  P  should  be  capable 
of  being  computed,  but  that  the  adjustment  of  the 
load  that  gives  rise  to  P  should  be  under  control.  By 
applying  an  adjustable  brake  to  the  pulley  of  the  motor 
this  object  can  be  accomplished.  Before  describing 
the  types  of  brake  commonly  used,  and  the  methods 
provided  to  obtain  the  observations  required  for  calcu- 
lating the  motor  output,  some  attention  should  be  given 
to  the  construction  of  the  pulley  to  be  used. 

When  it  is  considered  that  the  entire  output  of  the 
motor  is  going  to  be  consumed  in  friction  between  its 
pulley  and  a  brake,  it  becomes  evident  that  a  great  deal 
of  heat  is  going  to  be  generated,  which  will  of  course 
heat  the  pulley.  If  no  provision  is  made  to  cool  the 
pulley,  it  can  readily  reach  a  temperature  that  will 
scorch,  and  even  ignite,  the  brake.  At  the  same  time 
much  of  the  heat  would  be  transmitted  through  the 
shaft  to  the  bearing  and  to  the  armature,  resulting 
in  injury  to  the  machine.  It  is  therefore  necessary  to 
provide  means  for  limiting  the  temperature  of  the 
pulley  to  a  safe  value.  It  is,  moreover,  desirable  to 
maintain  as  constant  a  temperature  as  possible,  as  it 
will  be  found  that  the  friction  between  the  pulley  and 
the  brake   varies   with   the   temperature,   making   it   a 


are  five  similar  lamps  across  the  500  volts,  there  will 
be  one-fifth  of  the  voltage  across  each,  or  if  E  repre- 
sent this  voltage,  we  have,  E  =  -^  =  100  volts.    The 

5 

voltage  across  ab  is  equal  to  E  and  is  therefore  100 
volts.  That  across  ad  includes  three  lamps  and  is 
therefore  Sfi"  :=  3  X  100  =  300  volts.  The  current 
taken  by  the  lamps  can  be  found  by  dividing  their 
input,  namely,  50  watts,  by  the  voltage  across  them. 
Hence,  if  /  be  assumed  to  be  the  current,  we  have, 
50 


FIG.  6.     TWO  WEIG'HTS  SUP- 
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FIGS.    3   TO   5.      FIVE   LAMPS   CONNECTED    IN   SERIES 

matter  of  difficulty  to  keep  a  constant  load  on  the 
machine  when  its  pulley  temperature  is  allowed  to 
vary  greatly. 

The  details  of  the  pulley  construction  and  of  the 
brake   will   be   taken   up   in   the   lesson   of   next   week. 

The  problem  of  the  preceding  lesson  related  to  the 
voltages  across  five  50-watt  lamps  connected  in  series 
across  500  volts,  as  in  Fig.  3.  It  was  required  to  find 
the  voltage  actually  existing  between  the  points  ah  and 
the  points  ad,  and  to  determine  the  discrepancies  be- 
tween these  voltages  and  those  that  will  be  indicated 
by  a  voltmeter  whose  resistance  is  50,000  ohms,  when 
it  is  connected  across  the  same  points.     Since  there 


/  —  ^  =  0.5  ampere.  The  resistance  of  each  lamp 
is  equal  to   its  voltage  divided   by   its   current.     If  R 

Jp  -I  r\c\ 

be  this  resistance,  we  have,  /?  =  y  =  ^--  =  200  ohms. 

1         0.5 

This  would  be  the  value  of 
the  resistance  across  ah, 
and  that  across  ad  would 
be  equal  to  the  resistance 
of  three  lamps,  or  3i2  = 
3  X  200  =  600  ohms. 

When  the  voltmeter  is 
connected  across  a6,  we 
have  a  resistance  of  200 
ohms  connected  in  parallel 
with  one  of  50,000  ohms, 
the  two  in  multiple  being 
connected  in  series  with 
the  lamps  between  h  and 
/,  whose  resistance  is  AR 
-=  4  X  200  =  800  ohms. 
When  the  voltmeter  is 
connected  across  ad  we 
have  600  ohms  in  multiple 

with  50,000  ohms,  the  two  being  connected  in  series 
with  the  lamps  between  df,  whose  resistance  is  2R  = 
2  X  200  =  400  ohms.  These  two  sets  of  conditions  are 
illustrated  in  Figs.  4  and  5.  Taking  up  the  case  of 
Fig.  4  first,  let  us  represent  the  resistance  between  af 
by  R,  that  between  ah  by  i?,  and  that  between  hf  by 
600  Ohms  ji_  We  then  have  R  =  R,  -^  i?,.  To  know  R,  we 
{*) — i*y~\^ — C^j — 1^  must  find  the  multiple  resistance  of  the  resistances  be- 
Thus,  we  have,  /?,  =   -:j r —    = 

200  ^  50,000 
199.20  ohms,  from  which,  R  =  R^  -\-  R^  =  199.20  + 
800  =  999.20  ohms.     The  total  current  flowing  will  be 
this  resistance  into  the  total  voltage ;  namely,  500  volts. 

Hence,  ^  ^^  ~p    ~  qqq  ^^  =  0.5004  ampere.     If  E^  be 

the  voltage  across  a6,  we  have,  E,  =  7/2,  =  0.5004  X 
199.2  =:  99.68  volts.  Since  the  actual  voltage,  when  the 
voltmeter  is  not  connected  in,  is  100  volts,  the  dis- 
crepancy is  100  —  99.68  =  0.32  volt,  making  the  error 

0  32 
0.32  part  in  100  parts,  or  -^^  ,  which  multiplied  by  100 


'*•       tween  a  and  b. 


■<i^-e- 


100 


0.32 


would  give,  j^^  X  100  =  0.32  per  cent,  error. 
In  the  case  of  Fig.  5  we  have,  R, 


600        50,000 
592.885  ohms.     Substituting  in  the  value  for  R  gives, 
R  =  R^  -]-  R^  =  592.885  +  400  =  992.885  ohms,  from 
500  500 


which  I  = 


0.503583  ampere.     The 


R  992.885 

voltage  across  ad  will  therefore  be,  E,  =^  IR,  =  0.503583 
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X' 602.885  -  298.57  volt.s.  and  .sinro  tho  nrtiial  volUige 
without  the  voltmeter  i.s  :U)()  volts,  the  (lifTorcnce  is  'WO 
-  298.57        l.-i;{  volts,  which  makes  the  error  IA',\  parts 

in  300  parts,  or    .'  '      Kiviii^'  an   i-nor  of     '  '     \    100 

=  0.477  per  cent. 

The  diameter  of  the  pulley  in  Vin.  (i  is  18  in.,  and  it 
is  to  he  driven  hy  an  electric  motor,  through  reduction 
jreariujr.  "t  30  r.p.m.  What  size  motor  would  be  recjuired 
to  lift  W,  if  its  weight  is  1500  lb.  juid  that  of  W,  is 
300  lb.?  (Assume  that  there  is  no  loss  of  power  in  the 
hoisting  system.) 

Erecting  and  Testing  an  Engine  in  1 870 

Hy  I).  W.  P'osTKR 

It  was  a  good  many  years  ago  that  I  helped  to  erect 
and  test  an  engine  having  some  points  which  I 
think  will  interest  the  readers  of  Power.  In  fact  it 
was  in  the  first  months  of  the  year  1870,  and  1  was  an 
articled  apprentice  in  a  Suisse  works  building  many 
kinds  of  machines. 

An  engine  had  been  sent  from  England  and  the  di- 
rections for  erecting  and  testing  were  in  English,  so 
I  was  detailed  to  assist  a  man  by  the  name  of  Pasquet 
to  do  the  work  and  translate  the  directions.  The  box- 
ing was  noticeable  as  all  parts  of  them  that  had  to  be 
removed  were  screwed  on  and  each  screw  was  marked 
with  a  number  and  the  directions  said  that  these  screws 
must  be  removed  in  sequence.  I  found  that  this  system 
saved  much  time.  The  engine,  after  being  tested,  was 
to  be  reshipped  in  the  original  boxing. 

When  the  box  containing  the  piston  rod  was  opened, 
Pasquet  was  astonished  as  one  could  see  that  the  rod 
was  sprung.  The  chief  engineer  was  sent  for  and  the 
rod  was  taken  to  a  planer  and  laid  in  the  platen  and  a 
surface  gage  showed  that  the  rod  was  sprung  about 
three-eighths  of  an  inch,  if  I  remember  aright.  Off 
went  the  chief  to  write  to  the  builders,  while  Pasquet 
sat  down  on  a  stool  and  seemed  to  be  thinking  very 
hard.  At  last  he  called  me  and  said,  "What  do  the 
directions  say  about  that  rod?"  I  got  the  papers  and 
the  supposed  trouble  was  made  clear.  Under  the 
heading  piston  rod  I  read  about  as  follows :  "It  will 
be  noticed  that  the  piston  rod  is  cambered.  On  the 
crank  end  will  be  found  a  line  marked  0,  this  line 
must  register  with  a  line  on  the  crosshead  and  the 
nut  must  then  be  set  up;  if  this  is  not  done,  the 
camber  of  the  rod  would  not  point  upward,  and  its  value 
would  be  lost.  We  here  explain  that  the  idea  of  the 
camber  is  to  take  the  weight  of  the  piston  from  the  lower 
side  of  the  cylinder,  thus  preventing  wear." 

This  was  a  new^  idea  all  around  and  Pasquet  sent  me 
to  the  chief  to  explain.  He  did  not  seem  to  take  any 
stock  in  the  system,  but  it  was  not  his  affair,  so  we 
followed   the  directions. 

The  next  thing  that  was  out  of  the  usual  was  in 
the  studding  for  the  cylinder  head.  Two  of  these  studs 
were  about  i  in.  longer  than  the  others,  why,  we  did 
not  see  until  we  came  to  put  on  the  head.  Then  the 
reason  was  clear,  as  these  long  studs  could  be  easily 
entered  into  the  stud  holes  of  the  head  and  the  head 
easily  slid  into  place.  This  was  the  first  time  any  of 
us  had  seen  the  idea,  but  I  have  often  seen  it  since. 
The  cylinder  head  was  scraped  to  a  joint.  It  was  cast 
hollow  and  exhaust  steam  was  led  to  the  cavity  by  a 
copper  tube  and  then  to  the  condenser. 


The  piston  was  encircled  hy  a  hand  of  copper  holrlinK 
the  rings  in  pluce,  and  in  the  piston  was  another  new 
idea.  The  rings  were  of  the  segmental  type  set  out 
by  flat  springs.  These  were  made  of  german  .silver  or 
some  whitish  metal,  and  all  were  mounted  in  a  U-shaped 
solid  ring.  On  the  back  face  of  this  ring  was  cut  a 
ratchet  the  teeth  of  which  engaged  with  a  .sort  of 
|)lunger  that  passed  through  the  back  plate  of  the  pis- 
ton, and  the  end  of  this  plunger  came  in  contact  with 
the  face  of  the  cylinder  head  at  the  end  of  the  stroke, 
forcing  it  forward,  thus  imparting  a  slight  rotary  mo- 
tion to  the  ring  carrying  the  segmental  piston  rings. 
The  idea  of  this  was  to  prevent  scoring  the  cylinder. 

The  front  cylinder  cover  was  cast  hollow  and  piped, 
as  was  also  the  back  head.  Metallic  packing  was  used 
in  the  stufling-box,  and  it  was  the  first  1  had  ever  seen. 
It  was  very  long,  at  least  14  in.  and  had  grease  rings 
fitted  between  each  section  of  packing,  which  was  made 
up  of  a  double  cone  split  horizontally  and  two  .solid 
rings  bored  to  fit  the  tapers  of  the  cones.  These  were 
of  some  soft  metal,  and  the  rings  were  of  cast  iron. 

The  pillow  blocks  were  of  composition,  scraped  to 
a  fit  on  the  two  sides  parallel  to  the  shaft,  but  instead 
of  the  bottoms  bedding  down,  as  we  had  always  been 
used  to  seeing,  a  new  construction  was  used.  A 
wrought-iron  plate  was  machined  and  fitted  to  the 
bottom  of  the  pedestal  opening  for  the  pillow  block.  In 
the  middle  of  this  piece  was  machined  a  rounded  score 
at  right  angles  to  the  shaft,  with  a  radius  of  perhaps 
two  inches.  The  bottom  of  the  composition  pillow 
block  was  machined  in  the  same  way,  and  between  the 
plate  and  the  block  a  piece  of  turned  and  hardened  steel 
shafting  was  placed,  this  giving  a  certain  amount  of 
adjustability  to  the  bearing. 

Oiling  the  crosshead  slides  and  gibs  was  effected 
in  a  new  way,  so  far  as  we  knew.  The  crosshead  guides 
were  wide  and  the  shoes  were  long.  The  guides  were 
cast  hollow,  and  holes  were  drilled  from  the  faces  into 
the  cavities.  These  holes  were  staggered,  and  about 
six  on  each  side.  Into  these  drilled  holes  were  fitted 
composition  cylinders  in  which  were  glass  balls,  or 
marbles.  A  shoulder  prevented  the  balls  from  rising 
more  than  1-in.  above  the  surface  of  the  guide  when 
the  cylinders  were  in  proper  position,  and  the  balls 
were  held  up  against  the  shoulder  by  a  spring.  When 
the  crosshead  shoe  passed  over  the  balls,  they  were  of 
course  depressed,  but  when  the  shoe  had  left  them  the 
spring  closed  the  opening;  that  is,  the  ball  rose  up 
against  the  shoulder.  As  the  cavity  in  the  guides  was 
supplied  with  oil  from  a  tank  suspended  about  two 
feet  above  the  guides  a  pressure  of  approximately  two 
pounds  was  obtained,  so  we  had  a  forced-feed  oiling 
system. 

The  valves  were  of  the  Corliss  type,  but  were  pecu- 
liarly made,  as  they  were  segments  of  a  circle  equal  to 
the  bore  of  the  cylinder.  This  was  done  to  reduce 
clearances.  Just  how  these  valves  were  made  in  detail 
I  do  not  remember. 

How  well  the  engine  stood  the  test  of  long  wear  I  do 
not  know,  but  the  shop  tests  were  very  satisfactory  and 
the  economy  was  much  better  than  any  of  which  we 
had  any  record.  I  think  the  engine  was  built  by  Merlie 
&  Tate.  These  people  built  sugar  machinery.  At  any 
rate  the  v/ork  on  the  engine  was  as  good  as  could  then 
be  obtained  in  the  world,  and  not  a  file  was  required  to 
bring  the  parts  together.  I  may  add  that  the  engine 
cylinder  was  about  36-in.  diameter  and  48-in.  stroke. 
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Edison  Medal  Presented 
to  Benjamin  G.  Lamme 

THE  American  Institute  of  Electrical  Engineers  has 
this  year  awarded  the  Edison  Medal  to  Benjamin 
G.  Lamme.  The  award  was  made  for  singular  and 
distinguished  accomplishment  in  the  "Invention  and 
Development  of  Electrical  Machinery."  Thus  the  year's 
crowning  honor  in  electrical  work  has  been  paid  to 
a  designing  engineer,  for  it  is  as  a  designing  engineer 
that  Mr.  Lamme  has  preeminently  worked  out  his 
genius. 

His  work  has  been  so  varied  and  his  versatility  so 
great  that  a  detailed  mention  of  the  developments  in 
which  he  has  been  concerned  might  be  mistaken  for  a 
history  of  the  art  of  the  design  of  electrical  machinery'. 
There  are  certain  landmarks  in  his  work  that  are  of 
more  than  passing  interest  to  the  electrical  fraternity. 

In  the  field  of  power  generation  and  transmission 
the  first  generators  that  transformed  the  power  of 
Niagara  into  electrical  energy  wert  his  work,  and  in 
connection  with  this  power  house  the  use  of  twenty-five 
cycles,  alternating  current,  for  heavy  power  work  was 
established.  Following  related  designs,  this  general 
type  of  machine  reached  its  climax  in  the  old  Manhattan 
engine-type  machines,  giants  of  their  time,  standing 
somewhat  over  forty  feet  high.  Realizing  the  possibili- 
ties of  the  steam  turbine,  Mr.  Lamme  set  himself  with 
equal  determination  to  the  development  of  the  modern 
high-speed  turbo-alternator,  which  reaches  today  in  a 
single  unit  capacities  many  times  the  old  Niagara  or 
Manhattan  machines  and  in  a  fraction  of  the  space 
required  by  either. 

In  the  railway  field  he  has  been  associated  with  the 
development  of  the  railway  motor  since  its  conception. 
He  has  been  of  later  years  so  much  connected  with 
alternating-current  apparatus  and  developments  that  it 
is  a  matter  of  wonder  to  look  back  twenty-five  years  and 
find  that  the  same  man  was  responsible  for  shaping  the 
design  of  the  direct-current  railway  motor  along  such 
lines  that  the  motors  of  that  time  bear  a  startling 
resemblance  to  the  direct-current  railway  motor  of  to- 
day. 

In  the  industrial  field  Mr.  Lamme's  greatest  contribu- 
tion is  the  development  of  the  induction  motor.  Work- 
ing with  Mr.  Westinghouse,  he  took  Mr.  Tesla's  ideas 
and  reduced  them  to  a  piece  of  apparatus  which  in  the 
squirrel-cage  type  is  recognized  to  be  the  simplest 
possible  machine  for  the  conversion  of  electrical  into 
mechanical  energy. 

In  connection  with  the  American  Institute  of  Elec- 
trical Engineers  Mr.  Lamme  has  rendered  signal  service 
to  the  electrical  art.  In  1912  and  1913,  when  the 
A.  I.  E.  E.  standardization  rules  were  under  considera- 
tion for  revision,  the  ablest  men  in  the  electrical  profes- 
sion in  this  country  sought  for  some  time  for  a  basic 
principle,  some  simple  fundamental  which  should  serve 
as  a  keynote  in  making  a  change  so  important  as  this 
change  in  the  recognized  electrical  standards  of  a 
nation.     Many   ideas  had   been   i::oposed   and   rejected 


when  Mr.  Lamme  formulated  the  conception  that  such 
a  change  should  look  into  the  future  and  cover,  so  far  as 
human  vision  permitted,  the  practice  of  the  years  ahead 
rather  than  simply  to  recognize  and  give  authority  to 
the  practice  already  developed  and  concerning  which 
there  naturally  exists  some  difference  of  opinion.  This 
idea  at  once  cleared  the  air  of  controversies  in  degree 
similar  to  those  of  the  present  peace  conference  and 
established  the  basis  upon  which  the  present  revised 
rules  stand — a  monument  to  the  saneness  of  their 
framers. 

No  mention  of  Mr.  Lamme's  work  is  complete  unless 
it  touches  his  interest  m  young  men  and  his  service  in 
the  training  of  the  graduates  of  technical  schools  for 
their  work  in  practical  design  and  manufacture.  This 
interest  is  broader  than  the  plain  estimation  of  the 
young  man's  technical  brain  and  its  development;  it 
concerns  as  well  a  broad  human  sympathy  and  an 
interest  in  the  young  man's  character  and  personality 
which  is  repaid  by  a  warmth  of  loyalty  that  has  no 
measure  in  the  ordinary  relations  of  a  commercial 
organization. 

Heat  Balance,  United  States 
Nitrate  Plant  Number  Two 

IN  THE  design  of  a  modern  power  plant  reliability  has 
first  place.  Securing  this,  the  engineers  devote  them- 
selves to  detailed  studies  to  the  end  that  the  unit  output 
will  be  had  at  the  highest  eflSciency  and  the  lowest  cost. 
American  engineers  have  long  been  striving  to  deliver 
to  the  switchboard  a  kilowatt-hour  of  electrical  energy 
per  pound  of  coal  burned.  In  recently  designed  stations, 
favored  with  good  coal  and  adequate  and  cool  condens- 
ing water,  this  figure  has  been  more  closely  approached 
than  the  most  optimistic  would  some  years  ago  have 
dared  to  believe.  A  curve,  showing  the  decrease  in  coal 
consumption  per  kilowatt-hour  for  representative  sta- 
tions, plotted  against  years,  reveals  the  markedly  favor- 
able influence  of  the  steam  turbine,  of  stoker  and  boiler 
improvements.  To  lower  the  curve  below  the  point  where 
the  modern  turbine  puts  it  requires  of  the  engineers 
wide  and  up-to-the-minute  knowledge  as  to  design,  and 
consummate  skill  in  operation. 

The  reader  therefore  will  appreciate  Mr.  Lockwood's 
article  elsewhere  in  this  issue,  which  treats  of  heat- 
balance  studies  of  the  United  States  Nitrate  Plant  Num- 
ber Two,  with  the  design  of  which  he  and  E.  R.  Welles 
and  William  Shoudy,  of  the  J.  G.  White  Engineering 
Corporation,  had  .so  much  to  do.  This  plant,  a  war  plant, 
designed  and  built  in  a  great  exigency,  has  commanded 
the  attention  of  engineers  the  world  over.  Distinguished 
engineers  who  have  visited  it  have  become  absorbed  in 
studies  of  it  and  have  come  away  impressed  by  the 
achievement.  Several  articles  in  recent  issues  of  Power 
have  described  the  station.  The  one  in  this  issue  tells 
what  it  was.  designed  to  do  in  the  way  of  performance. 
No  need  in  this  column  to  give  figures — the  article  is 
replete  with  them.  In  them  American  engineers  have 
reasons  for  gratification. 
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Itrport   <»f  l\\r    IVimr 
!\Io>rrs   <\Miiiiiilt(>c 

•♦'T^  HIS  ("oinmittee's  rt-port  is  not  ho  much  to  tell 
A  what  has  hoen  developrd  (liiriiiK  the  war  r.s  to 
state  what  has  l)i>i'ii  doiu-  (lospitc  the  war."  So  did 
N.  A.  Carle,  chairman  of  the  I'ri'iie  Movers  Committee 
of  the  National  Kleitric  Liirht  Association,  introduce 
the  committee's  report  at  the  recent  convention  of  that 
hody  in  Atlantic  City.  The  statement  fits  the  situation, 
for  the  ditllculties  of  labor,  materials  and  transportation 
were  indeed  pr^'iit.  That  the  industry  surmounted  them 
so  well  is  concrete  evidence  of  the  excellence  of  its 
engineering  personnel  particularly. 

Thouph  a  whole  afternoon  was  devoted  to  di.scussing 
the  report,  as  usual  several  subjects  were  not  touched 
upon.  This  committee  is  one  of  the  most  important, 
if  not  the  most  important,  of  the  National  Electric 
Lipht  Association,  and  apain  this  year  it  was  evident 
that  too  little  time  is  available  for  consideration  of  its 
report  in  convention  assembled. 

He  who  attended  the  meeting  in  the  hope  that  he 
might  hear  or  participate  in  di.scussion  of  the  specific 
troubles  which  the  large  turbine  has  developed  during 
the  trying  period  of  the  war  was  disappointed.  Of 
course  few  expected  such  discussion,  but  it  was  gratify- 
ing to  hear  the  expressions  of  confidence  in  the  large 
single-shaft  turbine  by  the  leading  engineers  of  Amer- 
ica's great  powder  stations. 

The  committee  said  that,  "...  with  the  present 
constructional  problems  of  prevailing  frequencies  and 
speeds  and  the  recognized  factors  of  safety,  efficiency 
and  cost,  the  size  of  the  systems  today  will  hardly 
warrant  units  larger  than  thirty  thousand  kilowatts 
capacity.  In  particular  cases,  and  until  increased  re- 
liability, as  well  as  improvements  in  operating  efficien- 
cies, have  been  established,  even  larger  systems  will  not 
justify  the  use  of  larger  units."  While  on  the  whole 
the  last  statement  finds  support,  the  discussion  by  W.  B. 
Finley,  superintendent  of  motive  power,  Interborough 
Rapid  Transit  Company,  New  York,  in  which  he  told  of 
experience  with  the  operation  of  three  thirty-thousand 
and  one  sixty-thousand  kilowatt  units,  would  indicate 
that,  for  his  conditions  at  least,  with  the  large  units 
the  performance  is  such  as  give  the  highest  sense  of 
security  against  interruptions  due  to  faults  within 
themselves.  ^Ir.  Finley  pointed  out  that,  compared  with 
the  capacities  of  both  the  Seventy-Fourth  and  the  Fifty- 
Ninth  Street  Stations,  195,000  kilowatts  for  the  former 
and  205,000  for  the  latter,  a  thirty-thousand  kilowatt 
unit  is  really  a  small  one.  Mr.  Finley  is  confident 
that  the  troubles  that  have  developed  in  the  large  single- 
shaft  machines  at  Fifty-Ninth  Street  will  be  eliminated. 
Moreover  it  is  significant  that  the  builders  of  such  ma- 
chines, while  bringing  to  bear  the  great  resources  of 
their  research  departments  to  obviate  certain  defects,  do 
not  contemplate  any  radical  departure  in  type. 

We  believe  that  W.  L.  Abbott,  chief  engineer.  Com- 
monwealth Edison  Company,  Chicago,  expressed  the 
thought  of  many  when  he  said  before  the  meeting,  "We 
may  confidently  contemplate  the  use  of  turbines  larger 
than  we  have  been  using  in  the  past.  .  .  .  We  may 
gradually  rely  upon  units  of  larger  proportionate  size 
to  the  total  station  capacitj'  than  we  have  Jn  the  past." 

A  pleasing  announcement  was  that  made  by  Philip 
Torchio,  New  York  Edison  Company,  who  said  that  the 
Power  Station  Committee  of  the  American  Institute  of 


Klectrical  Engineers  had  secured  the-  co<)peration  of 
liui'dciH  of  large  turbines  in  the  pr«'parati<tn  of  papers 
on  the  design  of  large  turbines.  He  expects  such  ^)nper^ 
o  be  presented  before  the  coming  October  meeting. 
Of  course  all  interested  look  forward  to  something 
unusually  comprehensive  in  these  jiapers.  Perhaps  this 
is  the  beginning  of  that  real  cwiperation  between  de- 
signer and  u.ser  which  Mr.  Snidin,  of  tbe  Wcstinghousc 
Electric  and  .Manufacturing  Company,  again  ho  ad- 
mirably urged  before  the  convention. 

I.  E.  Moultrop  will  find  unanimous  acceptance 
among  engineers  of  his  suggestion  to  the  committee 
that  to  really  get  .somewhere  with  the  use  of  higher 
steam  pressures,  manufacturers  of  power-plant  equip- 
ment build  a  two-thousand  or  three-thousand  kilowatt 
experimental  station,  using  the  pressures  anticipated. 
Certainly,  this  is  a  quick  way  and  surely  one  of  the 
cheapest  ways  of  finding  the  practicable  limitations  of 
high  steam  pre.ssures. 

The  one  regrettable  feature  of  the  report  and  discus- 
sion of  it  was  the  total  lack  of  anything  on  water  power; 
but  the  committee  explained  that  this  was  unavoidable. 

Mi.slearling  Plant  Statistics 

IT  WOULD  be  hard  to  name  a  simpler  task  in  plant 
statistics  than  to  keep  a  periodic  record  of  the  rated 
capacity  of  the  installation,  and  yet  a  recent  examina- 
tion of  operating  data  from  about  a  dozen  otherwise 
well-run  .stations  di.sclosed  an  amazing  laxity  as  to  the 
size  of  the  plants  at  various  dates.  The  records  ex- 
amined covered  a  five-year  period,  each  group  of  plant 
sheets  purporting  to  show  all  the  important  operating 
and  cost  data  of  a  given  year.  Provision  was  made  on 
all  the  forms  for  recording  the  number  and  ratings  of 
each  generating  unit,  with  other  physical  plant  data, 
loads,  etc. 

Some  of  the  sheets  failed  to  di.stingui.sh  between 
kilowatt  and  kilovolt  ampere  ratings  of  units,  putting 
down  the  plant  capacity  one  year  under  the  former  and 
the  next  year  stating  it  as  the  same  rating  under  the 
latter  classification.  Probably  this  was  due  to  ignor- 
ance on  the  part  of  the  staff  of  the  accounting  depart- 
ments, which  was  in  the  final  analysis  responsible  for 
the  data  set  forth,  but  as  these  records  were  prepared 
and  filed  with  a  long-established  state  commission,  it  is 
a  pity  that  there  was  not  an  engineering  check  on  the 
information  spread  before  the  authorities. 

Complications  arose,  too,  from  the  failure  of  those 
preparing  the  record  sheets  to  state  the  dates  on  which 
certain  generating  units  were  withdrawn  from  service 
to  permit  the  installation  of  larger  sets  in  their  places, 
and  again,  in  some  plants  the  direct-current  side  of  one 
or  more  motor-generator  sets  was  added  to  the  kilowatt 
or  kilovolt-ampere  rating  of  the  units  driven  by  prime 
movers  directly. 

A  weak  spot  in  station  data  will  be  found  in  many 
plants  undergoing  extensions  or  remodeling  with  regard 
to  the  fitness  of  various  units  for  service  at  given  dates, 
as  it  is  sometimes  important  to  be  able  to  testify  that 
the  capacity  of  a  station  at  a  particular  date  was  ex- 
actly this  or  that  figure.  These  and  similar  matters  are 
often  entirely  overlooked,  so  that  it  sometimes  becomes 
necessary  to  answer  v/ith  an  estimate  based  on  memory 
questions  that  should  be  as  clearly  and  definitely  settled 
by  fully  recorded  data  as  engineering  rating  practice 
now  makes  possible. 
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'  Correspondence  - 


"XTiTiAIV^'  \'>y%  '"V  V  "^ 


Using  Steam  in  Hot -Water  Radiators 

Those  having  to  do  heating  work  know  that  hot-wa- 
ter radiators  can  be  used  for  steam  heating  but  that 
steam  radiators  cannot  be  used  in  hot-water  heating,  as 
the  latter  are  connected  at  the  bottom  of  the  sections 
only,  whereas  the  former  are  connected  at  both  the  top 
and  bottom.  The  reason  why  more  hot-water  radiators 
are  not  used  in  steam  work  is  because  the  steam  radia- 
tors are  slightly  cheaper  and  more  easily  repaired; 
probably  there  being  fewer  joints  is  another  reason. 

Heating  engineers  design  many  systems  in  which  the 
pipework  may  be  used  for  steam  heating,  but  engineers 
who  do  their  own  work  sometimes  put  it  over  the  heat- 
ing expert  by  putting  up  a  job  that  the  latter  will  con- 
demn as  unworkable. 

Such  a  system  is  shown  in  Fig.  1.  The  job  is  really 
in  practical  use;  it  is  noiseless  in  operation  with  either 
low  or  high  steam  pressure.  Hot-water  radiators  are 
used  throughout  and  where  connected  as  showm,  the 
automatic  air  vent  is  placed  at  B,  which  is  the  steam- 
entrance  end.  This  is  directly  opposed  to  the  usual  way, 
as  when  the  radiator  is  connected  at  the  bottom  on  botFi 
ends  the  air  vent  is  placed  at  C.  The  building  is  three 
stories  high  with  a  straight  riser,  a  drip  being  placed 
on  the  low  end  of  the  main  in  the  cellar.  Radiators 
are  on  each  floor  and  appear  to  give  good  results 
whether  connected  at  the  top  or  at  the  bottom  on  the  in- 
let end. 

A  2-in.  pipe  runs  to  first-floor  radiators,  a  li-in.  pipe 


;7b  Pac/Zafor 

^   as  above 


HOT-WATER  RADIATOR  PIPED   FOR   STEAM 


to  second  and  ll-in.  to  third.  Some  are  floor  and  others 
are  wall  radiators.  I  have  turned  steam  into  this  sys- 
tem at  both  low  and  high  pressures,  but  in  the  latter 
case  I  let  the  steam  enter  slowly,  the  pressure  being  60 
lb.  gage.  In  every  case  the  system  heated  up  with  no 
hammering  and  was  oractically  noiseless. 


There  arc  no  water  seals  or  loops.  The  returns  pass 
through  a  V-notch  meter,  and  the  water  is  pumped  back 
to  the  boiler. 

Fig.  2  shows  the  run  of  the  mains  in  ths  basement. 
Exhaust  steam  is  generally  used,  the  pressure  being  so 
low  that  it  will  not  move  the  gage  hand  away  from  the 


FT<;     -•        UrX    OF    HASE.MENT    M.VINS 

pin.  A  reducing  valve  was  connected  to  be  used  when  no 
exhau.st  steam  was  available,  but  the  pressure  in  the 
system  was  so  low  that  this  valve  allowed  a  small  quan- 
tity of  live  steam  to  pass  even  when  the  exhaust  was 
in  use.  It  was  therefore  removed  and  a  1-in.  hand-con- 
trolled valve  connected  in  the  line  in  the  boiler  room. 

The  valve  A,  Fig.  2,  was  put  in  a  convenient  place  for 
the  people  in  the  building  to  close  off  the  steam  without 
going  to  the  boiler  room  when  either  exhaust  or  live 
steam  was  being  used.  Suitable  back-pressure  and  re- 
lief valves  were  arranged  in  the  boiler  room  to  take  care 
of  the  exhaust  steam  if  it  should  be  cut  off  in  the 
building. 

In  one-pipe  jobs  with  only  one  connection  to  each 
radiator  there  is  generally  considerable  crackling  noise 
when  the  steam  is  turned  into  an  empty  system;  in  the 
job  herein  described  there  is  practically  none  of  this 
noise. 

In  another  job  the  radiators  are  all  of  the  steam  type 
and  are  connected  at  the  bottom  and  at  each  end,  with 
one  riser  to  the  three  flats.  They  work  equally  well  with 
low  pressure,  but  not  so  well  with  high-pressure  steam, 
as  in  the  latter  case  the  water  of  condensation  seems  to 
be  held  back  somewhat  in  the  radiator^.  It  does  not 
"pound,"  but  makes  a  disagreeable  gurgling  noise.  This 
latter  job  has  been  in  use  for  fourteen  years  and  has 
never  given  any  serious  trouble  outside  of  the  noise 
mentioned.  James  E.  Noble. 

Kingston,  Ont.,  Canada. 
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H(>atii)<;  of  ltaiuliii<;  Wiren  on  ii  S«*lf- 
l']xcil«'«l  .\.-(!.  (i«'iit'ralor 

Reconllv  the  conter  l);mii  nii  a  thtoc-jihasc  2r)-kv.-a. 
230-volt  .s('lf-«'xiitf(l  altoriiHtor  in  our  plant  broke.  This 
bund  con.si.stinl  of  No.  20  slevl  piano  wire  and  was  S  in. 
wide,  as  wvre  the  other  two  core  bands,  and  located  on 
the  aniiaturo  as  shown  at  C  in  the  figure. 

The  band  was  renewed  in  the  customary  manner, 
using  the  same  kind  of  wire.  The  armature  was  re- 
placed, the  clearance  between  polepieces  and  armature 
checked  and  found  to  be  all  right,  so  the  machine  was 
started  and  run  up  to  full  speed.  After  running  for 
about  three  minutes  without  load,  the  center  band 
suddenly  burst. 

A  careful  examination  failed  to  reveal  the  cau.se,  but 
did,  however,  indicate  that  the  solder  had  been  thrown 
off  this  band  previous  to  its  bursting.  Another  band 
was  carefully  put  on  and  the  generator  again  started 
tip,  but  with  no  excitation,  and  no  trouble  was  experi- 
enced on  a  thirty-minute  run.  With  excitation,  however, 
the  machine  was  operated  but  one  and  one-half  minutes, 
and  upon  shutting  downi  it  was  found  that  the  center 
band  was  very  warm  and  had  started  to  melt  solder  at 


ARMATURE   OF   SELF-EXCITED   ALTERNATOR 

various  places.  The  other  two  core  bands  were  also 
warm,  although  the  armature  proper  had  not  increased 
in  temperature.  A  magneto  test  showed  that  ail  three 
bands  were  electrically  connected  to  the  armature  core, 
thereupon  the  bands  B,  C  and  D  were  removed,  the  por- 
tion of  the  core  underneath  them  was  thoroughly  painted 
with  insulating  paint,  and  three  new  bands  were  in- 
stalled over  insulating  paper.  These  were  tested  out  for 
grounds  on  the  armature  and  found  to  be  clear. 

As  before,  the  armature  with  full  excitation  could  be 
run  only  about  one  and  one-half  minutes  before  the 
bands  heated  up.  From  this  it  appeared  that  eddy 
currents  induced  in  the  banding  wires  were  responsible 
for  the  heating. 

The  remedy  which  suggested  itself  was  either  to  cut 
dowTi  the  amount  of  magnetic  material  in  each  band 
or  to  use  a  nonmagnetic  conductor  for  the  bands.  Not 
having  the  nonmagnetic  material  at  hand  and  it  being 
imperative  that  the  machine  be  put  in  commission,  the 
only  solution  was  to  reduce  the  area  of  the  bands.  This 
was  done  by  cutting  out  the  center  portion  of  each  of  the 
three  bands  so  that  instead  of  each  being  f  in.  wide 
there  was  a  j\  in.  band,  then  }  in.  space  and  then  a 
-,\  in.  band.  This  cured  the  trouble,  and  the  machine 
has  ever  since  been  operating  satisfactorily  with  these 
bands. 

The  specifications  were  obtained  from  the  manu- 
facturers of  this  machine,  and  it  was  learned  that  the 
original  banding  was  of  No.  20  phosphor  bronze  wire, 


each  band  being  *  in.  wide  with  throe  clipH.  Evidently, 
the  stoel  bands  had  bcc^n  in.stalk'd  about  a  year  ago, 
when  the  armature  was  repaired. 

I  would  like  to  hear  from  some  readers  of  I'ower  why 
the  steel  bands  had  been  successful  for  a  year  and  were 
unsuccessful  when  renewed  with  slightly  narrower  band-, 
of  the  same  gage  wire  and  the  same  numl>er  of  clip.. 
I  have  never  seen  the  foregoing  explained  or  even  men- 
tioned in  any  book  dealing  with  troubles  of  motors  and 
generators.  This  experience  may  help  someone  else  out 
of  similar  difficulty  and  any  discussion  will  undoubtedly 
be  of  value  to  many  operators.  C.  D.  CoRWIN. 

Groton,  N.  Y. 

Replacing  a  Boiler-Feed   Valve 

About  five  years  ago  I  had  charge  of  a  hotel  in 
Chicago  where  there  was  but  one  boiler  and  that  was  a 
low-pressure  one  for  heating  the  building.  It  was  fed 
from  the  city  water  supply  as  the  water  pressure  wa3 
high  enough  to  feed  it  at  the  highest  steam  pressure 
the  safety  valve  would  allow. 

After  I  had  let  some  water  into  the  boiler  one  day, 
I  tried  to  close  the  3-in.  stop-cock,  but  it  broke  in 
half.  The  head  of  the  plug  went  straight  up  and  of 
course  the  water  also.  The  check  valve  was  between 
the  cock  and  the  city  main,  and  I  had  both  hot  and 
cold  water  coming  out  at  the  one  opening,  and  there 
was  no  way  to  shut  off  either  one  in  the  boiler  room. 
I  called  to  the  cook,  who  was  across  the  hall,  to  shut 
off  the  city  supply  "valve  in  the  kitchen,  which  he  did, 
but  as  I  had  five  pounds  steam  pressure  on  the  boiler 
it  only  made  matters  worse.  I  still  had  plenty  of  water, 
but  oh,  so  hot !  I  had  to  have  the  cold-water  valve  opened 
again  enough  to  keep  from  getting  scalded. 

I  had  a  pocketful  of  waste  and  a  screwdriver,  so  I 
started  packing  the  waste  into  the  hole,  and  when  it 
was  full  I  got  a  furniture  clamp  from  my  tool  box 
and  screwed  it  on  as  tight  as  I  could  and  stopped  the 
water  so  it  didn't  leak  a  drop.  This  happened  on  Sun- 
day, and  I  didn't  have  another  stop-cock  to  replace  the 
damaged  one  and  there  wasn't  room  enough  for  a  valve. 
I  went  to  some  other  hotels  to  try  to  get  one,  but 
no  one  had  any.  There  was  plenty  of  water  in  the 
boiler  to  last  over  until  Monday,  so  I  decided  to  let  it 
go  at  that. 

On  Monday  I  got  a  new  stop-cock  from  a  supply 
house,  but  another  problem  confronted  me:  How  could 
I  put  it  on  without  draining  the  boiler?  It  was  "good 
and  cold,"  about  10  above.  I  thought  out  a  plan  and  it 
worked  fine.  I  raised  two  pounds  steam  pressure,  then 
closed  all  drafts  and  opened  the  flue  doors.  A  vacuum 
was  thus  created  in  the  boiler,  so  that  when  I  opened  a 
gage-cock  air  was  drawn  in.  I  then  put  the  new  stop- 
cock, with  a  check  valve  between  it  and  the  boiler,  on 
a  piece  of  f-in.  pipe  about  four  feet  long,  so  I  wouldn* " 
have  to  get  my  hands  in  the  hot  water  again.  I  next 
took  off  the  broken  pipe.  Some  water  came  out,  but 
with  only  a  little  pressure,  so  by  taking  the  pipe  that 
I  had  the  valves  on  by  the  end,  I  caught  the  threads 
all  right.  In  a  few  minutes  I  had  steam  on  again  and 
no  one  lacked  heat. 

I  am  passing  this  on,  but  hope  no  one  will  have  a 
similar  experience.  John  D.  Cooper. 

Chicago,  111. 
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Engine  Crosshead  Pounds 

I  have  a  201  x  48-in.  Corliss  engine  the  crosshead  of 
which  is  of  the  regular  style  with  a  key  adjustment. 
When  running,  a  loud  knock  is  present  in  the  crosshead, 
but  only  on  the  outward  stroke,  which  increases  when 
the  boiler  pressure  is  increased.    It  is  necessary  to  key 


DIAGRAM    TAKEN    FROM    POUNDING    ENGINE 

up  on  these  crosshead  brasses  every  other  morning  and 
sometimes  every  morning.  If  there  is  only  a  slight 
knock  in  the  morning,  it  is  sure  to  be  bad  by  noon. 
The  engine  runs  under  and  makes  81  r.p.m.  The 
accompanying  diagram  is  from  this  engine,  taken  with 
a  40  spring,  boiler  pressure  80  lb.  I  will  be  glad  to 
have  readers  of  Power  tell  me  how  to  overcome  my 
trouble.  E.  Mollis. 

Mt.  Olive,  111. 

[A  little  more  compression  would  doubtless  help  mat- 
ters.— Editor.] 

Marine  Engine  Bearing  Leads 

The  following  incident  in  connection  with  the  over- 
hauling of  marine-engine  bearings,  at  a  time  when  so 
many  young  engineers  are  entering  this  field,  may  be 
of  assistance. 

A  chief  engineer  in  the  service  of  a  well-known 
shipping  company  was  transferred  to  another  of  the 
company's  steamers  with  a  view  of  overcoming  the 
serious  trouble  that  had  been  experienced  due  to 
pounding  bearings. 

On  being  taken  aboard  the  ship  and  introduced  to 
the  retiring  chief  by  the  superintendent  engineer,  the 
"leads"  taken  from  the  crank  and  crosshead  bearings 
were  shown  to  him  for  his  information  and  future 
guidance.  Because  of  long  experience  with  different 
types  of  engines,  he  at  once  came  to  the  conclusion, 
on  account  of  the  thinness  of  the  wire,  that  the  leads 
were  either  faked  or  improperly  taken,  and  expressed 
an  opinion  as  to  the  possibility  of  operating  any  marine 
engine  with  the  brasses  so  finely  adjusted.  While  being 
shown  around  the  engine  room,  he  requested  the  second 
engineer  to  take  "leads"  from  the  high-pressure  engine 
crosshead  bearings.  The  engineer  at  once  moved  the 
engine,  by  means  of  the  auxiliary  turning  engine,  until 
the  high-pressure  crank  was  on  the  bottom  center, 
when  he  removed  the  crosshead  caps  and  brasses,  in- 
serted the  pieces  of  lead  wire  ( iV  in.  thick)  and 
screwed  the  nuts  down  to  the  same  marks  at  which 
they  were  previous  to  loosening  them. 

On  loosening  the  brasses  and  taking  out  the  leads 
they  were  found  to  be  identical  with  the  ones  in  the 
chief's  office.     The  new  chief  then  asked  the  engineer 


to  turn  the  engine  while  he  placed  his  hand  on  the 
crosshead  block  and  guide,  and  immediately  he  felt 
the  upward  movement  ordered  him  to  stop.  On  takinii 
off  the  "leads"  this  time,  it  was  found  that  the  top 
brasses  had  barely  touched  the  wire. 

The  crank  bearing  of  the  same  engine  was  then  tried 
and  the  second  engineer,  following  his  usual  method, 
turned  the  crank  exactly  on  the  top  center  and  the 
"leads"  secured  were  the  same  as  the  sample  shown. 
He  was  asked  to  move  the  engine  oft  the  top  center 
quite  a  bit  and  then  move  it  back  again  until  the 
chief  decided  it  was  near  enough  the  top,  and  by  feeling 
the  crosshead  block  knew  it  still  carried  the  weight. 
The  "leads"  now  showed  the  crank  brass  was  barely 
touching  them. 

The  same  procedure  was  carried  out  with  the  other 
engines  with  the  same  results. 

The  mistake  was  made,  of  course,  by  overlooking  the 
fact  of  the  piston  hanging  up  in  the  engine  cylinder 
at  the  ends  of  the  stroke,  clear  of  the  pins,  and  the 
flattening  of  the  lead  wire  was  made  in  pulling  the 
piston  down.  W.  G.  GRAY. 

Medicine  Hat,  Alberta,  Canada. 

Piping  High-Pressure  Trap  Discharge  to 
Heating  System 

One  bane  of  an  engineer's  existence  is  leaky  traps. 
I  have  tried  many  kinds  to  find  the  one  that  will  stay 
tight  and  do  the  work.  In  every  case  some  heat  escapes 
in  the  form  of  vapor  due  to  the  release  of  the  hot  water 
at  the  pressure  at  which  the  trap  is  working;  and  in 
order  to  get  the  benefit  of  this  vapor,  I  discharge  it, 
during  the  winter,  into  the  heating  system.  This  is 
easily  done  by  connecting  the  vapor  pipe  cf  the  drip  tank, 
if  there  is  one,  with  the  heating  system  and  placing  a 
stop  valve  on  the  vapor  pipe  leading  to  the  atmosphere, 
so  it  can  be  closed  in  winter  and  opened  in  summer. 


HEAT/N6  M/IIN 
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TRAP  AND  PIPE  CONNECTIONS 

If  there  is  no  drip  tank,  the  connection  should  be  made 
to  a  steam  riser,  above  the  water  line  of  the  heating 
system,  so  that  the  vapor  will  ascend  into  the  heating 
system  and  the  water  gravitate  to  the  return  pipe.  The 
illustration  is  intended  to  show  how  the  connections 
should  be  made.  In  case  the  trap  should  blow  through 
or  the  bypass  be  left  open  by  a  careless  attendant,  the 
steam  is  not  wasted,  as  it  goes  into  the  heating  system 
and  less  steam  has  to  be  passed  through  the  reducing 
valve.  W.  T.  Meinzer. 

Brooklyn,  N.  Y. 
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Kiiflil-lluiitl   and    Lrfl-llaiui    Fuiih 

III  his  arluU-  on  "Fans  ami  Hiowi-is  in  tho  Power 
Plant"  in  the  is.sue  of  Feb.  1,  Mr.  Strohm  .stales  that 
the  tli.scharKe  of  a  blower  i.s  de.siKnuteil  us  riRht-hand 
or  left-hand  by  facing  the  pulley  and  notinjf  the  side 
the  exhaust  is  on. 

This  is  contrary  to  the  Government  specifications,  in 
which  it  is  stated  that  in  desifrnating  the  discharge 
of  ventilating  sets  the  hand  will  be  determined  by 
the  side  on  which  the  motor  is  mounted  when  the 
observer  faces  the  discharge  side  of  the  fan  and  when 
the  fan  is  standing  on  the  deck.  Thus,  a  top  4r)-deg.  up 
di.-^charge,  left-hand,  delivers  air  upward  at  45  deg. 
toward  the  ob.server  and  the  motor  at  the  left  operates 
with  a  clockwise  direction  of  rotation.  I  should  like 
to  know  whether  there  is  an  actual  difference  in  stating 
the  hand  of  a  blower  for  commercial  and  Government 
uses.  Earl  M.  Fkhrlin. 

Elizabeth,  N.  J. 

[Fan  manufacturers  do  not  agree  on  the  method  of 
determining  the  hand  of  a  fan  or  blower.  Some  of 
them  follow  the  Government  specification  given  by  Mr. 
Fehrlin  and  others  use  the  method  stated  by  Mr.  Strohm 
in  his  article.  In  view  of  this  lack  of  uniformity,  the 
relative  positions  of  the  discharge  outlet  and  the  driv- 
ing pulley  or  motor  should  be  so  clearly  stated  that  no 
confusion  can  arise. — Editor.] 

Pointers  on  Pumping  Hot  Water 

The  article  by  M.  A.  Sailer,  "Pointers  on  Pumping 
Hot  Water,"  page  212  of  the  Feb.  11  issue,  is  well  worth 
readinir  and  the  admonition  not  to  inject  cold  water  into 
the  hot-water  line  is  the  right  "dope." 

I  recall  a  small  plant  in  which  a  very  efficient  method 
of  collecting  and  feeding  returns  was  used  and  this 
hot  water  all  passed  through  a  duplex  pump.  I  have 
seen  the  feed-water  thermometer  registering  240  deg. 
F.  at  this  plant  and  steam  blowing  from  a  pet-cock  on 
the  pump  discharge,  yet  the  pump  never  skipped  a 
stroke. 

The  returns  were  taken  from  several  high-pressure 
heating  coils  used  for  drying  purposes,  and  the  returns 
were  collected  in  the  ordinary  cast-iron  receiver,  with  a 
duplex  pump  attached.  This  receiver  was  not  over  six 
inches  above  the  discharge  deck,  yet  the  pump  worked 
wonderfully  well.  The  receiver  was  not  vented  to  the 
atmosphere  ordinarily,  but  worked  under  from  10.  to  15 
lb.  pressure.  A  check  valve  was  tapped  into  the  receiver 
to  let  in  air  if  the  pressure  fell  below  atmosphere,  which 
it  might  do  if  a  machine  was  started  with  the  coils  full 
of  cold  water. 

The  engineer  in  charge  said  that  he  had  instructed 
the  operators  to  blow  the  cold  water  all  out  of  the  sys- 
tem before  starting  a  drier,  but  once  in  a  while  one 
fooled  him,  so  he  put  the  check  valve  in  to  handle  the 
condition. 

Every  piece  of  apparatus  was  equipped  with  a  mod- 
ern trap,  and  examinations  of  the  valves  were  made  at 
regular  intervals.  They  had  a  hot-water  heating  system 
and  used  live  steam  at  night,  passing  it  through  a  heater 
which  was  within  25  ft.  of  the  pump  and  about  8  ft. 
above  it.  A  modern  trap  was  connected  to  the  2-in.  dis- 
charge line  from  the  heater,  and  this  discharged  into 
the  receiver.    A  maximum  pressure  of  60  lb.  was  turned 


into  the  heater,  and  the  condensate,  after  going  Ihrou^'h 
the  trap,  receiver  and  pump,  showed  a  temperature  ol 
2G0  degrees 

The  engine  exhaust  heated  the  raw  water  through 
an  induction  heater  to  about  140  deg.  The  engine  op 
erated  compound  condensing.  Then  the  feed  water  went 
through  a  second  heater  fed  by  the  auxiliaries,  steam 
air  pump,  feed  pump,  circulating  pump,  etc.,  and  left 
there  at  from  l'.)0  to  200  deg.  The  water  then  entered 
the  receiver  and  mixed  with  the  condensate  and  was 
finally  pumped  to  the  boilers. 

The  secret  of  the  excellent  running  of  the  pumps 
was  due  to  the  following:  The  engineer  never  vented 
them  to  the  air,  but  made  the  pressure  keep  the  cylinder 
full  of  water  He  never  used  metal  valves  as  he  could 
not  pump  water  much  over  212  with  them,  but  em- 
ployed a  fibrous  type  of  valve,  which  remained  tight,  i 
The  pistons  were  also  kept  in  good  shape.  1 

The  six  pumps  were  all  of  the  piston  type.  Once  in 
twelve  or  fourteen  months  he  put  in  new  linings,  pistons 
and  rods.  He  was  then  able  to  pump  the  water  at  a 
high  temperature.  His  theory  was  that  if  the  piston 
leaks  a  little  the  water  squeezes  by  at  a  pre.ssure  of 
about  135  lb.  into  a  pressure  of  perhaps  6  or  8  lb.  and 
the  water,  at  high  temperature,  flashes  into  steam  and 
then  the  pump  is  "steambound."  That  is  all  the  secret 
there  is  to  it.  I 

I  saw  the  performance  of  these  pumps  and  can  say 
that  I  believe  the  suggestions  given  are  worth  carrying 
out.  C.  W.  Peters. 

Boston,  Mass. 

Running  Steam  Engines  with 
Compressed  Air 

It  is  sometimes  possible  or  desirable  to  operate  steam 
engines  with  compressed  air  in  the  event  that  no  steam 
is  available  and  compressed-air  service  is  to  be  had. 
This  is  often  the  case  on  the  test  floor  of  a  machine 
shop,  on  construction  work  where  compressed  air  is 
used  or  in  the  case  of  ships  in  dry  dock  where  the 
boilers  are  shut  down  and  it  is  desirable  to  operate 
the  ship's  dynamo  to  furnish  light. 

Small  and  m.edium-sized  steam  engines  will  operate 
very  well  and  can  be  used  for  an  indefinite  time  on  com- 
pressed air  if  the  pressure  is  suitable.  Ordinarily, 
there  need  be  no  change  in  the  setting  of  the  engine 
valves.  Simply  connect  the  air  service  to  the  steam 
pipe  of  the  engine  and  use  air  instead  of  steam.  It  is 
often  desirable  to  disconnect  the  exhaust  system  of  the 
engine  so  that  it  can  exhaust  directly  into  the  atmos- 
phere, thus  eliminating  back  pressure. 

In  expanding  in  the  engine,  the  air  takes  heat  from 
the  cylinder  walls,  thus  cooling  these  parts  to  a  con- 
siderable degree  below  the  temperature  of  the  atmos- 
phere. While  a  certain  amount  of  water  is  usually 
carried  into  the  cylinder  with  the  air  and  will  assist 
in  lubrication,  it  is  well  to  arrange  for  more  certain 
cylinder  lubrication  than  this.  Thick  cylinder  oils  such 
as  employed  for  steam  service  should  not  be  used,  for 
they  are  intended  for  use  in  a  heat  which  will  thin 
them  somewhat  and  if  used  with  air  the  cold  will  render 
them  less  fluid.  Practical  experience  has  shown  that 
common  machine  oil  such  as  used  for  bearing  lubrica- 
tion gives  satisfaction.  V.  A.   Lyman. 

Balboa,  Canal  Zone. 


May  27,  1919 
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Angularity  of  Connecting-Rod — What  is  meant  by  angu- 
larity of  the  connecting-rod  of  a  steam  engine?        H.  G.  S. 

The  term  refers  to  the  angular  position  of  the  rod  at  any 
time  when  the  center  line  of  the  rod,  passing  through  the 
center  of  the  crank  and  crosshead  pins,  is  at  an  angle  with 
the  direction  of  stroke  of  the  piston. 


Inspecting  Leakage  of  Closed  Feed- Water  Heater — How 

can    it   be    known    whether   a    closed    feed-water    heater   is 
leaking?  J.  N. 

Leakage  of  a  closed  exhaust-steam  feed-water  heater  will 
be  revealed  by  a  discharge  of  water  along  with  the  exhaust, 
especially  from  the  drips.  The  best  test  of  leakage  is  to 
observe  whether  there  is  discharge  of  water  from  the  drips 
when  the  feed  pump  is  operated  without  the  engine  or  other 
exhaust  discharging  through  the  heater. 


Joint  Resistance  of  a  Circuit — If  three  resistances,  of  3, 
8  and  12  ohms  respectively,  are  connected  in  parallel,  what 
is  the  joint  resistance  of  the  group?  R.  G.  S. 

The  joint  resistance  of  a  group  of  three  resistances  con- 
nected in  parallel  as  in  the  figure,  may  be  found  from  the 
/?,-5 


where  R  equals  the  joint  resist- 
ance; and  R^,  R,  and  R^  the  respective  resistances. 
In  this  problem  R  = 


1  +  1  +  1 
3  ^  8  ^  12 


1 

13 
24 


24 

;p„  =  1.846  ohms. 


Efficiency  of  Boiler,  Furnace  and  Grate — What  would  be 
the  percentage  of  efficiency  of  boiler,  furnace  and  grate 
obtaining  an  evaporation  equivalent  to  10.95  lb.  of  water 
from  and  at  212  deg.  F.  per  pound  of  dry  coal  containing 
14,645  B.t.u.  per  pound?  A.  D.  K. 

Expressed  as  a  formula,  efficiency  of  boiler,  furnace  and 
grate  = 

Heat  absorbed  by  boiler  per  pound  of  fuel  fired 
Heat  of  perfect  combustion  per  pound  of  fuel 

As  evaporation  of  a  pound  of  water  from  and  at  212 
deg.  F.  requires  970.4  B.t.u.,  the  heat  absorbed  by  evapora- 
tion of  10.95  lb.  would  be  970.4  x  10.95  =  106,258.8  B.t.u. 
and  for  coal  containing  14,645  B.t.u.  per  pound,  the  efficiency 


of  boiler,  furnace  and  grate  would  be 
or  723^1,   per  cent. 


106,258.8 
14,645 


=   0.7255, 


Relative   Stresses  of  Girth  and  of   Longitudinal    Seam — 

Why  is  the  girth  seam  of  a  boiler  twice  as  strong  as  the 
longitudinal  seam?  N.  R. 

The  strength  of  a  joint  is  no  greater  because  it  is  used 
as  a  girth  seam,  but  the  stress  pulling  the  joint  apart  is 
only  one-half  as  much  per  unit  length  of  a  girth  seam  as 
per  unit  length  of  a  longitudinal  seam.  As  an  example, 
suppose  a  cylindrical  shell  to  be  72  in.  in  diameter.     Then 


the  whole  length  of  a  girth  seam  would  be  72  x  3.1416  = 
226.195  in.  The  gross  area  of  a  head  72  in.  in  diameter 
would  be  72  X  72  X  0.7854  =  4071.5136  and  each  pound 
pressure  per  square  inch  would  cause  a  stress  of  (1  x 
4071.5136)  H-  226.195  =  18  lb.  per  inch  length  of  the  girth 
seam;  but  for  1  in.  length  of  a  longitudinal  seam,  each  pound 
pressure  per  square  inch  woukl  cause  a  stress  of  J  of  (1  x 
72)  :=  36  lb.,  or  twice  as  much  as  the  stress  per  inch  of 
length  of  the  girth  seam. 


Trouble  from  Steambound  Feed  Pump — What  causes  a 
feed  pump  to  become  steambound,  and  how  can  the  trouble 
be  overcome?  R.  N.  A. 

A  leaky  check  valve  at  the  boiler  and  leaky  pump  valves 
and  piston  packing  may  allow  hot  water  to  work  back  into 
the  water  end  of  the  pump  when  it  is  standing  still  or 
moving  at  a  very  slow  speed.  To  restart  pumping,  stop 
the  pump  and  open  the  drain  cocks  on  the  water  end  and 
leave  them  open  until  water  is  discharged  by  them,  free 
from  vapor,  indicating  that  the  water  end  is  filled  with 
water.  Until  the  leaky  parts  are  made  good,  close  the 
boiler-feed  stop  valve  whenever  the  pump  is  not  required. 
When  pumping  hot  water,  the  pump  may  become  steam- 
bound because  the  suction  lift  is  too  great,  resulting  in 
such  low  pressure  on  the  suction  stroke  that  the  hot  water 
bursts  into  steam,  which  prevents  the  cylinder  becoming 
filled  with  "solid"  water.  The  trouble  can  be  reduced  by 
injecting  cold  water  into  the  suction.  But  the  only  sure 
remedy  is  to  place  the  pump  low  enough  for  the  suction 
water  to  be  delivered  under  sufficient  head  for  keeping 
the  pump  cylinder  filled  with  water  at  a  higher  pressure 
than  that  at  which  water  of  the  temperature  would  vaporize. 


Battery  for  Sparking  Gas  Engine — We  have  a  16-volt 
storage  battery  that  I  would  like  to  use  for  ignition  pur- 
poses. The  gas  engine  requires  only  about  8-volt  current. 
Can  a  resistance  be  connected  in  series  with  the  battery, 
so  as  to  cut  the  voltage  down  to  about  8  at  the  coil  termi- 
nals, and  use  it  to  spark  the  engine?  The  battery  is 
charged  from  a  low-voltage  generator.  L.  K. 

It  is  doubtful  if  satisfactory  operation  can  be  obtained 
by  connecting  a  resistance  in  series  with  the  storage  bat- 
tery.     A   better   scheme   would   be   to   connect   the   battery 


To  Source  of  Charging  Current 

through  a  two-pole  double-throw  switch,  as  shown  in  the 
figure,  so  that  four  of  the  cells  can  be  used  at  a  time  for 
ignition  purposes.  With  this  scheme  the  battery  may  be 
charged  at  any  time,  even  when  part  of  it  is  being  used  to 
ignite  the  engine. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications.— Editor.] 
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Salar>     ScluMliiIrs    aiul    l''iii|ilo\  innil    I)is- 
iu.sstMl  al  A.  A.  i;.  Aiiiiiial  <:oii>riiti<>n 

At  the  niuiUMl  convoiitiun  of  the  Americun  AHsociation 
of  EnKinoeis  hclci  May  12  un<l  13  in  Chicairo.  salary  sched- 
ulfs,  i-mployment  pmbleni.t  imd  opportutiitics,  propir  com- 
ponsatioti  and  society  inU'i-r«>lations  wfix-  tliu  mam  fuaturcs 
discussed.  Ninety  deieKates  from  thirteen  of  the  chapters 
and  three  clubs  were  present,  althou^rh  tlie  attendance  was 
ISO  at  the  lar^^^>st  session. 

With  reference  to  salaries,  A.  M.  Van  Auken,  chairman 
of  the  committee  on  compensation  of  the  Chicapo  Chapter, 
presented  a  comprehensive  lO-pajrc  report  containing  .sched- 
ules of  salaries  for  the  various  engineers  employed  in  mu- 
nicipal, railway,  hiphway,  public  utility,  rural  and  other 
fields.  The  committee  took  the  stjind  that  the  profession 
of  enpineerinp,  taken  as  a  whole,  was  insufTiciently  paid  or 
was  not  paid  in  proportion  to  the  high  degree  of  responsi- 


F.    H.    .\i;\VF.I.I> 

bility  entailed  or  the  technical  training  required  to  perform 
the  work.  It  was  their  opinion  that  the  principle  of  a 
square  deal  for  everybody  should  underlie  all  rules  of  com- 
pensation and  that  technical  men  must  demonstrate  their 
work  both  to  their  employers  and  the  public  before  they 
receive  the  compensation  due  them.  In  the  determination 
of  this  compensation  consideration  must  be  given  to  the 
effort  or  cost  of  the  educational  training,  the  years  and 
character  of  experience  in  the  particular  line,  as  well  as 
total  years'  experience,  length  of  time  in  employer's  service, 
character  and  personality,  degree  of  efficiency  and  special 
qualifications.  The  uncontrolled  law  of  supply  and  demand 
was  not  deemed  a  just  method  by  which  to  determine  the 
compensation  for  valuable  services.  The  committee  made 
a  number  of  specific  recommendations  such  as  limiting  the 
time  of  work  to  eight  hours  i,er  day  or  44  hours  per  week, 
recommending  an  increased  late  for  overtime,  the  observa- 
tion of  national  holidays,  and  the  payment  by  the  employer 
of  moving  expenses  when  the  place  of  employment  was 
shifted. 

Adoption  of  the  report  was  not  asked  for,  but  it  was 
recommended  that  the  national  body  use  the  data  in  a 
nation-wide  study  and  seek  to  formulate  a  more  compre- 
hensive schedule.  A  recommendation  was  adopted  provid- 
ing that  abstracts  of  all  laws  applying  to  engineers  and 
surveyors,  which  degrade  or  harm  the  engineer,  be  col- 
lected and  published  along  with  suggestions  for  better  laws 
in  the  interests  of  the  public  and  for  the  good  of  the  pro- 
fession. 

In  the  employment  department  F.  H.  Myers  indicated 
that  10  per  cent,  of  the  dues  is  now  spent.  From  300  to 
350  members  were  on  the  list  to  receive  the  bulletin  of 
positions  open.  Circular  letters  to  employers  gave  5  per 
cent,    returns.      For   the   week   ending   May   10   twenty-one 


men  had  been  placed  in  positions  averuk'ing  JlfiO  ))ir  month 
at  a  cost  of  IJ-iri,  as  compar.-d  to  $1K90,  the  figure  employ, 
meiit  agencies  would  havi-  cl<'m:in<lcd  for  the  same  service. 
Changes  in  the  coiiHtitution  were  as  follows:  A  national 
practice  committee  is  authorized  to  report  on  questions  of 
ethical  policy  and  conduct;  a  grade  of  "can<lidate  junior" 
is  added;  chapters  are  to  recommend  grading  of  candidates; 
junior  members  may  now  vole  but  not  hold  office;  the  last 
past  president  is  a  director;  the  boani  is  authoriy.ed  to  make 
mutual  agreements  with  other  societies.  Kntrance  fees  are 
increased  automatically  $2  for  each  500  members  above 
1000,  the  count  to  be  made  in  December  and  fixed  for  a 
year.  Apprehension  that  the  fees  would  be  so  high  as  to 
keep  out  younger  members  gr.ve  way  to  the  idea  of  increased 
service  that  could  he  rendercil  by  the  larger  income. 

Following  an  explanation  of  the  similarity  in  work  of 
the  Engineering  Institute  of  Canada  with  that  of  the  Asso- 
ciation, l)y  T'raser  S.  Keith,  secretary  of  the  former,  it  was 
voted  to  leave  the  Canadian  field  to  the  Institute  and  to 
cooperate  fully  with  it.  Another  indication  along  coopera- 
tive lines  was  a  telegram  from  the  Oregon  Engineering 
Society  asking  for  a  proposal  either  to  come  into  the  asso- 
ciation as  a  chapter  or  to  make  joint  membership  possible. 
The  next  annual  convention  will  be  held  in  St.  Louis. 
The  result  of  the  ballot  letter  for  officers  was  as  follows: 
President,  l'\  H.  Newell;  vice  presidents,  W.  W.  DeBerard 
and  F.  A.  E\ans;  new  directors,  W.  W.  K.  Sparrow,  P.  E. 
Harroun,  R.  Burnham,  F.  D.  Richards,  A.  A.  Matthews  and 
G.  F.  Collins.  i 

Electrical   Engineers   Hold   Their  Annual 
Business  Meeting 

The  American  Institute  of  Electrical  Engineers  held  its 
annual  business  meeting  Friday  evening,  May  16,  in  the  j 
autlitcrium  at  the  Engineering  Societies  Building,  New  \ 
York  City.  In  the  absence  of  the  president,  Comfort  A. 
Adams,  the  vice  president,  W.  B.  Jackson,  occupied  the 
chair.  He  said  that  the  year  just  ended  had  been  full  of 
accomplishment,  but  that  the  new  one  gave  promise  of  be- 
ing even  more  so. 

The  report  of  the  Board  of  Directors  for  the  year  ended 
Apr.  30,  1919,  was  distributed  at  the  meeting.  Secretary 
F.  L.  Hutchinson  announced  the  election  of  officers  for  the 
coming  administration  year  as  follows:  President,  Calvert 
Townley,  assistant  to  the  president  of  the  Westinghouse 
Electric  and  Manufacturing  Co.  Vice  presidents,  C.  E. 
Skinner,  engineer  of  research  division,  Westinghouse  Elec- 
tric and  Manufacturing  Co.;  John  F.  Fisken,  chief  engi- 
neer, Washington  Water  Power  Co.,  Spokane,  Wash.;  N.  A. 
Carle,  chief  engineer.  Public  Service  Electric  Co.,  Newark, 
N.  J.;  L.  R.  Jorgensen,  electrical  and  hydraulic  engineer, 
San  Francisco,  Calif.;  Wills  Maclachlan,  inspector.  Elec- 
trical Employees'  Association,  Toronto,  Ont.,  and  A.  M. 
Schoen,  chief  engineer,  S.  E.  Underwriters'  Association, 
Atlanta,  Ga.  Managers,  L.  E.  Imlay,  superintendent, 
Niagara  Falls  Power  Co.,  Niagara  Falls,  N.  Y. ;  L.  F. 
Morehouse,  equipment  engineer,  American  Telegraph  and 
Telephone  Co.,  New  York  City,  and  F.  F.  Fowle,  consult- 
ing electrical  engineer,  Chicago,  111.  For  treasurer,  George 
A.  Hamilton,  Elizabeth,  N.  J.,  was  reelected. 

The  foregoing,  together  with  the  following  holdover  offi- 
cers, will  constitute  the  Board  of  Directors  for  the  next 
administrative  year:  C.  A.  Adams,  Cambridge;  W.  A.  Del 
Mar,  New  York;  G.  Faccioli,  Pittsfield;  W.  A.  Hall,  Lynn; 
E.  H.  Martindale,  Cleveland;  F.  D.  Newbury,  Pittsburgh; 
E.  W.  Rice,  Jr.,  Schenectady;  Charles  Robbins,  Pittsburgh; 
Charles  F.  Ruffner,  St.  Louis;  W.  I.  Slichter,  New  York; 
Wilfred  Sykes,  Pittsburgh.  At  the  meeting  of  the  Board 
of  Directors  F.  L.  Hutchinson  was  reelected  secretary  for 
the  coming  administrative  year. 

President-elect  Calvert  Townley,  in  a  brief  address,  said 
he  considered  it  no  time  to  make  a  speech,  but  that  to 
decline  to  say  a  few  words  would  be  discourteous  to  the 
association  which  had  honored  him  by  making  him  presi- 
dent. He  said  the  question  of  honor,  however,  was  second- 
ary, and  an  engineer  was  worthy  of  the  name  only  in  so 
far  as  he  went  ahead  and  did  things.    In  the  same  way  the 
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Institute  must  be  constantly  on  the  watch  to  find  new  means 
for  service  if  it  is  to  be  worthy  of  the  name  of  a  national 
institution. 

The  Weaver  memorial  tablet,  erected  in  acknowledgment 
of  the  services  of  William  G.  Weaver  to  the  Institute,  was 
unveiled,  following  an  appreciation  of  Mr.  Weaver's  work 
by  Dr.  A.  E.  Kennelly.  To  Mr.  Weaver,  said  Dr.  Kennelly, 
was  due  much  of  the  credit  for  the  establishment  of  the 
.uieat  technical  library  now  quartered  in  the  Engineering 
Societies  Building,  and  it  was  fitting  that  his  portrait  should 
form  part  of  that  library,  for  "Where  a  man's  heart  is,  there 
sliould  his  head  be  also." 

Mr.  Weaver's  talent  for  ferreting  out  and  appraising 
electrotechnical  literature  amounts  almost  to  genius,  said 
tlie  speaker.  Whereas  most  men  able  to  judge  one  type 
of  technical  literature  have  no  ability  for  appraising  other 
types,  Mr.  Weaver  was  skilled  in  evaluating  all.  His  work 
as  editor  of  the  Electrical  World  established  a  high  stand- 
ard for  electrotechnical  literature.  Mr.  Weaver  also  has 
a  remarkable  talent  for  judging  men.  While  most  men  are 
self-seekers,  the  speaker  declared,  Weaver  is  preeminently 
a  seeker  of  others,  and  there  are  many  men  now  leaders 
in  the  engineering  world  who  owe  their  first  success  to  him. 

Edison  Medal  Presented  to 
Benjamin  G.  Lamme 

At  the  annual  business  meeting  of  the  American  Institute 
of  Electrical  Engineers  held  Friday  evening,  May  16,  the 
Edison  Medal  was  presented  to  Benjamin  G.  Lamme,  chief 
engineer  of  the  Westinghouse  Electric  and  Manufacturing 
Co.,  for  his  invention  and  development  of  electrical  ma- 
chinery. The  presentation  ceremonies  were  taken  part  in 
by  Dr.  Carl  Hering,  chairman  of  the  Edison  Committee. 
who  gave  a  brief  history  of  the  Edison  Medal,  and  by  B. 
A.  Behrend,  who  related  the  achievements  of  Benjamin  G. 
Lamme.  The  medal  was  presented  by  William  B.  Jackson, 
vice  president  of  the  American  Institute  of  Electrical  En- 
gineers. I 

Dr.  Carl  Hering  in  his  address  told  how  the  Edison  Meda^ 
was  founded  upon  the  initiative  of  an  organization  known 
as  the  Edison  Medal  Association,  composed  of  old  associ- 
ates and  friends  of  Thomas  A.  Edison,  who  subscribed 
a  trust  fund  for  that  purpose  under  an  indenture  dated 
Feb.  11,  1904,  whereby  the  American  Institute  of  Elec- 
trical  Engineers   agreed  to  award   the   medal   annually. 

By  the  terms  of  the  deed  of  gift  executed  under  date 
of  Mar.  26,  1908,  this  gold  medal  is  awarded  each  year 
to  a  resident  of  the  United  States  or  its  dependencies  or 
of  the  Dominion  of  Canada,  "For  Meritorious  Achievement 
in  Electrical  Science,  Electrical  Engineering,  or  the  Elec- 
trical Arts." 

The  award  is  made  by  a  committee  of  the  Institute  con- 
sisting of  24  members,  three  of  whom  are  appointed  by 
the  president  each  year,  to  serve  for  a  term  of  five  years, 
three  elected  by  and  from  the  Board  of  Directors  each  year, 
to  serve  for  a  term  of  two  years,  and  the  president,  secre- 
tary and  treasurer  of  the  Institute  ex  officio. 

The  medal  was  designed  by  James  Earle  Frazer  and 
bears  on  its  obverse  a  portrait  of  Thomas  A.  Edison  and 
on  its  reverse  an  allegorical  conception,  "The  Genius  of 
Electricity  Crowned  by  Fame." 

After  telling  what  the  medal  was.  Dr.  Hering  related 
the  crowning  achievement  in  the  life  of  each  of  the  recip- 
ients of  the  Edison  Medal  awards,  who  were :  Elihu  Thomp- 
son, 1909;  Frank  J.  Sprague,  1910;  George  Westinghouse, 
1911;  William  Stanley,  1912;  Charles  F.  Brush,  1913; 
Alexander  Graham  Bell,  1914;  Nikola  Tesla,  1915,  and 
John  J.  Carty,  1917. 

In  discussing  Mr.  Lamme's  work  B.  A.  Behrend  said  that 
the  choice  of  the  Medal  Committee  was  especially  fitting 
since  Mr.  Lamme  had  just  completed  thirty  years  of  serv- 
ice in  the  electrical  field.  His  work  served  as  a  bridge 
connecting  the  days  when  the  science  of  electricity  was  in 
its  incipiency  with  the  present,  in  which  it  has  become  firmly 
established.  Mr.  Lamme's  versatile  personality  has  im- 
pressed itself  on  the  engineering  profession  and  is  part 
and  parcel  of  its  development.  His  untiring  labors  are 
typical    of   the    science   which   he    has   helped   to   build    up. 


Mr.  Behrend  said  that  in  his  many-sided  intellect  as  well 
as  in  name  and  even  in  personal  appearance  Mr.  Lamme 
was  likened  to  his  predecessor  in  the  electrical  field,  Ben- 
jamin Franklin. 

The  speaker  told  of  Mr.  Lamme  being  born  in  Springfield, 
Ohio,  in  1864,  and  graduated  from  the  Ohio  State  Univer- 
sity as  a  mechanical  engineer  in  1888.  He  entered  the  test- 
ing department  of  the  Westinghouse  Electric  and  Manu- 
facturing Company  May  1,  1889.  At  that  time  the  de- 
velopment of  practically  all  typc-s  of  polyphase  alternating- 
current  apparatus,  railway  genorators  and  motors  was  a 
matter  of  the  future,  in  which  Mr.  Lamme  took  a  leading 
part.  He  invented  and  designed  much  of  the  apparatus 
and  many  of  the  systems  and  methods  now  in  general  use, 
and  has  taken  out  153  patents,  many  of  which  are  of 
fundamental  importance  and  cover  inventions  that  have 
contributed  very  largely  to  the  present  methods  of  generat- 
ing,  transmitting   and   using  electrical   power. 

In  1900  Mr.  Lamme  was  made  assistant  chief  engineer 
of  the  Westinghouse  Electric  and  Manufacturing  Co.,  and 
since  1903  has  been  the  chief  engineer  of  this  company. 
He  is  the  author  of  many  technical  papers  presented  before 
engineering  societies,  sorrte  of  wliieh  are  regarded  as  classics. 
A  paper  on  the  Induction  Motor,  published  18  years  ago, 
is  used  in  many  schools,  and  permission  has  recently  been 
given  for  including  it  in  the  textbooks  of  the  Naval  Academy 
at  Annapolis.  His  inventions  and  writings  have  made 
him  well  known  among  electrical  engineers  in  Europe,  as 
well  as  in  America.     In  1915  he  was,  upon  nomination  by 
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the  American  Institute  of  Electrical  Engineers,  appointed 
by  the  Secretary  of  the  Navy  to  membership  on  the  Naval 
Consulting  Board,  and  his  services  as  a  member  of  the 
board  during  the  war  were  of  great  value  to  the  country. 
In  response  to  the  presentation  speech  by  Vice  President 
W.   B.  Jackson,  Mr.  Lamme  said  in  part: 

Most  people  are  particularly  interested  in  accounts  of 
wonderful  inventions  or  discoveries;  and  the  cold-blooded 
methods  of  the  engineer  in  driving  through  all  obstacles  to 
a  desired  result  do  not  contain  for  them  any  especial  ele- 
ments of  romance  or  excitement.  They  do  not  recognize 
that  the  work  of  the  engineer  carries  responsibilities,  which 
ofttimes  is  not  the  case  with  the  inventor;  moreover,  they 
are  not  aware  that  the  engineer  in  the  manufacturing  field, 
when  he  once  embarks  on  a  project,  is  obliged  to  see  it 
through  to  the  end  and  that  be  must  stand  or  fall  by  his 
results.  To  state  it  very  briefly,  the  experimental  attracts 
more  attention  than  the  analytical.  The  modern  engineer, 
especially  in  the  electrical  field,  is  largely  an  analytical 
man  and  his  adventures  in  analysis  do  not  appeal  to  the 
popular  taste. 

In  an  industrial  organization  the  engineering  develop- 
ments are  almost  always  the  result  of  cooperation  of  many 
trained  minds,  and  in  consequence  it  is  difficult  to  give  any 
one  man  a  large  share  of  the  credit.     In  such  an  organiza- 
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tion  im  iniilviduiil  niny  nppp.-ir  lo  hnvo  Wnn  opportunity  to 
stHHil  out  proiiuiu'iitly,  in  comparison  with  otIuTs,  than 
whoro  ho  is  ^vorklll^:  nuiro  or  less  alonr;  yrt  it  must  be 
borm-  in  niiml  that  each  OM^rlM^•l•r  lias  thi-  knowU-dK'i'  aiiil 
expcrirnci'  of  his  co\vorkfr>  upon  which  to  buihl,  and  in 
this  way  ho  can  accomplisli  ro.uilts  that  would  hi-  impussibU- 
throujjh  his  own  individual  capacity.  Without  the  backing 
of  inuuonso  rosourcos  in  capital,  c(iuipmont  and  oxporioiico, 
and  without  the  jjroatost  coopo/ation  of  many  analytical 
minds,  there  couhl  have  been  no  such  accomplishnu'iit  as 
the  modern  hiKh-speed,  hujre  capacity  turbo-jrenerator  sets. 
In  such  n  development  limitation  after  limitation,  based 
upon  previous  cxnerience,  has  been  set  aside.  Kach  step 
in  advance  usually  has  offended  some  proven  experience 
or  practice.  And,  with  each  step,  it  usually  was  said, 
"This  is  the  last,"  but  the  data  from  each  one  pointed  a 
way  to  the  next — and  the  end  is  not  yet. 

In  profrressive  manufacturing-  ortranizations,  as  a  rule, 
there  can  be  no  particular  "pels."  When  any  new  line  of 
development  holds  forth  broader  and  greater  possibilities, 
often  the  old  and  accepted  practice  and  constructions  are 
turned  down  ruthlessly  in  order  lo  replace  them  with  some- 
thin>r  more  promising.  Many  times  I  have  assisted  strenu- 
ously in  "obsoleting"  some  of  my  own  best  work  just  to 
make  way  for  something  of  preater^  promise.  For  instance, 
I  spent  a  number  of  my  best  years  in  doing:  my  part  in 
the  development  of  the  direct-current  engine-type  generator, 
up  to  a  point  where  it  seemed  to  be  perfection,  but  I  made 
equally  great  efforts  in  the  development  of  the  25-cycle 
rotary  converter  which  was  destined  to  supplant,  in  general, 
the  direct-current  engine-type  generator  as  a  source  of 
direct  current;  and  still  later  I  put  equal  efforts  in  for- 
warding the  development  of  the  60-cycle  rotary  converter 
to  supplant  the  25-cycle  machines.  As  a  second  instance 
of~tearing  down  work  in  which  I  had  a  considerable  share, 
I  may  cite  the  alternating-current  engine-type  generator, 
which  had  reached  its  greatest  magnificence  in  the  huge 
Interboro  machines  in  New  York  City  and  which  was  ren- 
dered obsolete  as  a  type  by  the  development  of  the  high- 
capacity  turbo   generacor. 


From  the  standpoint  of  flevelopment  and  inventions  the 
past  looms  large,  hut  how  about  the  present  and  the  future? 

In  looking  over  the  past  history  of  electrical  engineering, 
the  engineer  may  be  inclined  to  think  that  llii;  gohlen  age; 
of  development  and  invention  is  past,  and  that  the  future 
contains  no  corresponding  promise  of  new  and  startling 
things.  Hut  I  do  not  agree  lh;it  this  is  so.  The  pioneerinjf 
period  may  be  over,  but  the  true  development  age  has 
possibly  ju>t  begun.  The  work  is  growing  more  difficult 
year  by  year,  as  our  accumulation  of  knowledge  grows. 
We  are  working  ahead  of  our  data,  just  as  we  did  twenty 
to  thirty  years  ago.  Exactnes.s  and  re.sponsibility  are  re- 
quired to  a  much  greater  degree  than  in  the  past,  for  our 
undertakings  are  greater  in  degree.  The  wonderful  ad- 
vances in  the  earlier  times  did  not  seem  so  very  wonderful 
while  We  were  in  the  midst  of  them.  In  fact,  at  the  time, 
many  of  them  were  simply  hasty  remedies  for  serious 
difficulties,  which  were  accepted  and  adopted  out  of  neces- 
sity. But  similar  situations  of  today  are  also  having  their 
remedies  supplied,  ofttimes  requiring  vastly  more  difficult 
engineering  than  in  the  past;  and  viewed  from  a  twenty- 
year  future,  many  of  these  also  will  loom  large.  It  is  all 
because  we  have  no  proper  perspective  of  the  present.  So 
the  young  engineer  need  not  be  discouraged.  The  fact  that 
the  work  is  growing  more  difficult  year  by  year  should  be, 
in  itself,  a  source  of  encouragement. 

Mr.  Lamnie  then  told  of  his  start  in  engineering  thirty 
years  ago,  when  upon  leaving  college  he  had  entered  the 
testing  department  of  the  Westinghouse  company  and  had 
the  good  fortune  to  serve  under  the  then  shop  superin- 
tendent, Albert  Schmid.  In  those  days  electrical  ma- 
chinery was  built  by  rule-of-thumb  methods  and  Mr.  Schmid,  ' 
learning  that  young  Lamme  was  good  at  calculations,  had 
set  him  to  checking  and  verifying  certain  curves  and 
designs.  This  led  to  specifications  for  an  improved  double- 
reduction  railway  motor  and  later  the  development  of  a 
single-reduction  gear  motor  embodying  many  radical  fea- 
tures the  main  points  of  which  may  be  found  in  the  present 
street-railway   motor. 


Status  of  Large  Turbines' 


DURING  the  last  two  years  there  has  been  a  marked 
increase  in  the  number  of  large  units  in  operation, 
particularly  the  horizontal  single-shaft  type  of  ap- 
proximately 30,000  kw.  capacity. 

A  consideration  of  the  practical  limit  in  size  of  single- 
shaft  machines,  so  far  as  the  questions  of  design  enter  into 
the  problem,  indicates  that  in  general  higher  efficiencies  at 
equal  or  less  cost  per  kilowatt  output  can  be  obtained  as 
the  size  of  the  unit  is  increased,  particularly  in  capacities 
up  to  30,000  kw.;  and  although  one  single  unit  of  45,000  kw. 
capacity  is  now  in  service,  it  cannot  be  assumed  that  the 
size  of  single-shaft  units  can  be  increased  indefinitely. 

From  a  manufacturing  standpoint  the  limitation  in  size 
of  a  single-shaft  unit  is  a  limitation  arising  partly  from 
materials  at  present  available  for  blades  and  revolving 
elements  and  also  from  several  inherent  constructional 
difficulties  which  must  be  cleared  away  before  further  in- 
creases are  fully  justified. 

In  addition  there  is  also  involved  the  question  of  economic 
value  of  increased  size  of  machines  above  30,000  kw.  If 
such  factors  as  maximum  efficiencies,  cost  per  kilowatt  and 
space  requirements  sho'-v  a  fairly  uniform  betterment  as  the 
size  of  the  unit  is  increased,  then  neglecting  the  factors  of 
design  and  operation,  an  increase  in  the  capacity  of  the 
single  unit  will  show  a  saving  with  increased  system-load 
demand. 

It  would  appear,  however,  that  with  the  present  construc- 
tional problems  of  prevailing  frequencies  and  speeds  and 
the  recognized  factors  of  safety,  efficiency  and  cost,  the 
size  of  systems  today  will  hardly  warrant  units  larger  than 
30,000  kw.  capacity.  In  particular  cases,  and  until  increased 
reliability  and  improvements  in  operating  efficiencies  have 
been  established,  even  larger  systems  will  not  justify  the 
use  of  larger  units. 


*Excerpts  from  report  of  Prime  Movers  Committee  of  National 
Electric  Light  Association. 


The  increasing  size  of  prime  movers  and  the  increasing 
percentage  which  the  individual  turbo-generator  unit  bears 
to  the  total  generating  capacity  of  any  system  make  the 
reliability  of  this  type  of  machine  a  matter  of  much  more 
importance  from  the  operating  standpoint  than  it  was 
previously  considered.  While  everyone  appreciates  the  re- 
duction in  overhead  charges  due  to  the  low  investment  cost 
per  unit  installed  for  these  large  machines,  the  low  operat- 
ing cost  due  to  their  increased  efficiency  and  the  low  at- 
tendant labor  and  maintenance  costs,  yet  operating 
companies  must  not  forget  for  an  instant  that  continuity 
of  service  is  the  bedrock  of  any  central-station  company's 
reputation  and  that  the  truly  successful  public-service  com- 
pany must  give  the  community  it  serves  the  best  and  most 
reliable  service  possible. 

With  the  increase  in  the  size  of  the  system  and  the  recent 
increase  in  size  of  single  units,  an  individual  prime  mover 
and  generator  often  comprises  25  per  cent,  or  more  of  the 
total  generating  capacity  in  many  large  companies,  and  the 
importance  of  these  large  units,  as  well  as  the  necessity 
for  their  continuous  operation,  has  increased  proportion- 
ately. It  is  therefore  becoming  increasingly  onerous  on 
account  of  overhead  charges  to  attempt  to  safeguard  this 
capacity,  and  the  reliable  operation  of  the  unit  is  absolutely 
essential  to   the   satisfactory   operation    of  the    system. 

Just  how  far  it  is  safe  to  go  in  the  installation  of  large 
generating  units  each  company  must  of  course  decide  for 
itself,  but  since  units  of  over  20,000  kw.  capacity  are  a 
rather  recent  development  and  since  the  service  factor  or 
ratio  of  hours  available  to  total  hours  for  some  of  these 
units  is  90  per  cent,  or  less,  as  compared  with  97  to  99 
per  cent,  for  some  of  the  older  units,  the  importance 
of  giving  this  matter  careful  consideration  is  plainly 
evident. 

On  the  other  hand,  it  must  not  be  forgotten  that  certain 
of  these  large  machines  have  records  of  continuous  per- 
formance   and    output    which    surpass    anything    previously 
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considered  possible.  For  example,  one  of  the  25,000-kw. 
units  operated  at  67  per  cent,  load  factor  during  a  51-day 
run  without  shutdown;  another  machine  of  the  same  capac- 
ity has  completed  two  77-day  runs  at  67  per  cent,  load 
factor  in  the  first  instance  and  70  per  cent,  in  the  second, 
while  one  of  the  35,000-kw.  units  operated  at  65  per  cent, 
load  factor  for  a  70-day  run  without  shutdown. 

Troubles  With  Large  Units 

In  analyzing  the  causes  of  trouble  as  indicated  by  the 
operating  records  of  the  class  of  units  of  20,000  kw.  and 
over,  there  are  several  features  of  design  that  appear  to 
be  the  most  frequent  sources  of  trouble.  Labyrinth  pack- 
ings and  thrust  bearings  have  probably  contributed  to  the 
major  part  of  large-turbine  operating  difficulties.  While 
these  troubles  in  themselves  have  caused  a  considerable 
loss  in  operating  time,  they  have  also  been  responsible  in 
a  considerable  number  of  instances  for  the  development  of 
far  more  serious  troubles.  Among  these  may  be  mentioned 
excessive  vibration  of  parts,  breaking  of  buckets  and  dan- 
gerous rubbing  of  stationary  and  moving  elements,  which  in 
extreme  cases  have  resulted  in  permanent  deflection  of 
shafts. 

The  most  serious  situation  that  has  developed  in  the 
type  and  sizes  of  units  under  consideration,  however,  has 
been  the  number  of  quite  recent  turbine-wheel  failures. 
In  several  instances  these  accidents  have  resulted  in  the 
complete  wrecking  of  the  units  concerned.  Such  accidents, 
which  are  without  parallel  in  the  history  of  steam-turbine 
development,  can  hardly  be  considered  as  bearing  directly 
on  the  question  of  performance  of  large-sized  units,  but 
rather  as  a  factor  to  be  considered  in  the  improvement  of 
design  and  construction  of  a  specific  type  of  unit. 

The  situation  is  now  a  critical  one,  and  while  any  definite 
statement  at  this  time  would  be  premature,  the  committee 
wishes  to  indicate  the  necessity  for  early  action  both  in 
safeguarding  against  further  possible  failures  of  machines 
now  in  operation  and  in  definitely  reaching  solutions  of 
those  problems  which  involve  important  features  of  design 
and  construction. 

In  general,  however,  the  records  of  operating  perform- 
ances of  these  larger  units,  while  too  incomplete  for  definite 
conclusions,  do  indicate  that  there  is  every  reason  to  expect 
as  high  a  standard  of  performance  for  the  recent  types  of 
large-capacity  single-shaft  units  as  had  been  obtained  in  the 
operation  of  machines  of  earlier  design  and  smaller  capac- 
ities. It  is  hai-dly  overstating  the  case,  however,  to  say  that 
the  records  for  reliability  of  operation  of  the  larger  units 
during  the  past  two  years  have  not  been  up  to  this  standard. 

While  some  of  the  difficulties  may,  without  doubt,  be 
directly  concerned  with  operation,  the  greater  percentage 
of  trouble  has  been  the  direct  result  of  shortcomings  in 
details  of  design,  materials  or  construction.  On  s'laller- 
sized  units,  however,  similar  details  of  construction  have 
proved  to  be  much  more  reliable  in  their  operation.  It 
would  seem  that  not  only  is  the  same  degree  of  reliability 
of  operation  essential,  but  that  a  greater  degree  of  relia- 
bility becomes  more  imperative  with  increasing  sizes  of 
machines  and  higher  standards  of  service  demanded  by 
those  industries  dependent  upon  electric-power  supply. 

Discussion 

W.  L.  Abbott,  Chief  Engineer,  Commonwealth  Edison 
Co.,  Chicago,  111.:  In  substance  Mr.  Abbott  had  the  fol- 
lowing to  say  relative  to  turbines.  The  performance  of 
large  turbines  during  the  last  two  years  has  been  of  great 
concern,  particularly  turbines  of  20,000-kw.  capacity  and 
over.  So  much  has  it  interested  engineers  that  it  is  the 
subject  of  study  by  another  organization,  which  he  did  not 
name,  but  whose  report  he  expects  to  be  forthcoming  within 
a  few  months.  Although  a  number  of  failures  have  occur- 
red in  large  machines,  nothing  in  the  situation  warrants 
distrust  of  the  large  units  of  the  particular  design  which 
has  developed  trouble,  the  trouble  by  the  way  being  due 
to  a  number  of  faults  which  were  incidental.  These  faults 
are  now  in  the  way  of  being  corrected. 

Relative  to  the  ratio  of  the  largest  unit  to  the  total 
station  capacity  installed,  Mr.  Abbott  pointed  out  that  this 
ranged  from   7  to   100  per  cent.     Units  as  large  as   33  or 


even  50  per  cent,  of  the  station  capacity  may  with  con- 
fidence be  contemplated.  The  mechanical  troubles  to  which 
these  units  have  been  subjected  will  be  overcome,  and  we 
may  gradually  rely  on  units  of  proportionately  larger  size, 
compared  with  the  total  station  capacity,  than  we  have 
been  using  in  the  past. 

H.  M.  Cushing,  Engineer,  Buffalo  General  Electric  Co.: 
Mr.  Cushing  stated  that  the  nature  of  their  load  was  such 
that  no  long  runs  of  any  of  the  units,  which  by  the  way 
ai'c  of  20,000-kw.  capacity,  are  necessary.  One  or  more 
units  are  shut  down  every  night,  and  it  is  seldom  that  any 
one  unit  makes  a  continuous  run  of  two  or  three  days. 
These  machines  have  been  giving  a  service  factor  of  89J 
per  cent.,  operating  under  a  total  steam  temperature  of 
650  to  700  deg. 

W.  B.  Finley,  Superintendent  of  Motive  Power,  Inter- 
borough  Rapid  Transit  Co.,  New  York  City:  Mr.  Finley 
urged  that  the  committee  standardize  its  form  of  report 
so  that  comparison  might  be  facilitated.  In  discussing  ex- 
perience with  the  operation  of  three  30,000-  and  one  60,000- 
kw.  reaction  turbine  in  the  Seventy-Fourth  Street  Station 
of  his  company  he  pointed  out  that  the  Fifty-Ninth  Street 
Station,  which  is  of  205,000-kw.  capacity,  and  the  Seventy- 
Fourth  Street  Station,  which  is  of  195,000-kw.  capacity, 
were  operated  in  parallel,  the  machines  being  operated  so 
that  there  was  available  for  either  station  about  15,000 
kw.,  or  half  the  capacity  of  any  one  of  the  three  machines. 
The  30,000-kw.  unit  is  the  basic  unit  used  by  this  company, 
and  Mr.  Finley  pointed  out  that  it  was  a  comparatively 
.small  unit,  considering  the  total  station  capacity. 

Mr.  Finley  urged  a  standardization  of  turbine  perform- 
ance, saying  that  they  worked  out  such  a  system  of  stand- 
ardization for  use  by  the  Interborough  Rapid  Transit  Co. 
When  the  large  units  were  first  installed  by  this  company 
there  was  no  sense  of  security,  but  this,  however,  has  been 
replaced  by  the  strongest  sense  of  security,  which  is  ac- 
counted for  by  the  satisfactory  performance  of  all  of  the 
units.  The  60,000-kw.  machine  is  operated  six  days  a 
week,  being  shut  down  on  the  seventh  for  inspection.  When 
the  30,000  units  were  first  put  in  operation,  piping  sup- 
ports were  used,  which,  when  the  turbine  heated,  tended 
to  distort  the  piping,  the  distortion  being  magnified  by 
the  time  it  reached  the  turbine,  causing  the  dummies  to 
run.  The  trouble  has  been  overcome  and  the  shutdown 
period  greatly  lengthened.  Mr.  Finley  is  confident  that 
the  troubles  that  have  developed  in  the  30,000  single-shaft 
units  in  the  Fifty-Ninth  Street  power  house  will  be  over- 
come. 

Philip  Torchio,  New  York  Edison  Co.:  The  limit  in 
capacity  of  a  single-shaft  turbine  is  not  45,000  kw.,  at  least 
theoretically,  says  Mr.  Torchio,  and  he  deems  it  unwise  at 
this  time  to  place  any  limit  to  the  capacity  that  may  be 
developed  by  this  type  of  machine.  He  thinks  that  with 
this  type  the  chief  question  is  one  of  speed,  and  that  for 
the  speed  used  we  may  have  exceeded  the  capacity  of  the 
unit;  that  is,  by  decreasing  the  speed  somewhat,  the  larger 
wheels  might  be  able  to  operate  satisfactorily. 

Mr.  Torchio  advised  that  the  Power  Station  Committee 
of  the  American  Institute  of  Electrical  Engineers  had  se- 
cured the  cooperation  of  large  turbine  builders  to  prepare 
papers  on  turbine  design,  and  it  was  expected  that  these 
papers  would  be  ready  for  presentation  at  the  October 
meeting  of  that  institute. 

Oscar  Jnnggren,  Engineer,  Turbine  Department,  General 
Electric  Co.,  Schenectady,  N.  Y.:  Mr.  Junggren  said  that 
he  could  not  add  anything  to  the  statement  already  made 
and  printed  by  the  General  Electric  Co.  (This  statement 
is   included   in   the  committee's   report.) 

The  company,  he  said,  had  the  same  difficulties  which 
everyone  had  encountered  during  the  war.  There  was  great 
difl^iculty  in  securing  suitable  materials,  and  the  difficulty 
extended  to  the  engineering,  drafting-  nnd  shop  forces.  An- 
other factor  contributing  to  the  bad  state  of  affairs  was 
the  large  building  program  which  the  company  undertook 
for  the  Navy  and  the  Emergency  Fleet  Corporation.  The 
turbine  business  of  the  company,  he  said,  had  almost 
doubled.  He  pointed  out  that  the  company  had  already 
completed  destroyer  turbines  which  will  not  see  their  hulls 
for  two  years.     He   stated  that  the  company  is   under  nc 
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iippri'lu'nsion  thnt  it  cannot  curry  out  it«  obIij?!»tioi»H  iis 
n-lated  to  its  turliinc  busim-ss. 

hJ.  H.  Stiiffrii.  Munajrer  Towor  Section,  WcstinRho'JSf 
Kloctric  ami  Maiiufai-tininK  t'o.,  Kasl  rillsl>urKh,  I'lMin.: 
Tht'  probli'nis  ombract'il  wittiin  tiu-  ilcsi>;ii  and  oporntion 
of  stvnm  turbines  are  as  important  as  any  the  industry 
faces. 

Since  eisrhteen  or  nineteen  years  a^o  enRineerinK  en- 
terprise   involve"^    in    desifrn    has    been    left    to    the    nianu- 


faclurors  themHclvPH.  Mr.  SnifTon  hopi-s  and  iH  of  the 
opinion  that  we  will  see  "  enU-r  cofiperal  ion  between  build- 
ers and  manufncturera.  lie  believes  that  it  ia  well  that 
the  various  dcsiti^ns  have  been  evolved  and  trictj  <jut.  lie 
would  like  to  see  more  standardi/ation  and  cooperation  of 
thouKht,  as  in  the  electrical  end  of  the  industry.  There 
should  not  be  such  diversity  of  opinion  between  manufac- 
turers and  enKineers,  as  the  satisfactory  operation  of  a 
turbine  depends  upon  details  of  desi^cn. 


N.  E.  L.  A.  Annual  (^onvenlion 


N.\TIOX.'VL  Electric  Lifiiht  Association  held  its  42n(l 
annual  convention  at  the  Million-Dollar  I'ier,  Atlantic 
(.'ity.  N.  J.,  May  19  to  22.  1919.  This  year's  convention 
proved  to  be  one  of  the  most  successful  that  the  association 
has  ever  held;  a  total  of  about  2500  members  and  quests  reg- 
istered. This  year's  exhibits  were  greater  and  better  than 
at  past  conventions,  the  85  exhibitors  takinn  a  total  of 
50,000  sq.ft.  of  space,  or  twice  that  of  any  previous  year. 
In  all  a  total  of  18  technical  and  business  sessions  \vere 
held  on  Tuesday,  Wednesday  and  Thursday.  The  keynote 
of  the  convention  was  service  and  constructive  cooperation. 
The  first  meetinp,  a  general  and  executive  session.  Presi- 
dent W.  F.  Wells  occupying  the  chair,  was  held  on  Tuesday 
morning.  Mr.  Wells  spoke  of  the  cordial  welcome  that 
has  always  been  given  the  association  by  Atlantic  City, 
and  introduced  the  mayor.  Honorable  Harry  Bacharach, 
who  said  in  part  that  "Atlantic  City  does  not  want  as 
residents  men  who  are  not  100  per  cent.  American  citizens. 
Neither  does  it  want  any  conventions  save  those  whose 
membership  represents  the  same  type  of  Americanism." 
He  told  how  Atlantic  City  went  over  the  top  in  all  the 
patriotic  drives  and  how  it  took  care  of  the  dependents 
of  its  men  in  the  service.  After  his  address  the  Mayor 
presented   the    association   with    the   key   to    Atlantic    City. 

Mr.  Wells'  Presidential  Address 

Following  Mayor  Bacharach,  W.  F.  Wells  made  his  presi- 
dential address  in  which  he  laid  stress  upon  the  problems 
that  the  utilities  have  to  contend  with  today,  such  as  fair 
treatment  of  employees,  satisfying  customers,  high  costs, 
the  Bolshevik  movement.  Government  ownership,  etc.  Mr. 
Wells  said  in  part:  "As  we  were  able  during  the  war  to 
meet  and  solve  the  unforeseen  problems  presented,  so  we 
will  now  go  forth  in  the  same  spirit  and  cope  with  those 
that  are  to  come.  From  now  on,  our  particular  duty  is 
to  the  people.  Our  duty  to  that  part  of  the  people  who 
are  our  customers  is  to  render  them  satisfactory  service. 
Our  duty  to  those  who  are  our  employees  is  to  maintain 
loyalty  by  fair  treatment.  To  those  who  own  our  securi- 
ties, it  is  to  maintain  the  integrity  of  their  investments. 
Our  duty  to  the  others  of  the  commonwealth  under  wiiose 
rules  and  regulations  we  operate  is  to  furnish  convincing 
information  that  we  are  giving  them  a  better  service  for 
less  money  than  can  be  obtaind  in  any  other  way." 

During  his  address  Mr.  Wells  said  regarding  the  higher 
scale  of  prices  of  nearly  everything  that  enters  into  electric 
light  and  power  service:  "These  specific  problems  are  all 
factors  of  one  fundamental,  psychological  equation,  to  wit: 
'The  revenue  from  contented  customers  shall  equal  a  satis- 
factory return  for  labor  and  capital.'  For  notwithstand- 
ing the  physical  and  financial  factors,  the  important  factors 
in  the  fundamental  equation,  are  psychological.  The  reve- 
nue from  contented  customers  must  equal  the  satisfactory 
return  for  capital  and  labor.  Our  problem,  therefore,  of 
keeping  our  customers  contented  with  our  service  and  main- 
taining their  good  will  is  largely  a  matter  of  psychology. 
Good  will,  though  unrecognized  by  the  courts  in  rate  cases, 
is  one  of  our  most  valuable  assets  and  depends  upon  the 
manner  in  which  we  come  in  contact  with  the  public.  Money, 
although  very  important,  is  only  one  of  the  factors  of  a  satis- 
factory return  for  one's  service.  The  college  professor  is 
often  better  satisfied  with  his  stipend  than  a  broker  with 
five  times  the  income." 

In  regard  to  regulation  and  inspection  of  utilities  the 
speaker  expressed  the  opinion  that,  "If  our  customers,  em- 


))loyees  and  investors  are  satisfied,  there  is  little  danger 
that  any  political  demagogue  will  endeavor  to  favor  one 
at  the  expetise  of  either  of  the  others."  He  said  that  we 
should  not  overlook  the  Bolshevik  movement  and  urged 
that  the  membei-s  of  the  association  take  into  immecliate 
consideration  this  question  in  order  that  definite  steps  may 
be  taken  to  consider  this  matter  seriously  in  cooperation 
with  other  national  bodies  in  this  country. 

In  regard  to  municipal  ownership  or  administration  Mr. 
Wells  expressed  the  belief  that  it  was  economically  un.sound 
and  said:  "We  can  use  as  examples  of  the  results  of  pub- 
lic ownership  the  railroads,  the  merchant  marine,  the  ex- 
press, telegraph  and  telephone  companies,  which  under 
present  Government  administration  have  not  only  increased 
rates  for  a  service  much  inferior  to  that  furnished  in  the 
past,  but  which  on  account  of  continuously  increasing  oper- 
ating cost  may  still  further  increase  the  rates  to  the  public." 

Acting  Secretary  S.  A.  Sewall  read  a  report  of  the  work 
of  the  association  during  the  year,  and  was  followed  by 
W.  H.  Blood,  who  read  his  report  as  insurance  expert  for 
the  members  of  the  association.  This  report  was  printed 
and  distributed  at  the  meeting.  It  not  only  deals  with  the 
activities  of  the  insurance  expert  as  an  adviser  and  expert 
witness  for  the  member  companies  in  legal  suit  brought 
against  them  in  cases  of  fire  assumed  to  be  of  electrical 
origin,  but  also  deals  with  his  work  on  the  revision  of  the 
National  Electrical  Code. 

Report  of  Rate  Research  Committee 

Alex.  Dow  presented  the  report  of  the  Rate  Research 
Committee,  of  which  he  is  chairman. 

Much  discussion  follow-ed  the  presentation  of  this  report. 
It  combined  in  part  with  the  discussion  of  the  progress 
report  presented  by  R.  J.  McClelland,  chairman  of  the 
special  joint  committee  on  Determination  of  Power  Factor 
in  Polyphase   Unbalanced   Circuits. 

In  regard  to  the  power  factor  of  customers'  circuits  Mr. 
Dow  expressed  the  opinion  that  the  small  customers  were 
most  difficult  to  deal  with;  that  with  a  customer  using  300 
hp.  and  over  it  was  a  comparatively  easy  matter  to  make 
them  see  the  advantage  of  maintaining  high  power  factor. 
The  matter  of  penalizing  the  custonier  for  low  power  factor, 
although  justified,  was  a  problem  difficult  of  solution;  and 
to  anyone  considering  it  he  would  advise  giving  the  matter 
most  serious  consideration  before  putting  the  project  into 
effect.  The  point  was  brought  out  that  it  was  not  the 
large  motors,  in  general,  on  the  system  that  caused  low 
power  factor  but  a  multiplicity  of  small  partly  loaded 
machines. 

It  was  brought  out  in  the  discussion  that  it  had  been 
found  by  investigation  carried  on  in  Italy  that  a  reactive 
kilovolt-ampere  cost  about  one-third  to  produce  what  it 
did  to  produce  a  kilowatt  of  energy.  Of  course  this  would 
very  somewhat  with  the  type  of  plant,  location,  etc.  A 
suggestion  was  made,  and  one  that  seemed  to  meet  with 
favor,  that  the  reactive  kilovolt-amperes  and  kilowatts 
should  be  metered  separately  and  the  customer  billed  for 
both.  This  would  give  the  user  of  the  power  an  oppor- 
tunity to  practically  eliminate  the  kilovolt-ampere  bill  en- 
tirely if  he  would  maintain  the  power  factor  of  his  electrical 
system  at  a  high  value. 

Tuesday  afternoon  five  sessions  were  held:  First  account- 
ing session,  first  commercial  session,  fiist  electrical-vehicle 
session,  first  and  second  technical  hydro-electric  sessions. 
At  the  first  technical  and  hydro-electric  session  the  report 
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of  the  Committee  on  Prime  Movers  was  presented  by  the 
chairman  of  the  committee,  N.  A.  Carle.  The  discussion 
on  the  steam  turbine  part  of  this  report  is  published  else- 
where in  this  issue. 

Second  Technical  and  Hydro-Electric  Session 

The  second  technical  and  hydro-electric  session  was  held 
in  the  Belvedere,  eleventh  floor,  of  the  Hotel  Traymore. 
At  this  session  E.  B.  Meyer,  chairman  of  the  Committee 
on  Underground  Construction  and  Electrolysis,  presented 
the  report  of  the  committee.  It  was  evident  from  the  re- 
port and  the  discussion  that  followed  that  there  is  a  tend- 
ency to  standardize  the  important  elements  in  underground 
construction.  There  appeared  to  be  considerable  objection 
to  the  use  of  paraffin  as  a  joint  filler,  due  to  shrinkage. 

The  report  of  the  Committee  on  Overhead  Lines  and  In- 
ductive Interference  was  presented  by  A.  E.  Silver,  chair- 
man of  the  committee.  The  part  of  the  problem  that  the 
greatest  interest  was  shown  in  was  the  relations  with  the 
telephone  companies.  There  appeared  to  be  a  well-defined 
opinion  among  the  members  that  the  power  company  should 
cooperate  in  dealing  with  the  telephone  companies  in  the 
interest  of  fairness  to  all. 

At  the  close  of  the  session  W.  C.  L.  Eglin,  chairman  of 
the  Committee  on  Safety  Rules  and  Accident  Prevention, 
announced  that  the  National  Electrical  Safety  Code  was 
to  come  up  for  discussion  at  the  meeting  on  Thursday  morn- 
ing and  he  hoped  the  member  companies  would  offer  con- 
structive suggestions  for  formulating  a  code  that  would  be 
satisfying  to  all  parties  interested.  The  speaker  paid  high 
tribute  to  the  Bureau  of  Standards  and  its  work  toward 
formulating  a  satisfactory  safety  code  and  said  that  there 
had  been  much  misunderstanding  regarding  this  code.  He 
made  it  clear  that  he  wanted  to  go  on  record  as  in  favor 
of  the  code,  that  the  code  was  here  to  stay  and  that  the 
proper  thing  to  do  was  for  all  interested  parties  to  get  to- 
gether and  formulate  a  code  that  is  workable  and  that  will 
make  electrical  construction  safe  without  imposing  any 
hardships  upon  the  operating  companies. 

Professor  C.  F.  Scott,  Yale  University,  expressed  him- 
self as  being  gratified  with  the  spirit  of  constructive  coop- 
eration shown  by  all  those  taking  nart  in  the  meeting  and 
compared  this  with  conditions  existing  a  few  years  ago, 
when  every  interest  was  for  itself. 

An  audience  that  filled  the  Rose  Room  of  the  Hotel  Tray- 
more to  standing  capacity  attended  the  second  general  and 
executive  session,  held  on  Tuesday  evening.  The  reports 
of  the  Public  Policy  Committee  and  the  National  Committee 
on  Gas  and  Electric  Service  were  presented,  followed  by 
addresses  on  the  sales  of  utility  securiti.es  to  customers  and 
on  socialism. 

Third  General  and  Executive  Session 

On  Wednesday  morning  the  third  general  and  executive 
session  was  held.  One  of  the  principal  features  was  an 
address,  "Planning  for  Power,"  by  George  Otis  Smith, 
Director  of  the  Geological  Survey,  Department  of  the  In- 
terior, in  which  he  described  the  needs  of  this  country  for 
additional  electric-power  facilities.  In  regard  to  Secretary 
of  the  Interior  Lane's  proposed  superpower  system,  the 
speaker  said:  "The  picture  of  the  super-power  system  de- 
manded by  the  rapid  growth  of  this  industrial  region  [re- 
ferring to  the  northeastern  part  of  the  country]  includes 
a  multiple  transmission  line  of  high  voltage  with  its  thou- 
sands of  steel  towers  extending  from  Boston  through  our 
Eastern  States,  crossing  the  Connecticut  near  Springfield, 
the  Hudson  at  Poughkeepsie,  the  Delaware  near  Easton, 
and  the  Susquehanna  below  York,  and  so  on  to  Washing- 
ton and  Richmond.  Into  this  unified  system  large-unit, 
steam-electric  stations  at  tidewater  and  near  the  mine 
mouths  and  hydro-electric  stations  at  old  and  new  sites 
would  deliver  energy  as  required,  and  from  this  great  power 
main  would  flow  the  energy  to  serve  millions  of  homes,  a 
score  of  railroads,  hundreds  of  public  service  companies, 
and  thousands  of  manufacturing  plants. 

Referring  to  the  importance  of  cheap  power,  the  speaker 
said:  "Our  interest  as  citizens  in  these  plans  for  cheaper 
energy  is   far  more  than  a  commercial   interest.     The  or- 


ganization of  the  nation's  business  to  obtain  the  lowest 
costs  is  distinctly  a  matter  of  public  service,  in  which  cor- 
poration and  Government  bureaus  may  well  join  eft'orts. 
Tomorrow  prosperity  must  mean  profit-sharing  on  a 
thorough-going  scale,  in  which  we  shall  all  receive  in  pro- 
portion as  we  have  served.  So  the  industrial  program  which 
emphasizes  mechanical  power  is  the  most  effective  assur- 
ance of  better  conditions  for  all  who  work  in  this  busy 
world  of  ours." 

A  more  complete  abstract  of  Mr.  Smith's  address  will 
appear  in  an  early  issue. 

Six  sessions  were  held  Wednesday  afternoon:  Second 
accounting,  second  commercial,  third  commercial,  second 
electric-vehicle,  third  technical  and  hydro-electric  and  fourth 
commercial. 

A  discussion  on  "Effects  of  the  War  in  Isolated  Plant 
Cost,"  at  the  third  commercial  session  brought  out  the 
facts  that  previous  to  the  war  the  isolated  plant  could 
produce  power  cheaper  than  the  central  station.  However, 
due  to  the  increased  cost  of  everything  that  goes  into 
the  production  of  power,  the  power-cost  curves  of  the  two 
types  of  plants  have  crossed,  and  now  it  is  possible  for  the 
central  station  to  produce  power  cheaper  than  many  of 
the  isolated  plants  that  could  show  a  lower  cost  figure  pre- 
vious to  the  war.  It  was  necessary  before  the  war  for 
the  central  station  to  sell  power  at  a  reduced  price  in 
order  to  meet  the  isolated-plant  figure.  This  practice  was 
considered  bad  business,  and  even  now  when  the  central 
station  can  in  many  cases  produce  power  cheaper  than  the 
isolated  plant,  it  would  be  poor  policy  to  sell  at  the  re- 
duced rates  inasmuch  as  the  customer  should  be  willing 
to  pay  something  for  the  convenience  of  being  relieved  of 
responsibility  of  operating  a  power  plant.  It  was  recom- 
mended that  an  endeavor  should  be  made  to  sell  power  on 
the  merits  of  greater  convenience  to  the  owner  of  a  manu- 
facturing establishment  rather  than  to  try  to  meet  the 
price  at  which  the  power  could  be  generated  in  an  isolated 
plant. 

Power  Factor  in  Customers'  Installations 

Another  important  discussion  at  this  session  was  "Power 
Factor  in  Customers'  Installations."  This  subject  was 
profitably  discussed  from  several  angles.  Suggestions  as 
to  how  the  meaning  of  power  factor  might  best  be  ex- 
plained to  the  customer  were  offered  by  R.  H.  Tillman 
and  Prof.  C.  F.  Scott.  Robert  Treat,  in  discussing 
power-factor  corrective  apparatus,  told  of  the  increasing 
use  of  synchronous  motors  and  stated  that  such  motors 
as  now  constructed  are  suitable  for  any  requirements  for 
which  an  induction  motor  is  ordinarily  used  save  where 
variable  speed  is  required;  they  are  to  be  found  driving 
air  compressors,  pumps,  blowers,  etc.  With  a  synchronous 
motor  one  pays  for  corrective  capacity  at  about  one-third 
the  ordinary  cost  for  power  with  an  induction  motor.  Com- 
paring with  the  synchronous  condenser,  static  condensers 
and  phase  advancers,  Mr.  Treat  pointed  out  that  with  a 
synchronous  motor  the  losses  were  less  than  with  an  in- 
duction motor  with  a  condenser  for  the  same  corrective 
value.  The  synchronous  condenser  is  more  flexible  than  a 
static  condenser  although  the  latter  is  more  flexible  for 
small  powers.  The  phase  advancer  compares  favorably 
with  the  synchronous  motor,  but  as  its  production  has  not 
yet  been  put  on  a  quantity  basis,  it  is  at  present  more 
expensive.  Moreover,  it  can  be  used  only  with  an  induction 
motor  having  a  phase-wound  rotor. 

A  paper  by  R.  H.  Gardner  on  a  result  of  low  power  fac- 
tor was  then  read  by  Mr.  Mitchell.  The  author  emphasized 
that  the  loss  in  efficiency  at  low  power  factor  justifies 
special  efforts  on  the  part  of  the  consumer  to  keep  the 
motors  loaded.  Furthermore,  low  power  factor  necessitates 
the  operation  of  more  generating  apparatus  to  maintain  a 
given  load.  It  was  suggested  in  the  discussion  that  a  bonus 
to  customers  for  high  power  factor  would  compensate  for 
the  extra  investment  in  corrective  apparatus. 

The  last  phase  of  this  subject  to  be  taken  up  was  the 
effect  of  electric  furnaces,  brass  furnaces  and  welding  ma- 
chines on  the  power  factor.  The  electric  furnaces  have,  as 
a  rule,  high  power  factor  although  this  is  affected  by  the 
frequency,   voltage   and   load.     With   electric   welding  it  is 
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lUstoiiiary  tn  itUrodurc  u  motor  k>'>'«'''"1"''  '■'"'^  wtuTc  tin- 
sorvii-i"  is  iiltcrnatinK.  but  when-  tlir  alti'tiiatinK  i-urrciit  is 
used  for  the  welding,  u  very  low  power  factor  results — 2r)  to 
35  per  eent. 

At  the  third  technical  and  hydro-electric  session  the 
reports  of  the  Committee  on  Klectricul  Apparatus  and  the 
('ommittee  on  Meiers  were  presented  and  discussed.  The 
former  report  deals  with  pi-nerators,  switchboards,  trans- 
formers, substations,  power-factor  correction  and  apparatus 
for  special  industrial  fields.  The  printed  report  contains 
108  pajres.  The  discussion  brought  out  considerable  differ- 
ence of  opinion  rcKurdinK  standardizing  transformer  polar- 
ity, it  beinjr  the  opinion  of  some  that  subtractive  polarity 
should  not  be  adopted  for  distribution  transformers,  while 
others  supported  the  committee's  report  for  such  stand- 
arilination.  On  a  motion  the  subject  of  polarity  was  re- 
ferred back  to  the  subcommittee  for  further  consideration. 

The  subject  of  extinjruishinp  fires  in  trenerators  created 
considerable  interest,  the  use  of  steam  or  water  or  both 
beinp  advocated  for  this  purpose,  althoujrh  preference  was 
shown  for  the  latter.  It  was  pointed  out  that  immersion 
of  the  armature  coils  in  water  if  not  prolonged  would  not 
permanently  injure  them  provided  they  were  dried  out  soon 
after.  Abstracts  from  this  report  will  appear  in  early 
issue  of  Power. 

At  the  fourth  general  and  executive  session,  held  Thurs- 
day morninp,  the  report  of  the  National  Nominating  Com- 
mittee was  presented,  which  announced  the  election  of  the 
following  national  officers:  President,  R.  H.  Ballard,  South- 
ern Calif.  Edison  Co.;  first  vice  president,  Martin  J.  Insull, 
Middle  West  Utilities  Co.;  second  vice  president,  M.  R. 
Bump;  third  vice  president,  Frank  W.  Smith,  United  Elec- 
tric Light  and  Power  Co.,  New  York;  fourth  vice  president, 
Walter  H.  Johnson,  Philadelphia  Electric  Co.;  treasurer, 
H.  C.  Abell,  American  Light  and  Traction  Co.  Members 
of  the  executive  committee  to  serve  three  years:  W.  H.  At- 
kins, Edison  Electric  Illuminating  Co.,  Boston;  P.  G.  Gossler, 
A.  B.  Leach  &  Co.,  New  York;  D.  H.  McDougall,  Toronto 
Power  Co.,  Ltd.;  member  of  executive  committee  to  serve 
two  years,  R.  J.  McClelland,  Electric  Bond  and  Share  Co. 
The  secretary  was  instructed  to  cast  one  ballot  for  the 
nominees,  and  they  were  declared  duly  elected. 

Award  of  John   Fritz   Medal   to 
General  Goethals  ^ 

In  recognition  of  his  distinction  in  the  engineering  pro- 
fession and  as  the  builder  of  the  Panama  Canal,  Major 
General  George  Goethals  has  been  awarded  the  John  Fritz 
Medal.  The  presentation  of  the  gold  medal,  with  an  en- 
graved certificate  stating  the  origin  of  the  medal  and  the 
specific  distinction,  was  made  by  Ambrose  Swasey,  past 
president  of  the  American  Society  of  Mechanical  Engineers, 
in  presence  of  a  large  and  appreciative  assemblage  of  en- 
gineers and  guests  in  the  auditorium  of  the  Engineering 
Societies  Building,  29  West  39th  St.,  New  Y'ork  City,  on 
Thursday  evening,  May  22. 

Addresses  were  made  also  by  Henry  L.  Stimson,  former 
Secretary  of  War,  and  W.  L.  Saunders,  past  president 
American  Institute  of  Mining  and  Metallurgical  Engineers, 
testifying  to  the  perseverance,  skill,  singleness  of  purpose 
and  devotion  to  duty  by  which  General  Goethals  has  brought 
to  successful  completion  one  of  the  greatest  works  of  the 
ages  and  placed  him  on  the  list  of  men  whose  engineering 
achievements  are  known  the  world  over. 

Mr.  Swasey  in  his  address  said  General  Goethals  had 
gone  to  war  \vith  the  element  when  his  countrs'  was  at 
peace,  and  had  truly  represented  himself  in  the  ten  years' 
fight  on  the  canal  job  as  a  soldier,  engineer  and  man. 

In  responding  the  General  said  several  other  men  came 
to  his  mind  in  accepting  the  medallion,  chief  among  them 
being  the  late  Colonel  Roosevelt,  whose  courage  and  stead- 
fastness as  the  chief  executive  of  the  nation  made  the  canal 
possible.  General  Goethals  recalled  how  the  medical  men 
of  the  army  conquered  the  yellow  fever  scourge  only  after 
several  of  the  best  among  them  died  and  others  were  left 
permanent  cripples  for  their  sacrifices,  which  he  compared 


to  any  that  hail  occurred  in  the  world  war.  In  concluding 
he  paid  a  tribute  to  the  riO,()00  American  workmen  who  di<l 
their  part,  imbued  solely  with  the  idea  that  their  efforts 
meant  the  future  glorification  of  the  country's  greatness. 

The  John  Fritz  Medul  was  established  in  l'J02  in  honor 
of  John  Fritz,  of  Bethlehem,  I'enn.  The  medal  is  of  gold, 
is  awarded  not  ofterier  than  once  a  year  and  is  accompanied 
with  the  engraved  certificate.  This  certificate  states  the 
origin  of  the  medal,  the  specific  achievement  for  which  the 
award  is  made,  and  bears  the  names  of  the  members  of 
the  Board  by  which  the  medal  was  awarded  and  the  signa- 
tures of  the  president  and  secretary  of  the  board.  The 
Board  of  Award  is  formed  of  sixteen  men,  four  representa- 
tives from  each  of  the  four  National  Societies  of  Civil,  Min- 
ing, Mechanical  and  Electrical  Engineers.  The  first  award 
of  the  medal  was  made  to  John  Fritz  at  a  dinner  given  to 
him  on  his  80th  birthday,  Aug.  21.  1902.  Among  those  who 
have  received  the  medal  in  past  years  are  George  West- 
inghouse,  Alexander  Graham  Bell,  Thomas  A.  B^dison, 
Charles  T.  Porter  and  I'rof.  John  E.  Sweet. 

Seizures  of  Diesel-Engine  Pistons* 

By  Euwafjd  Ingha.m 

One  of  the  principal  troubles  in  the  working  of  Diesel 
engines  is  seizure  of  the  piston.  When  it  is  remembered 
how  small  is  the  clearance  between  the  piston  and  the  cyl- 
inder liner  in  such  engines,  it  is  rather  surprising  that  cases 
of  seizure  are  not  far  more  frequent. 

In  a  Diesel  engine,  small  piston  clearances  are  essential 
if  a  high  efficiency  and  smooth  running  are  to  be  obtained. 
The  designer  is  confronted  with  the  problem  of  reducing 
the  clearance  between  the  piston  and  the  cylinder  liner  to 
the  smallest  practical  limits,  without  at  the  same  time  in- 
volving undue  risk  of  seizure  of  the  piston. 

When  seizure  takes  place  the  results  may  easily  prove 
disastrous;  thus,  if  the  motion  of  the  piston  is  suddenly 
arrested,  the  energy  stored  in  the  flyAvheel  tends  to  keep 
the  crankshaft  rotating,  so  that  the  crank  exerts  a  severe 
pull  on  the  connecting-rod,  with  the  result  that  the  con- 
necting-rod or  crosshead  bolts  are  severely  strained.  Should 
the  bolts  fail,  the  consequences  may  be  easily  imagined. 
In  one  instance  where  seizure  of  the  piston  caused  failure 
of  the  crosshead  bolts  after  elongating  them  and  reducing 
their  diameter  from  1  in.  to  8  in.,  the  connecting-rod  was 
badly  bent,  and  fracture  of  the  piston  and  the  cylinder 
liner  resulted.  One  of  the  nuts  from  the  broken  bolts 
dropped  and  fouled  the  crankshaft  and  the  engine  frame, 
and  as  a  consequence,  a  piece  of  metal  was  broken  out  of 
the  frame,  while  the  crankshaft,  which  had  four  double- 
sweep  cranks,  was  twisted  evenly  throughout  its  entire 
length,  the  angle  between  the  first  and  the  last  cranks  being 
about  15  degrees. 

It  may  be  said  that  seizures  of  Diesel-engine  pistons  are 
mostly  caused  by  overheating  of  the  piston  and  the  expan- 
sion of  the  metal  which  results.  As  already  pointed  out, 
the  clearance  between  the  piston  and  the  cylinder  liner 
must  be  extremely  small.  If  a  piston  expands  much  more 
than  the  liner,  the  small  clearance  is  reduced  to  such  an 
extent  that  the  piston  cannot  move  freely,  and  seizure  is 
the  consequence. 

The  tendency  to  seizure  is  aggravated  by  the  fact  that 
in  the  ordinary  trunk-piston  engine,  where  the  piston  is 
attached  directly  to  the  connecting-rod,  the  forces  imposed 
on  the  piston  do  not  act  in  the  direction  of  the  axis  of  the 
cylinder.  Owing  to  the  obliquity  of  the  connecting-rod,  a 
more  or  less  severe  side  pressure  is  exerted  on  the  cylinder 
walls,  so  that  the  motion  of  the  piston  is  not  as  uniform 
and  free  as  it  otherwise  would  be. 

Clearly,  if  the  trouble  under  consideration  is  to  be  obvi- 
ated, it  is  of  fundamental  importance  that  the  temperature 
of  the  piston  be  prevented  from  rising  too  high.  Hence, 
the  question  of  lubrication  must  receive  the  most  careful 
attention.  Not  only  the  piston  and  the  liner  surfaces,  but 
the  piston  pin  and  the  top  bearing  of  the  connecting-rod 
must  be  efficiently  and  continuously  lubricated.  With  the 
horizontal  type  of  engine,  lubrication  of  the  piston  and  the 
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liner  surfaces  can  be  effected  satisfactorily  by  a  single 
feed  on  the  upper  side,  since  gravitation  assists  in  distrib- 
uting the  lubricant;  but  with  engines  of  the  vertical  type 
the  lubricant  must  be  supplied  through  a  number  of  feeds 
if  a  thorough  distribution  is  to  be  effected. 

Lubrication  of  the  piston  pin  and  the  top  end  bearing  is 
effected  in  different  ways.  Special  care  should  be  taken  to 
insure  that  the  pin  will  be  thoroughly  lubricated  at  start- 
ing times.  When  an  engine  is  shut  down,  the  heat  radi- 
ated by  the  piston,  pin,  etc.,  has  a  tendency  to  burn  up  the 
lubricant  in  the  top  end  bearing,  so  that  when  the  engine 
is  again  started,  the  lubrication  of  the  bearing  may  be 
deficient.  Overheating  of  the  pin  and  the  piston  may  then 
result,  involving  considerable  risk  of  seizure.  The  majority 
of  piston  seizures  appear  to  have  been  brought  about  in 
this  way. 

With  the  object  of  preventing  overheating,  some  pistons 
are  cooled  by  water  or  oil,  and  this  is  an  effective  method 
of  reducing  the  risk  of  seizure,  provided  the  circulation  of 
the  liquid  is  maintained. 

The  design  of  the  piston  must  be  such  that  the  liability 
to  distortion  will  be  reduced  to  the  minimum,  since  a  very 
slight  amount  of  distortion  may  lead  to  seizure.  The  de- 
sign must  also  be  such  that  expansion  will  take  place  uni- 
formly all  around  the  piston.  There  should  be  a  good  body 
of  metal,  as  this  will  assist  in  the  escape  of  the  heat  trans- 
mitted to  the  piston.  Special  attention  should  be  given  to 
the  question  of  avoiding  initial  strain  during  casting,  which 
might  lead  eventually  to  fracture.  A  fracture  in  a  dia- 
metrical direction  would  be  especially  liable  to  cause  a 
seizure.  Diesel  engines  are  of  the  trunk-piston  type,  but 
at  least  one  manufacturer  has  introduced  a  crosshead  type 
of  engine.  This  type  of  engine  is  far  less  liable  to  piston 
seizures  than  the  ordinary  type.  The  provision  of  a  cross- 
head,  slides  and  piston  rod  results  in  the  piston's  moving 
truly  and  freely  in  the  direction  of  the  axis  of  the  cylinder, 
so  that  side  thrusts  are  obviated.  For  this  reason  alone, 
the  crosshead  type  of  engine  is  an  improvement  over  the 
trunk  type,  but  there  are  other  reasons.  The  connecting- 
rod  top  end  bearing,  instead  of  being  in  the  cylinder,  where 
the  heat  is  intense,  is  well  away  from  the  cylinder;  hence 
there  is  less  liability  for  the  bearing  and  the  piston  to  be- 
come overheated.  Further,  the  engine  is  provided  with 
forced  lubrication,  so  that  every  bearing  is  continuously 
flooded  with  oil.  A  small  hand  pump,  fitted  in  connection 
with  the  lubricating  system,  enables  all  the  pipes  and  bear- 
ings to  be  primed  with  oil  just  before  starting  up,  and  in 
this  way  all  bearings  are  copiously  supplied  with  the  lu- 
bricant from  the  commencement  of  the  running. 

Many  piston  seizures  are  to  be  attributed  to  the  use  of 
cooling  water  containing  lime  and  magnesium  salts.  When 
there  is  a  large  quantity  of  these  in  solution  in  the  water, 
the  salts  are  liable  to  become  deposited  in  the  narrow  water 
spaces,  involving  risk  of  overheating  and  fracture.  The 
practice  of  allowing  water  to  circulate  for  some  time  after 
the  engine  has  been  shut  down  will  tend  to  prevent  the 
deposition  of  the  solid  matter,  which  is  mainly  due  to  the 
increase  in  the  temperature  of  the  stationary  water  which 
takes  place  when  the  engine  is  stopped  and  the  heat  in 
the  metal  walls  is  transmitted  to  the  water. 

The  Present  Condition  of  Belgian 
Industries* 

Information  supplied  by  the  Comite  Central  Industriel 
de  Belgique,  regarding  the  destruction  of  property  in  Bel- 
gium by  actual  warfare  or  with  the  deliberate  intention  of 
crippling  the  country's  industries  shows  innumerable  cases 
of  the  destruction  of  industries.  Sights  such  as  those  at 
La  Louviere,  at  Charleroi,  at  Seraing,  leave  no  doubt  as 
to  the  industrial  losses  which  Belgium  suffered  in  the  war. 
Some  industries,  however,  have  been  spared.  The  interests 
of  the  invaders  themselves  induced  them  to  respect  to  a 
certain  extent  the  food  industries  (mills,  sugar  refineries, 
breweries,  etc.),  the  public  utilities  (gas  works,  power 
houses  and  water  works)  and  the  coal  mines.     Other  enter- 


prises were  taken  possession  of  and  exploited  to  the  profit 
of  the  enemy  in  spite  of  resistance  by  their  owners  and  the 
workmen. 

All  these  industries  have,  in  the  main,  preserved  their 
equipment  and  will  be  able  to  render  valuable  assistance  in 
the  work  of  economic  reconstruction  provided  they  receive 
the  necessary  support. 

In  their  hasty  retreat  the  Germans  .abandoned  quantities 
of  all  sorts  of  products,  which,  if  rationally  distributed 
under  the  system  which  is  now  being  organized,  may  serve 
as  a  starting  point  for  future  manufacturing  activities. 

As  to  the  labor  situation,  it  must  be  pointed  out  that  the 
working  portion  of  the  population  was  not  diminished  to 
anywhere  near  the  extent  it  was  in  the  great  belligerent 
countries.  The  fact  that  compulsory  military  service  was 
instituted  in  Belgium  only  three  years  before  the  war  and 
the  impossibility  of  carrrying  out  conscription  levies  be- 
cause of  the  rapidity  of  the  German  occupation  of  the  coun- 
try resulted  in  the  majority  of  the  men  of  military  age  re- 
maining in  Belgium.  Many  of  the  laboring  class  have 
suffered  from  pi-ivations  which  have  temporarily  under- 
mined their  health,  and  nearly  all  of  them  have  been 
exposed  for  a  long  or  short  time,  to  the  demoralizing  in- 
fluence of  enforced  idleness.  But,  in  general,  the  working 
population  is  still  there,  with  its  hereditary  qualities,  which 
training  will  rapidly  revive.     It  is  ready  to  return  to  work. 

Latches  on  Fire  Doors 

The  importance  of  being  able  to  close  securely  all  fire 
doors  of  boilers  cannot  be  overestimated.  According  to  The 
Ausable  News,  several  severe  accidents  have  occurred  at 
one  of  the  plants  of  the  Consumers  Power  Company  of 
Michigan,  due  to  the  fire  doors  being  blown  open  as  a  re- 
sult of  a  boiler  tube  explosion.  The  fire  blown  out  of  the 
furnace  burned  the  men  so  severely  that  in  one  case  a 
fatality  resulted.  As  a  result  of  these  accidents  the  com- 
pany has  issued  the  following  rules: 

All  fire  doors  must  be  equipped  with  a  form  of  latch 
that  will  prevent  the  doors  from  opening  in  case  of  an 
internal  explosion. 

Safety  representative  and  boiler  room  foremen  must  see 
that  these  latches  are  kept  in  operating  condition  at  all 
times.  It  should  be  seen  further  that  the  fire  doors  are 
in  a  condition  that  they  can  be  closed  easily  so  that  the 
purpose  of  having  latches  will  not  be  defeated  due  to  not 
being  able  to  close  the  furnace  doors  in  the  first  place. 

All  stoker  operators  and  all  others  who  have  occasion 
to  open  a  furnace  door  on  an  operating  boiler  must  securely 
latch  the  fire  door  before  leaving  it. 

An  improperly  operated  boiler  is  as  dangerous  as  dy- 
namite. 

Keep  the  safety  valves  well  oiled. 

When  blowing  off  boilers  open  and  close  the  blowoff 
valves  slowly. 

All  steam  traps  should  be  kept  clean  and  in  working 
order.  Traps  are  the  only  safe  means  of  removing  water 
from  the  line.  Should  a  trap  get  out  of  order  and  it  be 
impossible  to  repair  it  at  once,  the  bypass  should  be  opened 
sufficiently  to  pass  all  water  that  might  collect. 

Open  each  door  to  the  boiler  at  least  once  a  day  and 
inspect  carefully  for  leaks  at  all  points. 

Keep  your  hand  on  the  stair-rail.  Boiler-room  stairs  are 
often  steep  and  sometimes  are  narrow  and  difficult. 

Before  entering  any  boiler,  notify  the  responsible  person 
of  your  intention. — N.  E.  L.  A.  Bulletin, 


'From  a  report  by  Trade  Commissioner  H.  T.  Ceilings,  Brussels. 


In  discussing  the  paper  on  lubrication,  read  before  the 
Physical  Society  by  Principal  S.  Skinner,  C.  T.  Thomsen 
said  that  it  had  been  found  that  among  mineral  oils  the 
best  lubricants  were  those  with  a  large  proportion  of  un- 
saturated hydrocarbons.  It  is  thought  that  the  more  of 
these  that  are  present  the  more  intimately  the  oil  will 
adhere  to  a  metallic  surface.  Now,  some  of  the  animal 
and  vegetable  oils  are  very  largely  composed  of  unsatu- 
rated constituents,  so  that  this  property  of  adherence  to 
metallic  surfaces  may  readily  be  greater  in  these  cases. 
He  thought  compressibility  was  of  negligible  importance. — 
The  Engineer. 
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Sail  liiHlrad  of   W  airr  DmmI   in 
Anniionia  Ahsorhrr 

In  (ii'srribinjr  tlu-  Scay  ainnu>nia  iibsorptioii  rcfrijrorntinjr 
plant  t»  till-  l-ivi<rpm)l  KtiKiiU't-rinK  Stuirty,  H,  Knthini-ll 
saiil  that  it  had  hi-oii  proved  capabli"  of  making'  ~->  tons 
of  ice  per  ton  of  coal  burned,  with  an  estimated  evapora- 
tion of  9  lb.  of  steam  per  pound  of  coal.  In  this  Hy.stt-m 
of  refrijreration  the  ab.sorbin<  medium  used  is  ammonium 
nitrate,  normally  a  crystalline  salt.  In  absorhinK  ammonia 
it  chanjres  into  a  .sticky  viscous  liquid  form.  It  is  stated 
that  S  lb.  of  tliia  salt  absorbs  1  lb.  of  pure  aninioiiia.  Thus, 
in  the  absorl)er  the  salt  takes  up  ammonia  jr^'s,  as  it  comes 
from  the  refriKcrator  or  ice-makinjr  tank  at  low  pressure 
and  temperature,  the  crystalline  salt  chanpinR  into  thick 
liquid  form.  In  the  Renerator  this  liquid  is  heated  by 
steam  coils  until  the  ammonia  is  driven  off  ajrain  into  an 
ammonia  condenser  of  any  ordinary  type;  the  salt  revert- 
ing to  its  solid  form  in  the  pr(cess. 

In  connection  with  the  generator  it  is  claimed  that  much 
economy  in  heatinp  is  obtainable  over  what  can  be  secured 
in  the  older  water  and  ammonia  absorption  plant.  This 
is  because  the  change  of  state  of  the  salt  from  liquid  to 
solid  form  liberates  its  latent  heat  of  liquefaction,  which 
goes  toward  the  heat  required  for  vaporizing  ammonia; 
and  thus  of  the  approximately  520  B.t.u.  required  to  vapor- 
ize each  pound  of  ammonia,  only  about  200  B.t.u.  have  to 
be  provided  by  the  steam-heating  coils. — The  Engineer. 

France's  Electrical  Bill  Against  Germany 

According  to  the  Electrical  Review,  London,  M.  Dubois 
recently  submitted  to  the  F'rench  Chamber  of  Deputies  a 
report  on  behalf  of  the  Budget  Commission,  in  connection 
with  the  bill  dealing  with  the  reparation  of  damages  caused 
by  the  enemy  during  the  war.  The  report  discusses  in 
detail  the  extent  of  the  damage  to  various  industries. 

In  the  case  of  electrical  and  mechanical  engineering 
works,  which  represented  a  total  working  capital  of  $400,- 
000,000  in  1914,  the  works  have  been  destroyed  in  the  pro- 
portion of  90  per  cent.  The  machinery  and  plants  were 
worth  $94,000,000,  and  as  prices  have  almost  trebled  in 
the  meantime  the  loss  under  this  heading  amounts  to  $253,- 
800,000.  The  raw  materials  and  manufactured  products 
which  were  removed  or  destroyed  are   stated  to  represent 


a  present  valui-  of  $270,000,000.  It  \n  PHtimated  that  the 
losses  to  productive  labor  due  to  «ix  yearH  of  enforced 
Htoppajte,  amount  to  $171,000,000  while  the  damaK«'s  to 
buiidinirs  are  computed  at  .i  further  sum  of  $K4.000.000. 
DealinjT  with  the  electric  supply  works,  the  report  states 
that  SO  per  cent,  of  the  machinery  and  plant,  which  was 
valued  at  $:{0.000,000,  ha.s  been  <iestroyed,  and,  as  co«t  prices 
have  ri.sen  about  threefold,  the  loss  amounts  to  $72,000,000, 
It  is  calculati'd  that  the  Ioshch  on  the  working  capital  of 
$.'i'J.r)00,000.  due  to  the  stoppage  of  French  labor,  amount 
to  $28,000,000,  while  the  damage  to  buildinKs  is  placed  at 
$12,600,000. 


Water  Power  Development  in  France 

Jn  view  of  the  future  high  cost  of  coal,  in  France,  the 
Minister  of  Public  Works  has  nominated  a  committee  to 
study  the  most  scientific  methods  of  utilizing  the  country's 
water  power  on  the  largest  scale.  A  further  departure 
considered  is  that  of  erecting  hydraulic  laboratories,  fully 
equipped  for  the  investigation  of  turbines  and  other  water 
machinery  under  ordinary  working  conditions;  the  erec- 
tion of  standardizing  stations  for  machinery  employed  in 
the  hydro-electric  industry,  and  testing  stations  for  such 
machinery. 

The  Technical  Institute  of  Toulouse  has  gone  ahead  of 
this  projected  departure  by  planning  an  installation  esti- 
mated to  cost  between  1,500,000  and  2,000,000  francs,  to 
demonstrate  practically  the  best  conditions  of  working  high-, 
medium-,  and  low-head  waterfalls,  as  well  as  water-gaging 
station,  with  special  regard  to  the  circumstances  of  the 
region  of  the  Pyrenees.  The  government  has  recognized 
the  value  of  such  individual  efforts,  and  deemed  it  well  to 
encourage  them  by  financial  help.  In  response  to  the  re- 
quest of  the  Minister  of  Public  Works  last  year,  the  gov- 
ernment voted  440,000  francs  in  aid  of  private  hydraulic 
laboratories,  nearly  half  of  which  has  already  been  allotted 
to  the  Toulouse  Institute.  A  supplementary  vote  of  250,000 
francs  has  since  been  asked  for  to  help  the  scheme  for  the 
erection  at  Grenoble  of  an  electrochemical  and  electrometal- 
lurgical  institute.  The  third  of  the  existing  institutes — 
that  of  Nancy — is  concentrating  its  attenton  on  the  use 
and  improvement  of  electric  motors.  —  London  Electrical 
Revietv. 


New  Publications 


INDUSTRIAL  GOODW^LL.  By  John  R. 
Commons,  of  the  University  of  Wis- 
consin. Published  by  the  McGraw- 
Hill  Book  Co..  New  York  City.  Cloth; 
6   X  SJ   in.  ;   213   pages. 

One  gets  an  idea  of  the  contents  of  the 
book  from  the  following  list  of  subjects 
touched  upon:  Commodity.  machinery, 
goodwill,  the  public,  democracy,  solidarity, 
theory  and  practice,  security,  labor  market, 
insurance,  health.  the  shop,  education, 
loyalty,  personality,  depression,  the  world. 
In  brief  the  book  is  an  argument  for  the 
engineering  theory  of  labor  by  an  author 
who   has   written   much   on   labor   problems. 

PUNDAMEXTAL  ELECTRICITY.  By  W. 
P.  Wieman.  Member  Society  Astrono- 
mers De  France.  Published  by  the 
Wieman  Co..  N.  S..  Pittsburgh,  Penn.. 
1919.  Cloth;  4i  x  6  in.;  127  pages;  27 
illustrations. 

In  this  little  book  the  author  attempts 
to  explain  what  electricity  really  is  by  ^^s- 
tronomical  phenomena.  The  sun  is  assumed 
to  be  a  permanent  magnet  with  its  field 
passing  through  the  earth  and  the  other 
planets  so  as  to  give  them  a  Xorth  and 
South  magnetic  pole  similar  to  that  of 
the   earth. 

It  is  claimed  that  an  electromotive 
force  is  not  generated  by  a  conductor 
cutting  lines  of  magnetic  force,  but  by 
the  increase  and  decrease  in  quantity  of 
magnetic  lines  through  a  closed  circuit  or 
loop.  Although  this  little  book  cannot  be 
called  a  treatise  on  fundamental  principles 
of  electricity,  in  the  general  sense  of  the 
word,  nevertheless  tlie  speculative  treat- 
ment of  the  subject  makes  it  interesting 
reading. 


INDUSTRIAL      ELECTRICAL      MEASUR- 
ING     INSTRUMENTS.        By      Kenelm 
Rdgcumbe.    M.    Inst.   C.    E.,    M.    I.    E.    E. 
Published    bv    D.     Van     Nostrand    Co.. 
,         New    York.    1918.      Cloth;    5J    x    8    in.; 
414  pages;   260  illustrations.      Price,   $5. 
This   book   treats   the  general    subject   of 
electrical  measuring  instruments,  especially 
the   principles   of  operation.      Only   elemen- 
tary   mathematics    has    been    employed    and 
then  to  only  a  very  limited  degree.      It  has 
been  the  endeavor  of  the  author   to  present 
this   subject    so    that   the    reader   can   obtain 
a  clear  mental  picture  of  what  is  going  on 
in   the  various  devices. 

This  is  the  second  edition  and  has  been 
revised  and  enlarged.  The  expansion  of  all 
sections  has  been  such  that  in  order  to  keep 
within  rfasonable  limits  the  author  has 
omitted  the  subject  "fault  localization"  as 
distinguished  from  "fault  detection,"  as  he 
has  also  "relays"  and  "overpressure  de- 
vices." On  the  other  hand,  "Pyrometers" 
have  been  dealt  with  at  some  length.  The 
sections  that  have  been  especially  enlarged 
are  those  dealing  with  Constructional  De- 
tails, Power  Measurements.  Induction  In- 
struments, Current  and  Pressure  Trans- 
formers   and     Graphic     Instruments. 

Although  the  author  is  British  and 
naturally  has  treated  the  subject  from  this 
point  of  view,  nevertheless,  there  is  in  the 
book  an  abundance  of  information  that  ap- 
plies equally  well  to  American  practice, 
thus  making  it  of  value  to  those  interestea 
in   electrical  work  in  this  country. 


I  Personals  | 
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Jalias  Alsbers,  consulting  engineer.  Chi- 
cago, announces  the  removal  of  his  offices 
from  the  Tribune  Building  to  the  Marquette 
Building.   140  South  Dearborn  St. 

Roland  B.  Page  has  been  appointed 
eastern  district  manager  for  Lea-Courtenay 


Co.,  with  offices  at  810  Broad  Exchange 
Building,  Broad  and  Franklin  Sts..  Boston, 
Mass. 

F.  X.  Meehn-j,  who  has  been  connected 
with  Fairbanks  Morse  &  Co.  for  the  last 
six  years,  has  been  appointed  advertising 
manager  of  the  Walter  A.  Zelnicker  Sup- 
ply  Co..   St.  j:.ouis.   Mo. 

J.  r.  Alexander  has  returned  to  New 
York  City  with  the  power  and  mining  de- 
partment of  the  General  Electric  Co..  120 
Broadway.  Mr.  Alexander  has  represented 
the  company  for  some  years  in  central  New 
Jersey,  witli  headquarters  at  Trenton. 

George  I>.  B.  Van  TaBsel  has  been  ap- 
pointed Detroit  district  sales  agent  of  the 
Power  Specialty  Co.,  operating  in  the  ter- 
ritory of  eastern  and  southern  Michigan 
and  western  Ohio.  His  office  will  be  in  the 
Dime  Bank  Building.  Mr.  Van  Tassel  has 
heretofore  been  sales  engineer  of  the  com- 
pany's Chicago  office. 

Charles  H.  Stoddard  has  been  appointed 
consulting  marine  engineer  of  the  Heine 
Safety  Boiler  Co  .  St.  Louis.  Mo.  Mr.  Stod- 
dard has  held  many  important  positions, 
such  as  chief  engineer  of  the  Fulton  Iron 
Works  and  of  the  Ri.sdon  Iron  Works  of 
San  Francisco,  civilian  superintendent  of 
shops  at  Mare  Island  Navy  Yard,  and  more 
recently  chief  engineer  of  Moore  &  Scott 
Iron  Works. 

Irving  E.  Brooke,  recently  with  the 
Pensacola  Shipbuilding  Co.  as  assistant  to 
the  naval  architect  and  formerly  electrical 
engineer  with  the  Arnold  Co.,  has  opened 
an  office  as  consulting  engineer  at  807 
Stock  Exchange  Building,  Chicago,  for  the 
practice  of  general  engineering  work.  Mr. 
Brooke  was  formerly  in  charge  of  me- 
chanical work  in  the  city  engineer's  office, 
and  prior  to  this  was  on  the  engineering 
staff  of  the  Commonwealth  Edison  Co.  He 
is  an  associate  member  of  the  American 
Institute   of   Electrical    Engineers. 
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I         Engineering  AflFairs  | 
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The  National  Gas  Engine  Association  will 
hold  its  twelfth  annual  meeting,  in  Chi- 
cago, June  2-3,  with  headquarters  at  the 
Hotel  Sherman. 

New  York  Association  No.  44,  N.  A.  S. 
E.,  held  its  annual  Spring  Hike  on  Sunday. 
May  18.  Dinner  was  served  at  the  Lincoln 
Hotel,  Midland  Beach,  S.  1.  The  attend- 
ance almost  doubled  that  of  the  previous 
walk. 

The  West  Virgriivia  Public  Utilities  As- 
sociation will  hold  a  convention  at  White 
Sulphur,  June  4-7.  This  is  the  first  con- 
vention to  be  held  by  this  association  since 
the  beginning  of  the  war.  A  large  at- 
tendance is  expected. 

The  Combined  Associations  of  the  N.  A. 
S.  E.  of  Boston,  Mass..  including  Nos.  1, 
12  and  14,  held  a  ladies'  night  at  the  Engi- 
neers' Hall  on  Saturday,  May  17.  Many 
prominent  in  the  engint-ering  field  were 
present.  An  enjoyable  entertainment  was 
followed  by  dancing,  and  refreshments  were 
liberally  served.  James  H.  Henderson 
was  the  master  of  ceremonies. 

I  Business  Items  i 


THE    COAL   MARKET 


The  Advance  Heating:  Co.  has  moved  into 
larger  quarters  at  110  N.  Desplanes  St., 
Chicago,  where  its  office  and  shop  facilities 
are  now  combined. 

The  Standard  Electric  and  Elevator  Co., 
of  Baltimore,  Md..  has  opened  a  New  York 
City  office  at  280  Broadway,  with  C.  A. 
Yarrington    in   charge. 

The  Staunton  LightinK  Co.,  Staunton.  Va.. 
announces  the  following  change  in  its  per- 
sonnel :  James  R.  Wampler  is  now  super- 
ir.tendent  and  J.  W.  Coffman  is  chief  engi- 
neer. 

Paul  W.  Koch  &  Co..  have  opened  Pacific 
Coast  offices  at  the  following  addresses : 
Los  Angeles.  114  San  Fernando  Building; 
San  Francisco,  324  Rialto  Building;  Port- 
land. Oregon.  342  Sherlock  Building. 
These  offices  will  take  care  of  business  on 
the  "Jiffy"  adjustable  cutter,  speed  punch 
and    other    "Jiffy"    labor-saving   tools. 


Trade  Catalogs 


Foxboro    Recordine:    Ps.vcIirometers.      The 

Foxboro  Co..  Inc..  Foxboro.  Mass.  Bulletin 
No.  103-1.  Pages  11.  8  x  lOJ  in.  The  most 
complete  bulletin  yet  published  on  this  sub- 
ject. 

The  Griscom-Russell  Co.,  New  York  City. 
has  issued  its  15-page  Bulletin  No.  230,  de- 
scriptive of  the  "Reilly  AV.ater  Heater."  The 
opening  pages  are  devoted  to  chapters  on 
feed  water  heating  and  on  how  to  compute 
the  savings  resulting  from  use  of  a  proper 
feed  water  heater. 

The  Portable  Machinery  Co.,  Inc.,  Pas- 
saic, N.  J.,  has  recently  published  a  20- 
page  folder  entitled  "Over  1000  Scoop  Con- 
veyors." It  is  well  illustrated  and  shows 
the  various  uses,  labor,  time  and  money- 
saving  features  of  the  machine.  Copy 
may  be  had  free  upon  request. 

E.  Keeler  Co..  New  York  City,  has  re- 
cently issued  a  nicely  bound  22-page  catalog 
on  "Cross  Drum  Water  Tube  Boilers."  It  is 
well  illustrated  and  contains  some  very 
useful  information.  Tlie  last  two  pages  are 
devoted  to  a  brief  description  of  the  Keeler 
water-tube  boiler  and  the  Keeler  return- 
tubular  boiler. 

The  I.,iberty  Manufacturing  Co.,  Pitts- 
burgh. Penn..  has  issued  a  new  40-page 
catalog  "Z"  of  useful  reading  matter  on  the 
company's  line  of  apparatus.  The  intro- 
ductory pages  on  boiler-tube  cleaners  and 
the  operation  of  turbine  cleaners  are 
especially  interesting.  Various  types  of 
cleaners  are  shown   and   discussed. 

The  American  Steam  Gape  &  Valve 
Manufacturinc:  Co..  Boston.  Mass..  has  just 
issued  a  nicely  embossed  31-page  booklet 
entitled  "The  American  Thompson  Im- 
proved Indicator."  This  booklet  fully  illus- 
trates and  describes  the  Thompson  indicator 
and  its  accessories  with  price  list,  and  de- 
votes some  space  to  the  general  use  and 
care  of  the  instrument.  A  few  pages  are 
also  devoted  to  directions  for  using  the 
planimeter. 


BOSTON— Current  prices  pc 
Vork  loading  ports: 


I  ton  f.o  b.  Ne 


Anthracite 

Company 
Coal 
Egg $7  80(017  95 


Stove , 
Chestnut . 


7  95(n;8    15 
8.05(018,35 

Bituminous 

Cambrias 
and 
Clcarfields       Somcrsi'ts 
F.o.b.minp.s.  net  tons.     .      $2    I  5(S1 2,  75  $2.  75(5; 3  25 
Philadelphia,  gross  tons.    .      4   27(nj4  95     5.95fd5  50 

New  Yorii.  gross  tons  4.62@5.29     5. 29^5.85 

Alongside    Boston    (water 

coal),  gross  tons 6.10@6.85     6.90@7.55 

Pocahontas  and  New  River  are  quoted  at  $470 
@5.2i  f.o.b.  Norfolk  and  Newport  News,  Va.,  for 
spot  coal,  and  $7.20(S'8  60  alongside  Boston,  these 
prices  being  on  a  gross  ton  basis. 

NEW  YORK— Current  quotations,  White  Ash, 
per  gross  tons,  f.o.b.  Tidewater,  at  the  lower  ports* 
are  as  follows: 


Mine 
Broken    $6  05 


Egg, 
Stove. , 
Chest- 
nut.. 


5  95 
20 


Company 

Circular 

$7   90 

7  80 

8  05 


Pea.... 
Buck- 
wheat 
Rice. ,  . 
Barley. 


Mil 


Company 

Circular 

6  65 


8    15 
Bituminous 

Spot 


Contract 


$3   25   $2  95   @  $3.50 


2  95 
2  75 
2.75 
2  8S 


2.95® 
2.80@ 
2  75® 
2.95® 


2  85       2  95( 


South  Forks $2  90® 

Cambria    County 

(good  grades) 2  75® 

Clearfield  County.  .  .    2  50  @ 

Reynoldsville 2  50® 

Quemahoning 2  65  ® 

Somerset  County 

(best  grades) 2  65  @ 

Somerset  County 

(poorer  grades) ....    2  00  @ 
Western  Maryland.  .    2  25  @ 

Fairmont 2  00  @ 

Latrobe 2.  10  @ 

Greensburg 2,25® 

Westmoreland 2  60  @ 

Westmoreland     run- 

of-mine 2  35  @ 

Quotations  at  the  upper  ports  for  both  bituminous 
and  anthracite  are  5c.  higher  on  account  of  the 
difference  in  freight  rates,  and  are  exclusive  of  the 
3%  war  freight  tax. 

PHILADELPHIA— The  price  per  gross  ton  fob, 
cars  at  mines  for  line  shipment  and  f.o.b.  Port 
Richmond  for  tide  are  as  follows; 

Line     Tide  Line     Tide 

Broken $5.95   $7  80     Buckwheat....$3.  40  $4  45 

Egg 5  95     7  80     Rice 2.75     3  65 

Stove 6.20     8  05     Boiler 2.50     3  50 


2,60 


2.50® 
2.50® 
2  35® 
2.25® 
2  35® 
2  60® 

2  35® 


3,25 
2.95 
2  95 
3.  10 

3.10 

2  75 
2  75 
2  50 
2.40 
2  60 
2  75 

2  65 


Nut. 
Pea. 


8   15 

50 


Barley 2.25      3    15 

Culm 1.25 


CHICAGO — Current   prices   per   ton    for   Illinois 
and  Indiana  coal  are  as  follows: 

Illinois 

Southern  Northern 

Williamson,  Saline  and        Illinois  Illinois 

Williamson  Counties       F.o.b.  Mines    F.o.b.  Mines 

Prepared  sizes $2.55@$2.75         $3.25 

Mine-run 2.35®   2,50  3  00 

Screenings 1,85©   2,20  2.75 

BIRMINGHAM — Current  prices  per  net  ton  fo.b. 
mines  are  as  follows: 

Slack   and 
Mine-Run       Prepared      Screenings 

Bigseam $2,45  $2  75  $2  40 

Black  Creek  and 

Cahaba 3  45  3.75  3  05 

Jagger    -    Pratt 

Corona 2.85  3.05  2   45 

Blacksmith 5.25  

Domestic    quoations.    slightly     increased,     are    as 
follows: 

Lump  and  Nut 

Black  Creek  and  Cahaba 3.85@$4.50 

Corona    3   40 

Jagger 3.50 

Montvallo 5 ,  00 

ST.  LOUIS — The  prevailing  circular  per  net  ton 
f.o.b.  mines  is  as  follows: 

Mt.   Olive 
and 
Franklin  County  Staunton         Standard 

Prepared  sizes,  lump, 
egg,  Nos.   I  and  2 

nut $2.75     

Williamson  County 
Prepared  sizes,  lump, 

egg,  nut $2  55       $2,55         $2  00(^2  25 

Mine-run 2.35  2   20  l.60®l.75 

Screenings 2.20  2.05  I.IS®I.30 

3-in.  lump 2.30 

2-in.  lump I.75@l.90 

Williamson-FrankliB  rate 'to  ~St    Louis|>8  $1.07; 
ntber  rates  92ic. 


PKOPOSKI)     WORK 

Mums..  Springfield — The  National  Equip- 
ment Co..  6G2  North  Main  St.,  will  install 
a  heating  plant  and  electric  power  in  the 
3  story  addition  to  its  factory  on  North 
Main    St.      Total    estimated    cost,    $200,000. 

Mass.,  Warren — The  Warren  Steam 
I'umj)  Co.  plans  to  build  a  1  story,  40  x 
130  ft.  boiler  house  and  a  1  story  85  x 
200  ft.  factory,  etc.,  at  its  plant.  Estimated 
cost,    $75,000. 

Conn.,  Bridgeport — The  Fletcher-Thomp- 
son. Inc.,  Engrs.,  1089  Broad  St.,  will  soon 
receive  bids  for  the  construction  of  a  1 
story.  65  x  100  ft.  and  a  1  story,  60  x  65 
ft.  ice  plants ;  also  a  1  story.  100  x  150 
ft.  cold  storage  building  on  Seaview  Ave., 
for  the  Peoples  Ice  Co..  c/o  F.  E.  Ballard. 
44  Wood  Ave.     Estimated  cost,   $150,000. 

Conn.,  Manchester — The  town  will  install 
a  steam  heating  plant  in  the  3  story,  45  x 
90  ft.  memorial  hospital  which  it  plans  to 
build  on  Haynes  St.  Total  estimated  cost, 
$80,000. 

Conn.,  New  Haven — The  Yale  Tire  & 
Rubber  Co..  827  Elm  St.,  plans  to  build 
a  factory  and  power  house  on  Dixwell  and 
Homden  Ave.  Estimated  cost,  $100,000. 
J.    E.    Hubinger,   Pres.      Engr.    not  selected. 

N.  Y.,  Border  City — The  Empire  Gas  & 
Electric  Co.,  103  Castle  St..  Geneva,  has 
purchased  a  100  acre  site  adjacent  to  its 
plant  here  and  bordering  on  the  Barge 
Cayuga  and  Seneca  Canals  and  plans  to 
build  a  terminal,  pumping  station  with  2 
motor  driven  pumps,  2,500,000  gal.  daily 
capacity.      C.    F.    Brunt,    Geneva,    Supt. 

N.  Y.,  Brooklyn — The  Bureau  of  Yards 
&  Docks,  Navy  Department,  Washington, 
D.  C.  plans  to  build  an  extension  to  the 
heating  plant  and  distributing  system  at 
the  naval  hospital  here.  Estimated  cost, 
$830,000.      Specification    No.    3891. 

N.  Y.,  Brooklyn — The  St.  Brendons  Ro- 
man Catholic  Congregation.  1525  East  12th 
St.,  will  install  a  steam  heating  plant  in 
the  86  X  140  ft.  addition  to  its  church  on 
Ave.  O  and  East  12th  St.  Total  estimated 
cost.  $100,000.  E.  T.  Lynch,  341  5th  Ave., 
New  York  City,  Arch. 

N.  Y.,  Central  Islip — The  State  Hospital 
Commission,  Capitol,  Albany,  will  receive 
bids  until  June  4  for  the  construction  of  a 
3  story.  30  x  296  ft.  addition  to  building 
for  acute  patients,  at  the  Central  Islip 
State  Hospital  here.  A  heating  plant  will 
be  installed  in  same.  Total  estimated  cost, 
$150,000. 

N.  Y.,  take  Placid — The  Bowman  Hotel 
Co.,  Hotel  Biltmore.  43rd  St.  and  Madison 
Ave..  New  York  City,  has  awarded  the 
contract  for  the  construction  of  a  10  story 
hotel  here,  to  the  Hegeman-Harris  Co.,  Inc., 
33  West  42nd  St.,  New  York  City.  A  steam 
heating  plant  will  be  installed  in  same. 
Total   estimated   cost,    $300,000. 

N.  Y.,  Montauk — The  Bureau  of  Yards 
&  Docks.  Navy  Department,  Washington, 
D.  C,  will  receive  bids  until  June  11  for 
the  construction  of  a  power  house  here. 
Estimated  cost,  $40,000.  Specification  No. 
3889. 

N.  Y.,  New  York — The  Seven  Hundred 
West  End  Corp.,  280  Madison  Ave.,  will 
install  a  steam  heating  system  in  the  14 
story,  44  x  100  ft.  hotel  which  it  plans  to 
build  on  West  End  Ave.  and  94th  St. 
Total  estimated  cost,  $250,000.  G.  T.  Pel- 
ham,   200  West  72nd  St.,   Engr. 

N.  Y.,  Ossining — C.  F.  Rattigan,  Supt.  of 
State  Prisons.  Hall  of  Records  Bldg.,  Cen- 
ter and  Chambers  St..  New  York  City, 
will  receive  bids  until  June  17  for  the  con- 
struction of  a  25  X  27  ft.  pump  house  and  a 
36  X  90  ft.  reservoir,  also  for  a  heating 
plant  and  the  installation  of  2-401)  hp. 
boilers  in  the  power  house.  L.  P.  Pilcher, 
Capitol,  Albany,  State  Arch.  Noted  May  13. 

N.  Y.,  Poughkeepsie — The  State  Hospital 
Commission.  Capitol.  Albany,  will  receive 
bids  until  June  4  for  the  construction  of  a 
20  X  25  ft.  pump  hou.se  and  installing  2 
pumps  in  connection  with  the  additions  and 
alterations  which  it  plans  to  the  water 
supply  system  at  the  Hudson  River  State 
Hospital  here.  L.  F.  Pilcher,  Capitol.  Al- 
bany,   N.   Y.,  State  Arch.      Noted   Feb.   4. 

N.  y.,  Rome — The  Rome  Gas.  Electric 
Light  &  Power  Co.,  139  North  James  St., 
plans  to  issue  $245,164  bonds  for  the  con- 
struction of  a  gas  and  electric  plant.  A.  B. 
Morton.   Supt. 
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Vdl.   .J!),   No.  21 


N.  v.,  Wnlrrvllrl— P  .1  Million  Himl 
lltlllillllK  Cm.  \2i»  llWllV.  Will  liixlall 
l-niiip.-'  Ill  111..  liMiii  lot)  ilry  ilo.k  whlili  II 
lilaiiN  (»  liiilUI   lit   Ihi-  i-oinpiiny'H  iiliinl   luri' 

IViin..  .\lliMiiitt  Thr  AlUioiiu  llukiTV  Co. 
will  ItiHliill  <  ImiII.tm  III  ih)'  2  Hlorv,  ilS  x 
i:;o  ft.  baki'ry  whu-li  li  iilaiiM  to  bulM  on 
Ssiti  St  .  from  ath  to  lixluHlrUil  Ave.  It.  W. 
N.i«li.    I'r.H 

IViin..  Illulrnvlllr— The  Western  Stiito 
Ui>H|iliat  for  Iimaiii-.  Alloona.  Ih  hiivlni; 
plaiiH  pr<'|iarc<l  l>y  CrookM  ft  Coolcv. 
Arrht8..  Jcinrit  l.iiw  HUIk  .  PlIlMbiirK.  for 
lli«>  conntrut'llun  of  a  hoHpllal  ami  Kroup 
of  Inslltiitlonal  btillillii|;.s  ni'ar  hi'rc.  lo  con- 
Hint  of  power  hoiiHc.  lauiiilry,  rcmTVolr. 
I'Ic.       Total    oxtlnialfd    roMl.    JL'.dOO.miii       Q. 

5  Moll.  3<  South  leih  SI,  Philadelphia. 
Con.Mull     Anh 

IVnn..  I'hllitilrlphlii — Tli.^  Itun-nii  of  Y:ird.>i 
^-  Pork.x.  .N'avy  I>i-partini'iil.  \Vanhliinton. 
I>  <'.  will  n-iciVf  bids  uiilil  Jun..  4  for  in- 
stallinK  heatiiiK  iinil  liumidifyinK  apparatus 
at  the  air  craft  .storat:<-  plant  here.  K.stl- 
mated  co.st.  $".'..00(1  Specincation  No.  38r)4. 
Noted  Apr.    22 

IVnn..  I'hlliidrlpliiu — W  Hutchinson.  Jr.. 
will    iii.stall    a    .st.am    hcatint;    plant    In    the 

6  story  theatre  and  apartment  which  he 
plans  to  build  on  Queens  Lune  and  Schuy- 
ler Rd  Total  estimated  cost,  $4r)0.000. 
Fisher  &  Jones,  WestinBhouse  JJldg..  Pitts- 
liurgh.   Arch. 

D.  r..  M'uHlilnKtoii— The  Rureau  of  Sup- 
plies &  Accounts.  Navy  Department,  will 
soon  receive  bids  for  furnishinp  motor 
Kenerator  and  telephone,  delivery  Mare 
Island.  Cal.,  and  Urooklyn,  N.  Y.  Schedule 
No.  3693. 

W.  Va..  M'rston — The  State  Roard  of 
Control.  Charleston,  will  receive  bids  until 
June  14  for  the  construction  of  sewage 
treatment  works  at  the  Weston  State  Hos- 
pital here.  Plans  include  .sewape  pumpinK 
station  equipped  with  2  electric  motors.  2 
centrifugal  pumps  and  automatic  control 
equipipent,  etc.     J.  S.   Larkin.  Member. 

Fla..  Key  West — The  Bureau  of  Yards  & 
Docks.  Navy  Department.  Washington. 
I).  C.  plans  to  build  a  power  house  and  fire 
protection  system  here.  Kstimated  cost. 
J20.000.      Specification   No.   389S. 

Ind.,  Indianapolis — The  G.  &  J.  Tire  Co  . 
r)49  Kast  Georg-ia  St..  will  install  a  45  x  60 
ft.,  36.000  hp.  steam  boiler  plant  in  con- 
nection with  the  5  story.  100  x  400  ft. 
plant  which  it  plans  to  build.  Total  esti- 
mated cost.  $950,000.  Lockwood.  Greene 
&  Co..  3S  South  Dearborn  St,  Chicago.  111., 
Engr. 

Ind.,  Whiting — The  Board  of  Public 
Works  will  receive  bids  until  June  2  for  one 
S.OOO.Ono  centrifugal  pump,  two  5,000.000 
gal.  centrifugal  pumps,  one  3.000.000  gal. 
trifugal  pump.';.  1  wa.«h  water  pump  and  1 
trifugal  pump.  1  wash  water  pump  and  1 
switchboard  and  equipment.  S.  A.  Greeley, 
39  West  Adams  St..  Chicago.  111.  Engr. 

Mich..  Detroit — The  Academy  of  Music, 
c/o  C.  H.  Crane  and  E.  G.  Kiehler.  Archts., 
Dim^  Bank  Bldg.,  will  install  steam  heat- 
ing equipment,  boiler,  fans  and  motor  in 
the  2  and  3  story.  100  x  171  ft.  store  and 
auditorium  building  which  it  plans  to  build 
on  Woodward  Ave.  and  Parsons  St.  Total 
estimated   cost,    $350,000. 


Mtrh.,  (.riiiKi  l(.ipld>  .Mu.ll.r  \  Slack 
Co.  plaiiH  lo  iiiKiall  a  n.w  I.'.m  hp  Mi.aiii 
eiiKlne       J.    W.    SIcveiiH.    Cli     Kiiicr 

Mirh.,  I.iin«liiB^The  llot.l  .Mli  hlKan  Co 
will  liiMlall  a  Nii'iiiii  h.^atliiK  plani  In  the 
12  Hlorv.  '.IS  X  1411  ft.  hotel  wlileh  It  planH 
lo  biillil  on  ICiiHt  MIchlKaii  Ave  Total  entl- 
nialed  coHt,  $030,000.  C.  Allen.  JiickMon, 
Arch. 

MIrh..  Mt.  PIvaiiunt — The  Transport 
Truck  Co.  plans  to  build  n  1  story.  40  x  BO 
ft.  power  pi. ml  nnd  a  I  .Mi  x  3(io  ft.  aHwm- 
bllng  plant.  Plann  Include  the  InHtallallon 
of  a  Heparale  steam  unit  In  tin-  powir  plant. 
Total  estimated  coHl.  JSO.OOn.  J.  J.  llach- 
mun.    Arch. 

MIrh..  Oukwooil  (Oxford  P.  O. ) — The  vil- 
lage will  In.stall  modern  steam  healing  ap- 
paratus In  the  2  Htory  high  hcIiooI  building 
which  It  plana  to  build.  Tol.il  esilmateil 
cost.  $2:10.000.  Van  I.even  &  Schiller  & 
Keough,   Union  Trust   Bldg.,   Detroit,   Arch. 

111..  rhlruBo— The  Central  Film  Ex- 
change, c/o  Berlin  &  Swern.  Archts..  19 
South  I.a  Salle  St..  will  Install  a  steam 
heating  plant  in  the  12  story.  95  x  16.'.  ft. 
exchange  building  which  It  plans  to  build 
on  Wabash  Ave.  and  9th  St.  Total  esti- 
mated cost.   $1,200,000. 

WIk.,  KenoNhu — The  County  Board  will 
install  a  low  pressure  steam  heating  sys- 
tem and  vacuum  vapor  system,  (Bishop 
Babcock  preferred)  in  the  4  storv.  114  x 
16S  ft.  court  house  which  it  plans  to  build 
on  P.irk  St.  Total  estimated  cost.  $40". 000 
\\'hite.    \\niite   &   White,    P.    S.    BIdg.,   Arch. 

Win..  Winnna — The  city  will  soon  receive 
bids  for  4  air  lift  pumps,  having  a  capacity 
of  from  200  to  400  gal.  each  and  miscel- 
laneous appurtenances  to  be  installed  at 
the  waterworks. 

Minn..  Wells — The  city  will  soon  receive 
bids  for  the  construction  of  a  new  power 
plant  building,  electrical  distribution  sys- 
tem and  concrete  reservoir.  Estimated 
cost,  $40,000.  C.  L.  Pillsbury  Co..  801  Met- 
ropolitan Life  BIdg..  Minneapolis.  Engr. 

Mo.,  Ozark — E.  Hawkins.  Arch  ,  419  Hol- 
land BIdg..  Springfield,  will  receive  bids 
until  June  2  for  furnishing  heating  and 
plumbing    for    the   court    house   here. 

Mo.,  St.  Louis — Hall  &  McKay,  contrac- 
tors. Chemical  BIdg.,  will  receive  bids  for 
a  power  plant  to  include  2  large  electric 
elevators,  new  generators,  engine,  pump, 
etc..  for  the  Kennett  Building.  B'way.  and 
Locust   St. 

Okla.,  Miami — T.  L.  Green.  Consult 
Engr.,  Miami,  would  like  to  receive  cata- 
logs and  prices  on  oil  and  gas  engines, 
pumps,  motors,  compressors,  air  receivers 
and  other  air  lift  equipment,  motors, 
starters,  generators,  panel  boards  and  other 
electric  equipment  necessary  to  the  installa- 
tion of  electric  light  and  pumping  plants. 

Cal.,  Los  Angeles — The  Anheuser-Busch 
Co..  9th  and  Pestalozzi  St..  St.  Louis.  Mo., 
plans  to  convert  its  bottling  plant  here  into 
an  ice  factory  and  cold  storage  plant  and 
build  an  ice  cream  factory  adjoining  same. 
G.    E.    Wells,   Engr. 

Ont.,  Barry  Sound— The  citizens  plan  to 
vote  on  $100,000  by-law  June  21  for  the 
construction  of  a  power  plant.  R.  J.  Hall. 
Mayor. 
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Ma»».,  (  iiiiiprllo— A  K  Kletll  Co.,  Hta- 
llc.ii  Si  .  Ilroi-klnri,  Ii.ih  awarded  llii-  con- 
iract  for  the  eoiiHlrucllon  of  a  2  slory,  60 
x  70  ft.  power  hoUHe  here,  to  Weslcoit  A 
.MapiH.  207  Orang.-  Ht.,  New  Haven.  lOstl- 
mati-d   cost    $100,000. 

Conn,,  llrldKrpnrI— 'Hie  Baptist  ChrlMtian 
llnlon.  In.'  ,  SK«  .Main  Hi  ,  has  awarded  the 
contract  for  liiHlalllng  a  healing  plant  In 
the  4  story,  xo  x  102  ft.  home  on  Main 
and  Thomas  St..  lo  N.  p.  Kirk  Co..  749 
Main  St.      NoK-d  Jan.   7. 

Conn..  nrldcrport-The  Home  BrewlnK 
Co..  226  M.illani  Si.,  haw  awarded  the  con- 
tract for  I  he  conHt  ruction  of  a  1  story,  1.10 
X  150  ft.  artificial  Ice  plant,  to  the  Schwarz 
llroB.  Co.,  96  River  St.  Estimated  cost. 
$200,000. 

N.  Y..  lirooklyn— R.  Galr  Co..  50  Wash- 
ington St  .  has  awariled  the  contract  for  the 
construction  of  an  addition  to  Its  boiler 
house  on  Plymouth  St..  to  the  Turner  Con-- 
Hi  ruction  Co.,  244  Madison  Ave.,  New  York 
City. 

N.  Y..  New  York— A.  J.  Schwartzler.  369 
East  167th  St..  will  build  a  2  story.  122  x 
190  ft.  ice  plant  on  Fordham  Rd.  and  Cedar 
Ave.  Estimated  cost.  $45,000.  Work  will 
be  done   by  day  labor. 

Flo.,  PrnHucola — The  Bureau  of  Yards 
&  Docks.  .N'avy  Department.  Washington, 
D  C  ,  has  awarded  the  contract  for  install- 
ing electric  e(iuipment  in  the  central  power 
plant  here,  to  the  Carroll  Electric  Co..  714 
12th  St,  Washington,  D.  C.  (150  days.) 
Noted   Feb.    18. 

Ohio.  Bryan — The  Trustees  of  Public 
Affairs  has  awarded  the  contract  for  the 
construction  of  a  1.000.000  gal.  concrete 
reservoir  and  pump  house,  to  the  Toledo 
Residence  Construction  Co.,  322  Nasby 
BIdg..   Toledo.      Estimated  cost,   $23,700. 

Mich.,  Detroit — The  Detroit  Edison  Co., 
David  M'hitney  BIdg..  will  build  a  55  mi. 
transmission  line  between  here  and  Port 
Huron.  Work  involves  60  ft.  poles  set  40 
to  the  mile,  supporting  copper  cable  trans- 
mitting 66.000  volts.  Work  will  be  done 
by  day   labor. 

III.,  Chicago — Morris  &  Co.,  Union  Stock 
Yards,  has  awarded  the  contract  for  the 
construction  of  a  9  story.  150  x  350  ft. 
cold  storage  warehouse  on  44th  and  Loomis 
St..  to  R.  C.  Wieboldt.  1534  West  Van  Buren 
St.      Estimated   cost.    $1,000,000. 

Mo.,  St.  .loseph — Swift  &  Co..  Union 
Stock  Yards,  Chicago,  III.,  has  awarded  the 
contract  for  the  construction  of  a  2  story, 
42  X  110  ft.  addition  to  its  cold  storage 
plant  on  Packers  Ave.,  to  the  Lehr  Con- 
struction Co..  1712  Frederick  Ave.  Esti- 
mated cost.   $30,500. 

Tex.,  Goose  Creek — The  Humble  Oil  & 
Refining  Co..  Goggan  BIdg..  Houston,  has 
awarded  the  contract  for  the  construction 
of  a  group  of  buildings  here,  to  consist  of 
boiler  shops,  power  and  pump  houses,  ice 
plant  and  repair  shops,  etc.,  to  the  Turner 
Construction  Co.,  24  4  Madison  Ave.,  New 
York   City. 


Read  the 


Searchlight  Section 


The 
"Opportunity"  advertising 
of  the 
Power  Plant  Field 

See  pages  55  to  67 


POWER 


^^\ 


Volume  49 


New  York,  June  3,  1919 


Number  22, 


^^#lf' 


m 


IN   Cambridge,   England,  there  is  a  tablet  erected 
in  memory  of  a  man  who,  when  playing  a  game 
of  football,  took  the  bail  and  ran  down  the  field 
with  it.     By  doing  this  he  broke  the   rules  of  the 
game  but  he  invented  the  game  of  Rugby,  which  has 
since  become  famous. 

This  incident  only  goes  to  show  that  the  fellow 
who  does  things  "according  to  Hoyle"  is  not  always 
the  man  who  "gets  there."  Persistently  following 
rule  of  thumb  is  likely  to  lead  a  man  up  a  blind  alley. 

The  engineer,  the  mechanic  or  the  workman  who 
does  a  thing  in  a  certain  manner  because  it  has 
always  been  done  that  way  in  the  past  is  losing  the 
opportunity  for  self-advanceniient  and  new  power. 

Initiative  is  a  long  word,  but  it  means  working  out 
your  own  ideas  in  your  own  way  and  not  according 
to  the  rules  laid  down  by  someone  else. 


Hoplettr 


If  the  boss  gives  you  a  piece  of  work  to  do,  and 
when  you  have  done  it  the  result  is  unsatisfactory, 
what  will  he  think  of  you  if  you  say,  "Well,  I  did  it 
the  way  it  has  always  been  done  before"?  When 
there's  another  important  job  to  be  done,  you  prob- 
ably won't  be  the  man  he  will  choose  to  do  it,  be- 
cause he  knows  that  you  plod  along  in  the  same  old 
rut,  never  trying  to  get  out. 

Be  original!  You  have  brains — use  them  !  Don't 
be  bound  hand  and  foot  by  the  rules  ! 

When  you  have  a  task  to  perform,  let  your  work 
show  that  you  study  the  best  way  to  do  it,  that  you 
use  your  gray  matter  and  think,  and  don't  fall  back 
on  somebody  else's  way  of  doing  it. 

The  engineer  to  whom  a  difficult  problem  presents 
itself  should  investigate  how  it  has  been  done  before 
and  then  bend  all  his  energies  to  find  a  way  by  which 
it  can  be  done  better.  The  man  who  does  that  is  the 
man  who  one  day  finds  himself  at  the  very  top  of 
the  ladder. 

Just  remember  the  fellow  who  grabbed  the  ball 
and  ran  with  it  down  the  football  field.  He  broke 
the  rules  of  the  game  but  he  made  himself  famous. 

Fame  may  not  come  to  you.  In  all  probability 
there  will  be  no  tablet  raised  to  your  memory.  But 
if  you  use  your  head  and  show  that  you  know  how 
to  plan  your  work,  always  looking  for  a  new  and 
better  way  to  do  the  thing  you  have  to  do,  there  will 
be  a  whole  lot  more  money  in  your  pocket  at  the  end 
of  the  year,  which  in  these  days  is  much  to  be  de- 
sired. 

Break  the  rules  of  the  game  once  in  a  while  and  see 
what  happens.     You  will  not  be  disappointed. 
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Brule  River  Hydro-Electric  Development 


By  C.  V.  SEASTONE* 


Outline  of  Peninsular  Power  Co.  system  with  de- 
tailed description  of  latest  hydraulic  development 
on  the  Brule  River.  A  three-unit  modem  plant 
generating  three-phase  60-cycle  current  at  6600 
volts.  Vertical  shaft  turbines  operate  under  a 
head  approximating  60  feet. 


THE  Peninsular  Power  Co.  is  completing  a  hydro- 
electric development  on  the  Brule  River  at  a  lo- 
cation about  three  miles  from  Florence,  Wis.  The 
construction  of  this  plant  was  begun  in  June,  1917,  and 
efforts  are  being  made  to  finish  it  early  in  1919. 

Below  Florence  the  Michigamme  River  flows  into  the 
Brule  and  the  two  streams  unite  to  make  the  Menominee 
River.  Early  in  1913  the  Peninsular  Power  Co.  com- 
pleted its  first  hydro-electric  development  on  the  Me- 
nominee River  at  a  point  commonly  known  as  Twin 
Falls,  near  Iron  Mountain,  Mich.  This  plant  has  a  ma- 
chine capacity  of  about  5500  kw.  The  company  also 
has  a  3500-kw.  auxiliary  steam  plant  at  its  principal 
substation  at  Iron  River,  Mich.  A  66,000-volt  trans- 
mission line  connects  the  Twin  Falls  plant  and  the  sub- 
station at  Iron  River,  Mich.  The  Brule  River  plant 
will  be  connected  to  the  main  transmission  system,  re- 
quiring about  three  miles  of  line.  The  company  fur- 
nishes electrical  power  to  the  iron  mines  in  the  vicinity 
of  Florence,  Wis.,  Iron  Mountain  and  Iron  River,  Mich., 
and  to  various  villages  and  towns  in  that  vicinity. 

According  to  the  general  layout  of  the  proposed 
hydro-electric  development  the  Brule  River  is  divided  at 
this  location  by  an  island  that  is  approximateFy  1000 
ft.  long.  In  the  south  channel  between  the  island  and 
the  Wisconsin  shore  are  the  power  house  and  the 
main  concrete  dam,  the  latter  being  flanked  on  the  Wis- 
consin side  bj'  a  concrete  abutment  and  earthen  section. 


•Daniel  W.  Mead  and  Charles  V.  Seastone,  consulting  engineers. 
Madison,  Wis. 


Flood  discharge  is  provided  for  by  the  installation  of 
eight  tainter  gates,  each  12  ft.  high  and  14  ft.  long. 
These  gates  are  constructed  on  the  island  and  discharge 
into  the  north  channel,  which  is  independent  from  the 
discharge  from  the  power  house. 

In  the  north  channel  is  to  be  constructed  an  earthen 
dam  provided  with  a  concrete  corewall.  All  the  con- 
struction work  is  founded  upon  solid  rock  with  the  ex- 
ception of  a  length  of  about  70  ft.  of  the  corewall  in 
the  center  of  the  north  channel.  Evidently  the  north 
channel  was  the  original  bed  of  the  stream.  Excava- 
tion to  a  depth  of  about  18  ft.  below  the  bottom  of  the 
river  revealed  a  solid  bed  of  boulders  of  varying  sizes 
up  to  several  cubic  feet  each.  It  was  not  considered 
essential  to  carry  the  excavation  to  solid  rock  in  this 
section  as  it  is  believed  from  the  character  of  the  ma- 
terial encountered  that  the  seepage  will  be  nominal. 
The  average  working  head  provided  by  the  dam  is 
60  feet. 

The  cros.s-section  of  the  concrete  dam  between  the 
power  house  and  the  abutment  on  the  Wisconsin  shore 
is  about  70  ft.  long  and  supports  piers  on  the  down- 
stream side  on  which  is  constructed  a  concrete  road- 
way to  the  power  house.  Under-drainage  is  provided 
by  a  12-in.  vitrified-tile  drain  placed  longitudinally  with 
the  dam,  as  indicated,  and  connecting  with  12-in.  lateral 
drains  at  right  angles  to  the  collecting  drain. 

To  determine  the  effect  of  upward  pressure  under  the 
dam,  if  any  exists,  1-in.  iron  pipes  have  been  placed  as 
indicated  on  the  drawing.  Their  upper  ends  at  the  rock 
surface  terminate  in  sheet-iron  funnels  12  in.  diameter, 
care  being  taken  during  construction  to  see  that  no  con- 
crete was  placed  under  the  funnel.  A  line  of  pipes  of 
similar  character  and  arrangement  was  also  placed  un- 
der the  power  house.  It  is  believed  that  after  the  con- 
struction is  completed  and  the  head  raised,  the  above 
may  afford  some  opportunity  for  observing  the  extent 
of  the  upward  pressure  and  thus  furnish  information 
that  may  be  of  some  value. 
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Fig.  3  is  a  cross-section  of  the  tainter  gate  spillway. 
Six  of  the  gates  are  provided  with  hand  hoists  so  de- 
signed as  to  later  admit  of  electrical  operation,  and  two 
of  the  gates  have  electric  hoists.  A  concrete  counter- 
weight as  shown  is  provided  to  reduce  the  force  re- 
quired to  lift  the  gates. 

The  earthen  section  in  the  north  channel  is  provided 
with  a  concrete  corewall  5  ft.  thick  at  the  stream  bed 
and  2  ft.  thick  at  the  top.  This  corewall  is  well  anchored 
to  rock  walls  on  both  ends  and  is  founded  on  rock  ex- 
cept a  section  of  about  70  ft.  in  the  center  of  the  chan- 
nel. The  earthen  section  has  a  3  to  1  slope  on  the  up- 
stream side  and  a  2  to  1  slope  on  the  downstream  side. 
The  upstream  side  to  a  point  about  20  ft.  below  the 
normal  water  surface  will  be  riprapped  with  stone. 


sisting  of  one  56-in.  vertical-shaft  Leffel  turbine,  fur- 
nished with  shaft  extension  for  direct  connection  to  a 
vertical-shaft   generator,    governor,   oil-pressure   pump, 
piping  and  valves.    When  operating  under  a  head  of  60 
ft.,  each  turbine  will  develop  3100  hp.  at  240  revolu- 
tions per  minute.    The  turbines  are  installed  in  concrete 
scroll  cases  and  are  mounted  on  concrete  curved  draft 
tubes.    The  turbines  are  guaranteed  to  give  the  follow- 
ing efficiencies: 
Per  cent,  power.  .100      95      90      80     70      60      50 
Per  cent,  effic...   80.9  87.6  88.5  87.4  84      81.4  78.7 
For  regulating  the  speed  of  the  turbines.  Woodward 
21,000-ft.-lb.  oil-pressure  relay-valve  governors  are  in- 
stalled. 

The  generators  are  2000-kv.-a.  three-phase   60-cycle 


Doyvnstream   .^ 

Face  of  ,■ 

Closed  Dam 


FIG.  1.     PLAN  VIEW  OF  THE  POWER  HOUSE,   GIVING   CHIEF  DIMENSIONS 


An  upstream  view  of  the  power  house  is  shown  in 
the  headpiece  and  Fig.  2  is  a  cross-section  through  the 
plant.  The  foundations,  wheel  pits  and  forebay  are  of 
concrete  construction,  and  the  superstructure  is  of  com- 
mon brick  laid  in  a  chocolate-colored  mortar.  The  switch- 
board is  on  the  same  floor  level  with  the  generators  and 
the  transformers  are  on  the  floor  below. 

Fig.  1  is  a  sectional  plan  at  the  generator-room  floor 
level.  As  the  transformers  are  below  this  level,  an 
opening  is  provided  which  permits  of  raising  them  to 
the  main  floor,  and  a  suitable  chain  hoist  is  provided 
for  this  purpose.  The  cross-section,  Fig.  2,  shows  the 
location  of  the  pipes  that  have  been  placed  for  observ- 
ing the  extent  of  the  upward  pressure.  The  penstock 
gates,  of  which  there  are  two  for  each  unit,  are  oper- 
ated by  electrically  driven  geared  hoists. 

Although  completed  for  the  installation  of  three  units, 
the  power  house  at  present  has  two  machines,  each  con- 


G600-volt  vertical  Westinghouse  machines,  each  pro- 
vided with  two  guide  bearings  and  a  Kingsbury  thrust 
bearing.  A  60-kw.  125-volt  shunt-wound  direct-con- 
nected exciter,  designed  for  operation  with  a  Tyrill 
regulator,   serves  each  generator. 

There  are  four  1667-kv.-a.  single-phase  66,000-6600- 
volt  transformers  provided,  one  constituting  a  spare 
unit.  These  transformers  are  equipped  with  copper 
cooling  coils  and  three  are  mounted  upon  a  suitable 
track.  The  spare  unit  has  been  placed  upon  a  truck  to 
facilitate  moving  to  place. 

The  switchboard,  of  Westinghouse  design,  is  cen- 
trally located  on  the  same  floor  elevation  as  the  genera- 
tors and  low-tension  busbars.  It  consists  of  nine  panels 
of  natural  black  slate  and  one  swinging  bracket,  as  fol- 
lows: One  low-tension  station  lighting  panel,  one  low- 
tension  station  power  panel,  a  direct-current  emergency 
control   unit   panel,   an   exciter  panel,   three   generator 
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pani'ls  ami  two  ft-odiT  pam-ls.  On  the  .swiiiKinjc  bracket 
arc  mounted  thesyiuhnmoscope,  fretiueiuy  meter,  (lirect- 
current  voltmeter,  alteniatiiiK-iurrent  voltmeter  and  ul- 
ternatinK-current  ammeter.  The  main  control  rheo.stat  i.s 
mounted  on  pipe  framework  above  and  back  of  the  board 
proper.  All  but  the  future  generator  panel  are  fur- 
nished with  the  nece.s.sary  control  liKht.><,  switches,  me- 
ters, voltmeter  receptacles  and  relays. 

The  location  of  the  switchboard  is  such  that  the  op- 
erator, standinjr  at  either  end  of  the  board,  can  see  the 
three  generators,  the  six  high-tension  oil  switches,  the 
low-tension  oil  switches,  busbars  and  instrument  com- 
partments. By  this  arrangement  a  llashover  in  any 
part  of  the  building  on  this  floor  can  i)e  located  imme- 
diately and  repairs  made  quickly. 

A  single-line  diagram  of  the  electrical  connections  is 
shown  in  Fig.  4.  Either  or  both  generators  may  be 
used  to  supply  the  demand,  and  di.sconnecting  switches 
permit  cutting  out  of  .service  any  of  the  feeder  circuits. 

The  control  wires  are  carried  in  metal  conduits  from 
the  low-tension  busbar,  instrument  compartments  and 
machines.  The  system  is  ordinarily  operated  by  110- 
volt  current  from  the  exciter  bus,  but  provision  has 
been  made  for  emergency  control  and  lighting  by  the 
installation  of  a  10-hp.  turbine  direct-connected  to  a  9- 
kw.  125-volt  generator.  In  connection  with  this  unit  a 
separate  or  emergency  system  of  lighting  has  been  in- 
stalled throughout  the  building,  so  that  all  possible 
haste  may  be  made  in  repairing  damaged  equipment  or 
replacing  equipment  destroyed  by  lightning  or  otherwise. 


sing  turi)ino  units  of  a  total  capacity  of  3500  kw.  Four 
•ITjO-hp.  internally  (in'd  boilers,  e(|uipped  with  Hawley 
down-druft    furnaceii,    supply    the    steam.      They    are 


^|S8^'P?Ws^55;?^?^^w'w^"  (T 


SECTIONAL   VIEW    OF    THE    POWER   HOUSE 


The  main  substation,  located  at  Iron  River,  Mich., 
contains  six  420-kv.-a.  single-phase  transformers  of 
the  oil-insulated,  water-cooled  type.  They  are  Y-con- 
nected  on  the  high-tension  side,  receiving  66,000  volts 
between  the  leads,  and  delta  connected  on  the  low-ten- 
sion side,  delivering  6600  vclts.  The  auxiliary  steam 
plant  adjacent  to  the  substation  contains  three  conden 


FIG.   3.     SECTION  TAINTER  GATE  SPILLWAY 

served  by  a  reinforced-con- 
crete  stack  8  ft.  diameter  and 
150  ft.  high.  The  main  trans- 
mission line  consists  of  about 
45  miles  of  66,000-volt  lines 
connecting  the  hydraulic 
plants  at  the  Brule  and  Twin 
Falls  locations  with  the  min- 
ing districts  of  Iron  River  and 
Alpha.  Mich.,  and  Florence, 
Wis.  The  line  is  in  duplicate 
and  is  carried  on  steel  towers 
set  in  concrete  bases.  Power 
is  delivered  to  each  mine  from 
the  high-tension  substation  at 
6600  volts  and  is  stepped 
down  to  2200  volts  for  general 
distribution  around  the 
mines.  Practically  all  the 
secondary  lines  are  in  dupli- 
cate and  are  carried  on  steel 
towers.  Secondary  substa- 
tions are  installed  at  each 
mine  by  the  power  company, 
the  customer  providing  the 
necessary  building.  The 
equipment  consists  of  three 
single  -  phase  transformers, 
automatic  oil  switch,  control  panel  with  all  neces- 
sary instruments,  relays  and  measuring  trans- 
formers, and  complete  sets  of  electrolytic  lightning 
arresters  and  choke  coils.  The  secondary  sub- 
.stations  carry  a  t\-pical  mining  load  consisting 
of  air  compressors,  pumps,  hoists,  motor  generators 
for     underground     haulage,     crushers,     blowers,     shop 
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motors  and  lighting  above  and  below  surface. 
Motors  of  25  hp.  or  over  are  with  but  few  exceptions 
operated  at  2200  volts.  This  practice  of  furnishing 
power  to  these  iron  mines  is  much  the  same  as  that 


T&eSOOV.  lines 


FIG.    4.       DIAGRAM    OP    ELECTRICAL    CONNECTIONS 

now  carried  out  with  several  coal  mines  in  other  sections 
of  the  country,  the  great  plant  at  Windsor,  W.  Va.,  and 
those  of  the  Appalachian  Power  Co.  being  typical  ex- 
amples. 

Checking  Motor  Field  Coils 

By  E.  C.  Parham 

Even  where  hundreds  of  field  coils  of  the  same  kind 
are  made  yearly,  mistakes  in  marking  the  terminals 
occasionally  occur  and  these  mistakes  inevitably  give 
trouble  and  expense.  The  percentage  of  mistakes  found 
on  factory-made  coils  is  so  very  small  that  it  is  cus- 
tomary to  accept  their  markings  as  correct  and  to 
install  the  coils  accordingly.  Where  spare  coils  are  made 
by  repairmen  or  where  there  is  for  any  reason  doubt 
as  to  the  markings  or  where  there  are  no  markings, 
considerable  delay  and  expense  may  be  saved  by  sub- 
jecting the  coils  to  preliminary  polarity  test.  Espe- 
cially is  this  course  advisable  where  a  heavy  machine  is 
involved  or  where  lifting  facilities  for  handling  the  ma- 
chine are  poor. 

After  trying  out  a  large  500-volt  six-pole  shunt- 
wound  direct-current  motor,  it  became  evident  that  a 
compound-wound  motor  was  needed  for  the  work.  A 
set  of  field  coils  was  obtained  from  a  local  repair  shop. 
The  terminals  of  the  coils  were  not  marked  and  the 
manner  of  bringing  out  the  leads  was  not  evident.  In 
order  to  avoid  installing  the  coils  to  give  wrong  polar- 
ity, they  were  arranged  as  shown  in  Fig.  1,  before  in- 
stallation, and  the  adjacent  terminals  of  the  shunt  coils 
were  connected  as  indicated.  Line  voltage  was  then 
applied  to  the  series  of  shunt  windings  and  a  compass 
used  for  indicating  their  polarities.  It  was  necessary  to 
turn  one  coil  end  for  end  in  order  to  have  the  polarities 
alternate  N  and  S. 

Leaving  the  coils  in  position,  Fig.  1,  the  series  coils 


were  connected  in  series  and  current  passed  through 
them  and  their  polarity  tested.  Of  course  a  heavier  cur- 
rent was  required  for  testing  the  series  coils,  and  in 
order  to  get  a  current  that  would  give  definite  compass 
testing  result,  it  was  necessary  to  pass  through  the  coils 
the  operating  current  of  a  neighboring  motor  by  making 
connections  as  shown  in  Fig.  2.  The  result  of  the  test 
was  to  locate  a  reversed  series  winding  on  one  of  the 
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COIL.S  BKFORE  INSTALLATION 

coils.  Therefore,  in  installing  this  coil  in  the  motor  it 
was  turned  end  for  end,  which  reversed  the  polarity  of 
the  shunt  winding  of  that  coil,  if  it  were  to  be  con- 
nected up  symmetrically.  In  order  to  rectify  these  con- 
ditions, the  connections  to  the  shunt  winding  of  this 
coil  were  crossed,  which  did  not  make  a  very  good-look- 
ing job,  but  saved  considerable  time  in  getting  the 
machine  into  service.  After  the  coils  were  in  the  motor, 
the  tests  were  repeated  and  everything  was  found  to  be 
all  right.     As  a  final  check,  made  in  order  to  insure 


FIG.    2.     CONNECTIONS  FOR  CHECKING   SHUNT-FIEliD 
COILS  BEFORE  INSTALLATION 

that  the  shunt  windings  and  the  series  windings  would 
operate  the  armature  in  the  same  direction,  the  motor 
was  started;  first,  by  means  of  the  shunt  coils  and 
then  by  m.eans  of  the  series  coils  alone.  In  doing  this 
care  must  be  exercised  not  to  cut  the  starting  resistance 
out  when  the  machine  is  operating  as  a  series  motor, 
or  it  will  race  and  may  injure  the  armature. 


A  pump  may  operate  stiffly  with  uneven  strokes  owing 
to  the  swelling  of  fibrous  packing  in  the  water  plungers, 
particularly  if  the  liquids  pumped  are  hot.  The  swelling 
is  usually  lateral  so  that  a  layer  may  be  stripped  from 
one  side  to  thin  the  packing  dowTi.  New  packing  should 
soak  over  night  in  warm  water  and  should  be  loosely 
packed  in  the  space  provided,  so  that  when  put  to  work 
it  will  swell  and  fit  as  required. 


The  title  of  the  article  on  page  759  of  the  May  20 
issue  of  Poiver  should  read  "Blauvelt"  instead  of  "Du 
Bois  Piston  Ring"  etc.  This  ring  can  be  obtained  from 
F.  N.  Du  Bois  &  Co.,  9th  Ave.  and  25th  St.,  New  York 
City. 
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J^illiii<j:  (](>iHliirlors  inlo   Condiiils 

1:y   TKliKKLL  CKOFT 


Discusses  the  different  methods  of  installitni  con- 
ductors into  conduit  and  the  prerautioiiK  that 
viunt  be  ohsi'rved  to  do  the  ici>rk  properly. 

MK/rilODS  of  iiistalliiit;:  coiuhutors  in  coiuluif 
runs  which  arc  in  position  may  be  classified 
under  three  difTerent  hcadinjrs;  namely,  draw- 
ing, threadinjj  and  pushinjr.  Drawintr  consists  in  pullinj? 
the  conductors  into  the  conduit  by  means  of  a  pulling-in 
line  of  one  sort  or  another  to  which  the  conductors 
have  been  temporarily  attached.  Threading  consists 
of  threading  the  conductors  through  the  conduit  as  it 
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FIG.   1.      nU.VIDED   CORD   FOR    rTLI,-lX    LIXIO 

is  erected  length  by  length.  This  method,  while  it 
is  used  to  some  e.xtent  in  England  and  on  the  continent, 
is  never  followed  in  North  America  because  our  elec- 
trical codes  specify  that  "the  conductors  must  not  be 
pulled  in  until  the  conduit  system  has  been  erected  as 
a  complete  unit."  Pushing  consists  in  forcing  the 
conductors  through  the  conduit  run  from  one  of  the 
outlets  by  exerting  manual  pressure  on  them.  This 
method  is  applicable  only  where  the  conduit  run  in 
which  the  conductors  are  to  be  installed  is  short  and 
straight;  that  is,  it  can  be  used  only  for  "easy  runs." 

Galvanized  .steel  wire  makes  an  excellent  pulling-in 
line,  No.  10  or  12  B.  W.  G.  being  ordinarily  used.  If 
one  strand  of  the  wire  is  not  sufficiently  strong  to 
sustain  the  stress  imposed,  several  strands  arranged 
in  parallel  can  be  used. 

Rope  or  cord  pulling-in  lines  are  probably  used  more 
frequently  than  the  other  types.  Braided  rope,  Fig.  1, 
of  the  construction  of  that  used  for  sash  cord,  is 
ordinarily  used  for  rope  pulling-in  lines,  although  in. 
many  cases,  for  heavy-pulling  runs,  galvanized-steel  wire 
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FIG.  2.     SWIVEL  TO  PREVENT  TWISTING 

is  better.  Twisted  manila  rope  is  sometimes  used,  but 
it  tends  to  untwist  when  subjected  to  tension.  The 
insertion  of  a  swivel.  Fig.  2,  between  the  end  of  a 
twisted-rope  pulling-in  line  and  the  conductors  to  be 
drawn  in  will,  in  a  measure,  obviate  this  difficulty.  In 
untwisting,  the  rope  twists  the  conductors  within  the 
conduit,  which  causes  them  to  "pack"  and  pull  hard 
around  the  elbows.  Braided  rope,  or,  as  it  is  called  by 
the  trade,  "cord,"  is  manufactured  in  a  variety  of 
diameters  from  yV  i"-  up  to  h  in.,  and  sometimes  cords 
of  larger  diameters  may  be  obtained.  Steel  hoisting 
cable  such  as  that  used  on  cranes  has  been  tried  by 


the  writer  for  pulling-in  lines,  but  because  of  its  high 
cost  and  tendency  to  cut  when  tied  to  a  tackle-block 
hook,  it  was  not  found  satisfactory. 

Galvanized-steel  wire  is  better  than  rope  for  heavy 
work.  The  rope  is  much  more  bulky  for  the  same 
strength,  is  more  expensive  and  wears  out  more  quickly 
under  severe  u.sage.  It  is  difficult  to  tie  a  rope  to  the 
hook  of  a  .set  of  tackle  blocks  with  a  knot  which  will 
not  cut  and  thus  sever  the  line.  Galvanized-steel  wire 
can  be  quickly  and  positively  secured  to  a  tackle-block 
hook  through  the  agency  of  a  wire  grip  similar  to  that 
shown  in  Fig.  3. 

Steel  sash  chain  makes  a  good  pulling-in  line  for  some 
jiurposes.  It  is  very  strong,  flexible,  readily  obtained 
and  economical.  That  of  the  construction  of  Fig.  4 
has  been  found  very  satisfactory.  Conductors  to  be 
drawn  in  can  be  readily  attached  to  the  sash-chain  line 
at  any  point  by  tying  them  into  the  links.  This  feature 
is  particularly  convenient  where  there  are  a  number 
of  outlets  along  a  run  and  conductors  that  are  to 
terminate  in  each  are  to  be  drawn  in  simultaneously. 
In  pulling  conductors  into  a  vertical  run,  the  sash 
chain  may,  of  its  own  weight,  be  dropped  down  through 
the  tube,  rendering  fishing  unnecessary. 

Excessive  force  should  not  be  necessary  to  draw  the 
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FIG.  3.     PARALLEL-JAW  WIRE  GRIP 

conductors  into  the  conduits.  This  caution  should  be 
interpreted  in  a  relative  sense.  It  should  always  be 
possible  to  pull  No.  14  conductors  into  the  ducts  with 
the  hands,  where  heavy  cables  may  require  a  tackle  or 
a  crane.  In  any  event,  the  conduits  should  be  large 
enough  so  that  there  is  plenty  of  room  in  them  for  the 
conductors,  and  there  should  be  few  elbows  between  pull 
or  outlet  boxes.  Undersized  ducts  and  an  excessive 
number  of  elbows  or  bends  will  render  pulling  in  ex- 
tremely difficult  and  may,  after  the  conductors  have 
become  "set,"  make  withdrawal  impossible.  One  of  the 
features  which  recommends  the  conduit  system  of  wir- 


FIG.    4.      CHAIN   PULL-IN    LINE 

ing  is  that,  with  a  properly  designed  system,  the  con- 
ductors can  be  withdrawTi  or  pulled  in  at  any  time. 

Prior  to  pulling  in  the  conductors,  the  interior  of  the 
conduit  should  be  cleaned.  Sometimes  oil,  water,  plaster, 
cement  and  dirt  accumulate  inside  of  the  tubes  while 
the  building  is  being  constructed.  Obviously,  these 
materials    should    be    removed    before   conductors    are 


June  3,  1919 


POWER 


847 


drawn  in.  A  rapid  and  effective  expedient  for  cleaning 
a  conduit  is  to  pull  a  piece  of  waste  through  it  before 
d'^awing  in. 

Lubrication  of  some  sort  is  desirable  when  pulling 
large-sized  conductors  into  conduit.  Particularly  is  it 
necessary  in  hot  weather  and  for  long  runs.  When 
the  insulating  compound  on  the  conductors  is  warm,  it 
seeps  through  the  braid  and  may  adhere  to  the  interior 
surface  of  the  tube. 

Powdered  soapstone,  sometimes  called  French  chalk, 
is  probably  the  best  lubricant.  It  may  be  either  blown 
into  the  conduit  with  a  piece  of  hose  or  applied  to  the 
conductors  as  they  are  pulled  in.  In  blowing  powdered 
soapstone  into  the  duct,  a  piece  of  rubber  hose  about  two 
feet  long  is  partly  filled  with  the  material.  One  end  of 
the  hose  is  held  against  the  bushing  at  the  conduit 
opening  so  as  to  fill  the  orifice.  Then  the  wireman 
blows  on  the  other  end  of  the  hose  with  his  mouth, 
forcing  the  powder  inside  of  the  tube.  The  wires  manu- 
factured by  some  concerns  have  a  coating  of  powdered 
mica  applied  to  the  outer  braids.  This  acts  as  a  lubri- 
cant and  tends  to  insure  easy  drawing  in. 

Greases  and  oils  should  never  be  used  as  lubricants 
when  pulling  in  conductors.    Materials  of  this  character 
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METHODS  OF  TAPPING  ON  A  SHORT  WIRE  FOR 
DRAWING  INTO  CONDUIT 


act  chemically  on  the  rubber  insulation  and  cause  it  to 
soften  rapidly  and  lose  its  insulating  properties.  The 
practice  of  pulling  a  greased  cloth  through  a  conduit 
run  prior  to  the  insertion  of  conductors  is  positively 
condemned.  Numerous  cases  are  on  record  where  oil 
has  been  poured  into  ducts  for  lubrication.  Where  this 
has  been  done,  insulation  failures,  grounds  and  burn- 
outs   invariably   result. 

Paraffin  has  been  used  for  a  lubricant  where  con- 
ductors are  being  pulled  in,  but  apparently  its  use  is 
not  frequent.  In  using  paraffin,  a  block  of  it  is  rubbed 
against  the  conductors  as  they  are  drawn  into  the  tube. 
Paraffin  is  a  splendid  insulator  and  is  therefore  unob- 
jectionable from  this  standpoint.  However,  it  appears 
to  the  writer  that  it  is  probable  that  an  excess  of 
paraffin  on  the  braids  of  conductors  within  the  conduit 
runs  would  be  liable  to  cause  the  braids  to  adhere  to 
the  inner  walls  of  the  tube  and  might  thereby  prevent 
withdrawal. 

In  pulling  in  an  easy  run,  the  fishing  wire  having 
been  fastened  to  the  conductors,  the  latter  may  now  be 
drawn  into  the  conduit.  If  a  ribbon  fishing  wire  is  to 
be  used  for  pulling  in,  it  should  follow  that  the  con- 
ductors are  small  and  the  pull  light.     A   heav>'  pull 


should  not  be  attempted  with  a  ribbon  fish  wire  as  a 
pulling-in  line,  as  the  wire  is  liable  to  be  rendered  unfit 
for  further  service.  If  a  greater  force  is  required  than 
can  be  exerted  by  two  men  each  having  hold  of  the 
wire  and  walking  along  the  floor,  either  a  galvanized- 
steel  wire,  a  braided  rope  or  a  chain  pulling-in  line 
should  be  used. 

Conductors  can  be  drawn  in  by  pushing  and  pulling 
simultaneously.     While  one  or  two  men  are  pulling  the 

Throuqh  Conductors   -  -  -  ^ 
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FIG.  6.     TAP-OFF  AND  THROUGH  CONDUCTORS  ATTACHKO 
TO  PUI^L-TN  CHAIN 

conductors  out  at  the  far  end  of  the  run,  another  man 
cai;  accelerate  progress  by  pushing  or  feeding  the  wires 
into  the  other.  This  man  can  prevent  the  formation 
of  kinks  and  can  "ease"  the  wire  over  the  abrupt  edge 
at  the  outlet. 

It  is  difficult  to  obtain  a  secure  grip  with  the  hands 
on  ribbon  fishing  wire  when  pulling  in ;  hence  it  is 
almost  impossible  to  pull  by  this  method  against  any 
considerable  strain.  Wiremen  sometimes  bend  the  bight 
of  the  wire  around  a  stick  or  otherwise  distort  it  to 
enable  them  to  gain  a  hold,  but  this  is  bad  practice. 
The  kinks  so  formed  in  the  ribbon  fish  wire  can  never 
be  removed  entirely,  although  they  may  be  apparently 
removed.  A  ribbon  thus  punished  will  always  give 
trouble  when  used  for  future  fishing. 

A  parallel-jaw  grip,  or  come-along.  Fig.  3,  can  be 
used  in  gripping  fish  wires.  If  the  surfaces  of  the  edges 
of  the  two  parallel  plates,  P  and  P,  between  which  the 
wire  is  clamped  are  smooth,  they  will  not  mar  the 
ribbon.  The  fact  that  grips  of  this  type  are  used 
successfully  for  pulling  up  hard-drawn  copper  aerial  line 
wire  is  sufficient  recommendation.    A  spring  (not  shown 
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FIG.    7.      PLUG-TYPE   GUIDE   BLOCK 

in  the  illustration)  with  which  the  grip  is  equipped, 
tends  to  clamp  it  lightly  on  the  wire,  preventing  it 
from  falling  off.  When  a  tensile  stress  is  applied  at  the 
loop  L,  the  clamping  effect  is  intensified.  Three  sizes 
of  this  clamp  are  manufactured.  Each  respectively  is 
capable  of  accommodating  a  wire  of  small  cross-section 
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to  II  No.  (■>.  No.  0  or  No.  000.  In  u.sinur  the  Krip,  it 
is  clamped  on  the  wire  to  be  pulled  and  n  short  rope  i.s 
tied  into  the  lo»)p  /..  The  rope  i)roviiles  a  t^ood  hold  for 
the  wirenien'.s  hand.s. 

Taekle  hloek.>»  provide  (he  usual  method  of  ohtaininK 
the  de.xired  force  for  jiuilinjr  in  a  heavy  run.  One 
block  of  the  .set  is  jirovided  with  a  loop  and  the  other 
with  a  hook.  The  block  with  the  loop  is  made  fast 
to  some  substantial  object,  and  the  hook  of  the  other 
block  is  enKajjed  with  the 
pulliuK-in  line. 

When  drawinjif  in  tap-off 
conductors  with  through  con- 
ductors they  should  all  be 
pulled  in  together.  Tap-off 
conductors  are  short  conduc- 
tors that  terminate  at  any 
'TTfTg^-~~-;^^p;;7Tg'  '■t^^  outlet  nearer  to  the  pulling-in 
»  v_A.:r-'._  "  _>  _  .  .  location  than  the  most  dis- 
tant outlet  on  the  conduit 
run ;  through  conductors  are 
tho.se  which  extend  entirely 
through  the  conduit  run  from 
the  pulling-in  location  to  the  farthest  outlet.  It  is 
practically  impossible  to  first  pull  into  a  conduit  a 
portion  of  the  conductors  that  are  to  be  installed 
therein  and  then  refish  the  tube  and  draw  in  the 
remainder.  If  four  conductors  are  to  be  drawn  in,  all 
four  should  be  pulled  through  together  until  the  tap-off 
outlet  where  the  shorter  wires  are  to  terminate  is 
reached.  Then  the  .'^hort  ones  should  be  held  stationary 
while  the  longer  ones  are  drawn  on  through  to  their 
destinations.  Consider  the  example  of  Fig.  5.  Assume 
that  one  conductor  is  to  be  drawn  from  A  to  C  and 
another  from  A  to  B.  The  preferable  method  would 
be  to  draw  in  the  two  wires  arranged  as  shown  at  ///, 
being  spliced  together  at  H  for  pulling  in.  When  the 
pair  has  been  drawn  from  A  as  far  as  B,  GH  would 
be  disconnected  and  held  stationary,  but  FH  would  be 
pulled  on  through  to  C.  Difficulty  may  be  experienced 
if  an  endeavor  is  made  to  fasten  the  short  tap-off 
wire  around  the  insulation  of  the  other  wire,  as  at  D. 
The  attachment  is  liable  to  fail — slip  and  jam  in  the 
conduit  and  cut  into  the  insulation. 

In  pulling  in  tap-off  and  through  conductors  with  a 
chain  pulling-in  line  they  can  be  attached  to  the  line 
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FIG.    9.      ROLLING   HITCH   FOR   PULLIXG   WIRE 

as  proposed  in  Fig.  6.  The  through  conductors  are 
assumed  to  be  110  ft.  long,  are  attached  to  the  chain 
pulling-in  line  at  C.  The  tap-off  conductors,  as- 
sumed to  be  50  ft.  long,  are  fastened  to  the  pulling-in 
line  at  B.  This  method  is  feasible  with  a  chain  pulling- 
in  line  because  of  the  ease  with  which  the  conductors 
to  be  drawn  in  may  be  attached  at  any  location. 

Always  where  a  number  of  conductors  are  being 
drawn  into  the  same  conduit  they  should  be  free  from 
kinks  and  should  be  guided  into  the  tube  so  that  they 
will  not  twist  about  one  another  and  foul.     Unless  these 


precautions  are  observed,  the  conductors  may  twist  int(, 
a  cable  within  the  tui)e  and  bind. 

(luidf  l)Iocks  may  be  used  to  in.sure  that  a  number 
of  conductors  (hat  are  to  be  pulled  in  will  enter  the 
conduit  (larallel  to  one  another  and  prevent  the  twisting 
which  may  render  it  diHicult  or  impossible  to  pull  in 
or  withdraw  the  conductors.  Where  guide  block.s  are 
not  available,  the  wires  may  be  guided  through  the 
fingers  of  the  man  who  is  feeding.  The  guide  block  P 
detailed  in  P"ig.  7  is  a  plug,  ordinarily  of  wood  or 
fiber,  tapered  to  fit  snugly  the  outlet  bushing.  Parallel 
slots  //  guide  the  conductors  into  the  tube.  Where 
the  expected  service  will  ju.stify  the  expense,  this  plug 
P  may  be  of  metal,  machined  smooth.  Another  form 
is  portrayed  in  Fig.  8.  It  consists  of  three  strips  of 
wood,  W„  W.  and  W,,  clamped  together  with  two  machine 
bolts.     The  conductors  are  guided  by  the  holes  H. 

Where  possible  it  is  best  to  pull  from  the  distribu- 
tion cabinet  toward  the  lamp,  switch  or  motor  outlets. 
Where  this  procedure  is  followed,  the  coils  of  wire  are 


I-  Plain 
Double    Hitch 


H-  N  o  n-S  lip 
Hitch 


FIG.    10.    XONSLIP   HITCH   FOR   PULLING   WIRE 

all  fed  from  one  location,  which  minimizes  unnecessary 
handling.  Furthermore,  when  all  the  wire  that  is  being 
fed  in  is  concentrated  at  one  location,  it  may  be  watched 
more  readily. 

Conductor  ends  should  be  left  extending  from  the 
outlets  to  permit  of  splicing,  making  up  and  tapping 
on  through  wires.  At  switch  and  fixture  outlets  a  free 
end,  six  inches  long,  is  ordinarily  sufficient  where  the 
conductors  are  small,  but  where  they  are  large,  a  greater 
length  may  be  necessary.  At  the  panel  boxes  or  switch- 
boards, the  proper  length  for  the  extending  free  end 
will  be  determined  by  conditions.  The  conductor  must 
be  long  enough  to  reach  the  switch  or  cutout  terminals 
to  which  it  is  to  be  connected.  After  the  conductors 
have  been  pulled  in,  the  next  steps  toward  the  com- 
pletion of  the  installation  are  connecting  and  soldering. 

In  tying  a  rope-pull  line  direct  to  heavy  conductors, 
such  as  might  be  the  case  if  the  latter  were  being 
pulled  out  of  a  conduit,  a  knot  of  any  one  of  several 
types  may  be  used.  In  Fig.  9  is  given  the  "rolling 
hitch,"  which  will  grip  firmly  into  the  insulation  on  a 
large  conductor.  All  the  turns  should  lie  close  together 
and  be  pulled  up  tight  before  the  pulling  stress  is  im- 
posed. Half-hitches  made  around  the  conductor  at  the 
pulling  end  P  of  the  knot  will  increase  its  gripping 
power.  Another  knot,  which  has  been  called  a  "non- 
slip-hitch,"  is  reproduced  in  Fig.  10  at  II,  in  which  a 
sling  is  used.  To  tie  the  knot,  pass  the  bight  of  the 
sling  around  the  conductor  and  pass  the  sling  through 
the  bight  as  shown  at  /,  making  a  plain  double  hitch. 
Now  pass  the  bight  around  the  conductor  again  and  slip 
the  end  of  the  sling  through  the  bight.  Pull  the  strands 
tight  and  the  resulting  knot  will  appear  as  at  II.  This 
hitch  is  verv  easily  tied  and  is  extremely  effective. 
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Ammonia  Required  for  New 
Refrigerating  Plant 

By  J.  KiLiAN 

The  Parktown  Packing  Co.  was  planning  an  addition 
to  the  packing  house  and  engaged  the  well-known 
packing-house  architects,  Binks  &  Jones,  to  make  the  lay- 
out and  specification.  When  work  was  fairly  under  way, 
Mr.  Brown,  the  president  of  the  packing  company,  called 
Jimmy,  his  chief,  into  the  office  and  delegated  him  to 
run  up  to  Chicago  to  look  over  the  plans  as  laid  out 
by  the  engineers  and  see  if  he  had  anything  to  suggest 
as  to  the  mechanical  layout.  Jimmy,  although  he  cannot 
boast  of  having  a  college  degree,  has  had  a  world  of 
practical  experience  around  packing  houses  and  Mr. 
Brown  has  full  confidence  in  him. 

After  arriving  in  Chicago  and  checking  in  at  the 
La  Salle,  Jimmy  hied  himself  over  to  Binks  &  Jones' 
office.  He  went  over  the  layout  with  them  and  made 
a  number  of  suggestions  which  were  duly  taken.  "Why 
do  you  specify  that  the  contractor  shall  charge  the 
plant  with  2000  lb.  of  ammonia?"  he  asked  of  George, 
one  of  the  four  M.E.'s  in  the  drawing  room.  "Why,  I 
figured  it,"  said  George.  "I  don't  think  it  is  possible 
to  figure  the  exact  amount  to  be  furnished,"  said  Jimmy, 
"and  believe  you  ought  to  specify  that  the  'required 
amount'  be  furnished,  as  no  one  can  tell  in  advance 
exactly  what  is  necessary."  "Oh,  but  I  have  a  rule  that 
works  0.  K.  every  time,-"  said  George.  "So  have  I," 
said  Ed,  another  one  of  the  designers,  "and  mine  is 
right  every  time,  too." 

This  brought  about  a  general  discussion  of  the  matter, 
and  it  developed  that  each  of  the  four  engineers  in  the 
office  had  his  own  method  of  estimating  the  quantity 
of  ammonia  required.  As  Jimmy  was  a  little  weak 
on  this  subject,  he  determined  then  and  there  to  get 
the  data.  He  bethought  himself  of  the  "seven-centers" 
in  his  pocket,  and  in  a  few  minutes,  under  the  soothing 
influence  of  the  smokes,  he  had  secured  the  four  meth- 
ods, which  were  as  follows: 
George's   method: 

\  lb.  per  running  foot  of  ll-in.  ammonia  evaporat- 
ing pipe. 

i  lb.  per  running  foot  of  2-in.  ammonia  evaporat- 
ing pipe. 

i    lb.   per   running   foot   of    Ij-in.    ammonia   pipe, 
flooded  system. 

25  lb.  per  12-pipe  high-standard  double-pipe  am- 
monia condenser,  2-in.  and  11-in.  pipe  and  propor- 
tionately more  or  less  for  higher  or  lower  condensers. 
50  lb.  per  coil  of  atmospheric  ammonia  condenser 
and  proportionately  less  for  lower  condensers.  Pipe, 
2  in. 

Liquid  receivers  to  be  half  full,  which  means: 
For  8-in.  diameter  receiver,  6.9  lb.  per  foot  length 

of  receiver. 
For  10-in.  diameter  receiver,  10.0  lb.  per  foot  length 

of  receiver. 
For  12-in.  diameter  receiver,  15.0  lb.  per  foot  length 

of  receiver. 
For  16-in.  diameter  receiver,  27.5  lb.  per  foot  length 

of  receiver. 
For   20-in.    diameter    receiver,    43.75    lb.    per    foot 
length  of  receiver. 
For  double-pipe  brine  coolers,  standard-length,  3-ir.. 
and  2-in.  pipe: 


4  pipes  high,  27  lb.  per  coil  for  evaporative  type, 

67  lb.  for  flooded  type. 
6  pipes  high,  40  lb.  per  coil  for  evaporative  type, 

100  lb.  for  flooded  type. 
8  pipes  high,  53  lb.  per  coil  for  evaporative  type, 

133  lb.  for  flooded  type. 
10  pipes  high,  67  lb.  per  coil  for  evaporative  type, 

167  lb.  for  flooded  type. 
12  pipes  high,  80  lb.  per  coil  for  evaporative  type, 

200  lb.  for  flooded  type. 

14  pipes  high,  93  lb.  per  coil  for  evaporative  type, 
233  lb.  for  flooded  type. 

16  pipes  high,  107  lb.  per  coil  for  evaporative  type, 
267  lb.  for  flooded  type. 
Ed's  method: 

li-in.  ammonia  evaporating  pipe: 

For  short  coils  up  to  300  ft.  long,  7  running  feet  of 
pipe  per  1  lb.  of  ammonia. 

For  long  coils  above  300  ft.  long,  8  running  feet  of 
pipe  per  1  lb.  of  ammonia. 

For  flooded  coils,  i  lb.  per  foot  of  pipe. 

2-in.  ammonia  evaporating  pipe: 

For  short  coils  up  to  200  ft.  long,  3  running  feet  of 
pipe  per  1  lb.  of  ammonia. 

For  long  coils  above  200  ft.  long,  5  running  feet  of 
pipe  per  1  lb.  of  ammonia. 

For  coils  to  go  into  air-conditioning  apparatus,  coils 
to  be  figured  about  one-half  full. 

For  flooded  coils,  0.7  lb.  per  foot  of  pipe. 

15  lb.  per  coil  of  standard-length  double-pipe  am- 
monia condenser,  12  pipes  high,  l^-in.  and  2-in.  pipe. 

60  lb.  per  coil  of  standard  length  atmospheric  am- 
monia condenser,  24  pipes  high,  2-in.  pipe. 

100  lb,  to  200  lb.  for  the  liquid  receiver,  depending 
on  the  total  amount  in  the  system  and  size  of  receiver; 
50  lb.  or  less  for  receivers  of  small  plants. 
Frank's  method: 

For  ammonia  exaporating  system  figure  1  lb.  of  am- 
monia per  4  to  6  ft.  of  2-in.  pipe,  and  7  to  15  ft.  of 
li-in.  pipe,  for  fairly  high  temperature  work;  the 
quantity  to  be  increased  for  low  temperature  work. 

For  flooded  system  use  i  lb.  of  ammonia  per  run- 
ning foot  of  li-in.  pipe  and  0.9  lb.  per  running  foot 
of  2-in.  pipe. 

Ammonia  condenser  not  considered. 

Liquid  receiver  to  be  figured  half  full. 

For  shell  and  tube  brine  coolers  figure  two-thirds 
of  net  volume,  allowing  for  the  tubes.    Figure  37  lb.  of 
ammonia  per  cubic  foot. 
Bill's  method: 

Ice  tanks  of  15  tons  to  25  tons  capacity,  t  lb.  per 
foot  of  11-in.  pipe. 

Ice  tanks  with  coils  of  flooded  type,  {  lb.  per  foot 
of  li-in.  pipe. 

Evaporating  pipe  in  rooms,  6*  to  7  ft.  of  li-in. 
pipe  per  1  lb.  of  ammonia. 

Evaporating  pipe  in  rooms,  4  to  5  ft.  of  2-in.  pipe 
per  1  lb.  of  ammonia. 

Ammonia  condenser  not  to  be  considered. 

Liquid  receiver  to  be  about  one-third  full. 

For  standard  shell  and  coil-type  brine  coolers,  as 
follows : 


Tons  Quantity, 

Tons: 

Quantity, 

Tons 

Q 

uantity. 

Tons 

Quantity 

Lb. 

Lb. 

Lb. 

Lb. 
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8 

48 

25 
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65 
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2      22 
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63 
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75 

700 

3      29 

12 

70 
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HANDLING  ICE  SITUATIONS 

By 
Charles  H.jBrojrilev 


The  articles  on  Holtivood  operating  features 
ivould  not  be  complete  without  a  description  of 
the  successful  handling  of  ice  difficulties  at  the 
plant.  Ice  is  the  most  unmanageable  trouble 
maker  in  a  hydro-electric  plant.  It  can  be  com- 
pared ivith  badly  clinkering  coal  in  a  steam  plant, 
but  it  is  worse  than  the  worst  coal  under  the 
boilers.  The  steam  man  knows  that  some  clinkers 
may  reduce  the  boiler  output  and  in  time  may 
burn  up  grates;  others,  if  not  properly  handled, 
may  fill  up  the  air  openings  of  the  grates  so 
badly  that  the  fuel  bed  will  produce  only  a  small 
portion  of  the  effective  heat  that  it  is  sitpposed 
to  give  off  to  the  heating  surface  of  the  boilers. 
In  the  hydro-electric  plant,  however,  it  is  easily 
possible  that  a  certain  kind  of  ice  may  shut  down 
the  entire  station  by  preventing  ivater  from  enter- 
ing the  turbine  passages. 


JUST  as  tftere  are  different  kinds  of  bad  coal,  so  there 
are   different   kinds   of   trouble-making   ice   in   the 
river  water.     It  would  be  well  to  define  and  name 
them:    Floating  cake  ice,  frazil  ice,  and  anchor  ice. 

Floating  cake  ice  is  well  known  to  everybody  who  ever 
saw  one  of  our  larger  streams  in  the  moderate  or  north- 
ern climates  carry  off  millions  of  tons  of  up-river  ice 
down  to  the  lower  reaches.  This  kind  of  ice  passes  every 
year  to  the  Holtwood  plant,  but  has  never  interfered 
with  its  operation. 

Frazil  ice  is  formed  during  cold  weather  and  high 
wind  in  the  ^absence  of  a  protecting  layer  of  ice  on  the 


n 


river  or  "lake."  The  water  becomes  chilled  a  little 
below  freezing  temperature,  then  needles  of  ice  appear, 
and  these,  by  sticking  to  racks,  gates  and  turbine  parts, 
choke  off  the  water  supply  to  the  turbine  or  prevent 
operation  of  the  turbine  gates.  The  frazil  ice  lasts  until 
a  rise  in  temperature  comes,  as  with  the  rising  high  of 
the  sun,  or  decrease  in  velocity  of  cold  wind,  or  rise  in 
its  temperature.  Frazil  ice  does  not  occur  when  the 
lake  is  entirely  frozen  over.  However,  a  few  open  places 
in  the  lake  are  sufficient  to  cause  trouble  at  the  power 
house. 

Anchor  ice  is  formed  when  there  is  no  surface  ice, 
or  only  a  very  thin  coating,  especially  on  clear,  cold 
nights.  This  ice  forms  on  the  bed  of  the  river  and  with 
a  rise  in  temperature,  usually  a  little  after  sunrise,  be- 
comes detached  in  huge  masses  of  slush.  Trouble  arises 
so  quickly  that  preparations  are  made  for  it  long  in  ad- 
vance, a  close  watch  being  kept  for  those  conditions  that 
produce  such  ice.  The  gatehouse  water  temperature  is 
watched  very  closely  as  it  approaches  the  freezing  point. 
A  gas-bulb  recording  thermometer  is  used,  although  it 
is  not  wholly  relied  upon,  and  is  checked  by  a  spirit 
thermometer  submerged  in  a  test  bucket.  This  is  par- 
ticularly true  when  the  water  closely  approaches  the 
temperature  at  which  frazil  ice  is  likely  to  form. 

Test  Chain  Used  as  Frazil  Ice  Indicator — When  frazil 
ice  threatens,  half-hourly  examinations  of  a  chain,  kept 
in  the  gagehouse,  immersed  in  the  flowing  water  of  the 
forebay,  are  made.  The  ice  needles  attach  themselves 
to  the  chain  when  they  begin  to  form.  The  chain  is  tied 
to  a  rope,  and  it  is  interesting  to  know  that  ice  crystals 
will  adhere  to  the  "whiskers"  of  the  frayed  end  of  the 
rope  before  any  crj'stals  will  adhere  to  the  chain.  In 
other  words,  the  presence  of  frazil  ice  will  be  revealed 
by  the  frayed  rope  quite  awhile  before  crystals  can  be 
seen  on  the  chain.  This  is  the  experience  at  Holtwood. 

It  was  for  long  thought  that  high  river  flow — that  is, 
considerably  above  the  station  demand,  was  not  a  condi- 
tion when  frazil  ice  could  form  ov/ing  to  the  flow  of 
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comparatively  warm  water  from  small  streams  and  sur- 
faces. More  recent  observations,  however,  during  river 
stages  more  than  double  the  power-house  draft,  have 
contradicted  this  theory 

Another  Warning — On  days  when  frazil  ice  threatens, 
a  50-hp.  turbine-driven,  hand-control  pump  is  operated 
continuously  at  a  fixed  gate  opening,  and  its  speed  fre- 
quently observed.  The  inlet  to  the  penstock  of  this  tur- 
bine is  protected  by  a  closely  spaced  screen  area,  which 
has  a  tendency  to  clog  up  long  before  frazil  ice  sticks 
to  the  wider  spaced  screen  bars  of  the  main  units.  De- 
crease in  .speed  otherwise  not  explainable  by  external 
load  conditions  will  be  one  of  the  first  indications  of 
imminent  ice  troubles,  sometimes  accompanied  by  a 
rumbling  noise  in  the  turbine  casing.  Trouble  of  this 
kind  usually  comes  in  the  morning  preceding  the  peak 
load. 

Handling  of  the  Screens — From  Nov.  15  of  each  year 
until  Mar.  15,  during  the  "open"  winter  season — that 
is,  when  the  lake  is  not  completely  frozen  over — it  is  the 
practice  to  run  without  some  of  the  screens  in  the  tur- 
bine intakes.  Should  the  screens  be  left  in,  they  would 
become  clogged  with  ice  and  shut  down  the  plant.  How- 
ever, precaution  must  be  taken  to  care  for  the  trash 
that  is  likely  to  come  down  with  a  freshet  at  almost 
any  time. 

Each  intake  has  five  screens  in  it.  The  uppermost 
screen  is  removed  entirely  as  it  is  usually  above  the 
water  level.  The  second  and  third  screens  are  linked 
together  by  pieces  of  steel  cable  and  are  drawn  up  out 
of  the  water  and  suspended  in  their  guides  by  blocking 
on  the  gatehouse  floor  in  such  a  manner  that  they  can 
be  quickly  lowered  in  case  an  unusual  amount  of  trash 
should  appear  in  the  water.  They  are  tied  together  so 
they  can  be  handled  quickly.  The  fourth  and  fifth 
screens  are  left  in  place  at  the  bottom  of  the  intake. 

There  are  so  many  screens  to  be  handled  that  if  facili- 
ties for  rapid  handling  were  not  provided,  the  station 
output  might  be  materially  reduced  before  the  screens 
could  be  removed,  as  the  ice  accumulates  very  rapidly. 
Furthermore,  should  the  screens  become  clogged  and  the 
water  level  in  the  pits  not  watched  closely,  the  difference 
in  water  level  in  front  and  in  back  of  the  screens  is 
liable  to  crush  them.  The  present  practice  of  handling 
the  screens  is  considered  by  the  Holtwood  operating- 
men  to  be  quite  an  improvement  over  the  system  of  a 
few  years  ago,  when  the  screens  on  three  intakes  were 
left  in  place  up  to  the  time  of  imminent  ice  trouble, 
while  the  screens  of  the  fourth  intake  were  removed  and 
its  headgate  closed.  The  raising  of  the  fourth  headgate 
insured  at  once  about  50  per  cent,  turbine  capacity,  even 
if  all  the  screens  of  the  other  intakes  were  clogged.  The 
removal  of  the  upper  rows  of  screens  on  the  other  in- 
takes, during  the  frazil-ice  run,  then  increased  gradu- 
ally the  capacity  of  the  unit,  but  it  was  a  slow  procedure 
because  of  the  large  number  of  screens  that  had  to  be 
handled. 

Before  the  winter  season  the  area  in  front  of  the 
racks  is  cleaned  of  all  debris  by  divers,  as  submerged 
trash  may  enter  the  intakes  after  the  removal  of  the 
screens.  When  ground  or  anchor  ice  comes,  this  is  par- 
ticularly the  case,  because  the  anchor  ice  tends  to  pick 
up  and  float  water-logged  ties,  trees,  etc.,  which  lie  on 
the  river  bed.  This  is  a  time  when  the  operator  must 
exercise  unusual  vigilance  and  listen  for  unusual  noises 
in  the  turbine  and  take  proper  precautions  in  case  of 
fouling  of  the  turbine-gate  rigging. 


During  the  winter  the  gatehouse  is  maintained  as 
warm  as  possible  by  the  heated  air  from  the  generator 
room.  Particular  care  about  this  is  taken  during  times 
when  ice  formation  is  likely  to  occur. 

Precautions  with  Exciters — During  the  open  winter 
season  one  e.xciter  has  three  of  its  screens  removed.  Or- 
dinarily, only  the  motor-driven  exciter  and  the  turbine 
that  has  the  intake  protected  by  screens  are  used.  The 
storage  battery  for  exciter  service  is  always  maintained 
fully  charged. 

A  dinkey  boiler  has  its  fire  going  all  winter,  except 
when  the  river  is  completely  frozen  from  shore  to  shore. 
A  steam-hose  connection  from  boiler  to  a  header,  with 
permanent  connections  to  each  turbine,  is  provided,  so 
that  live  steam  may  be  available  for  thawing  ice  in  the 
wheelpits  of  exciters  or  main  units. 

Imminent  Ice  Trouble  on  Main  Unit — As  soon  as 
frazil  ice  is  noticed,  customers  are  notified  to  be  p»*e- 
pared  for  taking  over  a  portion  of  their  loads  on  the 
steam  plants.  The  Holtwood  station  output  is  deliber- 
ately reduced  by  the  capacity  of  one  turbine  unit,  as  a 
precautionary  measure,  and  the  other  units  are  operated 
at  slightly  reduced  gate  opening,  so  that  the  flow  of 
water  through  the  turbine  vanes  is  as  nearly  tangential 
as  possible.  It  has  been  found  that  the  ice  adheres  to 
the  vanes  less  rapidly  when  the  water  does  not  impinge 
directly  on  them.  This  means  that  the  station  output 
is  reduced  to  about  70  per  cent,  of  normal. 

The  headgates  on  the  unit  out  of  service  are  lowered 
and  the  wheelpit  is  heated  with  steam  from  the  dinkey 
boiler.     This  unit  is  held  in  reserve. 


PIG.   1.     ICE  GOING  OVER  THE  DAM  AT  HOLTWOOD 
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FIG.    2.      FRAZIL   ICE  ADHERING   TO    CHAIN    DROPPED 
IN  WATER  IN  FRONT  OF  THE  SCREENS 

The  units  in  service  will  gradually  accumulate  ice; 
those  nearest  the  river  more  rapidly  than  the  others. 
The  gate-opening  mechanism  is  kept  moving  slowly  all 
the  time,  as  this  greatly  helps  to  keep  the  ice  from  freez- 
ing fast  to  the  mechanism.  The  water  level  in  the  pit 
is  watched  constantly  on  the  pressure  gages  on  the  main 
floor,  so  that  cold  air  cannot  enter  the  wheelpit  and  ac- 
celerate the  formation  of  frazil  ice  around  the  gate  rig- 
ging. As  soon  as  the  output  of  any  unit  is  materially 
affected,  it  is  taken  out  of  service  and  replaced  by  the 
reserve  unit. 

Evidence  of  the  turbine  passages  filling  with  ice  is 
given  by  the  turbine  carrying  less  than  normal  load  for 
the  particular  gate  opening  observed  at  the  time.  The 
operator  keeps  in  touch  with  this  through  the  floorman, 
so  he  can  quickly  throw  in  the  spare  unit  when  neces- 
sary. He  must  avoid  keeping  a  unit  in  so  long  a  time 
that  the  ice  freezes  thickly  in  the  passages,  because  of 
the  relatively  longer  time  required  to  thaw  a  heavy  coat 
of  ice. 

Clearing  Main  Unit  of  Ice — On  the  unit  that  shows 
reduction  of  output,  the  headgates  are  lowered  and  the 
pit  drained.  A  quick  inspection  of  the  wheel  is  made  if 
load  conditions  permit.  Live  steam  is  then  admitted 
to  the  wheel  pit.  The  purpose  is  to  heat  the  ice  adher- 
ing to  parts  of  the  turbine  to  the  point  where  it  loses 
its  adhesiveness.  In  about  twenty-five  or  thirty  minutes 
the  ice  is  sufficiently  loose,  so  that  it  washes  out  when 
the  machine  is  put  back  on  load  and  the  gates  moved  a 
few  times.  Operation  is  resumed  and  continued  until 
the  parts  again  collect  sufficient  ice  to  require  steaming. 
Each  unit  as  it  clogs  up  is  taken  out  of  service  and 
steamed. 

Treating  Ice  on  Exciter  Wheels — The  motor-driven 
exciter  is  loaded  fully,  so  that  the  waterwheel  exciter 


carries  as  little  load  as  poRsiblc.  The  less  load  carried 
on  the  turbine  the  .slower  will  be  the  accumulation  of 
ice.  Direct-current  driven  .station  auxiliaries  arc  trunn- 
ferrcd  to  alternating-current  driven  oulfit.s  as  far  as 
practicable.  The  other  exciter  pit  is  drained,  heated 
by  steam  and  held  in  reserve. 

When  the  operating  exciter  become.s  clojrged  with  ice, 
it  is  replaced  by  the  reserve  exciter,  the  headj^rate  low- 
ered, and  steam  admitted  until  the  ice  has  thawed  suf- 
ficiently to  be  washed  out. 

Organization  of  Crew — At  the  first  indication  of  ice 
trouble,  all  concerned  are  called  out  by  means  of  a 
special  whistle  and  by  telephone.  The  operator  solely  is 
held  responsible  for  diagnosis  of  conditions  productive 
of  ice.  Definite  duties  are  assigned  to  each  man,  pro- 
vision being  made  for  one  or  more  substitutes  in  case 
some  men  are  not  available  just  at  that  time.  The 
detailed  assignment  of  duties,  which  follows,  gives  a 
good  idea  of  the  things  to  be  looked  after  in  the  station 
during  a  frazil-ice  run. 

HOLTWOOD  ORDER  NO.  818 

To:    Operators  and  Floormen. 
Effective:   Nov.  26,  1918. 

Superseding:   Holtwood  Order  No.  754  Issued  Nov.  15,  1917. 
Subject:     Emergency  Organization   and   Duties  of   Main- 
tenance Men  in  Case  of  Frazil-Ice  Trouble. 

During  threatened  frazil-ice  trouble  the  operator  will  call 
out  everybody  concerned  in  the  operation  of  the  station. 
Operators  shall  use  the  telephone  for  notifying  all  those 
named  below,  so  that  they  can  report  to  the  power  house 
at  the  earliest  possible  moment  to  assist  in  operation  of 
the  station  during  the  threatened  trouble.  Operators  will 
act  in  accordance  with  Permanent  Instructions,  Section  No. 
20,  Abnormal  Electrical  Operation — Ice  Trouble. 

In  case  of  the  absence  of  the  first  man  named,  tne  man 
named  immediately  below,  in  parenthesis,  shall  act. 
Stabley In  charge. 

(Oppenheimer) 


FIG.  3.       TACKLE  FOR  LIFTING  SCREENS 
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Oppenheimer  . . , 
(Morgan) 
(Lowy) 
(K.  D.  Shaub) 


R.  D.  Shaub. 
(Nichols) 


Christiansen  &  Men 
(O'Neill) 


Keating  

( 1st  pumpman  on 
watch) 


Ballantyne  . 
(Kauffman) 
(Wells) 


O'Neill  . . 
(Abbott) 


Lowy    

(R.  D.  Shaub) 


.  Keep  in  touch  with  station  capacity, 
recording  saiDC  at  frequent  inter- 
vals, predicting  same  v/hen  neces- 
sary   and    keeping    operators    in- 
formed  on   these,  points.      Record 
.   time  of  events  for  purpose  of  re- 
port. 
.  Assist   in    operation   of  benchboard, 
see   that   turbine   vanes   are    kept 
moving  during  the  actual  run  of 
the  ice. 
.  Attend   to   dinkey.      Remove   exciter 

screens. 
Run  gatehouse  crane — W.  Wells. 
Keep    forebay    free    of    all    floating 

timber  while  screens  are  out. 
.  Attend  to  tunnel  steam. 
Make  and  maintain  emergency  steam 

connections. 
See   that    supplies    of   miscellaneous 
fittings,    pipes,   valves,   hose,   etc., 
are  on  hand  for  emergencies. 
.  Look  after  lighting. 
See  that  dinkey  has  sufficient  light. 
See  that  men  working  in  wheelpits 
are  provided  with  any  additional 
lights  needed. 
Provide  operator  for  the  searchlight 

and  maintain  same. 
.  Attend    to    opening    and    closing   of 

wheelpits. 
Make  examination  of  ice  conditions 
in   wheelpits,   noting   the   time    of 
steam  on  and  steam  off  and  method 
of  application,  and  make  written 
report  on  same. 
,  Note  meteorological  conditions. 
Note     amount    of    ice    in    forebay, 
around    log   booms    and    on    pond, 
making  sketches  of  same. 
Note  water  temperatures  and  char- 
acteristics of  ice  formation  on  test 
chains,  screens,  dam  and  any  other 
points  cf  interest  or  of  value   as 
research  data. 
Notify  operator  of  any  anticipated 
sudden  and  marked  drop  in  head 
due  to  ice  hanging  on  dam  clear- 
ing off. 

Signed, 

T.  C.  Stabley, 
Chief  Operator. 


Service  Record  of  Frazil-Ice  Occurrences — The  fore- 
going methods  of  handling  ice  at  the  Holtwood  station 
are  the  result  of  many  years  of  experience  and  experi- 
ments. During  the  first  fev/  years  of  the  operation 
several  service  disturbances  occurred,  due  to  the  screens, 
turbines  or  exciters  becoming  clogged  with  frazil  ice. 
On  the  occasion  of  the  first  frazil-ice  run  in  January, 
1912,  the  installation  of  the  motor-driven  exciter  and 
of  the  large  storage  battery  was  not  yet  completed, 
resulting  at  that  time  in  the  only  total  interruption  of 
service  experienced  at  the  plant  due  to  frazil  ice. 

In  most  plants  with  higher  head  the  problem  is  con- 
siderably less  difficult  than  at  Holtwood.  There  are 
very  few  stations  where,  if  the  screens  are  removed,  the 
ice  will  not  go  through  the  turbines  without  clogging 
them.  A  probable  reason  for  this  is  that  in  most  sta- 
tions the  turbines  are  set  in  iron  casings  expo-sed  to 
room  temperature;  at  Holtwood  the  turbines  do  not 
have  this  advantage.  A  small  fraction  of  a  degree  above 
the  freezing  point  seems  to  be  suflScient  to  prevent  the 
ice  from  adhering  to  the  turbine  parts. 

The  difficulty  is  that  at  the  Holtwood  Station  the 
double  runner  turbine  units,  Nos.  1  to  7,  are  entirely 
submerged  in  a  large  wheelpit  without  any  opportunity 
for  absorbing  heat  from  the  warmer  parts  of  the  build- 
ing. The  single  runner  unit  No.  8  has  so  far  been  prac- 
tically immune  against  frazil-ice  formation,  probably 
owing  to  the  better  exposure  of  some  of  the  turbine 
parts  to  the  warm  air  of  the  generator  room.  The 
quantity  of  water  handled  by  the  turbine  is  so  large 
that  it  is  impractical  to  heat  it  by  steam  or  electricity, 
even  to  that  small  fraction  of  a  degree  which  is  neces- 
sary to  prevent  the  frazil  ice  from  adhering.  The 
energy  required  to  heat  the  water  iJo  deg.  C.  would 
equal  about  one-third  the  output  of  the  station. 

Many  different  methods  of  screen  handling,  turbine 
heating,  loading  of  units  and  ice  detection  have  been 
tried  and  the  practice  outlined  has  resulted.  While  an 
ordinary  ice  run  lasts  but  a  few  hours,  usually  not  more 
than  eight  or  ten,  there  is  on  record  a  case  that  lasted 
thirty-six  hours,  and  this  was  negotiated  without  any 
disturbance  to  customers.  Frazil  ice  seemed  an  almost 
insurmountable  difficulty  at  first,  but  by  the  system  that 
has  been  developed  at  the  plant  it  is  not  likely  that  any 


FIG.  4.     ICE  JAM  IN  THE  SUSQUEHANNA   RIVER  A  LITTLE    ABOVE  HOLTWOOD 
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ice  run,  however  severe,  will   interfere  with  service  to 
the  customers. 

KollowiuK  is  a  record  of  all  the  frazil-ice  occurrences 
.-■•ince  the  plant  was  put  in  operation  (October,  I'JIO) 
and  their  effects  on  the  service: 
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Not  affectoU 
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1V>- 
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4: 14  a  Ml 

4  20  am 

Not  «(Tfctf<l 
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To  those  who  desire  further  information  on  ice,  its 
formation  and  methods  of  handling  it,  particularly  in 
hydro-electric  plants,  the  book,  "Ice  Formation,"  by 
Barnes,  is  recommended. 

Auxiliary  Source  of  Gland-Sealing  Water 

By  C.  H.  Sonntag 

The  amount  of  water  in  a  spray  cooling  pond  oper- 
ated in  connection  with  a  jet  condenser  will  gradually 
increase,  excepting  perhaps  in  the  very  hottest  and 
driest  wheather,  because  the  water  of  condensaton, 
which  is  mixed  with  the  circulating  water,  more  than 
makes  up  for  the  loss  by  evaporation.  If  the  pond  is 
allowed  to  overflow,  the  water  in  it  will,  because  of  the 
continuous  dilution  by  condensed  steam,  become  very 
soft,  even  if  the  pond  was  originally  filled  with  hard 


wmmm'/^^^mm^mm!=^?m 


FIG.    1.      PIPING    OF  GLAND-WATER    SYSTEM 
SHOWING  RESERVE  SUPPLY  TANTC 

water.  Such  a  pond  then  offers  a  limited  supply  of  soft 
water,  which  may  be  used  for  boiler  feeding  or  other 
purposes. 

In  a  turbo-generator  station  using  a  certain  type  of 
machine,  there  is  need  for  soft  water  to  seal  the  tur- 
bine glands.  The  builders  of  this  particular  machine 
specify  that  sealing  water  shall  be  furnished  at  a  pres- 
sure equivalent  to  a  10-ft.  head.  If  the  relative  levels 
of  the  spray  nozzles  and  turbine  permit,  the  spraying 


pressure  may  ho  used  to  supply  the  glands  directly.  In 
our  j)laiit  this  condition  exists,  hut  we  have  inslalle<l  a 
supply  tank  a-s  shown  in  V\v..  I,  which  K'ves  a  reserve 
supply  of  soft  water.  The  float  valve  keeps  the  tank 
full  and  at  the  same  time  prevents  waste. 

AlthouKh  we  have  not  done  it,  the  tank  could  be  fitted 
with  another  float  valve  at  a  lower  level,  which  would 


RAM  FOR  SUPPLYING  GLAND  WATER, 
CONNECTED   WITH    STANDPIPE 

admit  water  from  the  general  service  lines  in  case  the 
supply  of  soft  water  should  fail  for  any  reason.  The 
tank  could  also  be  fitted  with  a  low-water  alarm  of  any 
desired  type,  as  a  bell  or  red  light.  The  use  of  spray- 
pond  water  in  this  way  does  not  really  remove  any  water 
from  the  pond,  for  practically  all  the  loss  from  the 
glands  is  drawn  into  the  turbine,  where  it  mixes  with 
the  conden.sed  steam  and  returns  to  the  pond. 

When  we  installed  this  system,  our  turbine  glands 
were  badly  scaled  up  and  we  were  about  ready  to  open 
the  machine  and  clean  them.  Since  using  soft  water, 
their  condition  has  steadily  improved,  and  we  see  no 
reason  why  we  should  clean  them,  as  the  soft  water 
seems  to  be  gradually  dissolving  the  scale  which  was 
formerly   present. 

If  the  spraying  pressure  is  not  sufficient  to  supply 
the  glands  directly,  a  hydraulic  ram  may  be  used  in- 
stead of  a  steam  pump  to  pump  water  to  the  supply 
tank.  It  would  get  its  working  head  from  the  spray 
pressure  and  so  utilize  energy  already  available.  Its 
waste  should  return  to  the  spray  pond,  so  that  no  water 
would  be  lost  from  the  system. 

In  our  case  we  have  avoided  the  use  of  a  steam  pump 
by  installing  a  hydraulic  ram,  the  arrangement  being 
as  shown  in  Fig.  2.  The  ram  operates  with  energy 
already  available,  and  it  uses  so  little  water  that  it  has 
no  noticeable  influence  on  the  spraying.  The  stand- 
pipe  is  necessary  to  give  free  vent  to  the  air  that  is 
mixed  with  the  water  from  the  condenser,  so  that  the 
pipe  feeding  the  ram  shall  be  filled  with  solid  water. 
The  ram  is  set  on  the  intake  well  of  the  pond,  and  in  a 
sheet-iron  pan  in  such  a  way  that  its  waste  water  all 
returns  to  the  pond.  Hence  no  water  is  taken  from  the 
circulating  system  excepting  that  actually  pumped  into 
the  tank. 
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Circulation  in  Water-tube  Boilers 

By  a.   BEMENT 


IN  THE  days  of  low  settings  and  insufficient  flame 
travel  the  usual  three-pass  vertical  baffling  resulted 
in  smoke  production  and  loss  of  heat  due  to  in- 
complete combustion.  As  a  remedy  the  use  of  a  fire-tile 
roof  over  the  furnace,  fitted  to  and  carried  by  the  lower 
row  of  tubes  of  the  boiler,  proved  to  be  satisfactory. 
The  application  of  the  tile  roof  to  the  type  of  boiler 
shown  in  Fig.  1  was  made  in  a  considerable  number  of 
cases  in  which  superheaters  were  installed.  As  it  was 
not  considered  desirable  to  make  changes  in  the  location 
cf  the  superheater  or  the  gas  outlet,  the  manner  of  gas 
travel  indicated  by  the  arrow  was  adopted.  The  result 
of  this  arrangement  was  an  increased  furnace  efficiency. 
The  boiler  efficiency  was  reduced,  but  not  enough  to 
overcome  the  furnace  gain.  The  degree  of  superheating, 
however,  was  reduced  a  considerable  amount  below  that 
obtained  with  the  three-pass  vertical  baffling  where  the 
gases  come  in  contact  with  the  superheater  after  passing 
once  directly  across  the  tube  surface,   instead  of  the 


furnace,  rebounded,  taking  a  downward  course  and 
impinging  on  the  top  of  the  tubes  at  the  point  of 
failure,  and  that  the  ashes  and  cinder  they  carried  re- 
duced the  thickness  of  the  metal  by  erosion.  This 
theory  does  not  account  for  the  fact  that  the  gases 
take  the  path  of  least  resistance,  in  a  direct  line  from 
the  point  of  inlet  to  that  of  outlet  and  would  not  diverge 
from  this  direct  line  unless  they  met  with  some  obstruc- 
tion. As  there  is  no  more  obstruction  at  the  point  A 
than  at  any  other  place  on  the  tube  surface  of  the 
pass,  there  would  be  no  special  reason  for  divergence 
here  and  the  reduction  of  the  tube  metal  due  to  erosion 
would  be  just  as  likely  to  occur  on  the  bottom  row  as 
at  any  other  place  and  would  be  on  the  directly  exposed 
bottom  of  the  tube  instead  of  the  top.  No  such  reduc- 
tion of  metal  occurred  on  any  tubes  except  at  the  top 
surface  at  A  of  principally  the  second  and  third  rows. 
A  much  better  explanation  of  these  tube  failures,  and 
probably  the  right  one,  is  to  be  found  in  the  water 


FIG.  1.   HORIZONTAL,  DRUM  AND  SYSTEM  OF  BAFFLING 

THAT  CAUSED  TOP  SURFACES  OF  TUBES 

TO  DETERIORATE 

longer  horizontal  bottom  and  considerable  vertical  front 
travel,  thus  arriving  at  the  superheater  at  a  lower  tem- 
perature. 

In  other  respects  no  further  unsatisfactory  feature 
was  observed  until  boilers  so  fitted  had  been  in  service 
a  few  years.  Failure  of  the  tubes  in  the  second  and 
third  rows  then  occurred  at  the  point  marked  A.  These 
failures  occurred  on  the  top  surface  of  the  tubes,  and 
when  removed,  they  were  found  at  the  point  of  failure 
to  have  been  reduced  to  a  thickness  of  about  ^  in. 
This  thin  portion  extended  for  about  two  feet  in  the 
length  of  the  tube,  all  other  parts  being  apparently 
of  the  original  thickness;  even  the  bottom  portion  just 
below  the  thin  part  showed  no  evidence  of  reduction. 

A  number  of  theories  were  advanced  in  explanation. 
One  was   that  the   gases,   after   their   rush    from   the 


FIG.     2.       SHOWING    DRUM    WITH    DOUBLE    NIPPLES,    IM- 

PROA^D  BAFFLING  AND  BETTER  SEPARATION 

OF   WATER   AND    STEAM 

supply  afforded  at  the  point  A.  Such  boilers  are  made 
up  of  vertical  sections,  each  composed  of  fourteen  tubes, 
all  of  which  receive  their  water  supply  by  way  of  one 
vertical  pipe  leading  from  the  drum  above.  This  pipe  is 
of  the  same  diameter  as  that  of  the  tubes,  so  that  the 
feeding  tube  has  only  one-fourteenth  of  the  capacity  of 
the  section  that  it  supplies,  and  it  is  reasonable  to 
question  its  ability  to  do  so  properly.  Likewise,  the 
outlet  at  the  front  is  of  the  same  capacity,  although 
called  upon  to  perform  even  more  work,  as  it  must  give 
exit  also  to  the  steam  with  its  greatly  increased  volume. 
Doubts  as  to  this  construction  have  existed,  particularly 
for  loads  above  rating,  but  there  has  been  only  limited 
actual  knowledge.  A  case  may  be  cited,  however,  that 
may  afford  definite  proof. 

A  boiler  of  the  type  in  question,  fourteen  tubes  high 
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nnd  fitted  with  a  tile  roof,  had  operate*!  with  jjcrfect 
.sat  i.-*  fart  ion  for  a  coiiHiderable  time.  The  iiiclcsed  fur- 
nace proiiured  by  the  presence  of  the  roof  cauaed  a 
hix'h  furiiai-e  temperature,  proportionately  destructive 
to  furnace  linings,  and  it  wa.s  tliouKht  that  if  a  portion 
of  the  heat  could  be  ab.sorbed  from  the  K'lse.s  while  still 
in  the  furnace,  the  temperature  would  be  ho  lowered 
as  to  extend  the  life  of  the  brickwork.  To  this  end  the 
roof  wa.s  removed  at  a  point  just  above  the  fire  for  a 
distance  of  2  ft.,  the  space  above  being  closed  by  tiles 
covering  the  top  half  of  the  tubes.  The  result  for  as 
long  as  the  experiment  continued  was  quite  satisfactory 
to  furnace  linings,  but  in  four  or  five  weeks  the  bottom 
row  of  tubes  at  the  exposed  location  over  the  fire  had 
burned  through  and  required  renewal.  The  opening 
from  the  furnace  at  the  end  of  the  roof  was  5i  ft.  The 
tube  exposure  was,  therefore,  7*  ft. — and  the  whole  tube 
for  5*  ft.  and  the  bottom  half  for  2  ft.  The  tubes 
were  kept  as  clean  as  before,  so  in  this  respect  con- 
ditions were  equal.  This  2-ft.  exposure  was  not  sub- 
jected to  higher  temperature  than  had  been  the  5J  ft. 
at  the  back,  because  before  the  exposure  over  tho  fire 
was  made,  the  full  temperature  was  discharged  onto 
the  rear  length.  The  conclusion  to  be  drawn  is  that 
the  water  supply  was  sufficient  for  a  length  of  5*  ft., 
but  not  for  7i  ft.  It  is  known  from  experience  in 
steel  mills  that  in  certain  kinds  of  billet  furnaces,  pipes 
of  much  greater  length  than  these  boiler  tubes  may  be 
kept  quite  cool  if  water  is  passed  through  them  in  suffi- 
cient quantity.  Although  passing  through  a  region  of 
high  temperature,  the  water  may  discharge  so  as  to  feel 
barely  warm  to  the  hand. 

Fast  Moving  Center  of  Hot  Gas 

Referring  again  to  Fig.  1,  it  will  be  observed  that 
failure  occurred  a  considerable  distance  from  the  inlet 
end  of  the  tube.  The  arrow  drawn  through  the  heating 
surface  indicates  the  hot  center  of  the  moving  gas 
body.  Experiment  has  shown  that  the  flowing  body  of 
gas  has  a  center  of  higher  temperature  that  moves 
faster  than  its  surrounding  envelope,  the  latter  spread- 
ing out  more  and  lagging  behind  in  its  movement. 
Therefore,  the  hot  center  at  location  A  had  reached 
a  point  on  the  tubes  where  the  water  supply  had  become 
depleted  to  a  considerable  extent.  The  gases  of  course 
had  been  cooled  before  reaching  this  point,  but  were 
still  hot  enough  to  cause  damage.  So  a  critical  point 
is  reached  where  the  temperature  is  still  high  enough 
and  the  water  supply  has  declined  sufficiently  to  cause 
damage.  The  reason  why  damage  appears  on  the  top 
surface  would  be  due  to  the  water  flowing  along  the 
bottom  of  the  tube  and  leaving  steam  only  in  contact 
with  the  overheated  part.  As  a  few  years'  time  was 
necessary  to  produce  failure,  it  is  probable  that  damage 
was  caused  in  many  small  installments  of  short  periods 
in  duration,  when,  owing  to  especially  favorable  coal, 
high  boiler  capacity  was  developed,  resulting  both  in 
depleted  water  supply  and  unusually  high  gas  tempera- 
ture accompanied  or  immediately  followed  by  some  oxi- 
dation of  the  red-hot  tube  surface. 

Fig.  2  shows  a  method  of  baffling  that  is  adaptable 
to  this  type  of  boiler  and  will  overcome  the  difficulties 
described,  and  do  so  even  with  the  prevailing  degree  of 
water  supply  furnished  by  the  1  to  14  ratio;  but  the 
matter  of  circulation  or  water  supply  is  of  first  im- 
portance in  view  of  the  growing  demand  for  enlarged 
boiler  output.  In  this  connection  Fig.  2  shows  a  double 
set  of  nipples  connecting  both  front  and  rear  headers 


with  the  drum.  This  scheme  doubles  the  water-supply 
capacity  without  involving  difficulties  of  construction  or 
operation.  Transvcr.sely,  the  proportions  arc  in  no  way 
changed,  it  being  necessary  only  to  increase  the  depth 
of  the  headers  and  lengthen  the  junction  boxes  on  the 
drums  enough  to  take  two  tubes  instead  of  one. 

One  feature  of  boilers  that  has  received  compara- 
tively limited  investigation,  but  which  is  neverthelesg 
of  much  importance,  is  tho  separation  of  the  steam 
from  the  water.  The  conclusions  here  pre.sented  are 
based  on  much  experimental  work,  a  part  of  which 
consisted  in  the  use  of  small  boilers  provided  with  glass 
drums,  allowing  the  visible  action  to  be  studied.  Fig. 
1  shows  a  typical  drum  provided  with  a  perforated  dry 
pipe,  through  which  the  steam  is  drawn  off.  The  water 
in  the  drum  is  shown  deeper  at  the  rear  than  in  the 
front,  piling  up  as  it  flows  back.  This  is  characteristic 
of  drum  action  in  all  horizontal  water-tube  boilers.  The 
movement  is  rapid.  Much  water  rushes  up  at  the 
front  with  the  steam  and  flows  back  as  the  steam  seeks 
the  exit.  When  driven  at  high  capacity,  or  when 
priming  occurs,  water  is  carried  up  with  the  steam  into 
the  dry  pipe. 

Making  Priming  Impossible 

Fig.  2  shows  the  drum  inclined,  sloping  back,  and 
provided  with  a  different  form  of  water  baffle.  Steam 
is  taken  from  the  drum  above  the  baffle  at  the  front 
by  the  pipe  indicated.  The  action  of  this  arrangement 
is  to  cause  the  incoming  water  to  be  directed  back 
and  down  in  a  direction  opposite  to  that  at  which  the 
steam  leaves.  The  result  is  complete  separation  of 
steam  and  water  under  extreme  conditions,  making 
priming  impossible. 

In  action,  the  steam  rising  to  the  drum  carries  with 
it  a  large  amount  of  water;  in  fact,  all  the  water  in 
the  boiler  is  in  rapid  movement  flowing  around  the 
cycle.  Upon  arrival  in  the  steam  drum,  the  bubbles  of 
steam  escape  and  in  so  doing  carry  much  spray  with 
them.  If  the  space  above  is  sufficient  so  that  the 
velocity  of  the  rising  steam  is  comparatively  low,  this 
spray  will  drop  back,  leaving  the  steam  free  of  water; 
otherwise  it  will  continue  with  the  steam  leaving  the 
boiler.  These  different  actions  are  illustrated  by  the 
two  drums  shown  in  Figs.  1  and  2,  which  also  show 
that  the  real  water  lines  are  not  level,  the  indica- 
tions of  the  water  glass  giving  the  average  level. 

As  a  general  practice  the  water  is  carried  too  high  in 
water-tube  boilers  having  drums  of  the  horizontal  or 
sloping  type,  tending  to  produce  wet  steam.  As  to  just 
how  low  it  may  be  carried  safely  in  such  boilers  is  not 
so  well  understood.  When  the  water  drops  to  the 
bottom  of  the  gage-glass,  it  is  felt  that  the  danger 
point  has  been  reached.  This  is  true  as  far  as  ability 
to  keep  track  of  the  water  is  concerned,  because  if  out 
of  sight  there  is  no  way  of  knowing  where  it  is. 
Experiments  with  the  model  boiler  with  the  sloping 
drum  showed  that  the  water  line  as  indicated  by  a 
specially  long  gage-glass  could  be  well  below  the  upper 
tubes  at  the  front,  yet  circulation  continued  uninter- 
rupted, with  no  overheating  of  the  tubes.  The  rising 
steam  carried  the  water  with  it  to  the  drum,  whence  it 
flowed  back  down  the  slope  of  the  drum  to  the  back 
nipples.  This  indicates  that  if  a  sloping  drum  is  em- 
ployed the  water  line  at  the  front  may  be  carried  at 
the  bottom  of  the  drum,  thus  affording  large  separating 
space  and  insuring  great^  capacity  for  dry-steam  pro- 
duction. 
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XIX — Egan  had  been  busy  and  had  given  little 
thought  to  the  coming  meeting.  So,  when  the 
evening  arrived,  he  decided  to  let  the  men  ask 
questions  on  matters  that  they  particularly 
wanted  to  understand. 


I 


INTENDED  to  take  up  fuel  consumption  and 
tests  tonight,"  said  J.  R.  to  the  men,  "but  I 
haven't  had  time  to  get  the  dope  together,  so 
we"ll  save  that  for  another  time.  Instead,  I'm  going 
to  let  you  ask  whatever  pet  questions  you've  been 
saving  up."  He  turned  to  the  night  oiler:  "Johnson, 
what's  yours?" 

"Hanged  if  I  know,  unless  it's  why  an  engine  smokes." 
"Your  indecision,  Johnson,  shows  you  don't  think 
about  your  work.  A  smoky  exhaust  may  be  due  to  one 
of  several  things.  First,  the  engine  may  be  overloaded. 
In  this  case  the  fuel  pump  is  delivering  more  oil  than 
the  amount  of  air — or  rather  oxygen — in  the  cylinder 
can  consume.    The  remedy  is  to  reduce  the  load. 

"Again,  it  may  be  due  to  improper  distribution  of 
the  fuel  charge.  By  this  I  mean  that  only  one  or  two 
cylinders  are  receiving  any  fuel.  You  can  see  that  in 
this  case  the  governor  will  attempt  to  deliver  enough 
oil  to  the  particular  cylinders  receiving  the  fuel  to 
enable  the  engine  speed  to  be  kept  up  to  normal.  This 
overdose  of  fuel  will  cause  those  cylinders  to  fail  to 
consume  it  all,  so  we  get  a  smoky  exhaust.  The  cause 
of  the  improper  distribution  lies  either  in  the  fuel 
pumps  or  in  the  oil  lines.  It  may  be  that  the  fuel-pump 
valves  leak,  allowing  the  oil  from  the  pump  to  flow 
back  to  the  suction  line.  The  remedy  is  regrinding  the 
fuel  valves.  It  is  easy  to  see  if  the  pump  leaks.  Just 
cut  out  one  cylinder  at  a  time.  Disconnect  the  fuel  line 
to  the  needle  valve  and  see  if  you  get  a  flow  of  oil. 

"A  smoky  exhaust  may 
be  due  to  an  injection-air 
pressure  too  low  to  break 
up  the  oil  charge  as  it  passes 
through  the  atomizer.  The 
oil     then      remains      in     the 


At  the  next  meeting  the  Chief  will  bring  to  a 
close  his  series  of  informal  talks,  the  subjects 
being  the  efficiency  of  the  Diesel  engine  as 
compared  with  other  prime  movers  and  the 
necessity  of  keeping  daily  records 


shape  of  large  drops,  and  the  air  can  come  in  contact 
with  only  the  outside  of  these,  with  the  result  that 
combustion  occurs  only  on  the  surface.  The  exhaust 
valve  opens  before  the  entire  drop  of  oil  is  consumed, 
and  the  particles  rush  out  into  the  exhaust  line  still 
smoking  and  unconsumed.  The  remedy  is  to  raise  the 
air  pressure. 

"Another  cause  is  leaky  admission  or  exhaust  valves, 
which  lower  the  compression  temperature  in  the  cylinder 
until  it  is  too  low  to  cause  the  fuel  to  ignite.  If  you 
follow  instructions  about  regrinding  valves,  you  won't 
have  this   trouble. 

"The  last  cause  is  one  which  no  engineer  should  en- 
dure— smoking  due  to  excess  of  lubrication  oil.  The 
thing  to  do  is  to  see  that  just  enough  oil  is  used.  Don't 
think  you  are  playing  safe  by  feeding  more  than  enough. 

"Now  let's  see  what  Goodhue  is  laboring  over." 

"A  whole  lot  of  things  bother  me,"  admitted  the  night 
engineer.  "One  is  why  the  fuel-cam  noses  should  be 
adjusted." 

"That  might  be  answered  by  saying  it's  because  they 
shouldn't,  but  we'll  give  a  better  answer  than  that. 
I  imagine  your  question  is  caused  by  the  fact  that  we 
frequently  change  the  cam   noses  on  the  old   engines. 

"From  the  standpoint  of  a  new  engine  the  noses 
will  not  need  adjustment  within  five  years  of  installa- 
tion. When  the  engine  is  tested  out  at  the  factory,  the 
noses  are  properly  set.  This  position  is  the  correct  one 
for  practically  all  fuels.  I  do  not  believe  the  variation 
in  gravity  from  20  to  36  deg.  Baume  demands  any 
change  of  the  fuel  cam.  The  nose  is  made  of  tool  steel, 
hardened,  and  shows  virtually  no  wear.  With  the  old 
engines  the  noses  are  worn  quite  a  bit.  We  have  ex- 
perimented with  various  settings  of  them.  So,  Goodhue, 
the  correct  answer  of  why  a  person  should  change  the. 
cam  noses  still  remains  the  same — you  shouldn't." 

"I'd  like  to  put  another  one,  J.  R.  What  is  wrong 
when  the  engine  refuses  to 
start?" 

"I  will  assume  that  you 
have  the  engine  set  at  the 
proper  starting  place  and  your 
valves    in    the    correct    nosi- 


868 


row  !■;  R 


Vol.  4'J,  No.  'l-l 


tion.s.  Tho  firs*  tliiiijr  i.s  to  note  if  you  have  high 
eiuHiKh  air  pre.'i.siiri'  in  your  .starting  tanii.s.  If  the  en- 
gine ha.^  a  cam  relief  ami  Hlart.s  on  low-pre.s.sure  air,  the 
l)re.s.sure  .-should  be  at  least  250  II).  per  .s(i.iii.  If  it  is 
of  tho  type  in  u.se  here,  the  starting  air  should  be  not 
less  than  50  atmospheres,  or  750  lb.  per  sq.in.  I  don't 
mean  that  an  engine  won't  start  on  40  atmospheres,  but 
if  it's  less  than  50,  you'll  likely  find  that  the  failure  to 
start  is  due  to  the  low  pressure.     If  you  are   running 


FIG.  1.     SWINGING-LEVER  INDICATOR  RIG 

one  unit,  it's  easy  to  boost  up  the  pressure  in  the 
starting  bottles." 

"What  are  you  going  to  do  in  a  one-engine  plant 
where  the  compressor  is  right  on  the  engine?"  Goodhue 
asked,  thinking  he  had  put  a  poser. 

"There  is  a  method  that  may  be  used  in  such  cases. 
Go  to  your  favorite  soda  fountain  and  get  a  charged 
carbonic-acid  bottle,  or  drum,  connect  it  to  one  of 
the  starting  tanks,  crack  the  valve  and  let  the  gas  into 
the  bottle  until  the  drum  pressure  drops  to  about  40 
atmospheres.  Put  hot  rags  on  the  gas  drum  until 
the  evaporation  of  the  liquid  00,  raises  the  pressure  up 
to  50  atmospheres.  Then  open  the  valve  again.  Do  this 
until  no  further  application  of  heat  aflfects  the  drum 
pressure.  Then  use  your  bottle  of  CO^  to  start  the 
engine.  One  thing,  don't  ever  use  ether.  I  know  of  an 
oil  engine  that  broke  two  cylinder  heads  and  one  jacket 
by  a  wise  guy  using  ether. 

"But  let's  go  back  to  the  question  of  why  the  engine 
doesn't  start.  Maybe  your  fuel  pump  is  airbound.  So 
disconnect  the  lines  to  the  fuel  valves,  set  your  pump 
lever  to  the  filling  position  and  keep  the  fuel  lines 
disconnected  until  oil  begins  to  flow  out.  A  few  engines 
have  a  valve  mechanism  at  the  needle  valve,  so  it's 
only  necessary  to  open  this  overflow  valve.  Some  make 
use  of  a  bypass  valve,  which  is  opened. 

"Then  we  have  another  reason.  If  the  engine  turns 
over  a  half  revolution,  it  indicates  that  either  the  air 
starting  valves  on  the  starting  cylinders  are  stuck  open 
or  the  fuiel  valves  on  one  of  the  firing  cylinders  may 
be  wedged  open,  allowing  the  high-pressure  air  to  blow 
into  the  cylinder. 

"Again,  the  piston  rings  may  leak  so  much  as  to 
lower  the  compression  temperature  below  the  ignition 
temperature  and  the  engine  will  not  fire  the  fuel  charge. 
Still  another  cause,  although  not  very  probable,  is  the 
admission  of  the  fuel  so  late  as  to  prevent  combustion. 


"The  most  improbable  reason  is  incorrect  timing  of 
the  inlet  and  exhaust  valves. 

"Woods  seems  to  have  something  on  his  mind.  Let'.s 
have  it." 

"Why  do  some  engines  use  water  in  the  exhaust  pipe 
and  then  again  some  don't?" 

"The  idea  of  the  water  drip  into  the  exhaust  piping 
is  to  cut  down  the  noise.  If  water  is  forced  into  the 
pipe,  it  cools  the  hot  gases,  reducing  the  pressure  and 
velocity  and  eliminating  much  of  the  noise.  An  ad- 
ditional advantage  is  that  the  water  chills  the  exhau.st 
gases  and  sets  up  a  sort  of  condenser  effect.  The  pres- 
sure in  the  exhaust  lines  being  reduced,  the  back  pres- 
sure is  less,  and  the  friction  horsepower  is  decreased." 

"Chief,  why  does  the  drip  piping  from  the  exhaust 
pipe  rust  away  so  fast?  It  looks  as  if  some  kind  of  acid 
eats  it." 

"It  is  some  sort  of  acid,  Kelly.  The  usual  fuel  oil  sold 
contains  some  sulphur,  which  is  burned  to  a  gas,  sul- 
phur dioxide.  When  it  passes  out  through  the  exhaust 
pipe,  it  comes  in  contact  with  the  hot  water  or  water 
vapor  and  forms  sulphuric  acid,  which  eats  iron  very 
rapidly." 

"If  that  is  a  fact,  why  doesn't  it  eat  the  exhaust 
pipe?"  Kelly  demanded. 

"It  does  eat  it  a  slight  amount,  which  isn't  apparent, 
because  of  the  thickness  of  the  pipe.  The  drip  lines 
are  made  of  steel  and  are  eaten  much  more  rapidly, 
and,  since  the  metal  is  comparatively  thin,  of  course,  it  is 
soon  destroyed." 

"J.  R.,  since  you  are  on  exhaust  pipes,  tell  me  why 
Diesel  engines  don't  use  cement  exhaust  pots.  Our  hot- 
ball  engine  had  one." 

"The  advantage  of  a  concrete  exhaust  pot  is  that  it 
costs  much  less  than  a  cast-iron  pot  of  the  same  size. 
With  a  two-cycle  hot-ball  engine  you  must  have  a  big 
pot   to   provide   enough   dampening   to   kill   the    noise. 


FIG.    2.      CAM-MOTION  INDICATOR  RIG 

With  a  Diesel,  especially  the  four-cycle,  the  exhaust 
noise  is  not  so  great,  and  a  pot  of  moderate  dimensions 
is  ample.  With  vertical  engines  the  iron  pot  can  be  set 
above  the  ground,  allowing  a  drain  line.  With  hori- 
zontal engines  an  iron  pot  is  handier,  even  though  it 
must  be  set  in  the  ground." 

"If  a  Diesel  don't  make  much  noise,  why  use  a  pot 
that  costs  money?" 

"Of  course,  there   is  some  noise,   Kelly,"   Egan  con- 
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ceded.  "From  my  viewpoint  the  pot  could  be  dis- 
pensed with  if  the  exhaust  pipes  were  made  the  proper 
length.  The  ways  the  pot  kills  the  noise  are  by  break- 
ing up  the  gases  as  they  leave  the  pipe  and  by  prevent- 
ing air  from  rushing  into  the  pipe  after  the  gas  has 
passed  out.  If  the  pipe  is  made  the  correct  length,  the 
first  gas  charge  will  be  slowed  down  and  just  leaving 
at  the  moment  that  the  next  gas  charge  is  entering  the 
pipe.  The  space  behind  the  first  charge  is  then  occupied 
by  the  second  charge,  and  so  no  air  enters  the  pipe. 
If  the  pipe  is  too  long,  the  passage  of  the  gas  is  inter- 
fered with,  raising  the  exhaust  pressure  at  the  engine. 
I  am  of  the  opinion  that  in  most  cases  no  attention  is 
paid  to  the  question  of  pipe  length.  Quite  often  an  al- 
teration would  lower  the  back  pressure." 

"How  can  you  tell  which  cylinder  is  missing  fire?" 
the  Scotsman  queried. 

"Simply  by  removing  the  plugs  from  the  exhaust  el- 
bows, one  at  a  time.  Most  engines  are  not  provided 
with  these  ports,  and  it's  a  good  idea  for  the  operator 
to  drill  2-in.  holes  in  the  exhaust  elbows.  Personally, 
I  don't  see  any  reason  to  tap  the  holes — simply  use  a 
brass  plug  with  a  handle  long  enough  to  keep  cool." 

"When  you  hear  a  pound,  how  can  you  tell  where 
it  is?" 

"Knocks  may  be  divided  into  two  classes — bearing 
knocks  and  cylinder  knocks.  The  latter  almost  without 
exception  are  due  to  some  fault  of  the  fuel  valve.  If 
the  knock  is  sharp,  it  is  a  preignition  pound  and  is 
caused  by  the  fuel  valve  opening  too  far  ahead  of  dead- 
center.  If  the  pound  Is  rather  dull  or  dead,  the  fuel 
valve  opens  late,  and  the  explosion  occurs  when  the  pis- 
ton is  fairly  well  along  on  the  outward  stroke.  The 
knock  is  caused  by  the  increased  pressure  forcing  the 
piston  pin  and  the  connecting- 
rod     against     their     brasses. 

"Ordinarily,  a  pound  due  to 
worn  bearings  can  be  de- 
tected at  once.  To  make  sure, 
put  the  engine  on  bottom 
dead-center  and  pinch  upward 
on  the  lower  edge  of  the 
piston  with  a  bar.  If  it 
'jumps'  without  moving  the 
connecting-rod,  you  can  be 
certain  that  the  piston-pin 
bearing  is  worn.  The  same 
test  can  be  used  on  the  big 
end.  Just  put  a  bar  under 
it,  when  it's  on  top  dead- 
center,  and  jump  it.  As  to 
any  wear  in  the  mainshaft 
bearing,  it's  seldom  it  can  be 
detected  by  any  pound. 

"Going  back  to  a  sharp 
knock,  this  could  be  caused 
by  too  high  air  pressure,  which 
your  gage  will  show.  It 
shouldn't  be  over  1100  lb.  per 
square    inch." 

"I've  another  one,  J.  R.," 
Kelly  interposed.  "You  talk 
about  keeping  up  the  compres- 
sion. How  do  you  know  when 
it's  lost?" 

"First,  you  can  tell  by  the 


way  the  engine  fires.  Second,  you  can  use  a  com- 
pression gage.  That's  a  thing  I  hope  to  get  here.  The 
idea  is  a  small,  heavily  built  tank  about  6  in.  long 
by  3  in.  in  diameter.  Inside  is  arranged  a  set  of  baffles. 
At  the  top  is  placed  a  high-pressure  gage.  From  the 
bottom  a  high-pressure  pipe  with  a  i',;-in.  bore  leads  to 
the  indicator  cock.  When  the  cock  is  opened,  the  charge 
enters  this  little  pipe  and  tank.  The  pressure  builds  up 
to  that  existing  within  the  cylinder.  The  baffles  prevent 
the  pressure  fluctuations  from  affecting  the  gage.  Thi-j 
will  give  an  approximate  value.  To  be  sure  the  only 
way  is  to  use  an  indicator  on  the  engine. 

"Our  new  engines  are  equipped  with  an  indicator  rig- 
ging. It's  been  some  months  since  I  used  an  indicator 
on  the  old  ones,  so  for  Woods'  benefit  I'll  sketch  the 
rigging.  Inside  the  lower  end  of  each  piston  we  drilled 
and  tapped  two  i-in.  h(51es  and  attached  the  lug.  Then 
we  made  a  special  flange  to  fit  the  handle  hole  on  the 
side  door.  The  rigging,  shown  in  Fig.  1,  has  an  8  to  1 
ratio  and  in  this  way  we  get  a  3-in.  travel  of  the  in- 
dicator with  a  24-in.  travel  of  the  piston.  This  is  a 
good  rigging  and  can  be  used  on  a  number  of  inclosed 
engines.  A  nice  rigging  that  can  be  used  on  almost 
any  engine  is  shown  in  Fig.  2.  It  consists  of  a  lever  A, 
a  stand  B  and  an  eccentric  C.  The  eccentric  is  fastened 
on  the  engine  shaft  D  so  that  its  maximum  radius  is  in 
line  with  the  connecting-rod  at  top  center.  The  shaft 
actually  should  have  a  keyway  to  hold  the  eccentric." 

Organization  Chart,  Union  Gas  and 
Electric  Co. 

Below  is  shown  the  power-house  organization  chart 
as  it  applies  to  the  stations  of  the  Union  Gas  and 
Electric  Co.,  Cincinnati,  Ohio. 
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The  Electrical  Study  Course — Apparatus  Required 
for  Brake  Tests  on  Motors 


Descrihiit  var/oM.i  ////»»■.<  of  puUiys  that  viay  be 
used  in  connection  with  brake  tents  and  the  vieth- 
ods  of  keeping  them  cool.  Also  givett  the  con- 
struction of  several  different  brakes  that  can  be 
applied  to  the  piillt  iis. 

IT  WAS  shown  in  the  previous  lesson  that  it  is 
necessary  to  provide  means  for  limiting  the  tem- 
perature of  a  pulley  that  is  used  on  a  motor  that 
is  to  be  subjected  to  a  brake  test.  The  most  usual 
method  of  accomplishing  this  is  to  introduce  water 
into  the  interior  of  the  pulley.  To  prevent  the  water 
from  being  thrown  from  the  pulley  it  is  constructed 
somewhat  as  shown  in  Fig.  1.  The  back  is  solid  and 
the  front  is  provided  with  a  flange  b.  After  the 
machine  has  been  started,  the  water  is  poured  into  the 
pulley  through  the  outside  end.  As  soon  as  it  strikes 
the  interior,  it  is  spread  in  a  sheet  over  the  inner 
periphery  of  the  pulley  by  centrifugal  force,  and  water 
may  be  added  until  it  occupies  a  depth  equal  to  the 
length  of  the  flange.  When  the  brake  is  applied,  and 
the  pulley  rim  thereby  becomes  heated,  the  water  is 
evaporated  and  will  finally  all  disappear.  It  is  therefore 
necessary  to  replenish  it  from  time  to  time. 

When  dealing  with  large  machines,  in  which  case 
the  evaporation  is  great,  the  water  may  be  led  to 
the  pulley  through  a  pipe.  In  such  instances  a  waste 
pipe  may  also  be  provided  for  taking  off  surplus  water. 
The  arrangement  in  Fig.  2  shows  a  large  pulley  that 
revolves  in  the  direction  of  the  arrow  A.    Water  is  led 


FIG.  1.   SMALL,  WATER- 
COOLED  BRAKE  PULLEY 


FIG.  2.   LARGE  W.A.TER- 
COOLED  BRAKE  PULLET 


into  the  rim  through  the  pipe  a  and  is  scooped  up 
by  the  pipe  b,  which  has  its  end  flattened,  as  shown 
at  c.  The  flow  of  water  is  regulated,  by  means  of  the 
valve  d,  not  to  exceed  the  capacity  of  the  waste  b. 
This  method  not  only  dispenses  with  the  necessity  of 
filling  the  rim  by  hand,  but  has  the  added  advantage 
of  keeping  the  pulley  at  a  comparatively  low  tempera- 
ture due  to  the  fact  that  water  is  constantly  flowing 
through  it.  When  testing  large  machines,  we  thereby 
overcome  the  objectionable  feature  of  liberating  a  large 
volume  of  steam  that  fills  the  room,  which  is  attendant 
upon  the  method  that  relies  upon  evaporation.     It  is. 


however,  applicablo  only  to  large-sized  motors  in  which 
the  friction  of  the  pipes  with  the  water  would  be  a 
negligible  quantity  as  compared  with  the  other  losses 
involved.  It  will  be  noticed  that  the  construction 
differs  somewhat  from  that  shown  in  Fig.  1,  in  that 
an  ordinary  spoked  wheel  is  used  and  that  both  rims 
are  provided  with  flanges. 

In  addition  to  water-cooled  types  of  pulleys,  there 
are  some  that  are  air-cooled.  One  of  these  is  shown 
in  Fig.  3.  It  is  provided  with  flanges  a  that  radiate 
the  heat  generated.     Holes  b  are  drilled  through  the 


/        r 


nV. 


FIG.    3.      AIR-COOLED 
BRAKE  PULLEY 


FIG.  4.    PROXY  BRAKE  FOR 
LARGE   MACHINE 


rim  of  the  pulley  between  the  flanges.  As  the  pulley 
revolves,  air  is  forced  through  these  holes  at  a  consider- 
able velocity,  thus  creating  a  rush  of  air  past  the 
flanges  o,  and  thereby  preventing  the  temperature  from 
attaining  a  dangerous  value.  The  brake  is  placed  upon 
the  portion  c  of  the  pulley. 

The  brakes  that  are  used  in  connection  with  brake 
tests  are  of  many  different  forms,  but  the  object  of 
all  of  them  is  to  provide  means  for  applying  a  friction 
load  to  the  pulley  of  the  motor  and  means  for  measuring 
the  force  exerted  by  the  pulley  in  trying  to  drag  the 
brake  around  with  it.  In  Fig.  4  is  shown  a  type, 
knovm  as  a  prony  brake,  that  is  applicable  to  a  large 
number  of  conditions.  It  consists  of  steel  bands  a  to 
which  are  attached  wooden  blocks  b  and  an  arm  ee.  By 
tightening  or  loosening  the  nuts  d  the  friction  between 
the  brake  and  the  pulley  can  be  adjusted.  The  springs 
g  serve  to  separate  the  bands  when  the  nuts  d  are 
loosened.  The  force  acting  to  drag  the  brake  around 
can  be  determined  by  placing  a  platform  scale  under 
the  knife-edge  /  of  the  arm  e  and  observing  the  pres- 
sure indicated  upon  it.  It  is  understood  that  the 
pulley  is  revolving  in  the  direction  of  the  arrow  A. 

The  foregoing  is  rather  an  expensive  construction 
and  many  modifications  of  it  are  employed,  particu- 
larly for  smaller  machines.  One  such  modification  is 
shown  in  Fig.  5.  It  consisted  of  a  block  of  wood  a 
that  fits  the  pulley  snugly  and  a  piece  of  strong  canvas 
belting  b  that  is  attached  to  the  hangers  cc.  By  means 
of  the  nut  d  the  friction  between  the  belt  and  the 
pulley  can  be  regulated. 

Another  form  of  brake  uses  a  canvas  strap  similar 
to  the  one  just  described,  but  dispenses  with  the  block 
a  and  the  arm  e  by  using  a  construction  such  as  that 
indicated  in  Fig.  6,  in  which  a  is  a  cross-bar  sup- 
ported from  the  floor  by  the  uprights  bb,  c  is  a  spring 
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balance  and  d  a  beam  scale.  As  before,  the  tension 
of  the  strap  is  adjusted  by  means  of  the  nut  e,  the 
dragging  force  being  determined  from  the  readings  of 
the  two  scales,  as  is  to  be  explained  in  a  future  lesson. 
The  direction  of  rotation  would  be  that  indicated  by 
the  arrow  A. 

Frequently,    the   pulleys    used    for    brake    tests    are 
provided  with  flanges  as  shown  at  a  in  Fig.  7,  to  prevent 


-jS- 


Q^ 


multiplied  by  the  number  of  feet  through  which  W, 
is  raised  in  one  minute.  That  is,  P  =  (W,  —  W,) 
X  L,  where  L  is  the  distance,  in  feet,  through  which 
W  is  raised  in  one  minute.  The  distance  through 
which  the  weights  are  moved  in  one  minute  depends 
upon  the  speed  of  the  pulley.  In  one  revolution  the 
cable  supporting  the  weights  would  be  moved  a  distance 
equal  to  the  circumference  of  the  pulley,  provided  there 
is  no  slip  between  the  cable  and  the  pulley.  Thus,  if  I 
represent  the  distance  moved  through  in  one  revolution, 
and  D  be  the  diameter  of  the  pulley,  we  have  I  = 
~D.     Substituting  for  D  its  value  as  given,  namely  18 


FIG.  .';.   PROXY  BRAKE  FOR  SMALL  MACHINES 

the  brake  from  slipping  off  the  pulley.  Side  strips 
may  be  attached  to  the  brake,  as  at  a  in  Fig.  8, 
to  accomplish  the  same  purpose. 

In  the  following  lessons  the  theory  applying  to  brake 
tests  will  be  developed  and  the  manner  in  which  the 
various  types  of  brakes  are  employed  to  secure  the  data 
required  will  be  explained. 

In  the  problem  of  the  preceding  lesson  it  was  re- 
quired to  find  the  size  of  motor  that  it  would  be 
necessary  to  install  to  drive  the  pulley  of  Fig.  9  at 
.30  r.p.m.,  if  its  diameter  is  18  in.,  and  if  the  weights 
of  W^  and  W,  are  300  and  1500  lb.  respectively.  The 
problem  is  one  that  requires  us  to  determine  the  num- 


FIG.     7.       FLANGED-TYPE 
BRAKE  PULLEY 


FIG.  8.    PROXY  BRAKE  FOR 
MEDIUM-SIZED   MACHINE 


in.,  and  for  %  its  value  (3.1416)  gives,  I  =  3.1416  X 
18  =  56.55  in.  Since  the  pulley  makes  30  revolutions 
in  one  minute,  the  distance  through  which  the  weights 
are  moved  in  one  minute  will  be  30  times  the  distance 
they  are  moved  through  in  one  revolution,  or  L  ^  30 
X  Z  =  30  X  56.55  =  1696.5  in.     To  convert  inches 

1696.5 


into  feet  we  divide  by  12,  giving  L  = 


12 


141.4 


ft.  Substituting  in  the  expression  for  P,  we  have,  P 
=  (W,  —  W,)  X  L  =  (1500  —  300)  X  141.4  = 
169,700  ft.-lb.  per  min.,  from  which  we  get,  hp.  =-- 
P  _  169,700 
33,000 


=  5.14.     It  would  therefore  require 


33.000 

a  5-hp.  motor  to  meet  the  conditions. 

Fig.    10    represents   an   arm   a  keyed   to   a   shaft   b 
to  which  is  also  attached  a  pulley  c.     A  strap  d  passes 


I -^ 


FIC.    ti.      BRAKE   OX   WHICH   TWO   SCALES   ARE   USKI) 

ber  of  feet  a  given  number  of  pounds  must  be  raised 
per  minute;  that  is,  the  number  of  foot-pounds  per 
minute  that  the  motor  is  required  to  develop.  Since 
one  horsepower  represents  33,000  ft.-lb.  per  min.,  we 
divide  the  total  number  of  foot-pounds  per  minute  by 
33,000  to  find  the  horsepower  the  motor  is  called  upon 
to  furnish.     Thus,  if  P  be  used  to  represent  the  power 

p 
in   foot-pounds  per   minute,   we  have,    hp.   =    oo'ooo 

The  number  of  foot-pounds  per  minute  of  the  motor 
will  be  equal  to  the  weight  of  W^  minus  that   of   W, 


FIG.   9.      TWO  T\^IGHTS 

:-5UPPORTED  OVER 

A  PULLEY 


10.  BRAKE  PROBLEM 
FOR  FOLLOWING 
LESSON 


around  the  pulley  and  is  fa.stened  to  it  as  indicated  at 
c,  and  from  it  is  suspended  a  weight  W.  Owing  to 
the  pull  of  the  arm  at  /,  the  scale  g  indicated  a  weight 
of  10  lb.  What  must  be  the  weight  of  W  to  produce 
this  pull  if  the  diameter  of  the  pulley  is  8  in.  and  the 
di-stance  I  is  2  ft.? 
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Oil-Seal   (loinluiHtioii   ('oiitrol 

In  .-<ti)kei-(iioii  boiler  funiiice.s  it  i.s  Iho  jjiaiticc  to 
rcKulato  the  feed  of  the  stoker  und  the  .speed  of  the 
forced-draft  fnii  by  means  of  the  steam  pressure.  Thus, 
when  the  steam  pressure  inereases  the  stoker  and  the 
fan  speed  is  deireased,  aiul  as  the  steam  pressure  de- 
i  reases  the  speed  of  the  fan  and  stoker  is  Increased. 
Another  method  has  been  a(K)p(('d  by  the  Vapor  Vacuum 
Heating  Co.,  Otis  Building,  IMiiiadeiphia,  Penn.,  which 
operates  on  the  i)rinciple  that  the  ^as  pressure   in  the 


bewiK  made  Ijy  meana  of  the  pipea  A.  The  position  of 
the  dampers  is  chaiiKed  in  proportion  to  the  (juantily 
and  pre.sHure  of  Kases  generated  in  the  furnace  on  ac- 
count of  the  increase  or  decrease  in  the  rate  of  com- 
bustion. 

Live  steam  from  the  main  steam  line  operates  the 
diaphragm  F,  and  as  the  steam  pre.ssure  changes,  the 
diaphragm  res|)onds  and  opens  or  closes  the  valve  D, 
through  which  compressed  air  from  the  air-storage  tank 
pa.s.ses  to  the  diaphragm  on  the  steam  valve,  which  in 
turn  controls  the  (|uantity  of  air  supplied  to  the  bed  ol 


Jt^^iT-fb.  J>^  i-p  ^g 
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PIPINO   OF  THE   DTL-SEAL.  COMBUSTION   CONTROL 


furnace  of  a  boiler  is  the  logical  agent  for  determining 
the  amount  of  draft  to  the  chimney  and  the  quantity  of 
air  to  be  passed  through  the  fuel  bed  to  support  combus- 
tion. When  the  steam  gage  shows  a  drop  in  pressure,  the 
supply  of  air  passing  through  the  fuel  bed  is  increased, 
and  this  results  in  a  higher  rate  of  combustion  until 
the  steam  pressure  returns  to  normal.  Referring  to 
the  illustration,  the  pipes  E  leading  from  the  furnace 
to  the  oil  seal  C  in  the  cabinet  convey  the  gas  pressure 
to  the  surface  of  oil  contained  in  the  seal,  and  as  the 
gas  pressure  rises  or  falls,  the  level  of  the  oil  changes, 
thus  moving  the  small  float  E  up  or  down.  This  float  in 
turn  opens  or  closes  the  valve  D  by  means  of  a  lever 
which  responds  to  the  movements  of  the  float,  thus  allow- 
ing compressed  air  to  pass  through  the  valve  D  to  the 
diaphragm    operating    the    boiler    damper,    connection 


fuel  by  whatever  method   is   used   for  this  particular 
purpose. 

From  the  foregoing  it  will  be  seen  that  the  move- 
ment of  the  waste  gases  to  the  chimney  and  the  quan- 
tity of  air  supplied  for  combustion  are  taken  care  of 
individually;  that  is,  the  air  for  combustion  is  con- 
trolled by  the  steam  pressure,  and  the  position  of  the 
damper  to  the  chimney  by  the  pressure  of  the  gases  over 
the  fire  or  in  the  combustion  chamber.  At  the  left 
of  the  illustration  is  shown  an  enlarged  view  of  the  cab- 
inet, which  contains,  besides  the  apparatus  already 
mentioned,  a  draft  gage  showing  the  pressure  in  the 
furnace  and  combustion  chamber,  a  compressed-air  gage, 
and  a  boiler-pressure  gage.  The  piping  and  general 
arrangement  of  the  system  are  shown  in  the  large  illus- 
tration. 
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What    Is    the    Most    Satisfactory    Hydrostatic 
Test  Pressure  for  Boilers? 

IN  REPORTING  to  the  Institute  of  Naval  Architects 
on  the  work  of  the  British  Marine  Engineering 
Design  and  Construction  Committee,  A.  E.  Seaton  said : 
"It  is  concluded  to  be  quite  unnecessary  now  to  test 
boilers  by  water  to  double  the  working  pressure;  in 
fact,  there  is  the  possibility  that  instead  of  such  a 
proceeding  being  a  source  of  safety,  it  will  become  a 
cause  of  damage  to  the  structure,  especially  to  the 
staunchness  or  tightness  of  the  joints.  The  opinion  has 
been  expressed  and  strongly  supported  that  the  test 
pressure  should  no  longer  be  any  multiple  of  the  work- 
ing pressure,  but  rather  it  should  be  an  added  excess 
such  as  is  provided  in  the  rules  of  the  British  Admiralty 
and  many  foreign  authorities.  The  committee  would 
have  been  content  with  one  hundred  pounds  margin 
over  the  working  pressure  as  being  sufficient  for  every 
purpose  for  which   such  a  test   is  designed." 

Notice  he  says,  "would  have  been  content."  In 
deference  to  the  views  of  the  Board  of  Trade,  the  com- 
mittee adopted  the  following  rule: 

Hydraulic  test  pressure  is  to  be  fifty  pounds  in  excess 
of  one  and  one-half  times  the  working  pressure  for  all  new 
boilers,  but  is  not  to  exceed  one  and  one-half  times  the 
working  pressure  for  boilers  which  have  been  in  use. 

Does  the  committee  express  the  opinion  of  many 
when  it  says  a  margin  of  one  hundred  pounds  over  the 
working  pressure  is  sufficient?  Whether  or  not  one 
agrees  with  the  committee,  one  must  ask  if  a  boiler 
should  be  a  hundred  pounds  stronger  than  its  work- 
ing pressure  or  within  this  amount,  or  whether  it 
should  stand  without  revealing  weakness  a  stress 
one  and  a  half  times  as  great  as  its  working  pressure 
whatever  that  pressure  may  be.  There  is  a  great 
difference.  By  using  a  multiple  of  the  working  pressure, 
the  strain  is  proportional  for  all  working  pressures 
and  all  boilers,  presuming  the  latter  to  have  been  built 
with  the  same  factor  of  safety.  This  cannot  be  so  if 
an  excess  of  a  specific  amount  is  applied  to  all  boilers. 

According  to  the  high-pressure  boiler  rulings  of 
authorities  in  North  America,  which  call  for  a  hydro- 
static test  pressure  of  one  and  one-half  times  the 
working  pressure  (Massachusetts  requires  one  and  one- 
quarter  times)  this  margin  is  overstepped  when  two 
hundred  pounds  i.s  exceeded.  For  one  hundred  and  fifty 
pounds  the  excess  pres.sure  called  for  is  seventy-five 
pound.s  above  the  working  pressure,  or  twenty-five 
pounds  less  than  the  one  hundred  pounds  of  Mr.  Sea- 
ton's  committee.  For  a  working  pressure  of  three  hun- 
dred and  fifty  pounds  the  excess  is  one  hundred  and 
seventy-five  pounds.  But  as  the  boilers  are  designed 
for  the  same  factor  of  safety,  the  stress  will  bear  the 
same  relation  to  the  elastic  limit  in  both  cases. 

Mr.  Seaton's  a.ssertion  and  the  evident  practice  of 
the  British  Admiralty  will  surprise  many  in  America. 
Likely  it  would  be  difficult  to  convince  engineers  on  this 
side  of  the  Atlantic  that  any  hydrostatic-test  pressure 
not  causing  a  stress  in  proportion  to  the  elastic  limit 
would  be  acceptable.     Nevertheless  Mr.  Seaton's  quali- 


fications and  the  traditions  of  the  British   Admiralty 
command  consideration. 

Is  there  a  good  reason  to  reduce  the  hydrostatic-test 
pressure  on  boilers  which  carry,  say  from  two  hundred 
pounds  pressure  up? 

Carbon  and  Commutator  Wear 

ALTHOUGH  a  great  deal  of  study  has  been  given 
.  to  the  characteristics  of  carbon  brushes,  both  by 
brush  and  by  electric-machinery  manufacturers,  there 
is  nevertheless  a  fruitful  field  for  further  investigation. 
The  effects  of  such  characteristics  as  contact  drop 
under  commutating  conditions,  sparking  voltage, 
thermal  conductivity  and  also  refractory  properties 
under  various  conditions  are  all  open  questions.  This 
is  quite  evident  from  the  letter,  "Carbon  and  Com- 
mutator Wear,"  by  R.  E.  Hellmund,  on  page  868  of  this 
issue,  referring  to  the  influence  of  temperature  on  the 
carrying  capacity  of  brushes,  and  taking  issue  with  a 
communication  by  Warren  C.  Kalb,  appearing  in  Power 
of  March  eighteenth,  in  which  the  statement  is  made 
that  brush  wear  is  influenced  largely  by  the  tempera- 
ture at  the  contact  face.  It  would  seem  that  the  differ- 
ence in  opinion  here  noted  results  from  a  consideration 
of  temperature  variation  over  ranges  that  are  videly 
separated.  It  is  undoubtedly  true  that  within  limits 
increased  temperature  has  very  little  influence  on 
brush  wear.  However,  it  is  understood  that  the  tem- 
peratures referred  to  by  Mr.  Kalb  as  causing  appreciable 
brush  wear  were  high  enough  to  induce  glowing  at 
the  brush  face  or  at  least  to  create  momentary  incan- 
descence at  certain  points  on  the  brush  contact.  Until 
such  temperatures  as  this  are  reached,  it  is  probable 
that  variations  in  temperature  influence  brush  wear  to 
a  negligible  extent.  For  this  reason  variations  in  tem- 
perature produced  by  external  means  would  have  little 
effect  unless  they  were  carried  high  enough  to  cause 
glowing  of  the  carbon. 

It  is  quite  possible  that  arcing  due  to  either  me- 
chanical vibration  or  high  sparking  voltages  may  exist 
without  serious  wear  provided  the  interval  during  which 
this  arcing  exists  at  a  given  spot  is  very  brief.  In  such 
case  the  temperature  of  the  surrounding  carbon  would 
not  be  brought  up  to  a  point  at  which  any  pronounced 
disintegration  would  take  place.  Passing  a  high  current 
density  through  the  brush  while  this  condition  exists, 
might  bring  up  the  temperature  over  the  entire  contact 
face  near  enough  to  the  destructive  point  so  that  the 
added  effect  of  the  arcing,  even  for  a  very  brief  period, 
would  result  in  disintegration. 

Mr.  Hellmund  brings  out  another  factor  which  un- 
doubtedly has  a  pronounced  influence  on  brush  and 
commutator  wear.  This  is  the  ionization  of  the 
carbon  as  well  as  the  copper  particles  at  the  contact 
of  the  brush  on  the  commutator.  This  phenomenon  has 
sometimes  been  spoken  of  as  an  electrolytic  action.  That 
such  a  condition  exists  is  evident  from  the  fact  that  a 
positive  brush  will  in  nearly  all  cases  have  a  different 
contact    drop    from   the   negative   brush    of    the    same 
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inatciial  on  the  .same  commutator.  The  elTfcl  of  the 
bru.sh  polarity  on  the  commutator  surface  i.s  also  dif- 
ferent, a.s  can  he  seen  where  positive  and  neKative 
brushes  hear  on  different  paths  on  the  commutator. 

The  instance  cited  in  which  fifteen  to  twenty  volts 
sparkintr  voltage  was  impressed  across  a  brush  contact 
without  injury  in  the  absence  of  load  current  might  be 
oxplniiied  by  two  conditions.  Kither  a  very  brief  com 
mutation  interval,  allowing  insufficient  time  for  appre- 
ciable temperature  rise  at  any  given  spot  on  the  brush 
face,  or  the  ab.sencc  of  ionization  due  to  there  being  no 
load  current  through  the  contact. 

Mr.  Hellmund  has  raised  a  point  of  vital  interest  to 
brush  manufacturers  as  well  as  to  manufacturers  of 
dynamo-electric  machinery.  It  would  be  interesting  to 
learn  the  full  details  of  his  experiments  and  of  any 
other  research  work  that  has  been  conducted  along  these 
lines. 

Prospects  for  a  Pomcf  Survey 

WITH  the  opening  of  the  Sixty-sixth  Congress  the 
movement  to  obtain  appropriations  for  a  power 
survey  of  the  United  States  is  again  under  way. 
The  estimates  of  appropriation  presented  by  Secretary 
Lane  to  the  last  Congress  have  been  renewed  and  are 
now  before  the  Appropriations  Committee  of  the  House. 
These  appropriations,  which,  owing  to  the  filibuster  at 
the  close  of  the  last  session,  failed  of  passage,  will,  if 
made,  permit  the  Geological  Survey  to  expend  two  hun- 
dred and  fifty  thousand  dollars  in  studies  of  power  sup- 
ply during  the  coming  fiscal  year. 

Of  this  amount  fifty  thousand  dollars  is  to  be  used  in 
a  general  engineering  and  statistical  survey  of  the  power 
resources  of  the  United  States.  Present  and  possible 
sources  of  power  will  be  surveyed  and  detailed  maps 
prepared  showing  the  location  of  existing  power  plants 
and  transmission  systems.  Undeveloped  water  powers 
will  be  more  critically  studied  and  estimates  of  this 
resource  will  be  revised.  A  new  service  is  planned  with 
a  view  of  bringing  together  manufacturers  desiring  to 
establish  new  plants  and  concerns  having  surplus  power 
available  for  use.  Monthly  and  annual  reports  of  the 
progress  of  power  production  are  also  contemplated  as 
a  barometer  of  electrical  development 

The  balance  of  the  appropriation  will  be  used  for  an 
intensive  survey  of  power  conditions  along  the  North 
Atlantic  Seaboard.  It  is  upon  this  item  that  Secretary 
Lane  is  dependent  for  means  to  investigate  the  possibil- 
ity and  usefulness  of  his  super-power  plan  for  the  in- 
terconnection of  the  power  centers  of  the  Atlantic  Coast, 
thus  making  possible  more  complete  utilization  of  water 
power  and  the  electrification  of  trunk-line  railroads.  If 
this  appropriation  is  authorized,  the  Secretary  proposes 
to  enlist  the  cooperation  of  the  electrical  industry  in  a 
careful  economic  and  engineering  investigation  of  the 
future  pow-er  requirements  of  this  region  and  of  the 
best  means  of  supplying  its  needs,  taking  into  consider- 
ation the  most  efficient  possible  use  of  natural  resources. 

The  Secretary  believes,  that  the  solution  of  the  prob- 
lem of  power  supply  is  just  as  vital  to  the  future  welfare 
of  the  nation  as  are  the  problems  of  transportation  or 
crop  production,  for  the  investigation  of  which  millions 
are  expended  annually.  Indeed  this  belief  was  sub- 
stantiated by  many  events  of  the  past  two  years.  At 
the  present  time  Congress  makes  no  appropriations 
whatever  for  the  study  of  power  resources,  and  it  is 
the  opinion  of  many  operators  that  the   industry  has 
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not  heretofore  received  the  public  support  that  its  na- 
tional importance  justifies.  If  the  api)ropriations  re- 
cjuested  by  Secretary  Lane  are  granted  by  Congress,* 
they  will  form  tho  ba.sis  for  work  that  not  only  will  be 
of  great  a.ssistance  to  the  public,  but  will  bring  about  a 
realization  of  the  key  i)osition  of  the  power  business  in 
relation  to  other  industries. 

Handling  \vv  at   Holt  wood 
Hydro-EItM-tric   Station 

OUR  many  readers  in  hydro-electric  plants  will  find 
much  to  interest  them  in  the  article  on  handling  ice 
situations  at  Holtwood,  printed  elsewhere  in  this  issue. 
Fortunate  are  the  crews  of  stations  where  there  are  no 
ice  troubles,  but  particularly  fortunate  are  those  in 
stations  where  there  is  no  ice  to  give  trouble.  In  the 
history  of  Holtwood,  which  is  on  the  Su.scjuehanna  River 
a  short  distance  up  stream  from  Perryville,  Md.,  there 
has  been  but  one  total  interruption  because  of  ice,  and 
this  happened,  as  shown  by  the  ice-trouble  record  in  the 
article,  in  1912,  when  the  station  was  new  and  in  the 
first  winter  of  its  operation. 

But  to  achieve  the  splendid  record  of  freedom  from 
ice  troubles  the  engineers  at  Holtwood  have  been  busy; 
it  has  required  considerable  study,  preparation  and 
organization.  What  is  done  and  how  is  told  in  the 
article. 

Of  course  it  is  frazil  ice  that  gives  the  most  trouble 
at  Holtwood,  as  it  does  elsewhere.  This  is  a  very  trj'- 
ing  trouble-maker.  It  is  Old  Dame  Nature  herself  who 
forms  it,  and  man  might  as  well  attempt  defiance  of 
gravitation's  laws  as  to  try  to  prevent  her  filling  a  body 
of  water  with  these  fine  crystals.  And  once  formed, 
once  into  the  screenhouse  and  into  the  turbines  without 
preparations  for  its  visit,  the  generators  cease  to  func- 
tion, particularly  if  the  greater  part  of  the  turbine  is 
submerged,   as  nearly   all  are  at   Holtwood. 

But  the  crew  there  is  extraordinarily  vigilant.  As 
frazil  ice  forms  with  astounding  suddenness,  with  a 
comparatively  minute  drop  in  temperature,  and  on  a 
rising  peak  load  at  Holtwood,  the  river  temperature  is 
closely  watched,  recorded  and  reported  to  the  operator. 
Steam  or  electricity  is  not  used  to  heat  the  water 
that  fraction  of  a  degree  needed  to  avoid  or  dissolve 
frazil  ice.  The  screens  and  gates  are  opened  to  let 
the  crj'stal-impregnated  water  rush  through  into  the 
tailrace.  Steam  is  used  to  thaw  away  the  ice  should 
a  machine  become  blocked  with  it.  How  Holtwood  han- 
dles its  ice  is  a  valuable  contribution  to  the  literature 
on  the  subject. 


Chief  engineers  of  the  textile  mills  at  New  Bedford, 
Massachusetts,  struck  on  May  nineteenth  for  a  wage 
increase  and  caused  a  complete  shutdown  of  plants  em- 
ploying thirty  thousand  operatives.  The  mill  firemen 
are  supporting  the  engineers  in  their  demand  for  forty- 
two  dollars  weekly  for  engineers  in  charge  and  thirty- 
seven  dollars  weekly  for  operating  engineers  with  time 
and  one-half  for  work  in  excess  of  forty-eight  hours 
weekly.  Well,  it  costs  as  much  in  proportion  for  an 
engineer  to  live  as  it  does  for  the  man  getting  a  fat 
salary. 


The  duty  of  every  chief  engineer  is  to  devote  atten- 
tion to  educating  the  personnel  of  the  plant  to  the 
proper  and  most  advantageous  use  of  the  equipment  to 
obtain  the  best  results  from  its  use. 


June  3,    1919 


POWER 


865 


rrespondence  - 


m  immniyn  iimimimmKniiini 


iTTrmnirniriiiiiiiiMiinnmi 


Curious  Explosions  in  a  750-Horsepower 
Diesel  Engine 

Diesel  engines  are  not  supposed  to  be  preigniting, 
but  we  had  one  instance  where  this  was  the  case. 
Upon  starting  up  a  new  750-hp.  unit,  curious  noises 
accompanied  its  operation  and  trouble  was  experienced 
due  to  faulty  valve-setting  and  leaky  valves.  The  noises 
were  eliminated  with  the  exception  of  one  peculiar 
cracking  sound  that  occurred  at  times  during  the  noon 
shutdown  period  or  after  stopping  the  engine  at  night. 
This  trouble  was  brought  to  the  attention  of  the  makers, 
but  nothing  was  found  mechanically  wrong,  and  by 
some  it  was  thought  that  the  noise  was  caused  by  the 
contraction  and  expansion  of  the  metal.     It  was  also 


flames  issued  from  the  air-valve  pipe,  and  the  engine 
was  turned  over  backward  one  revolution.  Although 
the  second  explosion  was  a  heavy  one,  the  engine  was 
not  damaged. 

We  finally  came  to  the  conclusion  that  the  explosions 
were  due  to  the  ignition  of  gas  from  oil,  and  we  were 
puzzled  as  to  where  the  oil  was  coming  from,  as  the 
fuel  and  pump  valves  were  in  the  best  of  condition. 
Then  it  was  recalled  that  the  manufacturers  had  sup- 
plied a  glass  drip  cup  on  the  exhaust-  and  air-valve 
cages  and  had  advised  us  to  lubricate  the  exhaust-valve 
spindles  with  kerosene  oil.  I  am  of  the  opinion  that 
this  oil  collected  in  the  poppet-valve  cages  and  did  not 
pass  the  valve  when  the  engine  was  running;  but  when 
the  engine  was  slowly  coming  to  rest  and  the  exhaust- 


DIAGRA.MS     WITH     DIFFERENT     POINTS     OF     IGNITION 


observed  once  shortly  before  starting  time,  and  it  was 
puzzling,  to  say  the  least. 

One  noon,  about  two  minutes  after  stopping  the 
engine,  a  bang  occurred.  We  were  certain  that  the 
fuel  valves  and  the  other  valves  were  in  good  working 
order,  the  engine  having  been  working  smoothly  and 
with  a  clear  and  colorless  exhaust.  The  circulating 
water  was  not  cut  off,  as  it  was  our  custom  to  allow 
it  to  circulate  during  the  shutdovvm  period.  We  went 
up  on  the  operating  platform  and  found  a  little  smoke 
issuing  from  the  air-valve  pipe  of  the  fourth  cylinder 
from  the  flywheel  side  of  the  engine.  This  showed  that 
oil  gas  was  forming  and  that  explosions  in  a  mild  form 
were  occurring  during  the  shutdovm  period. 

Then  we  began  to  investigate  as  to  why  gas  should 
explode  when  the  compression-breaking  lever  had  been 
raised,  and  also  to  ascertain  if  the  lever  was  in  work- 
ing order.  The  exhaust  valve  was  closed,  and  in  about 
two  minutes  after  the  first  explosion  another  followed, 


valve  lever  was  held  up  for  breaking  the  compression 
to  avoid  turning  the  engine  backward,  the  collected 
oil  passed  the  exhaust-valve  opening  into  the  cylinder, 
and  then  the  exhaust-valve  closing,  the  gas  from  the 
kerosene  exploded  due  either  to  carbon  deposits  or  to  a 
hot  piston. 

The  accompanying  indicator  diagrams  were  taken 
from  this  same  engine,  and  I  would  like  to  know  why 
the  diagrams  A,  B  and  D  show  different  points  of  ignition 
from  diagram  C,  when  the  fuel-valve  gages  of  all  cylin- 
ders were  made  equal  in  stopping  time.  It  has  been 
observed  that,  when  running,  the  gages  on  the  valves 
did  not  remain  the  same — that  is,  reading  from  twelve 
to  fifteen  thousandths  more — and  also  that  all  did  not 
increase  in  the  same  proportion.  These  diagrams  were 
all  taken  from  the  same  cylinder  without  making  any 
alterations.  Who  can  give  an  explanation  as  to  the 
difference  in  the  point  of  ignition?  P.  P.  Talaty. 

Ahmedabad,  British  India. 
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An  Miiirrjirnr  V  Mii<>;inr  Repair 

Tho  oiiKiiit'or  of  a  certuin  factory  was  such  a  thor- 
oughly competent  Mian,  so  si-ady  and  reUable,  and  had 
been  there  so  lonjr  that  the  manager  had  forgotten  that 
anything  could  po  wrontf  with  a  stcarn-powcr  plant; 
and  as  this  enKinei'r  never  seeni.d  to  have  anything  to 
do,  he  had  come  to  be  repardea  somewhat  as  an  ex- 
pensive luxury. 

On  one  occasion  when  it  was  necessary  fo»"  him  to  he 
away  for  several  days,  instead  of  a  compt'tent  man  being 
put  in  his  place,  as  the  engineer  recommended,  the  fire- 
man was  put  in  charpe  of  the  enpine,  and  consequently 
about  the  middle  of  the  afternoon  of  the  fourth  day  an 
S.  0.  S.  call  came  from  this  factory  to  the  maci.'ne  shoj) 
where  I  was  employed. 

On  arriving  at  the  factory  I  found  them  pouring  oil 
on  the  engine's  main  pillow  block,  which  was  so  hot 
that  the  babbitt  had  commenced  to  run.  This  factory 
was  so  far  behind  with  its  orders  that  it  could  not  be 
stopped    for    repairs,    so   we    loosened    up    the    (luarter 


central  as  to  height  and  level,  the  shaft  was  set  s(|uare 
by  tramming  from  the  straight-edge  to  the  crankshaft, 
improvising  an  excellent  tram  by  driving  a  round- 
headed  nail  in  each  end  of  a  stick  of  the  right  length 
and  about  one  inch  square,  first  calipering  the  shaft 
to  make  sure  that  it  was  parallel  (See  Fig.  1).  The 
bottom  of  the  box  was  then  poured,  the  shaft  lifted 
out  and  the  surplus  babbitt  chipped  off.  Then  the  shaft 
was  replaced  and  tested  for  alignment.  The  quarter 
brasses  were  poured  and  fitted,  the  cap  being  poured  last. 

While  1  was  replacing  the  back  cylinder-head  and 
connecting-rod,  I  had  the  helpers  take  down  the  tackle 
used  in  lifting  the  shaft,  but  being  sleepy  and  not  used 
to  such  work,  they  let  the  tackle  fall,  and  it  struck  the 
governor  belt  pulley  and  broke  a  big  piece  out  of  it.  It 
was  pure  luck  that  it  did  not  hit  the  eccentric. 

The  factory  must  start  at  7  o'clock  and  it  was 
then  about  5:30.  Some  pieces  of  tin  were  fitted  to 
Ihe  pulley  and  babbitt  was  poured  to  fill  the  vacancy 
where  the  piece  was  broken  out.  Fig.  2.  I  then  built  up 
a  wooden   frame  to  serve  as  a  tool   rest  and,   using  a 


FIG.    1.      HOW   THE   SHAFT   OF   THE   EXGIXE 
WAS    ALIGNED 

brasses  and  turned  a  stream  of  water  on  the  bearing, 
hoping  to  cool  it  dowTi  enough  to  enable  the  engine  to 
run  until  the  next  Saturday  night;  but  it  was  too  far 
gone.  I  therefore  decided  to  babbitt  the  bearing  that 
night. 

On  my  asking  for  two  of  the  boys  from  the  shop  for 
helpers,  the  manager  of  the  factory  objected  on  account 
of  the  expense,  saying  that  he  would  give  me  two  of  the 
factory  laborers.  I  strenuously  protested,  as  they, 
knowing  nothing  of  such  work,  would  be  of  little  use 
to  me.    However,  I  had  to  take  them. 

Closing  time  found  everything  in  readiness.  The  out- 
board end  of  the  shaft  could  be  jacked  up,  but  condi- 
tions were  such  that  the  crank  end  had  to  be  raised  with 
a  3-ton  tackle.  I  chipped  the  babbitt  out  in  a  hurry  and, 
allowing  the  shaft  to  rest  in  the  outboard  bearing,  set 
the  crank  end  a  little  high  above  the  center  (about 
f\  in.),  so  that  after  some  months  of  wear  it  would  be 
worn  down  to  the  center. 

Havinglthe  shaft  set  for  height,  and  not  having  time 
to  take  out  the  piston  and  crosshead  to  put  a  line 
through  in  the  usual  way,  I  took  off  the  head-end 
cylinder  head  and  with  a  long  straight-edge  lightly 
clamped  against  the  back  end  of  the  cylinder,  and  about 


FIG.  2.   SMOOTHIXG  THE  GOVERNOR 
BELT  PULLEY 

carpenter's  chisel  as  a  hand  tool,  the  engine  was  run 
on  the  throttle  while  I  turned  the  babbitt  down  and 
smoothed  it  up  true.  The  engine  was  stopped,  the 
governor  belt  was  put  on  and  we  started  up  again  at 
just  five  minutes  before  seven.  M.  L.  Lowtiey. 

Livermore,  Calif. 

What  Makes  the  Exciter's  Voltage    Slow 
to  BuUd  Up? 

Referring  to  C.  S.  Harrison's  letter,  "What  Makes  the 
Exciter's  Voltage  Slow  to  Build  Up?"  in  Power  of  Apr. 
1,  it  may  be  that  the  series-  and  shunt-field  windings 
are  connected  in  opposition.  This  would  make  the  ex- 
citer sluggish  in  its  response  to  variations  in  the  load. 
It  is  possible  that  the  field  excitation  of  the  ex- 
citer may  be  weak  due  to  a  poor  connection  somewhere 
in  the  field  circuit.  I  would  advise  testing  the  voltage 
drop  across  each  field  coil.  Poor  brush  contact  would 
cause  the  machine  to  be  slow  to  build  up,  as  would  also 
brushes  of  too  high  a  resistance.  However,  brush 
trouble  generally  manifests  itself  by  considerable  spark- 
ing at  the  commutator.  L.  A.  Cole. 

Columbus,  Ohio. 
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Difference  in  Heating  Systems 

In  the  illustration  Fig.  1  shows  the  return  piping 
of  the  heating  system  in  one  plant.  This  system  was 
supplied  with  exhaust  steam  supplemented  by  live 
steam  brought  to  atmospheric  pressure  through  a 
reducing  valve.  The  radiator  valves  were  ther- 
mostatically controlled.  A  gage  at  the  radiators  showed 
about  4  in.  vacuum,  while  the  pump  gage  showed   10 
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Fig.  2 


FIGS.   1   AND   2.      PIPING  OF  TWO  HEATING  SYSTEMS 

in.,  probably  on  account  of  having  to  lift  the  returns 
from  the  main,  which  was  8  ft.  below  the  pump.  A 
4-in.  pipe  connection  for  cold  water  had  to  be  kept 
wide  open,  for  when  no  cold  water  was  used  the  pump 
would  become  steambound  and  could  not  lift  the  water 
from  the  return  main.  This  is  the  only  system  I 
ever  saw  arranged  in  this  way,  and  it  looks  to  me 
like  a  poor  job. 

Another  heating  system  that  I  had  charge  of  was 
arranged  as  shovra  in  Fig.  2.  This  one  took  much 
less  steam,  using  steam  at  atmospheric  pressure,  and 
a  vacuum  of  one  inch  was  carried  on  the  returns. 

I  would  be  pleased  to  have  this  subject  discussed 
and  learn  the  opinion  of  other  readers. 

Chicago,   111.  L.   B.   Shields. 

Graphite    for   Reducing  Slag  Formation 
on  Exterior  of  Boiler  Tubes 

A  statement  appearing  on  page  340,  of  the  Mar.  4 
issue  •€  Poiver,  in  an  article  reporting  the  meeting  of 
Illinois  Chief  Engineers,  deserves  having  attention  fo- 
cused upon  it.  This  statement  reads :  "Formation  of 
slag  on  the  lower  tubes  of  a  water-tube  boiler  has 
been  prevented  by  the  application  of  graphite  and  the 
use  of  a  hand  lance  in  addition  to  the  mechanical 
blower." 

This  is  interesting,  because  it  is  the  first  pass  of  a 
boiler  that  does  the  most  work,  hence  interference 
with  heat  transfer  here  interferes  most  with  boiler 
efficiency.  It  is  the  formation  of  slag  on  the  first  few 
rows  of  boiler  tubes  that  has  so  far  caused  one  of  the 
most  difficult  problems  with  which  the  manufacturer 
of  mechanical  soot  blowers  has  had  to  deal,  and  it  is 
not  yet  solved.  If  the  use  of  graphite  is  a  solution  or 
even  a  partial  solution,  it  is  to  be  highly  advocated, 
especially  in  installations  using  mechanical  draft,  oper- 
ating with  settings  insufficiently  high,  and  at  high 
ratings;  because  it  is  especially  in  such  cases  that  flue- 


gas  dust  and  slag  are  most  likely  to  cause  trouble.  The 
use  of  low-grade  fuels  with  high  ash  content,  necessi- 
tating high  draft  intensities  to  maintain  capacities,  has 
tended  to  make  the  slag  trouble  the  more  serious. 

Graphite  is  a  combustible.  It  oxidizes  in  an  oxidizing 
atmosphere.  Furnace  gases  are  oxidizing.  With  a  tem- 
perature of  2400  deg.  F.  and  higher  over  the  fuel 
bed,  with  a  temperature  of  1700  deg.  F.  and  thereabouts 
around  the  first  row  of  tubes,  the  questions  are:  Will 
graphite  stand  up  for  any  length  of  time?  In  applying 
graphite  what  vehicle  is  employed  to  withstand  these 
high  temperatures?  How  long  does  a  coating  of  graph- 
ite last  under  these  circumstances?  Is  the  application 
practical  so  far  as  the  heat  resistivity  of  graphite  and 
its  vehicle  is  concerned? 

And  another  pertinent  question  would  be:  Even  if 
graphite  and  the  vehicle  making  it  into  a  paint  have 
the  requisite  heat  resistivity,  which  means  a  certain 
life  under  actual  operating  conditions,  how  is  this 
graphite  paint  to  be  applied?  The  first  few  rows  of 
boiler  tubes  are  not  accessible  when  once  installed,  and 
difficulty  of  applying  the  graphite  would  be  a  serious  det- 
riment to  its  use. 

If  the  use  of  graphite  for  preventing  furnace  slag 
from  forming  across  the  outside  of  the  first  few  rows  of 
tubes,  obstructing  draft,  interfering  with  boiler  effi- 
ciency and  introducing  the  possibility  of  tube  troubles, 
is  as  effective  as  it  is  for  preventing  the  adherence  of 
scale  to  the  inside  of  the  tubes,  its  application  is  cer- 
tainly worth  advertising  and  encouraging.  What  is  the 
experience  of  operating  engineers?  What  are  the  criti- 
cisms of  the  foregoing  reasoning?  The  writer  hopes 
he  is  wrong.  S.  B.  WILKINSON. 

Chicago,  111. 

Changes  in  Header  Piping 

If  I  had  my  way,  I  would  never  drain  a  main  as 
shown  by  Mr.  Wakeman,  on  page  327  of  the  Mar.  4 


TWO    METHODS    OF   PIPING    BLEEDER    PIPE 

issue.  I  would  deem  such  connection  insecure  under 
any  pressure.  It  would  be  better  to  put  in  a  flanged 
tee  with  fhe  run  vertical  or  horizontal  according  to 
the  available  space,  as  shown  by  accompanying  illustra- 
tions. This  would  admit  of  making  a  proper  connec- 
tion of  the  bleeder  pipe  to  the  tee  instead  of  screwing 
it  into  a  threaded  hole  in  the  pipe.  A.  Dolphin. 
Jamaica,  L.  I. 
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EiiMilv    Mudr    FcrrnlcH 

The  tliimlilc  t'l'iriili'  (icsirilii'il  liy  Willmin  U.  Watson 
oil  pnjjf  7-1 1  of  tho  Apr.  1.'?  issue  of  I'dirrr.  will  an.swer 
iho  purpose  on  h  handle  for  a  .small  tool,  hut  old  thimhlcs 
»re  a  rather  searce  article  around  a  power  plant. 

For  years  enpineers  have  hcen  in  the  habit  of  uainjr 
the  end  caps  from  hurned-oiit  inclosed  fuses  for  fer- 
rules. Usually,  there  are  difTerent-sized  fuses  in  plants, 
the  caps  on  the  ir>-ampere  2r)0-volt  ones  beinp  \  in.  in 
diameter,  gradually  increasinp  in  diameter  as  the  am- 
perape  increases.  The  200-ampere  250-volt  fuses  have 
caps  \\  in.  in  diam?ter,  and  the  weights  of  the  caps 
arc  Just  about  right  for  the  different-sized  ferrules. 

Portsmouth    Out.,  Canada.  .lAMKS   E.   NOBLE. 

Grate  Bar  Used  Nineteen  Years 

The  illustration  shows  a  grate  bjir  that  I  have  used 
for  nineteen  years.     It  may  be  an  easy  matter  to  find 


•piMiiiiMiiniiiiiiiiiiiiiiiiiiiiiiiifiiiiiii 


GRATE-BAR    AFTER   19   YEAIIS   OF   SERVICE 

bars  that  have  been  in  use  longer,  but  not  of  this  iyv^, 
and  they  may  not  be  so  well  preserved. 

New  Haven,  Conn.  W.  H.  WaKEMAN. 

Carbon  and  Commutator  Wear 

Referring  to  the  discussion  by  Warren  C.  Kalb  on 
"Carbon  and  Commutator  Wear"  in  the  Mar.  18  issue 
of  Power  and  my  previous  letter  in  the  Feb.  4  issue,  I 
would  like  to  make  a  few  additional  remarks.  It  is 
to  be  expected  that,  as  mentioned  by  Mr.  Kalb,  brush 
wear  is  affected  by  a  number  of  factors  outside  of  cur- 
rent density,  sparking  voltage  and  peripheral  speed.  It 
is,  of  course,  desirable  that  whatever  such  factors  may- 
be, their  influence  should  be  studied. 

One  of  the  factors  mentioned  by  Mr.  Kalb  is  tem- 
perature. While  no  doubt  temperature  has  some  in- 
fluence, I  am  inclined  to  think  that  Mr.  Kalb  attributes 
too  much  importance  to  this  point.  Tests  made  on  cer- 
tain carbons  indicate  that  within  limits  increased  tem- 
perature had  very  little  influence  on  the  wear.  The 
temperature  was  varied  in  this  case  by  external  means 
independent  of  current  density,  sparking  voltages,  etc. 
Again,  other  tests  indicated  that  even  if  the  tempera- 
tures were  carried  rather  high  by  means  of  high  current 
densities,  the  wear  was  influenced  but  slightly  as  long 
as  there  was  no  arcing.  Further,  it  was  found  that 
quite  appreciable  arcing  caused  either  by  mechanical 
vibration  or  by  high  sparking  voltages  resulted  in  very 
little  wear  as  long  as  the  current  densities  were  low. 
Considerable  wear  was  obtained  only  with  a  combina- 
tion of  appreciable  arcing  and  appreciable  current 
densities,  although  the  temperatures  were  lower  than 
in  some  of  the  other  tests  giving  small  wear.  It  seems, 
therefore,  that  the  wear  is  not  simply  a  question  of 
temperature,  but  more  due  to  the  arcing  and  the  amount 
of  ionization  at  the  brush  which,  in  turn,  is,  of  course, 
influenced  by  local  temperatures,  current  densities,  etc., 
to  a  certain  extent. 

Since  Mr.  Kalb  questions  my  statement  regarding 
permissible  sparking  voltages  of  15  to  20  volts  across 


llir  brush,  I  wirth  to  .say  that  extcndcHl  tosts  with  such 
voitagrs  and  withf)ul  loud  curr«'nts  showed  carbon  wear 
amounting  to  only  a  small  percentage  of  the  W(!ar  ob- 
tained with  the  same  carbons  in  actual  Hcrvice;  that  is 
with  smaller  sparking  voltages  and  rather  high  current 
densities.  The  arcing  voltage  in  the  tests  was  not 
neutralized,  but  actually  existed  under  the  brush.  The 
results  were  as  surprising  to  me  as  they  probably  were 
to  Mr.  Kalb  and  convinced  me  more  than  ever  that  a 
lot  of  research  work  is  needed  along  this  line.  What- 
ever carbons  stand  the  highest  current  densities  to- 
gether with  the  greatest  amount  of  sparking  should 
certainly  find  a  wide  field  of  application.  While  com- 
mutating  poles  have  eliminated  sparking  to  a  large 
extent,  there  are,  in  actual  practice,  still  a  lot  of  almo.st 
unavoidable  causes  for  sparking.  It  is  therefore  best 
to  realize  this  and  develop  carbons  that  stand  up  fairly 
well  under  the.se  conditions.  R.  E.  Hellmund. 

East  Pittsburgh,  Penn. 

Utilizing  Heat  from   Ejector  Exhaust 

In  buildings  eciuipped  with  the  "Paul"  system  in 
which  a  vacuum  is  carried  on  the  air  line  from  the  radi- 
ators, the  vacuum  is  usually  produced  by  means  of  .h 
small  steam  ejector.  Considerable  heat  is  carried  off  by 
this  ejector  as  an  inspection  of  the  exhaust  pipe  from  it 
will    show. 

To  utilize  this  waste  heat  a  connection  can  be 
made  to  radiators  supplying  heat  to  a  hall  or  stairway 
with  the  piping  so  arranged  that  these  radiators  can- 
not be  shut  off.  Provision  must  also  be  made  for  sep- 
arating the  air  from  the  water  in  the  return  piping. 
These  radiators  must  be  two-pipe,  equipped  with  inlet 


j---Water  Line  Seal 
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^Discharge 
From  Air  Ejector 
toUfih'ze  Heat  from 
Air  Ejector  of 
"Paul"  Si/sfem 
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PIPING-  OF   R.\DI.\TOR 

and  outlet  piping  so  that  the  mixed  steam  and  air  can 
sweep  through  them.  The  illustration  is  intended  to 
show  the  application  of  this  method  to  a  two-pipe  system 
with  a  wet  return. 

Another  way  to  utilize  the  heat  from  the  ejector  is 
to  discharge  the  exhaust  into  a  return  tank  several 
inches  below  the  water  line,  thus  imparting  the  heat  to 
the  water  in  the  tank,  the  air  escaping  at  the  open  vent. 
The  return  tank  in  one  case  is  an  open  one  into  which 
the  vacuum  pumps  discharge.  W.  T.  Meinzer. 

Brooklyn,  N.  Y. 
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Short-Stroking  Pump  Uses  More  Steam — Does  a  steam 
pump  use  more  or  less  steam  when  it  short-strokes  ?  M.  C. 

When  a  direct  steam  pump  short-strokes,  there  is  less 
water  pumped  and  less  steam  used  per  stroke;  but  more 
steam  is  used  in  proportion  to  the  length  of  stroke  and 
the  amount  of  water  pumped  per  stroke,  because  there  is 
a  larger  proportion  of  clearance  space  and  a  larger  waste 
of  steam  in  the  steam  cylinder. 


Precautions  Against  Sticking  of  Safety  Valve — What  is 
the  best  way  to  guard  against  the  sticking  of  a  safety 
valve?  W.  R. 

To  know  that  the  valve  parts  are  clear,  the  valve  should 
be  raised  by  hand  at  least  once  in  a  five-hour  run,  and  the 
pressure  in  the  boiler  should  be  raised  to  the  blowing  point 
at  least  once  each  day  to  observe  that  the  valve  blows  at 
the  proper  pressure. 


Size  of  Water-Column  Connections — What  size  of  pipe 
should  be  used  to  connect  up  a  water  column  of  a  horizontal 
return-tubular  boiler?  R.  K. 

The  minimum  size  of  pipes  and  connections  used  should 
be  1  in.  For  a  power  boiler  the  water  connection  to  the 
water  column  should  be  of  brass  and  made  up  with  plugged 
cross-fittings  to  facilitate  cleaning  and  be  fitted  with  a 
drain  cock  or  valve  not  less  than  i  in.,  with  suitable  point 
of  discharge  for  blowing  out  the  connection. 


Greater  Economy  of  Four- Valve  Engines — Why  are  four- 
valve  engines  more  economical  than  single-valve  engines? 

W.  N.  C. 

Single  valves  are  more  likely  to  be  wasteful  from  leakage 
of  live  steam  direct  to  the  exhaust  and  are  provided  with 
longer  steam  passages  with  more  waste  cylinder  spaces 
than  necessary  for  four-valve  engines.  In  addition  four- 
valve  engines  are  capable  of  such  design  of  valve  gear  as 
to  obtain  independent  adjustment  and  operation  of  ad- 
mission and  exhaust  for  each  end  of  the  cylinder  with  the 
most  desirable  distribution  of  steam. 


Equalizing   the    Load  on  Direct-Current   Generators — We 

have  two  motor-generator  sets,  each  consisting  of  a  2200- 
volt  synchronous  motor  driving  a  275-volt  direct-cuirent 
compound-wound  interpole  generator.  One  of  the  sets  is 
150-kw.  capacity  and  the  other  200-kw.  capacity.  The 
machines  operate  in  parallel  and  are  connected  to  the 
switchboard  with  the  same  size  cables.  The  conductors 
connecting  the  200-kw.  machine  to  the  busbars  are  about 
twice  as  long  as  those  on  the  150-kw.  unit.  Why  does  the 
150-kw.  unit  take  more  than  its  share  of  the  load  when 
the  machines  are  connected  in  parallel?  Is  it  on  account 
of  the  shorter  connection  between  the  generator  and  the 
switchboard  on  the  150-kw.  unit?  C.  A.  M. 

There  are  a  number  of  causes  that  would  make  the  150- 
kw.  machine  take  more  than  its  share  of  the  load,  one  of 
them  being  the  difference  in  the  length  of  conductors  con- 
necting the  machines  to  the  switchboard.  If  the  machines 
had  been  located  so  the  longest  connections  would  have 
come  on  the  smaller  machine,  no  doubt  it  would  have 
improved  conditions.  If  the  characteristics  of  the  two 
machines  are  identical,  then  the  cross-section  of  the  con- 
ductors running  from  the  large  machine  to  the  switchboard 
should  be  more  than  100  per  cent,  greater  than  those 
on  the  small  machine.  It  may  be  possible  to  improve 
conditions  by  placing  a  thin  german-silver  or  iron  washer 
under  the  equalizer  lugs  of  the  small  machine,  so  as  to 
increase  the  resistance  of  the  equalizer  connection. 

Increasing  the  resistance  of  the  compounding  shunt  on 
the  large  machine  by  reducing  its  cross-section,  or  decreas- 
ing the  resistance  of  the  shunt  on  the  small  machine  by 


increasing  its  cross-section,  should  improve  conditions. 
Probably  the  compounding  shunt  on  the  200-kw.  machine 
is  of  a  lower  resistance  than  that  on  the  150-kw.  unit, 
and  by  interchanging  the  shunt  it  may  be  possible  to 
accomplish  the  desired  results.  Shifting  the  brushes  on 
the  two  machines  may  be  tried.  Moving  them  backward 
on  the  large  machine  vnll  tend  to  give  this  machine  a 
rising-voltage  characteristic,  while  shifting  them  forward 
on  the  small  machine  will  tend  to  give  this  machine  a 
drooping-voltage  characteristic.  This  will  tend  to  make 
the  200-kw.  unit  take  more  of  the  load  and  the  150-kw  unit 
take  less.  However,  if  the  commutating  zones  are  narrow 
on  the  machines,  it  may  not  be  possible  to  shift  the  brushes 
without    causing    severe    sparking. 

Bringing  the  main  polepiece  closer  to  the  armature  on 
the  large  machine  by  placing  iron  shims  on  back  of  them 
may  bring  about  an  improvement.  However,  care  must  be 
exercised  in  doing  this,  because  shims  improperly  placed 
would  increase  the  reluctance  of  the  magnetic  path  and 
have  an  effect  just  opposite  to  what  was  desired.  It  is 
doubtful  if  a  satisfactory  adjustment  can  be  obtained  by 
any  one  of  the  foregoing  suggestions  alone,  but  will  have 
to  be  accomplished  by  a  combination  of  them  by  applying 
the  cut-and-try  method. 


Connections  for  Charging  Storage  Batteries — I  would  like 
to  know  the  arrangement  of  32-candlepower  carbon  lamps 
necessary  to  charge  a  three-cell  automobile  storage  battery 
from  a   110-volt  direct-current  circuit.  J.  H.   H. 

The  diagram  shows  the  connections  for  charging  a  small 
three-cell  storage  battery  from  a  110-volt  circuit  through 
a    lamp    bank.      Care    must   be    taken    to    get   the    positive 


■      LAMPS    IN   SERIES   WITH    BATTERY 

terminal  of  the  circuit  connected  to  the  positive  terminal 
of  the  battery.  When  the  connections  are  made  properly, 
the  lamps  will  be  giving  a  lower  candlepower  than  when 
connected  directly  across  the  circuit.  About  six  32-candle- 
power or  twelve  16-candlepower  carbon  lamps  are  required. 
Of  course  the  number  of  lamps  will  depend  upon  the  size  of 
the  battery. 


Eccentric  Form  of  Crank— For  operating  a  valve  gear, 
when  and  why  is  an  eccentric  used  in  preference  to  a 
crank?  W.   D. 

An  eccentric  is  in  fact  a  crankpin  whose  diameter  is 
large  enough  to  include  the  crank  arm  and  crankshaft. 
When  a  reciprocating  motion  is  to  be  obtained  from  a  shaft 
and  the  crank  must  be  placed  between  the  ends  of  the  shaft, 
the  eccentric  form  must  be  used  to  avoid  cutting  the 
shaft  to  make  room  for  the  crank.  An  eccentric  form  of 
crank  is  preferable  when  it  is  desirable  to  obtain  the 
smoother  motion  and  greater  strength  of  an  enlarged  crank- 
pin  and  also  greater  compactness  of  design  suitable  for 
varying  the  angular  position  of  the  crank  on  the  shaft. 


870 


P  O  W  R  R 


Vol.  49,  No.  22 


Condciiscd-(  lipping  liuicxof  |{(]iiipmcnt 

Clip,  jKisIc  oil  3  X  5-in.  cards  and  jUr  as  ilisind 


rump,    "Kulllu,"    .Mutor-l>rlvrii 

KnUlo   Piiiiip  Co.,   IllnnchMttfr,  Ohio 
"Tower,"   Mar.   'il> 


Thin  pump  Ib  hulK  In  I, 
1.  1  Mtiil  •  I  \-lii  Hl/.fH  ar- 
niMKcil  for  .llhiT  door  or 
Willi  rniiunllii);.  iiiiil  Ik 
•'■iiilppcil  wllh  ii.  \.  %  aixl 
l-hp.  molor«  rospfctively. 
Capat'lty  of  nwichliioM  at 
I'T  r.p  111.  Ih  21  tjnl-  por 
Tiiin.  Willi  tin  11-ft.  head, 
•Jii  Kill,  per  inin,  wllh  a 
IL'l-fl.  hiinl  and  11  Kal. 
p.r  iiiln,  with  a  21 -ft. 
hi-ad.  Pump  Is  of  iho 
(fiitrlfuKal  typo,  havlns 
iiit.'iko  and  oiilli't  located 
;it  (he  lop.  Tlu'  Impeller 
i.s  of  iho  siinl-liiclo.s.-d 
type  nnil  Is  supporti.'d  by 
a  bearing  at  fllher  end  Of 
the   Impfller  shaft. 


><iiird,   Htrrlrrrlr    .Marlihir 
ISxpar.dod  M<lal  i;iiBlii<<rlnK  d.  ,  H  VVc«t  40th  St.,  Now  York  <-|ly 
"I'owrr."   Mar.    2r,,    1919 


Stoolrrcto  mrsh  ma- 
••hlno  Kuard  In  inadi'  of 
■  xpanili'il  nii-lal.  Mtoel 
plate  liolnK  rut  and  pulled 
out  Into  a  fiihrlc  of  dla- 
mond-shapi'  nicHlicM,  I  he 
(llamondH  liclni?  Joined  ;it 
I  heir  "brldgiH"  by  ,i  whorl 
Heetloil  of  (he  unHliearcil 
plate.  The  wheetH  are  at- 
tacheil  and  filled  to  .inRle- 
Iron  fraim-.H  by  means  of 
bolts,  rivel.s  or  spot -weld- 
ing. The  mesh  does  not 
loosen  up  or  h.ik,  mlther 
does  It  dislnhgrate  in 
case  one  or  more  strands 
are  fractured. 


Itlurkbum-^imllh    Incloaed 

Hirn-.Sinith  Corporation,  lO:,  West  40th  St.,  New  York  Clt.\ 
•Tower,"  Mar.   IS.   1919 


Switch  is  of  the  single-pole,  double- 
brake  type  designed  for  use  with  tanks, 
to  regulate  water  level  between  high  and 
low  limits.  Regulation  is  obtained  by  a 
float  operating  the  switch,  which  in  turn 
actuates  a  solenoid  controlling  mechani- 
cal or  other  electrical  devices. 


Vulv«,    Hydraulic    Operating. 

Vance-Vetter  Co.,   Pittsburgh,   Penn. 

"Power,"  Mar.  18,  1919 


This  hydraulic  operat- 
ing valve  is  made  with 
Hat  disks  that  are  easily 
renewed  without  discon- 
necting the  valve  or  pip- 
ing. The  valves  are  oper- 
.ited  by  a  cam  movement, 
and  each  valve  has  a  posi- 
tive .sioj)  for  open,  flow 
and  closed  positions,  and 
they  c.mnot  cni  p.  When 
the  handle  is  relea.'ied  to 
the  center  position,  it  cen- 
ters and  closes  the  valve 
automatically.  The  valvc 
is  designed  for  pressures 
up  to  3000  lb.  per  square 
inch. 


Cleaner,  Geyser   Boiler 

Geyser  Boiler  .Appliance   Co.,   Detroit,   Mich. 
"Power."  Mar.    1,   1919 


This  system  consists  of  a 
number  of  connecting  nozzles 
attached  to  pipes  so  as  to 
distribute  the  nozzles  along 
the  bottom  of  the  boiler 
shell  of  the  Scotch-marine 
type.  Nozzles  are  piped  to 
a  valve  chamber  that  has 
three  holes,  one  at  each  side 
and  one  at  the  top.  A  main 
blowoff  valve  is  provided, 
and  when  turning  the  valve 
handle  to,  say.  Xo.  1  on  the 
dial  plate,  communication  is 
opened  between  Xo.  1  con- 
necting nozzle  and  the  main 
blowoff  pipe,  thus  blowing 
out  the  sediment  in  the 
vicinity  of  the  nozzle.  This 
operation  is  repeated  by 
moving  the  valve  until  a 
complete  revolution  is  made. 


I'nion,   Kdward    GasketleNs    Double-Tight 

Edward    Valve    and    Manufacturing    Co.,    72    West    Adams    St., 
Chicago,  111. 

"Power,"   Feb.    2.5,    1919 


In  this  union  the  con- 
tact joint  is  made  with  a 
grooved  V-shaped  face, 
and  the  other  is  made 
with  a  split  tongue.  The 
faces  of  the  tongue  and 
groove  are  made  with 
about  two  degrees  difftr 
ence  of  angle,  and  the 
joint  is  made  at  the  nar 
row  part  of  the  V-groo\e 
thus  giving  a  somewhit 
flexible  joint.  No  gasket 
is  used.  This  construc- 
tion gives  two  separate 
independent  contacts  of 
the  split  tongue  in  the 
groove. 


Boiler,   Parker   Double-Service 

Thomas  T.   Parker,   BrookljTi,   N.   Y. 

"Power,"   Apr.    29,    1919 

This  boiler  contains  a  device  for  separating  scale-forming 
solids,  mud,  oil  and  other  foreign  matter.  The  apparatus  con- 
sists of  a  live-steam  feed-water  purifier  located  in  a  horizontal 
fire-tube  boiler  and  having  two  troughs.  Feed  water  enters  the 
first  trough  and,  overflowing  to  the  second,  comes  in  contact  with 
the  live  steam.  Water  flows  from  the  second  trough  to  the  body 
of  the  purifier  and,  passing  under  a  baffle  plate,  flows  through  a 
slotted   end  of   the  separator   into   the  boiler. 


I    Scale,   Reliance   Automatic   Coal 
j        James  A.   Brady  Foundry  Co.,  Chicago,  111. 
I  "Power."    Apr.    8,    1919 

1  The  scale  is  designed  for  the  continuous  weighing  of  coal  and 
I  is  said  to  be  accurate  within  one  per  cent.  It  is  of  all  cast-iron 
!  construction  and  has  a  straight-sided  hopper.  Hardened-steel 
knife-edges  are  housed  in  a  cast-iron  box  with  felt  washer  to 
exclude  dust.  The  ratio  of  the  two  arms  of  the  balanced  lever 
is  four  to  one.  The  operating  shaft  is  inclosed  in  a  dust-proof 
case  and  is  carried  on  ball  bearings.  If  desired,  flange  wheels  are 
attached   to  the  steel  frame,   making  it  portable. 


Patented  Aug.  20.  1918 
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Refrigerating  Engineers  Approve  Tentative 

Safety  Code 


HELD  at  Hotel  Sinton,  Cincinnati,  May  19-21,  the  sixth 
Western  meeting  of  the  American  Society  of  Re- 
frigreratinfir  Engineers  was  a  decided  success.  The 
outstanding  featui-e  of  the  convention  was  the  adoption  as 
it  stood  of  the  Tentative  Code  for  the  Regulation  of  Refrig- 
eration Machines  and  Refrigerants,  which  has  been  in  the 
course  of  preparation  for  the  last  two  years  by  a  committee 
of  the  society.  The  plan  was  to  prepare  a  code  that  would 
be  authentic  and  right  for  the  guidance  of  municipal  or  state 
legislators  and  to  insure  uniformity  in  the  regulations.  On 
this  account  it  was  made  as  simple  as  possible,  giving  pro- 
tection with  a  minimum  amount  of  trouble  and  equipment. 
The  code  applies  to  every  refrigerating  machine  employing 
ammonia,  carbon  dioxide,  ethyl  chloride  or  sulphur  dioxide 
as  a  refrigerant.  It  is  considered  tentative  and  is  open  to 
correction  or  addition.  The  committee  is  now  awaiting  the 
results  of  the  work  done  by  the  subcommittees  on  welding 
and  on  the  specification  of  a  standard  ton  of  refrigeration. 
There  will  be  additions  to  the  code  on  these  two  items,  and 
further  suggestions  are  solicited  by  the  committee.  About 
twenty  cities  have  now  adopted  the  code  as  it  stands.  In 
the  discussion  reference  was  made  to  the  preparation  of  a 
separate  code  for  an  electric-driven  plant;  this  to  avoid 
complication  and  preserve  the  simplicity  desired.  The 
present  code  will  appear  in  full  in  an  early  issue  of  Power. 
President  G.  E.  Wells  made  a  general  address,  reviewing 
briefly  some  of  the  recent  work  of  the  society  and  request- 
ing more  activity  in  securing  new  members.  Owing  to  the 
many  new  applications  of  refrigeration,  he  said,  oppor- 
tunities for  the  refrigerating  engineer  are  greater  than 
ever  before.  More  attention  should  be  paid  to  the  ap- 
pearance of  plants,  particularly  in  the  Southwest.  Because 
of  the  higher  cost  of  fuel  and  supplies,  improved  efficiency 
is  a  prime  importance  and  labor  must  be  given  more  con- 
sideration than  in  the  past. 

Mr.  Killer's  Paper 

A  paper  by  N.  H.  Hiller,  describing  a  "Shop  Method 
for  Testing  Refrigerating  Machines"  was  received  with 
interest.  In  the  past  15  years  the  company  with  which 
the  speaker  is  connected  has  installed  four  test  plants  at  an 
average  cost  of  $5000.  As  they  required  the  services  of 
five  men,  the  cost  of  operation  was  high.  Many  difficulties 
were  encountered  and  long  delays  made  it  difficult  to  in- 
terpret changes  in  the  refrigerating  apparatus.  Conse- 
quently, a  new  method  employing  a  high-pressure  orifice 
was  tried.  The  compressor  discharged  into  a  high-pressure 
receiver  and  then  through  a  valve  into  a  low-pressure  re- 
ceiver equipped  with  a  special  form  of  nozzle  recommended 
by  the  Compressed  Air  Society,  and  a  manometer.  By  means 
of  the  regulating  valve  between  the  receivers  the  pressure 
was  kept  constant  in  the  high-pressure  tank.  The  equip- 
ment gave  excellent  results  with  compressed  air,  but  was 
rather  complicated.  In  an  effort  to  simplify  the  plant  an 
adaptation  of  this  nozzle  method  was  used.  The  problem 
was  to  obtain  constant  conditions  of  pressure  and  a  means 
of  measuring  the  volume  of  the  gas  pumped  and  thereby 
its  weight.  Receivers  were  employed  as  before,  tempera- 
tures measured  on  both  sides  of  the  nozzle,  and  an  oil 
manometer  was  used.  A  sprinkling  trough  was  provided 
to  reduce  the  superheat  in  the  high-pressure  receiver  to  a 
temperature  slightly  above  that  due  to  the  pressure,  and 
grids  and  baffles  v.'ere  installed  to  break  up  the  gas  cur- 
rent and  prevent  vortex  action.  This  apparatus  gives  all 
the  conditions  of  a  complete  i-efrigerating  plant  except 
that  of  a  saturated  gas  suction,  and  to  meet  this  a  small 
double-pipe  condenser  and  a  calibrated  receiver  with  gage- 
glass  are  provided,  the  latter  being  connected  into  the  suc- 
tion line  through  a  valve  which  can  be  regulated  to  maintain 
any  desired  temperature  of  the  suction  gas.  Ascertaining 
the  quantity  of  liquid  flowing  through  the  regulating  valve 
by  means  of  the  gage-glass  and  adding  to  this  the  quantity 


indicated  by  means  of  the  nozzle  gives  the  total  volumetric 
capacity  of  the  compressor. 

To  give  comparative  data  in  the  shop  the  foregoing  is 
all  that  is  needed.  The  various  parts  of  the  system,  how- 
ever, may  be  cut  into  the  suction  line  of  any  installation 
and  left  permanently  connected.  Results  within  2  per 
cent,  of  the  actual  capacity  might  be  expected.  The  ap- 
paratus can  be  attached  also  to  the  suction  line  of  an  ab- 
sorption plant.  Its  value  in  detecting  any  falling  off  in 
capacity  and  in  obtaining  comparative  data  before  and  after 
changes,  would  be  great. 

Monday  Afternoon  Session 

At  the  afternoon  session,  Monday,  E.  F.  Mueller,  of  the 
National  Bureau  of  Standards,  presented  an  interesting 
paper  on  the  "Physical  Properties  of  Brine."  The  rela- 
tion between  specific  gravity  and  other  properties  of  brine 
was  discussed  and  the  need  of  proper  tables  giving  the 
properties  of  both  calcium-chloride  and  sodium-chloride 
brines  was  emphasized.  As  soon  as  accurate  data  are  avail- 
able on  the  thermal  expansion  of  brines  below  32  deg.  P.,  it 
is  the  intention  of  the  bureau  to  issue  these  tables  as  a 
bureau  circular.  The  form  of  the  tables  and  method  of 
arrangement  were  indicated  in  the  paper.  An  interesting 
digression  was  an  explanation  of  the  phenomena  occurring 
on  cooling  a  brine  below  its  freezing  point. 

In  a  paper  on  "Improved  Cold-Storage  Methods,"  F.  E. 
Matthews  referred  to  the  work  being  done  by  the  Bureau 
of  Markets,  United  States  Department  of  Agriculture,  to 
effect  better  world  provisioning.  Better  distribution  of 
foodstuffs  by  cold  storage  is  a  problem  of  vital  importance. 
The  present  prodigality  is  illustrated  by  the  fact  that  over 
15  per  cent,  of  the  food  is  wasted  before  reaching  storage 
and  19  per  cent,  after  it  is  placed  on  the  market  from 
storage.  More  and  better  food  to  the  consumer  could  be 
had  by  increasing  production  and  lessening  storage  rates 
due  to  the  greater  volume.  One  of  the  present  difficulties 
is  the  lack  of  uniform  rates  on  cold-storage  products,  due 
to  the  varying  shapes  of  the  commodities  and  the  waste 
space  in  piling,  ranging  on  the  average  from  25  to  50  per 
cent.  The  load  factor  of  the  warehouse  as  well  as  the  load 
factor  of  the  refrigerating  plant  has  a  big  effect  on  the 
net  earnings. 

The  Bureau  of  Markets  has  developed  a  standard  cost- 
accounting  system  for  cold-storage  warehouses.  Uniform- 
ity in  the  various  plants  is  important  so  that  intelligent 
comparisons  of  results  can  be  made  for  the  purpose  of  elim- 
inating bad  practices  and  establishing  equitable  rates.  Those 
commodities  taking  too  much  space  and  those  paying  their 
way  can  be  detected   and  adjustments   made. 

The  discussion  centered  on  the  prejudice  against  cold 
storage  and  its  gradual  elimination,  preparation  of  the 
product  before  freezing,  the  need  of  a  better  system  of 
getting  the  product  from  the  retailer  to  the  consumer,  and 
the  desirability  of  being  more  strict  in  accepting  products 
for  storage. 

"Refrigeration  in  the  Chemical  Industry"  was  a  topic  on 
which  there  was  some  discussion.  Reference  was  made  to 
indirect  application  as  in  the  crystallization  of  chemical 
products  and  direct  application  in  the  manufacture  of  chem- 
icals for  the  preparation  of  dyestuffs.  Cooling  of  chem- 
icals by  heavily  icing  the  coils  or  by  brine  circulation 
through  star-shaped  elements  was  referred  to  specifically 
by  Fred  Ophuls,  of  New  York  City. 

Tuesday  Morning  Session 

On  Tuesday  morning  the  initial  subject  was  "Refi'igera- 
tion  at  Edgewood  Arsenal,"  by  J.  0.  Schultz.  During  the 
war  the  arsenal  became  the  world's  greatest  toxic-gas 
plant.  A  great  variety  of  gases  in  enormous  quantities 
were  made.  Refrigeration  was  needed  to  cool  the  shells  to 
be  filled,  to  cool  the  liquid  entering  the  shells  and  to  de- 
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hyilrntc  the  Bir  used  In  force  the  liquul  into  tho  sIicIIm. 
Mustiird  oil,  for  oxiimiilp,  rtMiuin-d  two  totiH  of  n-friKera- 
tion  for  each  ton  of  k'as  mnkiiur.  A  toniporaturt-  of  IT)  dejr- 
was  muintaiiu'd  in  the  oilcooliiik'  and  .shoU-coolinff  rooms. 
At  th««  tiino  of  tin-  armi.ttico  a  total  of  13r)7  tons  of  re- 
friKt'ration  had  boon  installed. 

A  disrussion  on  c()olin>r  towers  was  opened  by  .1.  B. 
Harry.  Brief  smnniarios  were  k'iven  of  spray  coolintr  sya- 
tcma  and  of  natural  ventilation  and  fan-draft  towers  and 
the  combi  lation  tower.  The  hijrhost  efTiciency  with  the 
least  loss  if  water  could  be  obtained  with  an  atmospheric 
tower  of  proper  design.  For  the  construction  of  the  tower, 
includinir  the  louvers,  steel  is  the  best  material  if  fre- 
quently inspected  and  kept  properly  painted.  Acid  in  the 
nir  collecting  in  the  water  and  becoming  concentrated  in 
time  necessitates  chanfrinp:  the  water  at  intervals  or  the 
introduction  of  alkali  to  neutralize  the  acid.  The  speaker 
told  how  wind  shields  were  formed  and  attached  to  the 
structure  in  the  particular  tower  in  which  he  was  inter- 
ested. The  savintr  in  water  by  the  use  of  a  properly  de- 
signed tower  miirht  reach  08  .')  per  cent.'  There  was  further 
discussion  on  the  use  of  tile  and  concrete  to  avoid  iron  and 
the  attend  in  .r  corrosion  and  the  use  of  wood  to  eliminate 
repairs.  Reference  was  made  to  the  desirability  of  stan- 
dard specifications  of  performance  and  of  standard  towers. 
With  open  towers  the  averape  wind  velocity  is  a  vital 
factor.  Other  points  to  be  considered  are  the  wetted  sur- 
face, the  collecting  and  breakinp:  up  of  the  water  at  in- 
tervals and  the  retardation  of  the  drops  to  keep  the  water 
in  the  air  as  long  as  possible.  Spray  systems  require  nearly 
as  much  power  as  the  fan  tower  and  in  addition  there  is 
considerable  loss  from  windape. 

Advantages  of  the  hiprh-speed  ammonia  compressor  are 
less  space  occupied,  more  adaptable  for  direct  connection 
to  motors  and  hijrher  efficiency.  The  cost  is  as  much  or 
more  than  that  of  a  slow-speed  machine  of  the  same  ca- 
pacity owinsr  to  hitrh-prade  construction.  The  success  of 
this  type  hinjres  on  the  discharpe-valve  area.  With  poppet 
valves  the  speed  was  limited  if  efficiency  and  noiseless  op- 
eration were  to  be  maintained.  The  feather  valve  had 
advantages  and  was  now  being  introduced  into  the  re- 
frigeratinff  field.  Keeping  the  compressor  properly  keyed 
up  was  of  great  importance  as  the  momentum  increased 
as  the  square  of  the  velocity. 

Mr.  Ormsby's  Paper 

"Men  and  Machinery  in  the  Ice  Manufacturing  Plant" 
was  the  subject  of  a  paper  by  Ermle  S.  Ormsby.  The  speaker 
expressed  his  belief  in  thoroughly  good  plants  and  in  re- 
finements tending  toward  economy,  but  maintained  that 
the  man  operating  the  plant  plays  a  more  important  part 
in  obtaining  efficiency  than  the  machinery.  Back  of  the 
man  the  support  and  confidence  of  tha  management  are 
essential.  Initiative  should  be  encouraged,  and  the  system 
of  order  and  drive  must  give  way  to  leadership  and  proper 
considei-ation.  Poor  choice  of  men  and  low  salaries  in- 
variably result  in  low  economy.  A  number  of  plants  were 
reviewed,  and  those  complying  with  the  suggestions  cited 
previously  were  paying  dividends.  In  the  discussion  Colonel 
Rushton  emphasized  the  importance  of  cooperation  between 
department  heads.  The  men  should  be  encouraged  and 
given  every  opportunity  for  advancement.  Understudies 
all  the  way  along  the  line  are  desirable,  and  unless  abso- 
lutely necessary,  outsiders  should  not  be  brought  into  the 
organization. 

In  a  paper  by  John  E.  Starr,  the  point  was  made  that 
although  engineering  is  an  exact  science,  the  success  of 
the  engineer  depends  on  his  ability  to  reduce  his  conclusions 
to  terms  of  cash.  Obsolescence  and  interest  on  initial  in- 
vestment may  overbalance  the  cost  of  operation.  Whether 
to  buy  expensive,  economical  machinery  or  cheap  machines 
of  lower  economy  depends  on  conditions,  length  of  service, 
etc.  It  is  not  so  much  the  choice  of  efficient  machinery 
as  the  selection  of  equipment  that  will  give  the  best  re- 
turns on  the  money  invested. 

A  discussion  on  the  relative  advantages  of  ammonia  com- 
pression versus  absoiTJtion  refrigerating  machines  for  cool- 
ing water  did  not  bring  out  anything  new.     As  no  specific 


Hot  of  conditions  wa.-^  nsHumcd,  the  condusionH  were  those 
pcncrnlly  accepted.  A  HubHecjuent  explanation  by  Prcd 
OphulH  of  a  new  ice-making  ByHtem  he  wa8  perfecting 
proved  intcrcHting.  The  Hystcm  in  based  on  the  fact  that 
water  can  be  cooled  below  'Vi  deg.  F.  without  freezing  and 
then  at  the  slightest  jar  will  flash  into  ice  cry.stal.s.  The 
main  difficulty  has  been  to  find  out  why  the  water  flashes 
into  ice  at  ni.G  (leg.  at  one  time  and  at  20.5  deg.  at 
another.  It  was  discovered  that  the  refrigerating  medium 
has  to  be  at  a  certain  temperature  and  that  the  shape 
of  the  can  has  a  bearing.  The  formation  of  loose  crystals 
is  avoided  when  the  water  is  only  slightly  supercooled.  Mr. 
Ophuls  sketched  the  can,  showing  supercooled  water  coming 
in  at  one  end  and  a  continuous  cake  of  frozen  ice  coming  out 
at  the  other.  Oil  lubricated  the  surfaces  so  that  the  cake 
of  ice  passed  along  freely.  It  is  necessary  to  circulate  four 
pounds  of  water  for  each  B.t.u.  abstracted,  but  the  quick- 
ness of  freezing  insures  a  large  output  in  comparatively 
small  space. 

Reports  from  the  various  chapters  brought  out  the  sug- 
gestion that  discussion  of  papers  already  presented  and 
printed  by  the  society  would  be  more  advantageous  to  the 
sections  than  the  presentation  of  papers  bordering  on  the 
commercial  or  of  papers  by  the  rank  and  file  on  which  little 
time  had  been  spent  with  the  idea  in  view  that  they  would 
not  be  printed. 

The  usual  banquet  was  held  Tuesday  evening,  and  the 
following  day  was  given  over  to  the  inspection  of  industrial 
plants  and  an  automobile  ride  about  Cincinnati. 


Water-power  Bills  Introduced  in  Congress 

Water-power  legislation  in  three  different  forms  has  been 
introduced  in  the  Senate  at  the  present  extraordinary  ses- 
sion of  Congress,  and  the  House  of  Representatives  has 
passed  a  rule  providing  for  the  creation  of  another  special 
water-power  committee  similar  to  that  which  worked  a  bill 
through  the  House  at  the  last  session  of  Congress,  although 
the  proposed  legislation  failed  in  the  Senate  as  the  old 
Congress  ended,  owing  to  the  filibuster  on  President  Wil- 
son's foreign  policies. 

Representative  Campbell,  of  Kansas,  took  a  leading  part 
in  having  the  House  pass  the  rule  providing  for  the  new 
committee.     The  rule  is  as  follows: 

Resolved,  that  the  Speaker  of  the  House  be,  and  he  is 
hereby  authorized  and  directed  to  appoint  a  special 
committee  of  eighteen,  to  whom  all  bills  and  resolutions 
heretofore  or  hereafter,  introduced  during  the  Sixty-sixth 
Congress  pertaining  to  the  development  or  utilization  of 
water  power  shall  be  referred,  notwithstanding  any  general 
rule  of  the  House  to  the  contrary. 

The  three  forms  in  which  legislation  has  been  proposed 
in  the  Senate  are  as  follows:  A  bill  (Senate  152)  by  Sena- 
tor Jones  of  Washington,  to  create  a  Federal  Power  Com- 
mission and  to  define  its  duties  and  powers,  to  provide  for 
the  improvement  of  navigation,  for  the  development  of 
water  power,  and  for  the  use  of  the  lands  of  the  United 
States  in  relation  thereto,  which  was  referred  to  the  Com- 
mittee on  Commerce;  a  bill  (Senate  220)  by  Senator  Walsh 
of  Montana,  to  amend  the  act  to  regulate  the  construction 
of  dams  across  navigable  waters  approved  June  21,  1906, 
also  the  act  approved  June  23,  1910,  and  to  provide  for  the 
improvement  and  development  of  waterways  for  the  uses 
of  interstate  and  foreign  commerce,  which  was  refei-red  to 
the  Committee  on  Interstate  Commerce;  a  bill  (Senate  651), 
by  Senator  Shields  of  Tennessee,  to  provide  for  the  construc- 
tion of  dams  across  the  navigable  waterways  of  the  United 
States,  for  their  improvement  and  development,  and  to 
provide  for  the  lease  and  use  of  public  lands  and  the  devel- 
opment or  utilization  of  water  power  in  the  streams  run- 
ning through  or  adjacent  to  them. 

The  bill  introduced  by  Senator  Walsh  is  practically  iden- 
tical with  the  report  made  by  the  Conference  Committee  at 
the  last  session  of  Congress.  It  provides  among  other 
things  for  the  issuance  of  permits  for  the  development  of 
water  power  for  a  period  not  exceeding  fifty  years. 
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Preliminary  permits  not  exceeding  three  years  may  be 
issued  for  the  sole  purpose  of  maintaining  priority  of  appli- 
cation during  the  time  necessary  for  making  examinations 
and  surveys. 

Whenever  in  the  judgment  of  the  commission  the  devel- 
opment of  any  project  should  be  undertaken  by  the  United 
States  itself,  the  commission  shall  not  approve  any  appli- 
cations received  from  other  parties. 

No  transfer  of  license  or  of  the  rights  thereunder  granted 
are  allowed  without  the  approval  of  the  commission. 

After  the  first  twenty  years  of  operation  the  licensee 
shall  establish  and  maintain  amortization  and  resei-\-e. 

The  licensee  shall  pay  to  the  United  States  reasonable 
annual  charges  in  an  amount  to  be  fixed  by  the  commis- 
sion. This  does  not  apply  to  such  power  as  is  used  for  state 
or  municipal  purposes,  or  to  power  for  domestic  mining  or 
other  beneficial  use  in  projects  of  not  more  than  fifty 
horsepower. 

Combinations,  agreements  or  understandings  to  limit  the 
output  of  electrical  energy,  to  restrain  trade  or  to  fix, 
maintain  or  increase  prices  for  electrical  energy  are  pro- 
hibited. 

The  licensee  is  required  to  begin  the  construction  of  the 
work  within  the  time  fixed,  unless  an  extension  be  granted 
by  the  commission,  and  shall  prosecute  such  construction 
in  good  faith,  and  shall  from  time  to  time  thereafter  con- 
struct such  balance  of  the  development  as  the  commission 
shall  deem  necessary  to  meet  the  demands  of  the  market. 
Noncompliance  with  this  shall  make  the  license  revokable. 

Upon  not  less  than  two  years'  notice  the  United  States 
would  have  the  right,  upon  or  after  the  expiration  of  any 
license,  to  take  over  and  operate  the  property,  in  which 
case  it  would  be  required  to  pay  the  net  investment  not 
to  exceed  the  fair  value  of  the  property  plus  reasonable 
damages,  if  any.  The  net  investment  is  taken  as  the  actual 
original  cost  plus  additions  and  betterments  minus  unappro- 
priated surplus,  depreciation,  sinking  fund  or  similar 
reserves. 

If  the  United  States  does  not  at  the  expiration  of  the 
license  exercise  its  right  to  take  over  the  property,  the 
commission  is  authorized  to  issue  a  new  license  to  the 
original  licensee  upon  terms  consistent  with  the  then  exist- 
ing laws. 

Rates  are  left  to  the  regulation  of  the  state  utilities  com- 
missions. 

The  bill  introduced  by  Senator  Jones  is  in  many  respects 
similar  to  the  Walsh  bill.  It  provides  in  addition  that  the 
Government  will  make  investigations  and  collect  data  con- 
cerning the  power  industry,  its  relation  to  other  industries, 
markets  for  power,  and  ascertain  whether  the  power  from 
government  dams  may  be  advantageously  used  by  the 
United  States  for  public  purposes;  such  information  to  be 
made  public  from  time  to  time.  The  licensee  would  be  re- 
quired to  pay  such  annual  charges  as  may  be  fixed  by  the 
commission  solely  with  a  view  to  reimbursing  the  United 
States  for  the  actual  cost  of  administration;  such  charges 
to  be  readjusted  if  necessary  not  oftener  than  once  in  two 
years.  Further,  that  grants  for  the  development  or  trans- 
mission of  power  for  domestic  mining  or  other  beneficial 
use  in  projects  of  not  more  than  five  hundred  horsepower 
capacity  may  be  issued  without  charge.  In  the  Walsh  bill 
this  is  fifty  horsepower. 

Both  bills  provide  for  the  taking  over  of  the  property 
by  the  Government  where  in  the  opinion  of  the  President 
the  safety  of  the  United  States  demands  such  action. 

The  Shields  bill  would  place  the  granting  of  permits 
in  the  hands  of  the  Secretary  of  War  when  pertaining  to 
navigable  streams,  and  the  Secretary  of  the  Interior  when 
pertaining  to  public  lands.  It  has  the  fifty-year  recapture 
clause  the  same  as  the  other  two  bills,  but  the  value  of  such 
property  shall  be  determined  by  agreement  between  the 
Secretary  of  War  and  the  grantee  provided  that  no  values 
shall  be  claimed  for  the  rights  granted,  for  good  will  or 
anticipated  profits. 

Representative  Gillette,  the  Speaker  of  the  House,  an- 
nounced the  personnel  of  the  new  water  power  committee  as 
follows: 

Representatives  Esch,  of  Wisconsin;  Hamilton,  of  Michi- 


gan; Winslow,  of  Massachusetts;  Sinnott,  of  Oregon;  Smith, 
of  Idaho;  Elston,  of  California;  Haugen,  of  Iowa;  Mc- 
Laughlin, of  Michigan;  Anderson,  of  Minnesota;  Sims,  of 
Tennes.see;  Doreinus,  of  Michigan;  Barclay,  of  Kentucky; 
Ferris,  of  Oklahoma;  Taylor,  of  Colorado;  Raker,  of  Cali- 
fornia; Lever,  of  South  Carolina;  Lee,  of  Georgia;  and 
Candler,  of  Mississippi. 


Investigation  of  Wire  Rope* 

By  J.    H.   GRIFFITHf 

The  Bureau  of  Standards  for  a  number  of  years  has  con- 
ducted investigations  having  for  their  purpose  the  collection 
of  facts  concerning  the  strength  and  other  properties  of  wire 
rope.  The  following  is  an  abstract  of  some  of  the  important 
data  pertaining  to  the  relative  strengths  of  steel  hoisting 
ropes  when  they  are  used  on  sheaves  of  different  diameters, 
as  in  the  case  of  the  block  and  tackles  for  cranes  and  derricks. 

It  is  shown  in  the  dynamics  of  materials  that  a  sudden 
application  of  a  load,  as  in  the  case  of  the  lifting  of  a 
weight  by  a  crane,  may  cause  strains  that  are  double  those 
experienced  when  it  is  applied  gradually.  On  the  other 
hand,  a  sudden  reversal  of  stress  may  cause  maximum 
strains  three  times  those  obtained  when  the  reversal  is 
made  slowly.  Kinetic  effects  may  therefore  be  assumed  to 
have  static  equivalents  which  in  any  case  should  not  ex- 
ceed the  strength  of  the  block  and  tackle,  which  will  be 
limited,  in  turn,  by  the  strength  of  its  component  parts, 
namely,  the  socket  connecting  cable  to  hook  the  sheaves, 
axles  and  pins.  It  is  known,  moreover,  that  the  "quick" 
modulus  of  elasticity  for  metals  differs  only  slightly  from 
the  "slow"  modulus.  It  was  assumed  in  conducting  tests 
that  the  behavior  of  a  number  of  "fall  lines"  and  sheaves  in 
parallel  may  be  approximated  for  practical  purposes  by  the 
testing  of  a  single  loop  of  cable  over  two  sheaves.  The 
tests  were  conducted  upon  plow-steel  cables  of  six  strands 
of  19  wires  each,  varying  in  diameter  from  i  to  li-in.,  the 
sheaves  being  10,  14,  and  18  in.  in  diameter,  the  sizes  most 
commonly  used  in  practice.  The  following  results  were  ob- 
tained : 

Variation  of  Relative  Strengths  of  Cables 

Let  it  be  supposed,  first,  that  the  strength  of  a  cable 
when  tested  in  direct  tension  represents  a  datum  of  100 
per  cent.  The  mean  relative  strengths  of  cables  of  diam- 
eters i  in.  to  11  in.,  as  found  by  actual  tests,  may  be  approxi- 
mately represented  by  linear  laws  as  follows :  The  strength 
on  18-in.  sheaves  when  tested  in  the  manner  previously  de- 
scribed varies  from  96  per  cent,  for  i-in.  cables  to  87  per 
cent,  for  l|-in.  cables.  The  corresponding  values  for  14-in. 
sheaves  vary  from  95  to  82  per  cent,  and  for  10-in.  sheaves 
from  84  to  77  per  cent.  The  mean  departui-es  from  the 
linear  law  were  about  1  per  cent,  (ztr)  and  the  maximum 
about  2  per  cent,  (zt)  for  the  different  cases,  except  in  the 
case  of  the  S-in.  cables  on  10-in.  sheaves,  where  it  was  4 
per  cent,  higher  than  the  law  calls  for.  In  other  words, 
the  relative  strength  in  this  case  was  actually  88  per  cent. 

On  the  other  hand,  let  the  datum  of  100  per  cent,  repre- 
sent the  mean  aggregate  strengths  of  the  component  wires 
as  found  from  individual  tension  tests.  The  strength  of 
cables  in  direct  tension  by  the  approximate  linear  law 
varied  from  85  to  88  per  cent,  in  a  range  of  diameters  S 
in.  to  11  in.  inclusive.  The  corresponding  strengths  on 
the  18-,  14-,  and  10-in.  sheaves  vary  appi'oximateiy  from 
82  to  75  per  cent.,  80  to  72  per  cent.,  and  71  to  67  per  cent., 
the  mean  departures  in  absolute  values  (zt)  being  about 
IJ  per  cent,  and  the  maximum  3  per  cent. 

Cable  Fracture  Occurs  at  Tangent  Point 

The  cables  usually  fractured  at  the  point  of  tangency 
with  sheaves.  The  sockets,  pins  and  axles  developed  the 
strengths  of  the  cables  in  each  case.  On  the  other  hand, 
cracks  developed  in  several  of  the  sheaves  either  at  hubs 
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The  load  in  direct  tension  in  terms  of  the  diameter  for 
plow-steel  hoisting  cables  of  six  strands  of  19  wires  may  be 
approximated  by  tlie  formula  L  —  8:5,000  d'. 


In  tlu-  rase  of  the  ij-iii.  cables,  sonje  tests  were  conducted 
on  two  .samples  that  had  been  in  use  about  live  years.  It 
was  found  that  the  .strengths  of  the  individual  wires  was 
much  decreased  by  wear,  corrosion  or  indentations.  Many 
were  found  to  be  broken  in  service.  Uepeated  load  tests 
showed  a  considerable  reduction  in  the  resiliency,  with  a 
corresponilinK  increase  in  the  modulus.  One  specimen,  in 
spite  of  its  defects,  bore  a  load  of  50,000  lb.,  practically  that 
of  the  average  new  specimens,  whereas  another  failed  at  a 
load  of  Hfi.OOO  pounds. 

Kkhui.ts  01'  WiKK-Roi'K  Tksts 

The' followinjr  is  a  brief  summary  of  some  of  the  results 
found  for  the  wires:  (1)  The  elongations  varied  from  a 
minimum  of  1.25  per  cent,  to  a  maximum  of  .'J  per  cent., 
with  a  mean  of  about  2  per  cent.  (2)  The  permanent 
elongation  and  reduction  were  largely  local,  occurring 
mostly  at  the  point  of  fracture.  (3)  The  elastic  limit  of  the 
twisted  ■u'ircs  was  about  G5  per  cent.  (4)  The  average  ten- 
sile strength  of  the  wires  was  approximately  225,000  lb. 
per  sq.  in.  (5)  It  was  found  in  these  tests,  as  in  others 
that  have  been  conducted  on  used  cables,  that  the  item  of 
lubrication  is  important  in  lengthening  the  life  of  a  cable 
and  preventing  internal  corrosion.  The  latter  increases 
friction  of  the  wires  and  prevents  a  proper  distribution  of 
load  through  the  strand.  It,  moreover,  impairs  the  strength 
through  reducing  the  cross-sectional  area. 


Planning  for  Power' 

By  GEORGE  OTIS  SMITH 

Director,    United   States    Gi>oIO{rical    .Survey 


THERE  has  been,  fortunately,  some  progress  in  our 
ideas  of  what  is  the  true  relation  between  govern- 
ment and  business.  Governmental  cooperation  with 
business  is  the  next  step.  Industry  itself  is  indeed  coop- 
erative and  social  by  nature,  and  the  bigger  "big  business" 
becomes  the  greater  its  need  of  socialization  in  the  true 
sense. 

These  are  days  of  "changing  gears"  on  the  big  industrial 
machine  of  our  country.  Under  the  war-speed  conditions 
we  took  everything  on  "high,"  regardless  of  either  economy 
or  safety.  Now  we  have  slowed  down  to  "look  and  listen," 
and  Business  must  decide  which  speeds  are  best  suited  for 
the  long  pull  ahead.  The  time  is  therefore  opportune  for 
broad  planning,  and  there  is  no  more  urgent  need  than 
that  of  a  power  program. 

As  I  see  it,  power  is  the  great  industrial  need  of  the 
day — without  it  the  speeding  up  of  our  nation  in  its  recent 
great  effort  to  help  save  the  world  would  have  been  im- 
possible. Try  to  think  of  our  war-time  program  in  terms 
of  unaided  numan  energy;  even  as  it  was  our  great  trans- 
portation systems  almost  broke  under  the  task.  The  trans- 
portation of  raw  materials  and  manufactured  products  even 
in  peace  times  calls  for  herculean  energy — a  power  demand 
measured  by  more  than  five  million  continuous  horsepower. 
Compare,  if  you  'will,  the  energy  of  the  coolie  crossing  the 
mountains  of  central  China  with  his  backload  of  tea  and 
the  energy  of  the  electric  locomotive  hauling  copper  ore 
from  mine  to  smelter  or  ammunition  from  Bridgeport  to 
New  York,  and  you  realize  what  electric  power  means  in 
transportation. 

In  terms  of  cost,  the  best  figures  available  indicate  that 
motive  power  accounts  for  fully  30  per  cent,  of  the  expense 
of  operating  steam  railroads  and  for  about  10  per  cent, 
of  the  well-managed  electric  railways.  Aside  from  this 
difference  in  power  cost,  electric  energy  must  be  credited 
with  the  greater  efficiency  it  makes  possible. 

The  power  element  is  smaller  in  manufacturing  than  in 
transportation,  but  not  less  important.  In  the  making  of 
cotton  cloth  about  2  per  cent,  of  the  value  of  the  product 
can  be  charged  to  power,  while  in  the  production  of  electro- 
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lytic  zinc  the  power  cost  is  around  12  per  cent.  In  gen- 
eral, 2  per  cent,  may  be  taken  as  a  conservative  figure  for 
the  power  item  in  total  manufacturing  cost,  and  this  may 
seem  almost  negligible,  but  the  wider  use  of  power  in  mills 
and  shops  has  a  larger  effect  than  is  measured  by  its  own 
cost — the  kilowatt-hour  may  double  the  product  of  the  man- 
hour,  and  men  cost  more  than  kilowatts. 

Electric  power,  as  furnished  from  the  large  central  sta- 
tions, is  favored  by  that  happy  economic  law  whereby  the 
load  factor  works  both  ways.  Lowering  the  cost  of  electric 
energy  invites  greater  use,  and  greater  and  more  diversified 
use  permits  lowered  cost.  That  is  no  vicious  circle;  it  is  the 
virtuous  upward  curve  of  progress. 

The  story  of  wastes  in  our  national  career  is  not  a  pleas- 
ant one.  Your  best  engineers  see  the  trouble — the  growth 
has  been  so  rapid  that  we  have  given  too  little  thought 
to  systematic  development.  Wonderfully  well  thought-out 
units  are  scattered  here  and  there,  but  these  are  widely 
separated  islands  in  a  sea  of  poorly  planned  or  obsolescent 
plants. 

You  gentlemen  Know  far  better  than  I  the  wide  span 
between  your  best  records  in  large  up-to-date  central  sta- 
tions and  the  results  obtained  in  smaller  and  often  obso- 
lescent private  plants.  Measured  by  coal  burned  to  the 
kilowatt-hour  the  ratio  is  1  to  2  or  3,  or  even  more.  Where 
else  do  we  find  such  opportunities  to  cut  down  the  coal 
bill?  We  can  see  even  greater  savings  when  we  consider 
the  advantages  of  hitching  up  American  rivers  and  Ameri- 
can coal — they  work  best  in  double  harness.  1  believe  that 
we  are  far  from  making  full  use  of  the  water  powers  that 
lie  undeveloped  within  easy  transmission  distances  of  our 
largest  power  markets.  It  is,  moreover,  time  to  count  the 
rising  costs  of  labor  in  the  steam  plant,  where  the  coal 
miner  as  well  as  the  fireman  is  an  employee  in  fact,  whether 
you  see  the  miner'.s  name  on  your  payroll  or  not.  The 
figures  presented  by  the  Alabama  Power  Co.  in  its  com- 
parison of  steam  plant  with  hydro-plant  show  the  ratio  of 
men  employed  as  84  to  1.  Conservation  of  human  energy 
calls  for  the  immediate  and  full  development  of  every  water- 
power  that  is  feasible. 

In  comparing  the  efficiency  of  the  steam  locomotive  with 
that  of  the  electric  motor,  I  think  of  the  switching  engrine 
as   a  self-contained   power   unit  having  the  worst   possible 
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load  factor.  Here  we  find  one  ton  of  coal  converted  at 
the  central  station  into  the  electric  energy  delivered  to 
the  electric  motor  doing  the  work  of  four  tons  shoveled 
unde--  the  boiler  of  the  locomotive.  Even  with  the  better 
load  factor  of  the  passenger  locomotive,  there  is  little  room 
for  difference  of  opinion  when  we  learn  that  the  Merchants' 
Limited  requires  only  half  as  much  coal  per  mile  between 
New  York  and  New  Haven  as  between  New  Haven  and 
Boston.  Can  we  afford  to  burn  two  tons  of  coal  where 
one  will  pull  the  load? 

The  Secretary  of  the  Interior  offers  a  power  progi-am, 
and  his  progi-am  is  inspired  by  a  vision  of  future  needs. 
He  regards  the  almost  insatiable  demand  for  power  created 
by  war  industries  as  foreshadowing  future  danger  of  power 
famine  in  the  industrial  districts  of  the  Northeast.  The 
signing  of  the  armistice  happily  averted  the  power  crisis 
that  otherwise  we  would  now  be  facing.  Now,  however,  a 
policy  of  preparedness  for  peace  expansion  should  be  adopted. 

This  administrative  officer's  recognition  of  the  urgency 
is,  then,  in  full  harmony  with  that  definition  of  vision 
quoted  by  a  leading  engineering  corporation:  "Experience 
is  the  only  prophecy  of  wise  men."  Secretary  Lane  looks 
upon  the  present  relief  from  power  famine  as  only  tem- 
porary. In  his  statement  to  Congress  he  said:  "In  a  few 
months,  and  especially  in  the  regions  mentioned,  I  antici- 
pate a  greatly  increased  demand  for  energy,  for  which 
present  facilities  are  inadequate.  This  demand  will  follow 
the  resumption  of  industry  under  the  operation  of  normal 
economic  laws  and  in  the  face  of  international  competition, 
factors  that  have  been  largely  inoperative  during  the  war. 
If  the  country  is  to  reap  the  full  benefit  of  this  returning 
wave  of  activity,  it  must  be  prepared  to  furnish  industry 
and  transportation  with  an  adequate,  dependable  and  eco- 
nomical power  supply.  Only  by  increased  economy  in  the 
production  and  distribution  of  power  will  it  be  possible  for 
our  manufacturers  to  decrease  their  production  expenses 
and  compete  successfully  in  the  world's  markets,  maintain- 
ing at  the  same  time  the  American  standard  of  wages  and 
living." 

Power  Conditions  in  the  Whole  Country 

The  Secretary  of  the  Interior  has  asked  of  Congress  two 
appropriations — one  of  $50,000  for  continuing  this  power 
survey,  undertaken  by  the  Geological  Survey,  covering  the 
whole  United  States,  which  was  begun  in  cooperation  with 
the  Fuel  Administration  and  at  its  request,  and  the  other 
o1  $200,000  for  an  intensive  survey  of  the  region  where 
power  requirements  are  most  congested.  Secretary  Lane 
proposes  to  study  conditions  in  the  whole  country,  so  that 
we  may  all  see  the  picture  of  present  conditions  and  the 
possibilities  of  future  growth  and  may  be  able  to  plan  to 
meet  that  growth  with  the  greatest  economy  to  the 
nation  in  fuels,  labor  and  materials.  For  the  first  fields 
of  work,  he  has  selected  that  area  of  maximum  power 
density  which  he  has  chosen  to  call  the  North  Atlantic 
Industrial  District,  an  area  that  has  somewhat  indefinite 
geographic  boundaries,  but  that  is  clearly  defined  indus- 
trially and  economically.  In  this  area,  extending  from  the 
vicinity  of  Boston  to  that  of  Washington  or  Richmond,  and 
covering  50,000  square  miles,  is  concentrated  one-fourth  of 
the  power-generating  capacity  of  the  whole  country. 

The  need  of  knowing  the  facts  is  realized  when  we  try 
to  measure  even  present  power  requirements,  not  to  men- 
tion future  demands.  The  Boston-Washington  region  uses 
600,000,000  kw.-hr.  a  month,  most  of  it  derived  from  coal. 
The  central  stations  alone  consume  fully  10,000,000  tons 
of  coal  a  year;  add  to  this,  say,  25,000,000  tons  for  the 
railroads  in  this  area,  and  we  begin  to  appreciate  in  a 
general  way  the  part  coal  plays  as  a  source  of  motive  energy. 

In  conducting  these  inquiries  the  Geological  Survey  must 
of  course  rely  upon  the  cooperation  of  the  electrical  in- 
dustry and,  as  was  expected,  this  cooperation  has  been 
almost  universally  given,  the  Survey's  analysis  of  February 
operations  representing  over  92  per  cent,  of  the  output  of 
the  country.  You  will  realize  that  a  monthly  report  of  the 
country's  power  output  makes  the  most  sensitive  of  busi- 
ness barometers,  for   unlike  coal   and   steel   records   it  is 


unaffected  either  by  any  carried-over  surplus  or  by  orders 
for  future  use. 

I  trust,  too,  that  this  cooperation  is  not  one-sided,  foi 
the  Government  bureau  is  in  a  position  to  assist  your  in 
dustry  in  many  ways.  I  may  mention  one  way:  The  manu 
facturer  seeking  a  location  for  a  new  plant  comes  to  the 
Geological  Survey  with  his  statement  of  requirements  ii. 
raw  materials,  transportation,  power  and  labor.  From  the 
knowledge  obtained  from  you  gentlemen,  this  Government 
bureau  is  able  to  suggest  localities  where  he  will  be  likely 
to  get  power  at  reasonable  rates  and  to  refer  him  to  sev- 
eral power  companies  that  can  meet  his  requirements. 
The  average  manufacturer  seeking  power  is  today  very 
much  in  the  dark,  and  any  clearing  house  where  the  in- 
dustrial man  can  be  introduced  to  the  power  man  and 
where  the  only  wish  is  to  do  both  a  service  must  be  of 
real  value  to  the  industry. 

Picture  of  the  Super-Power  System 

My  own  picture  of  the  super-power  system  that  would 
effect  the  economies  demanded  by  the  rapid  growth  of  this 
industrial  region  includes  a  multiple  transmission  line  of 
high  voltage  with  its  thousands  of  steel  towers  extending 
from  Boston  through  our  Eastern  States,  crossing  the  Con- 
necticut near  Springfield,  the  Hudson  at  Poughkeepsie,  the 
Delaware  near  Easton,  and  the  Susquehanna  below  York, 
and  so  on  to  Washington  and  Richmond.  Into  this  unified 
system  large-unit  steam-electric  stations  at  tide-water  and 
near  the  mine  mouths  and  hydro-electric  stations — 20  or 
more — at  old  and  new  sites  would  deliver  energy  as  re- 
quired, and  from  this  great  power  main  would  flow  the 
energy  to  serve  a  score  of  railroads,  hundreds  of  public- 
service  companies,  thousands  of  manufacturing  plants  and 
millions  of  homeg. 

As  one  of  my  engineer  friends  remarks,  this  project 
would  appear  a  "large  order,"  and  at  first  it  staggers  the 
imagination,  but  such  a  super-power  line  extending  from 
Boston  to  Washington  cannot  be  termed  only  a  dream. 
Secretary  Lane  has  pointed  out  that  in  his  own  State  of 
California  there  are  systems  of  electric  transmission  com- 
parable with  this  in  length  if  not  in  capacity.  If  you  take 
your  map  of  the  United  States  and  make  the  West  move 
East — which  I  admit  is  contrary  to  human  experience — 
you  can  take  one  end  of  an  existing  trunk  power  line,  which 
is  at  Tonopah,  Nev.,  and  lay  that  on  Boston,  and  then  the 
other  end  of  the  line,  which  is  actually  at  Yuma,  Ariz., 
and  can  be  placed  at  Norfolk,  Va.  What  we  dream  for 
the  East  exists  in  the  West,  where  the  extreme  tentacles 
of  one  system  of  interconnected  power  plants  now  have  a 
reach  of  nearly  500  miles. 

As  a  nation  bounded  by  the  two  oceans  we  own  55  per 
cent,  of  the  world's  coal,  yet  the  tonnage  remaining  in  the 
great  producing  fields  of  the  East  is  so  limited  as  to  make 
coal  saving  a  topic  deserving  the  best  thought  of  those  con- 
cerned in  power  generation.  And  coal  from  the  more  distant 
fields  will  be  more  expensive  coal. 

Cheap  Power  an  Asset  of  First  Rank 

Meeting  the  need  for  cheap  power,  however,  has  far  more 
than  a  local  significance.  Cheap  power  is  already  an  asset 
of  the  first  rank  to  any  country  in  the  international  contest 
for  world  markets.  With  the  strategy  of  war  fresh  in 
mind,  we  may  look  upon  this  Atlantic  Seaboard  Industrial 
Region  as  the  American  front  trench  in  the  commercial 
rivalry  among  nations.  This  is  the  reason  that  Secretary 
Lane,  while  asking  Congress  for  a  general  survey  of  the 
power  resources  of  the  whole  country,  wishes  also  to  make 
this  more  intensive  study  where  the  need  is  greatest  and 
most  urgent. 

America's  comrades  in  arms,  France  and  Great  Britain, 
are  wide  awake  to  their  peace  needs.  They  recognize  cheap 
power  as  a  key  to  the  markets  of  the  world,  although  the 
reference  in  British  reports  to  the  electrical  industry  as  a 
"key  industry"  doubtless  means  that  electric  power  is  the 
keystone  in  the  national  industrial  arch.  Already  in  Eng- 
land, five  official  commissions  have  submitted  reports  on 
the  question  of  power  development,  in  which  they  empha- 
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sue  the  nntionnl  importnnfc  of  cht-np  power  ns  n  vital 
rt'iiuiri'menl.  They  con.sidiT  i-loctrii-  power  iis  csm-ntiul  us 
liibor  nnil  nuitorial  in  oconomic  produi-tion.  Ttii-y  roitoratt- 
that  in  Kn^'land  k-ss  power  i.s  u.sod  by  ci-rtnin  induslri-s 
than  is  used  liy  similar  industries*  in  the  UniU'd  States, 
where  the  larnvr  net  output  per  operative  employed  ami 
the  higher  rates  of  wnjres  show  the  advantajji'  both  to 
capital  and  to  labor. 

In  workinjr  out  their  national  program  these  British  com- 
missions eoiidemn  the  existinjr  provincial  and  parochial 
systems  of  Ki'neratinjr  and  ilistributini;  electricity  and  ur»fe 
a  centralized  and  unitieil  power  system  as  the  only  method 
of  conserving'  their  coal  supply  by  Kettinjr  the  fullest  value 
from  every  ton  consumed  and  thus  furnishinfr  cheaper  power 
to  the  industries,  larjre  and  small. 

Our  interest  as  citizens  in  tliese  plans  for  cheaper  energy 
is  far  more  than  a  commercial  interest.  Public  service  is 
a  term  that  has  come  to  attach  itself  to  your  imluslry,  and 
not  without  reason.  The  organization  of  the  nation's  busi- 
ness to  obtain  the  lowest  costs  is  distinctly  a  matter  of 
public  service,  in  which  corporation  and  Government  bureau 
may  well  join  etTorts,  but  success  in  this  organization  of 
industry  is  not  to  be  measured  in  dividends  alone.  To- 
morrow prosperity  must  mean  profit  sharing  on  a  thoroutjli- 
groinK  scale,  in  which  we  shall  all  receive  in  proportion  as 
we  have  served.  So  the  industrial  proRram  which  empha- 
sizes mechanical  power  is  the  most  effective  assurance  of 
better  conditions  for  all  who  work  in  this  busy  world  of 
ours.  To  improve  living  conditions  for  all  our  citizens 
must  be  the  aim  of  those  to  whom  is  given  the  privilege 
of  leadership  in  industry.  Secretary  Lane  has  said  that 
"upon  our  shoulders  rests  the  burden  of  proving  that  free 
government  can  live.  America  is  the  ultimate  citadel  of 
human  liberty." 


FuHing  Poli'iiliul  TruiiHforiners 

Accordinjr  to  the  report  of  the  Melir  f^omrnittee  of  the 
National  Klectric  Light  AsHociution,  presented  ut  the  4'2nd 
i  (inu.'il  convention,  (juestion  has  arisen  at  different  times 
in  committee  meetings  as  to  the  practice  of  fusing  potential 
transformers  used   with  watt-hour  meters. 

The  fuses  used  on  potential  transformers  to  serve  the 
purpose  as  a  fuse  arc  liable  to  be  light  and  fragile.  The 
loss  of  a  fuse  either  mechanically  or  electrically  means  the 
loss  of  the  element  on  one  phase.  With  a  load  of  inductive 
characteristics,  that  particular  phase  might  be  carrying 
a  relatively  small  percentage  of  the  total  load.  For  this 
reason  the  blown  fuse  might  go  undetected  for  a  considera- 
ble period  with  a  consequent  significant  loss  of  revenue. 

Question  arises,  therefore,  as  to  the  desirability  of  elimi- 
nating the  fuses  on  the  potential  transformers.  A  survey 
by  the  committee  itself  indicated  that  80  per  cent,  of  the 
companies  represented  use  potential  transformers  unfused 
on  meters  on  circuits  of  6600  volts  or  less. 

The  suggested  use  of  a  limiting  resistance  in  the  primary 
in  place  of  the  fuses  is  a  questionable  practice  from  the 
standpoint  of  introducing  possible  errors. 


Authority  to  impose  a  10  per  cent,  surcharge  on  its  elec- 
tric rates  beginning  May  1,  has  been  granted  the  Northern 
California  Power  Co.,  consolidated,  operating  in  Shasta, 
Tehama,  Glenn,  Butte,  Colusa,  Yolo  and  Trinity  counties,  by 
the  state  railroad  commission.  The  company  had  asked  for 
increases  ranging  from  14  to  35  per  cent.  The  surcharge 
will  not  apply  to  those  portions  of  Butte  and  Colusa  Coun- 
ties where  the  company  is  in  competition  with  the  Pacific 
Gas  and  Electric  Co. 


Personals 


raul  T,  Bnckler  has  been  released  from 
service  in  the  Xavy  and  is  back  at  his  old 
job  in  the  Xew  York  City  office  of  the  De- 
troit Stoker  Co. 

Knink  J.  Tone  has  been  elected  president 
of  the  Carborundum  Co.,  Niagara  Falls.,  N. 
v..  to  succeed  the  late  Frank  W.  Haskell. 
George  R.  Rayner  has  been  made  vice  pres- 
ident to  succeed  R.  B.  Mellon,  of  Pitts- 
Inirgh.  F.  H.  Manley  retains  the  office  of 
treasurer. 

M.  H.  Jones,  who  has  been  connected 
with  the  Westinghouse  Klectric  and  Manu- 
facturing Co.  for  the  last  fifteen  years  a.s 
assistant  to  the  nianagir  of  the  Philadel- 
phia district,  has  resigned  to  become  sales 
manager  of  the  Standard  Electric  and  Kle- 
vator  Co..  of  Baltimore. 

Joseph  W.  (ireves,  who  was  connected 
with  the  Otis  KUvator  Co.  for  a  number  of 
years,  and  during  the  war  was  an  instruc- 
tor in  the  machine  department  of  the  Sub- 
marine Boat  Corp..  at  Port  Newark.  N.  J.. 
!ias  accepted  the  position  of  superintendent 
and  chief  engineer  of  the  new  Rlks  Build- 
ing. Jersey  City.  N.  J. 

John  E.  Muhlfeld  has  resigned  as  presi- 
dent of  the  Pulverized  Fuel  Equipment 
Corp.  and  has  associated  with  him  several 
other  engineers  and  formed  the  Railway 
and  Industrial  Engineers.  Inc.,  with  offices 
at  25  Broad  St..  .Vew  York  City,  lo  act  as 
consulting  and  advisory  engineers  to  bank- 
ers, railroads  .and  industrial  corporations. 
.\Ir.  Muhlfeld  has.  for  the  last  five  years, 
iieen  specializing  in  tlie  development  of  the 
•Lopulco"  system  for  burning  pulverized 
fuel  in  locomotives,  stationary"  boilers  and 
n:eta!lurgical  and  chemical  furnaces.  He 
will  retain  his  interests  in  and  remain  a 
director  of  the  Pulverized  Fuel  Equipment 
Corporation. 

Colonel  Douglas  I.  McKa.v  has  oeen  elect- 
ed president  of  the  Pulverized  Fuel  Equip- 
ment Corp..  of  New  York  City,  to  succeed 
.lohn  E.  Muhlfeld.  who  retired  to  return  to 
consulting  engineering  practice.  Colonel 
McKay  ha«  been  engaged  in  war  work  since 
July.  191  At  that  time  he  was  commis- 
sioned major  in  the  Ordnance  Reserve 
Corps  in  charge  of  the  Raw  Materials 
Branch  of  the  Gun  Division.  In  January. 
1918,  he  was  promoted  to  lieutenant  colonel 
of  the  National  Army  and  appointed  assist- 
ant director  of  Purchase  and  Supply.  He 
was  subsequently  promoted  to  colonel  and 
(  ontinued  in  this  capacity  until  he  returned 
to  civil  life  after  the  armistice  was  signed. 
He   was   formerly  first   deputy   police   com- 


missioner and  later  was  police  commis- 
sioner of  Xew  York  City.  After  he  resigned 
the  commissionership  he  became  assistant 
to  the  president  of  J.  G.  WTiite  &  Co.,  Inc., 
and  two  years  later  was  elected  vice  presi- 
dent and  director,  which  position  he  held 
at  the  time  he  entered  the  Army  service. 
In  addition  to  being  president  of  the  Pul- 
verized Fuel  Equipment  Corp.,  he  is  vice 
president  and  director  of  the  Chemical 
Foundation.  Inc..  director  of  the  Interna- 
tional Agricultural  Corp.  and  director  of 
the  Botany  Worsted  Mills. 


Engineering  Affairs 


Indiana    State    Association,    N.    A.    H.    E. 

annual  convention  will  be  held  at  Terre 
Haute,  June  26-28. 

The  National  Electric  tight  AsKuriatiun. 
Iowa  Section,  will  hold  its  next  convention 
at  Colfax,   Iowa,   June  18-20. 

Tlie  .Societ.v  of  .\atoniotiTe  Enerineers  will 
hold  its  spring  meeting  at  Ottawa  Beach. 
Mich.,  June  23-27. 

Tlie  .\merioan  .\ssociation  of  Engineers, 
Xew  York  Chapter,  has  elected  the  follow- 
ing officers :  President,  Alexander  Potter ; 
first  vice  president.  J.  C.  Patterson  ;  second 
vice  president,  Maurice  Griesi  ;  trea.surer. 
Hugh  C.  Jackson  ;  secretary,  E.  B.  Miller. 

Taunton  .Association  No.  'iH,  S.  A.  S.  E.. 
of  Massachusetts,  held  its  twenty-third  an- 
niversary on  Saturday,  May  24.  The  at- 
tendance was  unexpectedly  large,  among 
those  present  being  many  prominent  asso- 
ciation members.  There  were  interesting 
talks  and  a  good  entertainment.  Refresh- 
ments were  served. 

Springfield  Council  No.  23.  Universal 
Craftsmen,  Council  of  Engineers,  was  insti- 
tuted at  Springfield.  Mass..  on  May  1.  at 
the  Engineers'  Hall.  There  were  upwards 
of  sixty  charter  members.  Walter  H.  Da- 
mon, chairman  of  the  organizing  commit- 
tee, was  elected  worthy  chief. 

The  National  District  Heating  Associa- 
tion will  hold  a  Victory  convention  at  the 
William  Penn  Hotel.  Pittsburgh,  Penn., 
June  10-13.  .\t  the  same  time  and  in  the 
same  hotel  the  American  Society  of  Heat- 
ing and  Ventilating  Engineers  will  hold  its 
summer  convention.  Wednesday's  I  June 
1 1 )  session  will  be  a  joint  meeting  of  the 
two  associations.  A  fine  program  has  been 
laid  out  for  all  the  meetings,  and  it  is  an- 
ticipated that  this  will  be  the  largest  and 
best  convention  the  as.sociation  has  ever 
held. 


Miscellaneous  News 


The  Bnrean  of  Mines,  Department  of  the 
Interior,  will  formally  dedicate  its  new  mil- 
lion-dollar laboratories  and  workshops  in 
Pittsburgh.  Penn.,  with  fitting  ceremonies 
Sept.  29-Oct.  1.  High  Government  officials, 
together  with  the  governors  of  the  principal 
mining  states,  and  leaders  in  the  mining 
industries  and  mining  organizations  will 
take  part  in  the  dedicatory  ceremonies.  A 
spectacular  feature  of  the  dedication  will 
be  a  great,  national  safety-first  meet,  with 
teams  of  miners  from  all  over  the  country 
competing  for  prizes.  Visitors  will  be  in- 
vited to  the  electrical  and  mechanical  work- 
shops and  laboratories  of  the  Bureau  and 
also  to  the  petroleum,  gas  and  coal  labor- 
atories, the  testing  gallery  of  the  mine 
safety  section,  and  the  industrial  gas-mask 
division.  An  exhibit  representing  the  min- 
ing and  metallurgical  industries  of  the 
country.  Visits  will  be  made  to  typical 
Pittsburgh    industries. 

An  Anniversar.v  Dinner  for  John  A.  Stev- 
ens, of  I.,owell.  Mass.,  in  recognition  of  the 
completion  of  the  first  ten  years  of  suc- 
cessful business,  was  given  to  him  by  his 
associate  engineers  and  assistants  at  the 
Hotel  Thorndike  in  Boston,  Mass.,  Satur- 
day evening.  May  17.  About  forty  mem- 
bers of  the  organization  were  present,  and 
an  informal  reception  was  given  to  Mr.  and 
Mrs.  Stevens  before  the  dinner.  The  menus, 
or  "Fundamental  Data,"  as  they  were 
called,  were  written  in  engineering  terms 
and  included  such  novelties  as  "extra  heavy 
bi-valves,"  "assorted  bolts  and  nuts"  and 
"turbine  oil."  These  menu  programs  were 
very  attractively  and  appropriately  de- 
signed, the  front  cover  illustrating  one  of 
the  first  plants  built  in  1909  and  a  very 
large  proposed  super  power  house,  the  de- 
sign of  which  was  recently  made  in  Mr. 
.Stevens'  office.  There  were  some  after- 
dinner  speeches  and  at  the  conclusion  Mr. 
Stevens  was  presented  with  a  loving  cup  on 
behalf  of  the  members  of  the  organization. 


Business  Items 


The  Wellman-Seaver-Morgan  Co.  an- 
nounces the  opening  of  an  Atlanta  office  at 
3],S  Hurt  Building,  in  charge  of  E.  R.  Ken- 
ner. 

The  I.eeds  &  Northrup  Co.,  Philadelphia. 
Penn.,  has  opened  a  pjTometer  sales  and 
service  department  at  1304  Monadnock 
Block,  Chicago,  with  Henry  Brewer  in 
charge. 
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The  Mill  Pump  Valve  Co.,  of  Chicago, 
111.,  has  purchased  a  tract  with  frontase  o  . 
Belmont  and  Knox  Avenues,  upon  v  liich  i 
will  erect  a  new  $,')(iii,(lOO  plant  intended  tu 
l)e  as  modern  and  well  equipped  factory  as 
lliere  is  in  the  country. 

The  Dominion  Asbestos  and  Rubber 
Corp..  of  New  York  City,  has  recently 
opened  branch  offices  in  Albany.  X.  Y.,  At- 
lanta. Ga.,  and  Allentown,  Penn.  The  capi- 
tal stock  of  the  company  was  recently  in- 
creased, and  with  the  cessation  of  hostili- 
ties the  company  is  now  able  to  devote  its 
energies  to  the  sale  of  its  products  in  the 
industrial  field. 


Allllllllllllllllllii 


THE    COAL   MARKET 


Trade  Catalogs 


The  Buffalo  Force  Co.,  Buffalo.  X.  Y.. 
has  issued  its  catalog  Section  Xo.  4110,  on 
•'Fans,  Blowers  and  Exhausters,"  fully  de- 
scribing- and  illustrating  the  design  and 
structural  details  of  these  company  prod- 
ucts. 

The  Superheater  and  Engineering  Co., 
Xew  York  Citv.  has  issued  an  11 -page  bul- 
letin on  "Dravo  Superheaters."  An  instruc- 
tive bulletin  showing  v.iriou ;  ap;)licitions 
of  the  Dravo  superheater  with  introductory 
page  on  the  "Conservation  of  Fuel." 

"Davison  Burners"  is  the  title  of  a  20- 
nage  catalog  just  issued  by  the  N'.  C.  Davi- 
son G;\s  Burner  and  Welding  Co.,  of  Pitts- 
burgh, Perm.  As  well  as  a  full  description 
of  the  various  burners,  the  booklet  contains 
some  useful  information  on  steam  boilers, 
tables  showing  gravity  of  fuel  oils,  specific 
heats,  and  rule  for  figuring  B.t.u.'s  in  fuel 
oil. 

The  I,ocomotive  Superheater  Co..  of  Xew 
York  Citv,  ha<!  jii--t  issued  an  S-page  Bulle- 
tin T-2  entitled  "Superheaters  for  Station- 
ary Power  Plants."  The  bulletin  illustrates 
and  tells  how  the  Elesco  superheater  is  the 
theoretically  correct  and  practical  method 
of  securing  the  advantages  of  the  use  of 
superheated  steam  in  stationary  boilers.  A 
copy  may  be  had  free  upon  request. 

"Murra.v  Steam  Power  Plants"  is  the 
title  of  a  9.5-page  catalog  Xo.  8.5,  iust 
issued  by  the  Murray  Iron  AVorks  Co..  Bur- 
lington. Iowa.  This  catalog  contai-^s  85 
illustrations  with  information  on  different 
types  of  boilers  and  Corliss  engines,  marine 
engines,  pumping  engines,  governors,  valve 
gears  and  other  boiler  and  engine  acces- 
sories; also  table  of  horsepowers. 

The  Metal  and  Thermit  Corp..  Xew  York 
City,  has  issued  a  folder  entitled  "How 
Thermit  Healed  My  Broken  Jaw,"  which 
illustrates  the  operations  involved  in  mak- 
ing a  Thermit  weld  on  the  13J-ton  broken 
upper  jaw  of  an  alligator  shear  used  by 
the  Jos.  Joseph  &  Bros.  Co.,  Modena.  Pent). 
The  break  welded  was  80  in,  in  length  and 
varied  from  4 J  to  23  in.   in  thickness. 

The     .4IIis-Chalmers    ManufacturinK     Co.. 

Milwaukee,  AVis..  has  just  issued  a  62-page 
booklet  X'o.  137  entitled  "Works  and  Prod- 
ucts." presenting  in  condensed  form  a  de- 
scription of  the  company  and  its  capicity 
for  producing  a  great  variety  of  machinery, 
including  the  largest  and  most  powerful 
prime  movers  .and  electrical  machinery  in 
the  world  ;  also  det.ailed  information  with 
reference  to  the  company  s  plants  and 
products. 

The  Tide  Water  Oil  Co.,  New  York  City, 
has  recently  published  an  interesting  46- 
page  booklet  on  "Fuel  Oil."  In  addition  to 
the  material  on  the  various  kinds  and  uses 
of  fuel  and  crude  oils,  details  are  given  re- 
garding the  use  of  fui'l  oil  in  metallurgical 
furnaces  for  either  ferrous  or  non-ferrous 
metals.  ceramic  work  in  its  various 
branches,  gas  manufacture  or  enrichment 
of  water  gas.  steam  for  power.  Diesel  or 
other  internal-combustion  engines.  The 
booklet  is  intended  to  be  of  service  not  only 
to  the  nontechnical  executives  and  plant 
managers,  but  also  to  the  plant  engineer. 
It  is  welf  illustrated. 

The     C.     H.    Wheeler    Manufarturine    Co.. 

Philadeliibia.  Penn..  has  just  issued  its  1919 
catalog  containing  191  pages,  and  entitled 
"Condensers  and  Condensing."  It  contains 
124  illustrations  and  a  lot  of  useful  infor- 
mation on  different  types  of  vacuum  pumps, 
centrifugal  pumps.  direct-acting  steam 
pumps,  thermodynamics  of  condensers,  jet 
and  barometric  condensers,  surface  con- 
densers, water-cooling  towers,  economy  of 
high  vacuum,  feed-water  heaters,  engines, 
marine  equipment,  etc.,  as  well  as  tables 
on  the  properties  of  saturated  steam  from 
32  to  212  deg.  F.,  a  relative  humidity  table, 
and  one  on  mean  barometric  pressures  cor- 
responding to  altitudes  from  100  to  4900  ft. 
above  sea  level. 


BUST( )  X  — Current  prices  per  gross  ton  f.o.b.  New 
York  loading  ports: 

Anthracite 

Company 
Coal 

Egg $7  80(«  7  95 

Stove 7  95(a  8    I  5 

Chestnut 8  05fe  8  35 

Bituminous 

Canibrias 
and 
Clearfields       Somersft.s 

Fob.  mines,  net  tons $2    I5f"2   75   $2  75{ft3  25 

Philadelphia,  gross  tons...    4  27(tf  4  95     5  9S@5.50 

Xew  Y'ork.  gross  tons 4.62@5  29     5.29@,5.85 

Alongsidi'    Boston    (water 

coal) .  gross  tons 6.IO(!j,6.85     6.90@;7  55 

Pocahontas  and  Xew  River  arc  quoted  at  $470 
(3:5.25  fob.  \orfolk  and  Newport  News,  Va.,  for 
spot  coal,  and  $7.20("  8  60  alongside  Boston,  these 
prices  being  on  a  gross  ton  basis. 

XEW  YORK — Current  quotations.  White  Ash. 
p  T  gross  tons,  f  o.b.  Tidewater,  at  the  lower  ports* 
are  as  follows: 

Company  Corrpany 

Mine     Cireul-ir  Mine     Circular 

Rroken   $6  05       $7  90        Pea 4.90         6  6S 

Egg.  ..      5  95         7  80        Buek- 
Stove..      6  20         8.05  wheat      3.40  5.15 

Chest-  Rice.  2.75  4.50 

nut...      6  30         8.15        Barley.      2.25  4.00 

Bituminous 

•■^pot  Contract 

.s^outh  Forks $2  90  @  $3   25   $2  95   @  $3   50 

Cambria    County 

(gondemdes)...  2  75  @  2  95  2  95  (5)  3  25 
Clearfield  County     .    2  50  (S     2  75      2.80®     2.95 

Reynoldsville 2  50  @     2  75       2  75  (5»     2  95 

Quemahoning 2  65  @     2  85       2.95®     3    10 

.Somerset  County 

(bestgrades) 2  65®     2  85       2.95®     3   10 

Somerset  County 

(poorer  grades)  .. .  2  00  @  2  35  2.50®  2  75 
Western  Maryland    .    2  2i  @     2  75       2.50®     2  75 

Fairmont 2  00®     2  25       2  35  ®     2   50 

Latrobe 2.10®     2.25       2  25®     2.40 

Greensburg 2  25®     2?5       2   35(a)     2  60 

Westmoreland 2  bO  @     2  75       2  60  (S     2  75 

Westmoreland     run- 

of-mine 2  35  @     2  60       2  35®   2.65 

Quotations  at  the  upper  ports  for  both  bituniinous 
and  anthracite  are  5c.  higher  on  account  of  the 
difference  in  freight  rates,  and  are  exclusive  of  the 
3%  war  freight  tax. 

PHILADELPHIA— The  price  per  gross  ton  fob. 
cars  at  mines  for  line  shipment  and  f.o.b.  Port 
Richmond  for  tide  are  as  follows: 

Line     Tide  Line     Tide 

Broken $5  95   $7  80     Buckwheat.. ..$3  40  $4  45 

Egg 5  95     7  80     Rice 2.75     3  65 

Stove 6  21     8  05     Boiler 2.50     3  50 

Nut 6  30     8   15     Barley 2.25     3    15 

Pea 4.90     6  50     Culm 1.25     2.15 

CHICAGO — Current  prices  per  ton  for  Illinois 
and  Indiana  coal  are  as  follows; 

Illinois 

Soiithern  Northern 

Williamson,  Saline  and        Illinois  Illinois 

Williamson  Counties       Fob.  Mines   F.o.b.  Mines 

Prepared  sizes $2  5'@$2  75  $3   25 

Mine-run 2   '5f-    2   50  3  00 

Screenings I    83®   2  20  2.75 

BIRMINGHAM— Current  prices  per  net  ton  fob. 
mines  are  as  follows; 

Slack  and 
Mine-Run       Prepared      Screenings 

Big  seam $2  45  $2  75  $2  40 

Black  Creek  and 

Cahaba 3  45  3  75  3  05 

Jagger    -    Pratt 

Corona 2.85  3  05  2  45 

Blacksmith 5.25  

Domestic  quoations,  slightly  increased,  are  as 
follows: 

Lump  and  Nut 

Black  Creek  and  Cahaba 3.  85@$4  50 

Corona 3  40 

Jagger 3.50 

Montvallo 5  00 

ST.  LOUIS — The  prevailing  circular  per  net  ton 
f.o.b.  mines  is  as  follows: 

Mt.  Olive 
and 
Franklin  County  Staunton        Standard 

Prepared  sizes,  lump, 
egg,  Nos.   I  and  2 

nut $2.75     

Williamson  County 
Prepared  sizes,  lump, 

egg.  nut $2  55       $2  55         $2  00(ff2  25 

Mine-run 2.35         2.20  l.60®l.75 

Screenings 2.20         2.05  I.I5@I.30 

3-in.  lump 2  30 

2-in.lump I.75@l.90 

Williamson-Franklin  rate  to  St  Louis  is  $1  07; 
other  rates  92Jc 


New  Construction 


PROPOSKD    WORK 

Conn.,  Bridgeport — The  .Nichols  Under- 
wear Corp..  James  St.  and  Linen  Ave.,  plans 
to  build  a  1 -story.  26  x  26  ft.  power  plant 
in  connection  with  the  2-slory.  65  x  190  ft. 
fac'torv  which  it  pl.-ms  to  build  on  Benham 
Ave.  total  .■stininti-d  cost,  $1(1(1,000.  Fletch- 
er-Thompson.  Inc.,   1089    Broad  St.,   Kngr. 

Conn..  Hartford — Libby,  McXeil  &  Libby, 
252  Asyl  im  St.,  will  soon  award  the  con- 
tract for  the  construction  of  a  3-story.  50 
X  112  ft.  cold  storage  plant  on  Edwards  St. 
Estimated  cost.  $fi0.n(io.  P.  Larnion,  c/o 
Swift  &  (^o.,  L'nicn  Stock  Yards,  Chicago, 
111..    E;!grs.      Noted   P'eb.    4. 

X.  Y..  N.w  York — The  Mt.  Sinai  Hos- 
pital. 100th  ot.  and  Madison  Ave.,  will  in- 
stall  a  steam  heating  plant   in   the   2-story, 

100  x  120  ft.  auditorium  which  it  plans  to 
build  on  99th  St.  east  of  5th  Ave.  Total 
estimated    cost,    $1511,000.     A.    W.    Brunner, 

101  Park  Ave.,   arch. 

Penn.,    Krie — The    county    will     install    a 

1  and  2-storv.  65  x  175  ft.  power  house  in 
connection  with  the  2-storv.  2  (0  x  390  ft. 
home  which  it  plans  to  build.  Estimated 
cost.  $200,0(10.  Crooks  &  Cooley,  Jones  Law 
Eldg.,    Pittsburgh,   Arch. 

Penn..  Mercer — The  Elliott-Blair  Steel 
Co.,  East  Market  .St..  is  in  the  market  for  a 
10  h.p.,  3-phase,  220-volt  motor.  E.  Elliott, 
Mgr. 

Penn.,  Scranton — M.  Maloney.  Land  Title 
Bldg..  Philadelphia,  W'll  install  a  steam 
heating  plant  to  heat  the  32  houses  which 
he  plans  to  build  on  Adams  Ave.  Total  es- 
timated cost.  $130,000.  J.  J.  Rowley,  Trad- 
ers Bank  Bldg..   Scranton,  Arch. 

Md..  Baltimore — C.  L.  Reeder,  Arch.,  300 
Park  Ave.,  is  receiving  bids  for  installing 
new  motors,  electric  lighting  and  wiring 
and  electric  elevators  for  the  W.  F  Assau 
Canning  Co.,  Boston  and  Streeper  St.  Esti- 
mated cost,   $10,000. 

ria.,  Sarasota — The  City  Council  will  re- 
ceive bids  tmtil  June  30  for  the  construc- 
tion of  a  power  plant,  to  include  connect- 
ing pumps,  wells,  tower  or  reservoir,  mains, 
hydrants,  fittings  and  connections,  etc,  W. 
A.  Ginn,  S:inford,  Con.sult.   Engr. 

Fla..  Sarasota — The  city  will  receive  bids 
until  .June  9  for  supplying  equipment  and 
material  necessary  for  a  water  and  electric 
lighting  plant  and  ::ystem  ;  to  consist  of  3 
internal  combustion  fuel  engines:  two.  150 
h.p.  each  :  one  100  h  p..  with  D.  C.  genera- 
tors, exciters  to  correspond  to  the  given 
power  ;  2  rotarv  pumps.  1  right,  1  left,  ca- 
pacity 500  g.p.m.  against  3  30  ft.  head.  D.C. 
to  motors,  equal  to  the  lift  with  25  p.c. 
overload,   calculated  as  a  factor  of  safety ; 

2  air  compressors.  1  mo'or  driven,  1  en- 
gine driven,  single  capacity  eciual  to  100 
cu.ft.  per  minute,  pressure  head  250  lbs.  per 
sq.  in.,  automatic  cii*-off  :  2  air  tanks,  4J 
X  8  ft.,  double  riveted,  tested  to  230  lbs 
compression  :  gages,  stop  cocks,  connec- 
tions, air  and  water,  some  radiation  to 
offices  and  connections  for  circulation  24  ft. 
above  the  engine  base,  to  r:idiate  from  en- 
gine water  jackets :  file  with  bids  3  com- 
plete detail  drawings  showing  l)ase.  longi- 
tudinal and  transverse  sect'ons  for  base  of 
all  machines,  all  water,  fuel  lubricants,  oil- 
action  and  connections,  air  and  all  connec- 
tions, pumps,  all  centers  (e  ways)  sections, 
discharge  and  foundation  connections  and 
•switcnboard.  AV.  A.  Ginn,  Sanford,  Consult. 
Engr. 

S.  C,  Eau  Clair  (Columbia  P.  O.) — The 
Town  Council  plans  election  soon  to  vote  on 
$40,000  bonds  for  the  construction  of  a 
waterworks  svstem  'o  include  pumping  sta- 
tion, filters,  etc.  W.  C.  McCreight,  Union 
Xational  Bank  Bldg.,  Columbia,  Clk. 

Ohio,  Oxford — The  Trustees  of  the  Miami 
University  will  receive  bids  until  June  14 
for  ,.n  engine  and  generator  together  with 
switchboard  changes,  wiring  and  piping 
connections,  for  the  central  heating  an<I 
lighting  plant.  AV.  G.  Franz,  1703  Union 
Trade   Bldg.,   Cincinnati,   Consult.  Engr. 

Ohio,  Piqua — The  French  Oil  Machinery 
Co.  is  having  plans  prepared  by  the  J.  J. 
AA'ernette  Engineering  Co.,  Engrs.,  441 
Houseman  Bldg..  Grand  Rapids,  Mich.,  for 
the  construction  of  an  addition  to  its  power 
plant. 

Ohio,  Piqua — The  Orr  Felt  &  Blanket 
Co.  is  having  plans  prepared  by  the  J.  J. 
AVernette  Engineering  Co..  Engrs.,  441 
Houseman  Bldg.  Grand  Rapids.  Mich.,  for 
the  construction  of  a  complete  84  x  150  ft.. 
1,000  h.p.   plant. 
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Ohio.  Hiiniliink.v — Tin-  Miimill  IvalDr  Co, 
Sohiulill  Aii.irlmiMilH.  will  !>.•  In  lln-  iiwirkct 
lilmlll  July  1.'.  for  ImiIIiih.  omt  t.d  lip.  ,  I'liii- 
vryorit.  mill  lull  for  iiowrr  pltiiil  ;  ilrlllliiK 
iiiiti-liliit'N.  i-ltH-trlc  aiiil  liiiiid  :  (lyiianiuH  for 
(lowiT  plant  iind  liithuH,  etc.  C.  Mct'urthy, 
i:<>ii.   MKr. 

Iiiil..  t'ranrunlvlllr — Tlio  Standiinl  Dulck 
Co.  In  III  tile  iiiiirki'l  for  poWiT  pliiiit  iiki 
ohliu'ry  and  piiinpN  for  powi-r  iiliuit. 

MIrli.,  Orlrnit  The  Hoard  of  Kdiicatlon, 
.^U  ll'uay..  will  liiHinll  a  rii'iiiini  lioutInK 
HyMti-ni  anil  1  liollvr  In  tin-  jii-hoiil  wlileli  It 
plans  to  liulld  on  (icorKla  Avr.  lu'twoon 
lli'lrn  and  Concord  .\vi' ,  to  In-  known  as 
llu>  Tlii'oilorr  Uoo8i-vi-lt  Si'liool.  also  a 
I'lcnuin  lu-alliik'  systi-in  wKti  I  IioIIim-  In  tho 
i:i3  X  -MI  ft.  slanilard  il.sli;n  si-liool  No. 
HISS,  whii'h  It  plans  to  liulM  on  (Jrorirla 
.\vo.  Mali-onison  &  lliKKlnbuthain,  •I'M 
MolTat   Llldtr,  Arch. 

Midi.,  DefroU — The  Onkman  Houlevard 
Theatre  Co.,  9  Korl  St.,  West,  will  Install 
a  heatlntr  plant,  steam  healinK  apparatus, 
motors  and  fans  In  the  theatre,  stores,  etc  , 
which  It  plans  to  build  on  Oakman  Blvd. 
and  Olendale  Ave.  Total  estimated  cost. 
$3.10,000.  C.  11.  Crane  and  K  G.  Klehler, 
Dime  Bank  Cldg-..  Archts. 

Midi.,  l>etrolf — The  I.ihertv  Motor  Car 
Co.,  foot  of  L>.-aste  St..  will  install  a  40  x 
80  ff.  heatinir  plant,  in  connection  with  the 
plant  which  it  plans  to  build  on  Charlevoix 
Ave.  Austin  &  Co.,  19,".l  Penobscot  Bldg., 
Engr. 

Midi.,  Detroit — St.  Theresa  Parish,  c/o 
Van  Leyen.  Schilling  &  Iveous;h.  Arch.,  1121 
l.'nion  Trust  HUip .  will  install  a  steam 
heatinp  plant  in  the  2-story,  70  x  ISO  ft. 
school  which  it  plans  to  build  on  Grand 
River  ,ind  Quincy  Ave.  Total  estimated 
cost,  $130,000. 

Midi.,  Grand  Rapids — The  American 
Laundry  Works.  IMvision  Ave.,  is  having 
plans  prepared  by  the  J.  J.  Wernetto  Engi- 
neerinpr  Co.,  Enprs.,  441  Houseman  BIdg., 
for  installing  an  engine  and  power  plant. 

Mieh.,  Grand  Rapids — The  Nichols  & 
Cox  Lumber  Co..  1069  Godfrey  Ave..  S.  W., 
is  in  the  market  for  a  Union  vacuum  pump. 
W.  Kemp,  Ch.   Enijr. 

Mich..  Grand  Rnpids — The  Regents  Thea- 
tre Co..  AVoodward  Ave.,  will  install  a 
steam  heating  plant  and  motors  in  the 
2  story,  100  x  152  ft.  theatre  which  it 
plans  to  build  on  Monroe  Ave.  Total  esti- 
mated cost.  $300,000.  C.  H.  Crane  and  E. 
G.  Kiehler,  Dime  Bank  Bldg.,  Detroit. 
Arch. 

Okla.,  Bee^s — ^The  Board  of  Trustees  will 
receive  bids  until  June  18  for  installing  a 
7  x  S  ft.  triplex  pump  and  a  25  h.p.  elec- 
tric motor.     W.  K.  Enoch,  Town  Clk. 

Cal.,  Calexico — The  city  plans  to  install 
additional  pumping  facilities.  Estimaieu 
oost.  $20,000.     P.  B.  Sleintorff,  City  Clk. 

Cal.,  California — The  Bureau  of  Yards  & 
Docks.  Washington,  D.  C.  plans  to  build  a 
power  plant  at  the  Xavy  Coaling  Yard, 
here.     Estimated  cost,   $20,000. 


«'i»l..  I.nii  .\nKrli<» — Thi.  Iloiird  of  Public 
Si-rvli'i<  CoininlHNliiii,  nis  Soulli  Oliver  ,SI., 
iilun  elei'llon  mioii  In  vole  on  $l3,rii)ii.noii 
llOIldH.  $2.:.IMI,niM)  III  he  uied  for  O^IIIMlrUClllIK 
power  plant  No.  2  In  .San  KriinclHi|ulto  can- 
yon and  power  developineiit  In  the  OweliH 
Hlver  Gorce.  and  $1  l.iiim.imo  for  pjiehaH- 
liiK  (he  illHlrlliutinK  HyMleni  In  I.oh  .XtiKelex 
owned  by  the  Soulliern  California  I'MInoii 
Co.  10.  K.  ScatterBood,  «l..  South  Ollve  SI  , 
ICiiBr. 

r»l.,  Imh  AngrlrH — J.  P.  Vronian,  secy, 
of  tho  Hoard  of  Piiblli!  Service  ConinilsHlon, 
wll  receive  IiIiIm  unlll  June  1"  for  furnish- 
ing valves  and  tlltliigH  for  special  penstock 
for  power  plant  .N'o.  2  In  San  l''raiiei.Mi|ulti) 
canyon.  W.  Mulholland,  64.'.  Suulli  olive 
St.,  Engr. 

CONTK.\(  TS    AU'.\ltllt:i> 

Vt.,  Vernon  —  The  Connerllcnt  River 
Power  Co.,  Osgood  liradley  Hlilg.,  Worces- 
ter. Mass.,  will  build  a  05  x  11<I  ft.  aildilioii 
to  Us  power  plant  on  the  Connecllcul  Uiver 
and  Install  2  additional  electrical  units  of 
noon  k.w.  capacity.  Total  estimated  cost, 
$1,000,000.  Work  will  be  done  by  day  labor. 

MiiMH.,  ItoNtoii — The  Quincy  Cold  Storage 
Co.  has  a\varded  the  contract  for  the  con- 
struction of  a  10-story,  60  x  isii  ft.  cold 
storage  pl.mt  on  the  India  Wharf,  to  the 
B.  Fox,  Inc..  15  Exchange  St  Estimated 
cost,  $500,000. 

Conn.,  New  Britain — L.inders,  Frary  & 
Clark,  Commerci.al  St.,  has  awarded  the 
contract  for  the  construction  of  ii  14  x  23 
ft.  pump  house  and  tank,  to  J.  U.  Grozier 
Co..  721  Main  St.,  Hartford.  Estimated 
cost,    $14,000. 

N.  Y.,  ORdenHhur^ — The  State  Hospital 
Commission.  Albany,  received  lowest  three 
bids  for  boiler  breeching  at  the  St.  Law- 
rence State  Hospital,  from  Mansfield  &  Sav- 
age. 13.".  A\'illi;mis  St.,  New  York  City, 
$6,999  :  Murtagh  &  Reddington  Co..  26 
Pleasant  St.,  Rochester,  N.  Y.,  $9,100;  Aus- 
tin Heating  Co..  121  West  42nd  St.,  New- 
York  City,  $9,725.     Noted  Feb.  4. 

N.  Y.,  S.vracuse — H.  C.  Allen,  City  Engr., 
received  lowest  three  bids  for  installing 
heating  and  ventilating  systems  in  Pres- 
cott  School,  from  J.  R.  Sheehan  Co..  Ifi 
South  Center  St.,  Schenectady.  $43,213;  W. 
B.  Goldie.  274  James  St,  $45,915;  E.  Joy  & 
Co.,   133  Market  St.,   $53,934. 

Penn.,  Philadelphia — The  Bureau  of 
Yards  &  Docks,  Xavy  Department,  Wash- 
ington, V>.  C.  received  bids  for  installing 
steam  distributing  systems  at  the  Navy 
Yard  here  (work  complete),  from  Almiral 
&  Co.,  1  Dominick  St.,  New  York  Citv, 
$212,318:  I.,vnch  &  Woodward.  2S7  Atlantic 
Ave..  Boston.  Mass.,  $262,576;  H.  E. 
Crook  Co.,  2S  Light  St.,  Baltimore,  Md., 
$272,465.     Specification   No.    3876. 

Va.,  Hampton  Roads — The  Bureau  of 
Yards  &  Docks.  Navy  Department,  Wash- 
ington. D.  C.  received  bids  for  installing 
3  motor  generator  sets  and  switchboard  at 
the  Sulimarine  Base  here  (work  complete), 
from  the  General  Electric  Co.,  River  Road, 
Schenectady,  X.  Y..  $43,750;  AVestinghouse 
Electric  &  Manufacturing  Co.,  803  Hibbs 
Bldg..  Wa.shington,  D.  C,  $47,133.  Specifica- 
tion No.  3872. 


Vit.,  Iliiinpinn  Itimili. — The  Bureau  of 
Yards  &  I  loiliM,  Navy  I  iipjirlmenl.  Wimli- 
ln>;loii.  I)  c..  reeelviil  bids  for  InNtatlliiK  a 
high  preMMure  air  and  waler  MyHli-m  al  the 
Submarliiii  ItiiHe  here  (work  complete)  from 
Almiral  &  Co..  I  Homliilck  St.,  New  York 
City,  $12,300;  Nol.ind  Clifford  Co.,  330  ZKIli 
.St.,  Newport  NeWM.  Va.,  $4  2,781  ;  Nuwiiort 
Conlracling  &  Engineering  Co.,  HIlHby 
Bldg.,  Newport  News.  Va.,  $16,171;.  Hpecl- 
tli-utlun  No.   38H3.     Noted  May  20. 

WU.,  Hhehoycan — Armour  &  Co.,  c/o  A. 
I,otz,  Chicago,  has  awarded  the  contract 
for  the  conMlnicllon  of  a  1 -story,  00  x  150 
ft.  cooler  and  warehouse  on  South  Watoi 
St,  to  J.  L.  Carnegie,  1 S9  West  MiullHon 
St.,  Chicago,  111.  A  cooling  Hynlem  will  be 
installed  In  same.  Total  estimated  cohI, 
$55,000.     Noted  Apr.  15. 

N.  I).,  Devllfc  I.nke— n.   E.  Cobb  Co.,  3rd 

and  Cedar  .St.,  St.  Paul,  Minn.,  has  awtirded 
the  contract  for  the  construction  of  a  cold 
storage  and  meat  plant,  here,  to  H.  C. 
StriickiT,  405  Dakota  Bldg.,  St,  Paul,  Minn. 
Estimated  cost,   $60,000. 

Man.,  Wlnnlppg — The  Department  of 
Public  Works,  Ottawii,  Ont..  has  awarded 
the  contract  for  the  construction  of  a  1- 
story,  110  X  122  ft.  extension  to  the  power 
house  and  i'lundry  at  the  Military  Hos- 
pital at  Tuxedo,  to  Carter.  Halls,  Aldlnger 
Co.,  1010  TTnlon  Bank  Bldg..  Winnipeg. 
Estimated  cost,  $145,529.     Noted  Apr.  8. 

P.  I.,  Cavite — ^The  Bureau  of  Yards  & 
Docks.  Navy  Department,  Washington. 
D.  C,  received  bids  for  installing  power 
plant  etiuipment  for  radio  purposes,  at  the 
Naval  Radio  Station,  here  (1)  net  price  and 
time  for  the  entire  work  complete  In  ac- 
cordance with  the  dr.-iwings  and  si-eciflca- 
tions.  including  traveling  expenses  of  the 
supervising  erector;  (la)  net  price  per  day 
for  the  services  of  .supervising  erector;  (2) 
net  price  and  time  for  2  boilers  to  super- 
heaters and  accessories,  fuel  oil  pumping 
equipment,  and  oil  burning  sets,  flue  and 
stack  with  supports,  traveling  exiienses  of 
the  supervising  erector  for  the  above  equip- 
ment :  (2a)  net  price  per  day  for  the  serv- 
ice of  supervising  erector;  (3)  net  price 
and  time  for  2  turbo-alternators  with  ac- 
cessories, 2  exciters  sets,  switchboard  and 
equipment  ;  traveling  expenses  of  the  su- 
pervising erector  for  above  equipment  ; 
(3a)  net  price  per  day  for  service  of  a  su- 
pervising erector;  (4)  net  price  and  time 
for  condensers  with  air  ejectors  and  ac- 
cessories, condensate  pumps,  cir.  pumps, 
boiler  feed  pumps,  traveling  expenses  of  a 
supervising  erector  of  the  above  equipment  ; 
(4a)  net  price  per  day  for  the  services 
of  supervising  erector;  (5)  amount  to  be 
deducted  from  (4),  if  the  services  of  a 
supervising  erector  are  not  required,  from 

Babcock  &  Wilcox  Co.,  N^orth  American 
Building,  Philadelphia,  Penn.,  (2)  $31,721, 
(2a)  $12  per  day;  General  Electric  Co.. 
River  Road,  Schenectady.  N.  Y.,  (3)  $47,- 
150,  alternate  $47,400;  (3a)  $20  per  day; 
Westinghouse  Electric  &  Manufacturing 
Co.,    Southern    Bldg.,    Washington,     D.     C. 

(3)  $47,366    (50   days);    (3a)    $25  per  day; 

(4)  $32,768.  (150  days);   (4a)   $25  per  day ; 

(5)  $1875.     Specification  No.  3871. 


u 


—  if  we  could  only '^  (?) 


Have  you  tried  "Searchlight"? 

You  may  find  just  the  man,  the  job,  the  equipment,  or  what- 
ever else  you  want  in  the  Searchlight  Section. 

Turn  to  pages  71  to  80 

The  Searchlight  Section  of  POWER  is  the  "opportunity"  centre  of  the  power 
plant  field.  If  you  don't  find  what  you  want  in  this  issue  an  advertisement  in  the  ne.vt 
will  probably  get  it  for  you. 
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These    are    prices    to    the    power    plant    by    jobbers    in    the    larger    buying    centers   east    of    the 
Mississippi.    Elsewhere  the  prices  vi  ill  be  modified  by  increased  freight  charges  and  by  locnl  conditions. 


power-plaNt  supplies 


host  - 

Fire  50-Ft.  Lengtlis 

Underwriters'  21-in 70c  per  ft. 

Common,  2J-in 40-10% 

Air 
First  Grade        Second  Grade       Tliird  Grade 

!-in.  perft $0  45  $0  30  $0  20 

Steam — Discounts  from  List 

First  grade 35'f  Serond  grade 45^7^ Tliird  grade.  . . .  50'; 

RUBBKR    BELIINO — ihe    follow mg    discounts    from    list    apply    to    trans- 
mission rubber  and  duck  belting: 

Competition     65 "",         Best  grade 40% 

Standard   50-I0'-o 

Note — Above  dispounts  ai>ply  on  new  list  issued  .T'dy  1. 

LEATHER    BELTING— Present   discounts   from    list    in    tlie    fulluKing   cities 


are  as  follows: 


New  York  . . 
St.  Louis  ..  . 
Chicago  -  .  .  . 
Birmingham . 
Denver 


Medium   Grade 

Heavy  Grade 

45% 
45% 
45% 
35% 
35-5% 

35% 
50% 
40% 

35% 
30% 

RAWHIDE  LA<:iNC    -20%  for  rut;  45r   per  sq.  ft.  for  ordinary. 

PACKING — Priei.s  per  pound: 

Rubber  and  duck  for  low-pressure  steam $0  90 

Asbestos  for  high-pressure  steam I   60 

Duck  and  rubber  for  piston  packing I    00 

Flax,  regular I    20 

Flax,  waterproofed    I    60 

Compressed  asbestos  sheet 1    00 

Wire  insertion  asbestos  sheet 1    20 

Rubber  sheet 60 

Rubber  sheet,  wire  insertion ■. 80 

Rubber  sheet,  duck  insertion .  . .  .^ .50 

Rubber  sheet,  cloth  insertion .30 

Asbestos  packing,  twisted  or  braided  and  graphited,  for  valve  stems  and 

stuffing  boxes  1.20 

Asbestos  wick,  3-  and  I-lb.  balls  85 

PIPE     AND     BOILER     COVERING— Below     are     discounts     and     part     ui 
standard  lists: 

PIPE  COVERING  BLOCKS  AND  SHEETS 

Standard   List  ■  Price 

Pipe  Size  Per  Lin. Ft.  Thickness  per  Sq.Ft 

l-in.  $0  27  Mn.  $0  27 

2-in.  .36  I  -in.  .30 

6-in.  .80  U-in.  .45 

4-in.  .  60  2  -in.  .  60 

3-in  .45  2Hn.  .75 

8-in.  1    ID  3  -in.  .90 

10-in.  I   30  35-in.  1.05 

85%  magnesia  high  pressure List 

(4-ply 58%  off 

For  low-pressure  heating  and  n  turn  linrs       <  3-plv 60"^   off 

[  2-nly      . .    . 62'^  ofT 

GREASES — Prices  arc  as  iolluHS  in  tlie  following  ciiies  in  cents    per   pouml 
for  barrel  lots: 

Cin-  Pitts-  St.  Bir- 

cinnati         burgh        Chicago        Louis       mitrgham       Denver 

Cup 7  9  55  7  '8's  14' 

Fiber  or  sponge       8  10  6  13  85  18 

Transmission   .        7  9  6  13  Sj  20 

Axle M  6  4  4  75  4  5; 

Gear 4|  9  45  7  5  8'  8 

Cnr  journal.  22fgal.t       21  (gal.)  3';  4  9  8|  8 


COTTON    WASTE— The   following   prices   are 
New  York 


cents  per  pound: 


Current  One  Year  Ago     Cleveland  Chicago 

White II00toI3  00  13  00  14  00        lIOOtoMOO 

Colored  mixed.  8  50tol2  00  12  00  1100         9.50tol2  00 

WIPING  CLOTHS— Jobbers'  price  per  I  COO  is  as  follows; 

135x131         I3ix20J 

Cleveland $52  00  $58  00 

Chicago .  41    00 43   50 

LINSEED  OIL — These  prices  are  per  gallon: 

—  New  York  — .  Cleveland 
Current         One        Current 


Raw  in  barrels $163 

5-gal  cans 1 .  76 


Year  Ag 

$1   55 

I   65 


$1   74 
I   90 


Chicago ■  St. Louis 

Current       One       Current 
Year  Ago 
$1   78       $1.65         SI. 69 
I   98  I   75  1.75 


WHIl  E  AND  RED  LEAD— Base  price  per  pound: 
Red- 


1  Year  Ago         Current  I  Yr.  Ago 


Dry  In  Oil 

lOO-lb  kee 13  00  14  50 

25-and  50-lb.  kew...    13  25  14  75 

I2}-Ib   kee 13  50  15  00 

I-lb.  cans 15  00  16.50 

5-lb   cans 16  00  17  50 


Dry 
II  25 
II  50 
II  75 
13  25 
13  25 


In  Oil 
II  50 
II  75 
II  00 
13  00 
13  50 


Dry 
and 
In  Oil 
13  00 
13  25 
13   50 

15  00 

16  00 


Dry 

and 

In    Oil 

10  50 

10  75 

11  00 
13  00 
13  00 


500  lb.  lota  kaa  10%  discount;  2000  lb.  lots  less  10-2}%. 


AMMONIA — Price  per  pound  la  St.  Louis  for  26  deg.   U.  S.  P.,    lOO-lb.  car 
boys,  is  lie;  in  lOOO-lh.  drums,  9c. 

RIVETS — The  following  quotations  are  allowed  for  fair-sized  orders  from  ware- 
house: 

New  York       Cleveland        Chicago 

Steel  A  and  smaller 40%  60-5%  45% 

Tinned 30%  60-5Vo  40% 

Boiler  rivets,  J,  J,  I  in.  diameter  by  2  in.  to  5  in.  sell  as  follows  per  100  lb.: 
New  York...  .$6  35     Cleveland. ..  $4  75     Chicago. ..  $4  72     Pittsburgh...  4  65 

Structual  rivets,  same  sizes: 
New  York  .  .    $b   25     Cleveland..  .$4  85     Chicago.  ..  $4  82     Pittsburgh. ..$4  75 

REFRACTORIES— Following  prices  are  f.  o.  b.  works,  Pittsburgh: 

Chrome  brick net  ton  $  1 20  00  at  Chester,  Penn. 

Chrome  cement net  ton  65.  00  at  Chester,  Penn. 

Clay  brick,  1st  quality  fireclay net  ton  40-30  at  Clearfield,  Penn. 

Clay  brick,  2nd  quality net  ton  38-48  at  Clearfield,  Penn. 

Magncsite,  dead  burned    net  ton  32  50  at  Chester,  Penn. 

Magnesite  brick,  9  x  4i  x  2J  in net  ton  80-90  at  Chester,  Penn. 

Silica  brick         net  ton  45-55  at  Mt.  Union,  Penn. 

Standard  size  fire  brick,  9  x  4}  x  2J  in.     The  second  quality  is  $4  to  $5 
cheaper  per  1 000. 

St.  Louis— Fire  Clav,  $35  to  $50. 

Birmingham— Fire  clay,  $4l-$44;  silica,  $46,  $50-$15.50  magnesite,  $80-$85; 
chrome,  $80-$90. 

Chicago — Second  quality,  $25  per  ton. 

Denver— Silica,  $35  per  1000. 

FUEL  OIL — Domestic  light,   22-26  deg.,  Baume,  is  lOjc.  per  gal.  in  St.  Louis 

BABBITT  MET.\L — Warehouse  prices  in  cents  per  pound: 

' New  York .  , Cleveland »      * Chicago ■ 

Current  One  Current  One  Current  One 

Year  Ago  Year  Ago  Year  Ago 

Best  grade. .. .    87  00         90  00  79  00  90  00  75  00  90  00 

Commercial..      42  00  50  00  18  50  30  00  15  00  30  00 

SWEDISH    INORWAY)    IRON— The  average  price  per  100  lb.,  in  ton  lots,  is: 

Current  One  Year  Ago 

New  York $25   50-30  $15  00 

Cleveland 20  00  15  00 

Chicago 16.50  15  00 

In  coils  an  advance  ef  50c.  I'su-lly  is  charged. 

Domestic  iron  (Swedish  analysis)  is  sePing  at  15c.  per  lb. 

POLES — Prices  on  Western  red  cedar  poles: 

New  York  Chicago  Denver  San  Francisco 

6  in.  by  30  ft $5.82  $5.17  $4  55             $5.17 

7  in.  by  30  ft 7.65  6  85  6   10               6  85 

7  in.  by  35  ft II    10  10  00  8  95  10  00 

8in.by35ft 12  65  1135  10   10  1135 

7in.by40ft 12.85  1150  10  20  1150 

8  in.  by  45  ft 18.90  16  90  15  00  16  90 

Bin.  by  50  ft 22.65  20  30  18  00  20  30 

lOc.  higher  freight  rates  on  account  of  double  loads. 

For  plain  pine  poles,  delivered  New  York,  the  price  is  as  follows: 

10-in.  butts,  5-in.  tops,  length  20-30  ft $9  00 

1 2-in.  butts,  6-in.  tops,  length  30-40  ft 1 1   50 

I  2-in.  butts,  6-in.  tops,  length  41-50  ft 12.50 

14-in.  butts,  6-in.  tops,  length  51-60  ft 21.00 

M-in.  butts,  6-in.  tops,  length  61-71  ft 23.50 

PIPE — The  following  discounts  are  for  carload  lots  f .  o.  b.  Pittsburgh;   basing 
card  of  Jan.  I,  1919,  for  steel  pipe  and  for  iron  pipe: 

BUTT  WELD 
Steel  Iron 

Inches  Black      Galvanized  Inches  Black      Galvanized 

i,i,:indi 50'%  24%  |  to  U 39;.%         23J% 

i 545%  40% 

i  to3 571%  44% 

LAP  WELD 


2 50',%  38%, 

2i  to6 535%  41% 


2 32|%         18!  % 

2J  to6 34}%         21  i% 


i.   iand  I 46;% 

1 5IJ% 

i  to  15 55"% 


BUTT  WELD,  EXTRA  STRONG  PLAIN  ENDS 

I  to  1} 395%         24)  % 


25% 
39% 
t3% 


LAP  WELD,  EXTRA  STRONG  PLAIN  ENDS 

2 48%  375%  2   335%         20|% 

2}to4 51%  401%  2}  to  4 35?%  23}% 

4;  to  6 50%  39;%  4S  to  6 34!%         225% 

Stock  discounts  in  cities  named  are  as  follows: 

-New  York-       -Cleveland-       Chicago   

Gal-  Gal-  Gal- 

Black  vanized  Black  vanized     Black        vanized 
?  to  3  in.  steel  butt  welded.    47%       31%      461%     31    %      571%  44% 

2 5  to  3  in.  steel  lap  welded       42 %       27 %      42!  %     27 !  %      5 1 J  %  4 1  % 

Malleable  fittings.    Class  B  and  C,  from  New  York  etnck  sell  at  list  +  12)%. 
Cast  iron,  standard  sizes,  10%  off 


ssn 
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lUHl.tK        11    ItKS            I'll.'     (..lUmillK     nc     lllr     |>riri  >     |..r     riill,.il<l     l.'l...     1       ..      •> 

ruishiiriili; 

la.|.>V.I.I.,I.Sl<'.'l                                                       Charruiil   Iron 
^    lo  41  in                                          40)              31  to  4    in                                          l'>i 
i     lu  tj  in                                             )U|               3    to  )    in                                               1 
2    in            .                                            24                 2)  1..  2    in                                        ■{     1 
1     tu2in                                             191              2 1..  21  III                                  .    .-fll. 

Illoli". +2V 

SiniuUriJ  Cumnivrcial  SrniiiKw— Cold  DruMli  ur  Hot  KolliU 

Vet  Net  Ten                                                       Per  Net  Ten 

Mb  $327            1]  in            $:•  / 

It  in    ibl              lluHiu      177 

1 
•I 

in 257 

2!  lo  Jl  in         167 

in 207 

4  in                  I«7 

4n<i  Sin         207 

Thne  prim  do  not  apply  to  apprinl  aprriliratiiina  f<ir  Inroniotivr  *ubrs  nor  tn 
wrinliiprrifirnlidiwfor  tulxs  for  ihi-  Niivy  Dipiirtim  iil.  «hiili  «i"  ht-  luliirct  ti. 
xrial  Ai  entiiilion 

ELECTRICAL  SUPPLIES 

Cenenil  I^iliiic  i:z|ie.  ted,  To  Uc  Notol  in  Xcit  Inn* 


\RMORF.U  CABLE- 

Two  Cond. 

Three  Coiul 

B  \S.  Siic 

TwoC-ond. 

Thnt-  C'ond. 

l^ad 

Lead 

M  Kt 

M  Ft 

M  Ft 

M  Ft 

No.  I4»..lia      

.    )I04  00 

$138  00 

$164  00 

$222  00 

No.  I2e..li.l 

135  DO 

170  00 

211   00 

290  00 

No.  10  solid 

185  00 

235  00 

255  00 

325  00 

No.  8  8trandi-d 

235  00 

325  00 

■      345  00 

450  00 

No.  6  striuidrd 

370  00 

472  00 

625  00 

From  the  above  lints  diseciunts  are: 

Less  than  coil  lots Net    List 

Coils  lo  1,000  ft    10% 

1,000  ft.  and  over 15% 

IBATTERIES,   DRY — Regular   No.    6  sire  red  seal,  Columbia,  or  Ever  Readv 

Each.  N.  I 

Ussthan  12 $0  40 

12  to  50       38 

50  to  125  (bbl.)      35 

125  (bbl.)  or  over 32 

CONPIITS     ELBOWS   AND  COL PLINGS— Follow ing  are  warehouse   mt 
prices  per  1 000  ft .  for  conduit  and  p«-r  1 00  for  couplings  and  elbows 


Conduit  - 
Black         Galvaniaed 
1,000  Ft 


1,000  Ft. 

and  Over 

$71.15 

71.15 

93  96 

138  39 

187.91 

224.68 

302.29 

477  95 

625.00 

779.24 

945.03 


and  Ov 
$76  25 
76.25 
100  86 
149.09 
201.71 
241  18 
324  49 
513  03 
670.91 
834.44 

1,010.43 


Elbows  - 
Black          Galvanised 
100  and 


Couplings 

Black      Galvnnized 
100  and 


$18   IS 

18.18 

23  93 

35  41 

45  31 

60   62 

110  77 

181    26 

483   36 

1.067   42 

1,233.57 

cash. 


100  and 
Over 
$5.38 
6  28 
8  97 
n  66 
16  10 
19  89 
26  52 
37  88 
56  82 
75  7'. 
94  7C 


Cher 
$5  74 
6  70 
9  57 
12  44 
17  12 
21  15 
28  20 
40  28 
60  42 
80  56 
100.70 


100  and 

Over 

$17  04 

J...  71.15  76.25  17  04 

I ....  93.96  100  86  22  43 

-  --  33    19 

42  62 
56  82 
104    17 
170   46 
454   56 
1.003.82 
1,160.08 
5%  cash  10  days. 

From  New  York  \V:iiehouse — Less  5'  , 
Standard  lenuths  rigid,  10ft.    Standard  I.  ngtbs  aexible,  i  in.,  100ft.    Stand 
ard  lengths  flexible,  ;  to  2  in.,  50  ft. 

CONDUIT  NON-.METALLIC.  LOOM—  ~ 

Size  ID.,  In.  Feet  per  Coil  List,   Ft. 

A  250  $0  05J 

i  230  06 

i  -50  09 

*  200  .12 

I  200  .15 

)  150  18 

1  100  .25  I 
1}  100  .33  I 
1 1  Odd  lengths  .40       ' 

2  Odd  lengths  .55 

CUT-OUTS — Following  are  net  prices  each  in  standard-package  quantities: 


Coils.        .  60';  off 
Less  coils,  50' ^  off 


CUT-OUTS,  PLUG 


S.  P. 
D.  P. 
T.  P. 
D.  P. 
D.  P. 


M.  L.. 
M.  L. 
M.  L 

S.  B 
D.  B 


T.  P. 


....      $0   11 

18 

.26 

19 

37 

CUT-OUTS,  X.  E.  C.  FUSE 


toD.  P.  S.  B... 
to  D.  P.  T.  B   . 
SB 
D.  B 


M.  L 

M   L 

SB 

SB    

D.  B 

D.  B . 

toD.  P.  D.  B 


0-30  .\mp. 
.  $0  33 
.48 
.42 
.81 
78 
1  35 
90 


3 1-60  Amp. 

$0  84 

1   20 

1  05 
1.80 

2  10 

3  60 
2.52 


$0  24 
38 
33 


60-100    Amp. 
$1   68 
2  40 


FLEXIBLE  C:ORlJ — Price  per  lUUO  ft.  in  coils  of  250  ft.: 

No.  18  cotton  twisted S'8  CO 

No.  16  cotton  twisted 24  00 

No.  18  cotton  parallel 25  00 

No.  16  cotton  parallel 32  00 

No.   1 8  cctton  reinforced  heavy 35  00 

No.   16  cotton  reinforced  heavy 42  00 

No.  18  cotton  reinforced  light 30  CO 

No.  16  cotton  reinforced  light 36  00 

No.  li  cotton  Canvasite  cord oJ  nn 

No.  16  cotton  Canvasite  cord 35  00 


FUSES,  ENCLOSED— 

250-Volt 

3-amp.  to    30-amp 

35-amp.  to     60-3mp '00 

65-amp.  to  100-amp 50 

10-amp.  to  20O-amp 

25-arap.  to  400-amp.  

2-amp.  to  600-amp 


Std.  Pkg 
100 


List 

$0  23 

.35 

90 

2  00 

3  60 
5  50 


bOO-Volt                                                  bid    I'kt  l.ini 

Vanip.  tu     lO-anip 1 00  .  4i, 

3)-aiiip.  to    60-niiip                 100  (>0 

65-uiiip   to  lOO-ump                                        30  I    50 

110-1111,1,    1.1  2()0-i.M,p                                            25  2  5U 

22Vuii,|,   I..  4im„i,,,,                                            .,, »  5  JO 

450-iiiii|>    (u  bOU-uiii|i                                               10  8  00 

Discount.   I.CM  l-5lli  miiiidurd  pBikucr }0% 

l-5(h  toniniMliird  paekuKe 40%. 

SlUlldttl.l  pu.  kllk-e  J2% 

FUSE  PLl'CS,   MICA  CAP 

0-30  smptTe,  standud  psrkaiir        14.  75  C 

0- )0  kcprtf,  Iru  than  •laiiduid  ps:ka(>.  .  .  6.  OO  C 

LAMPS — Below  are  prem  lit  quulution*  in  It  M  inun  (tanduid  pm  kiigr  'juanlilie*. 
SlruiKlit-.'^ide  Bulbs  Pear-.'^hk|i<'  iiulba 

Mazda  it  No  in  Mazda  C—  No.  In 

Uults        riaiii  Ironiid     I'arkuue    Watts         Clear         IronteJ     Paekane 

10  $0  35  $0  38  100  75  $0  70  »0  75  50 

15  35  38  100  100  1    10  1    15  24 

2}  3S  38  100  150  1   65  I    70  24 

40  a  38  100  200  2  20  2  27  24 

50  35  38  100  3U0  3  25  3   35  24 

60  40  45  100  400  4   30  4  45  12 

100  85  92  24  500  4  70  4  85  12 

750  6  50  6  75  8 

1000  7  50  7  75  8 

.'Standard  quantitii'S  are  xubject  to  discount  of  10%  from  lint.     Annual  contr»ri« 
KincinK  from  $150  lo  $300,000  ii<  t  ul1o»  a  diMoiinl  of  17  lo  40^;  from  list 


PLUGS,  AriACHMENT— 

Hubbell,  pore<-1nin  No.  5406,  standard  jinekrigr.  250 

Hubbell  coiiiiiosilii  n  No.  5467,  standard  paei.uiie     50 

Benjamin  swivel  No   903,  standard  package  250 

Hubbell  current  tap»  No.  5638,  btiindurd  package     50. 


Each 

10  24 

.32 

.20 

.40 


RUBBER-COVERED  COPtLK  WIRE— Per  1000  ft    in  New  York 


Solid 

Single    Braid 
...    $12   00 

. .      13  25 
...      18  30 

..     25.54 


.SJid 
Double  Braid 
$14  00 
15  70 
21  no 
28  60 


2 
1 

0 

00 

000 

0000 


Stranded, 

Double  Braid 

$13  90 

18  05 

23  85 

32  70 

51  40 

70  00 
101  80 
131  86 
160  00 
193  50 
235  20 
288  60 


Duplex 
$25  00 
30  70 
41  50 
56  77 


Prices  per  1000  ft.  for  Rubber-covered  Wire  in  FoUonint  Cities: 


. Denv 


000 
0000 


.ngle 
Braid 
$11  00 
19  20 
26  95 
43  90 
62  35 
92  60 
120  95 
164  80 


-St.  Louis- 


Double  Single     Double 

Braid    Duplex  Braid     Braid    Du|il(  x 

$14   50   $30  40  $16  no  $21    00  $33  00 

25  70     49  00  27   20     31    00     69  00 

67  00  38  00 


34  25 
46  20 
^5  15 
96  25 
125  20 
164  80 
203  35 
2-18  40 
302  55 


42  00  78  00 
65  00  130  00 
93  00 

140  00 

182  00  . 

242  00     .    . 

290  00     ... 

360  00 

<35  00 


^—-  Birmingham . 

Single  Double 

Braid  Braid    Duplex 

$9  92  J15.25  $27.75 

20  i5  24.25     46.90 

27  60  32.60 

48  25  54.75 

66  90  73.75      .    . 

96.00  104.50 

121.00  136.40      

169.00  174.60     

2J3.50  214.00     

246.00  257   50      

293.50  308.50     .. . 


Pittsburg — 34c.  base;  discount  50? 


SOCKETS,  BRASS  SHfXL— 

J  In.  or  Pendant  C&^. 

Keyless,  Pull, 

Each  Each 

$0  30  $0  60 

Less  l-5th  standard  package 

l-5th  to  standard  package 

Standard  package 


Key, 
Each 
»0  33 


Key, 
Each 
$0.39 


i    In     Cap 

Keyless, 
Each 
$0.36 

-1-20% 

+  10% 
-15% 


Pull, 
Each 
$0  6« 


WIRE,  ANNUNCIATOR  AND  DAMPPROOF  OFFICE— 

No.  18  B.iS.  regular  spools  (approx.  8  lb.) 36c.  lb. 

No.  18  B.&S.  regular  l-lt.  coils 37c.  lb. 

WIRING  SUPPLIES- 

Friction  tape,  I  in.,  less  100  lb.  50c.  lb.,  100  lb.  lots 48c.  lb. 

Rubber  tape.  I  in.,  less  100  lb.,  65c.  lb..  100  lb.  lota 60c.  lb. 

Wire  solder,  less  100  1b.  50c.  lb.,  100  lb.  lots tSfj 

Soldering  paste,  2  ox.  cans  Nokorode $1  20  dos. 


SWITCHES,  KNIFE- 


TYPE  "C"  NOT  FUSIBLE 


Size, 
Amp 

30 

60 
100 
200 


100 
200 


Single  Pole, 
Each 
$0  42 
74 

1  50 

2  70 

TY'PE  "C 
.70 

1  18 

2  38 
4.40 


Double  Pole,  Three  Pole, 

Each  Each 

«0  68  $1   02 

1  22  1   84 

2  50  3  76 
4  5C  6  76 

FUSIBLE,  TOP  OR  BOTTOM 

1   06  1   60 

I   80  2  70 

3  66  5  50 
6  76  10  14 


Fovir  Pole 
Each 
$1.36 
2  44 
5  00 
9  00 


2  120 
3.60 
7  3 
13.50 


Discountw: 

Less  than  $10  00  list  value '^  l^ 

$10  to  $25  list  value ~,?2' 

$25  to  $50  list  value    -.i.S 

$50  to  $200  list  value ~i?w 

$200  list  value  or  over  "% 
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Number  23 


Where  Do  You  Live? 

This  Map  shows  the  zones  created  by  the  Postal  Zone  Law  and 
the  postage  to  be  paid  on  your  copy  of  Power. 


NOTE — For  the  year  1918  we  paid  the  penalty  postage.  For  the  year  1919  we  are  billing  our  subscribers  who  live  west  of  the 
Mississippi  $1  extra  to  cover  a  part  of  the  Zone  Postage.  There  will  be  another  increase  in  postage  in  1920  and  still  another  in  1921. 
(See  Map.)  If  the  Zone  law  is  not  repealed,  we  shall  be  compelled  to  readjust  our  subscription  price  so  that  the  Subscriber  will 
pay  according  to  the  Zone  in  which  he  lives. 

Prior  to  this  Zone  Law  all  citizens  had  equal  rights. 
Why  should  not  these  rights  be  restored  ? 

Ask  your  Congressman! 
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S/ia/fA/ic/nmentam)  ^fs  importance 


By  t/,y.  iJa/iLs^rand 


Reasons  are  presented  as  to  why  two  or  more 
members  of  a  unit  mounted  on  the  same  bedplate 
lofc  their  alignment.  This  can  occur  during  the 
shop  test  or  ichen  the  unit  is  placed  in  position 
in  the  plant.  Uneven  strain  on  the  anchor  bolts,  irv- 
correct  foundation,  improper  and  insecure  dowel- 
ing and  wearing  are  causes  for  misalignment. 

IF  IN  THE  operation  of  small  and  medium-sized  ro- 
tating machinery — pumps,  generators,  motors,  blow- 
ers or  turbines — the  various  difficulties  that  come  up 
such  as  trouble  with  bearings,  shafts  and  packings, 
were  recorded  and  traced  to  their  origin,  it  is  likely  that 
60  per  cent,  of  them  would  be  found  to  be  the  direct 
or  indirect  result  of  bad  shaft  alignment.  The  ques- 
tion of  alignment  is  so  old  and  appears  so  simple  of 
solution  to  the  average  power-plant  engineer,  that  in 
the  majority  of  cases  he  ascribes  other  conditions  as 
causes  of  the  difficulties  encountered. 

In  spite  of  all  that  has  been  said  and  written  on  this 
subject,  the  alignment  of  rotating  machinery  in  the 
average  power  plant  is  far  from  what  it  should  be  to 
insure  long  life  and  trouble-proof  operation,  which 
condition,  after  all,  in  the  majority  of  cases  can  be 
obtained  with  small  effort  and  retained  at  low  expense. 

The  results  under  given  inferior  conditions  of  align- 
ment do  not  vary  greatly,  except  that  they  become  more 
complex  and  far-reaching  the  longer  such  conditions 
exist.  These  results  are  vibration,  burned-out  bearings, 
bent  shafts,  crj'stallization  of  material  in  the  revolving 
elements,  resulting  in  breakage  of  shafts,  couplings  and 
other  rotating  parts — and  this  often  where  the  stresses 
in  these  parts  appear  practically  negligible. 

It  should  be  noted  that  under  such  conditions  of  shaft 
ali'gnment  some  kinds  of  machinery  do  not  exhibit  the 
results  with  the  same  rapidity  as  others.  As  a  general 
rule  machines  operating  at  lower  speeds — below  2000 
r.p.m. — stand  up  in  service  longer  under  the  foregoing 
conditions  than  do  higher-speed  machines.     From  this, 
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as  well  as  some  other  causes,  has  come  the  conception 
that  machinery  having  operating  speeds  of  4000  r.p.m. 
and  up  is  more  unsatisfactory  than  machinery  operat- 
ing at  speeds  lower  than  4000  r.p.m.,  a  conception  that 
undoubtedly  has  good  foundation  if  considered  from 
certain  standpoints.  As  the  result  of  the  higher  stresses 
and  surface  speeds  high-speed  machines  require  correct 
static  and  dynamic  balance,  correct  alignment  and  the 
best  of  lubrication.  In  many  cases  the  cost  of  providing 
these  conditions  more  than  offsets  the  actual  gain  in 
economy  and  first  cost  of  the  high-speed  machine. 

Assuming  that  the  foregoing  statements  concerning 
conditions  as  to  alignment  of  units  in  the  average  power 
plant  are  in  accordance  with  the  facts,  let  us  investigate 
the  causes  and  reasons  for  the  existence  of  these  condi- 
tions. In  the  writer's  opinion  there  are  two  popular  mis- 
conceptions which  are  more  responsible  than  anything 
else  and  are  as  follows : 

The  couplings  generally  used  to  transmit  the  power 
from  the  driving  member  of  the  unit  to  the  driven  have 
been  termed  flexible  couplings.  This  name  is  correct 
in  so  far  as  it  refers  to  movement  in  axial  direction, 
but  is  not  to  be  construed  to  mean  that  this  type  of 
coupling  will  permit  of  any  appreciable  error  in  align- 
ment. Contrary  to  common  supposition,  no  coupling  has 
yet  been  devised,  as  far  as  I  know — and  is  not  likely  to 
be — which  will  compensate  for  any  such  error. 

When  two  or  more  members  of  a  unit  are  mounted  on 
a  common  baseplate,  lined  up  correctly  in  the  manu- 
facturer's plant  and  then  removed  to  be  installed  in  the 
customer's  plant,  it  is  common  that  too  much  reliance  is 
placed  on  the  baseplate  to  keep  the  unit  in  line.  This 
is  wrong.  A  baseplate,  even  if  it  is  high  and  massive,  is 
a  flexible  object.  It  is  unsafe  to  rely  on  any  baseplate 
alone  to  keep  a  unit  in  line. 

If  all  the  members  of  the  unit  are  mounted  on  a  com- 
mon baseplate  when  leaving  the  manufacturer's  plant,  it 
is  safe  to  say  that  while  in  test  the  unit  was  in  line. 
However,  there  is  no  certainty  that  the  baseplate  was 
not  sprung  at  the  time  of  testing.  It  does  not  require 
a  very  great  force  to  spring  a  baseplate  of  a  reasonable 
section  out  of  shape.     Furthermore,  it  is  almost  im- 
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possible  to  avoid  this,  which  is  clear  when  it  is  con- 
sidered that  the  baseplate  is  ordinarily  bolted  down  by 
using  fairly  good-sized  bolts,  and  the  workman  does 
not  have  to  apply  a  very  great  force  on  his  wrench  to 
bring  about  a  force  in  the  direction  of  the  bolt  which 
is  considerable.  A  unit  mounted  on  a  baseplate  such 
as  this,  whether  actually  sprung  in  test  or  not,  when 
finally  placed  on  its  foundation  will  have  to  have  its 
baseplate  brought  back  into  the  condition  that  it  had 
while  testing  in  order  to  be  in  line.  If  this  is  not  done, 
a  change  in  the  doweling  between  the  baseplate  and  the 
various  members  mounted  upon  it  must  be  made. 

It  is  not  uncommon  to  find  that  a  customer  receives  a 
unit — say  a  turbine  and  a  generator  of  small  capacity,  10 
to  50  kw.,  mounted  on  a  small  baseplate — and  will  place 
this  set  on  a  common  floor  or  some  other  foundation 
that  appears  to  be  reasonably  smooth,  tighten  it  with 
holding-down  bolts  and  expect  the  unit  to  be  in  line. 
It  is  purely  accidental  if  the  machine  is  actually  in  line. 
It  is  not  uncommon  that  the  alignment  varies  as  much 
as  ic  in.,  even  with  relatively  heavy  bases  under  them, 
and  mounted  on  apparently  smooth  foundations. 

Units  may  have  been  erected  and  lined  up  perfectly, 
but  may  have  developed  misalignment.  One  common 
cause  of  this  is  that  the  foundation  is  not  made  cor- 
rectly. Foundations  under  units  should  be  sufficiently 
rigid  to  maintain  the  alignment  of  the  unit.  Solid  con- 
crete foundations  are  preferred  to  the  hollow  construc- 
tion, as  the  latter  have  a  tendency  to  furnish  sounding 
boards  where  vibrations  are  set  up  and  intensified. 
Also  the  rigidity  of  a  solid  foundation  is  generally 
better.  Concrete  foundations  ought  never  to  be  tied  to 
the  foundations  of  a  building.  For  certain  units  steel 
foundations  are  satisfactory,  provided  they  are  made 
with  the  rigidity  particularly  in  view.  No  unit,  even 
if  small  in  size,  should  be  placed  directly  on  a  wooden 
floor,  unless  this  floor  is  very  heavy  and  has  been  in- 
stalled long  enough  to  be  thoroughly  seasoned.  Only 
small  units  should  be  placed  in  this  manner. 

It  is  always  more  satisfactory  to  set  the  unit  on  a 


FIG.   1.     TURBO-GENERATOR  UNIT  ON  COMMON  B.A.SE- 
PLATE. 


slab  of  concrete,  from  8  to  10  in.  thick,  poured  directly 
on  the  floor  and  reinforced  with  steel  rods  or  expanded 
metal  embedded  in  the  concrete  IJ  in.  above  the  bottom 
surface  and  the  same  distance  below  the  top  surface  of 
the  slab. 

After  a  unit  has  been  placed  on  its  foundation  in 
proper  alignment,  using  steel  wedges  inserted  at  various 
points  under  the  baseplate  and  anchoring  the  baseplate 
to  the  foundation  by  means  of  holding-down  bolts,  the 
baseplate  should  be  grouted  to  the  foundation  to  pro- 
vide bearing  along  its  entire  lower  surface. 


In  some  cases  units  are  shipped  out  with  the  various 
members  mounted  on  different  baseplates,  to  be  set  on 
the  same  foundation.  This  is  found  to  be  satisfactory, 
but  will  require  a  certain  amount  of  additional  work 
in  erecting. 

Improper  and  insecure  doweling  of  the  members  of 
the  unit  to  the  baseplate  is  another  cause  for  change 
in  alignment  after  the  unit  has  been  erected.  Still 
another  is  wear  of  bearings.  Foremost  among  other 
causes  tending  to  change  alignment  are  pipes  or  stays 
attached  to  the  unit  without  proper  supports.     Steam 


Horizontal  Line- ' 
PIG.   2.      EXAGGERATED  CASE  OP  SPRUNG  BASEPLATE 

and  exhaust  lines  on  steam  turbines  are  particularly 
referred  to.  These  pipes  must  be  supported  and  pro- 
vided with  expansion  joints  so  as  to  relieve  the  turbine 
of  strains  due  to  weight,  expansion  or  unbalanced  pres- 
sure. If  this  is  not  done,  the  casing  of  the  turbine 
may  be  so  distorted  as  to  cause  serious  misalignment. 

Some  manufacturers  have  adopted  a  method  to  se- 
cure proper  alignment  in  the  field  when  erecting,  with 
a  minimum  amount  of  difficulty,  as  follows: 

Fig.  1  illustrates  a  steam  turbine  coupled  to  an  alter- 
nating-current generator  and  mounted  on  a  common 
baseplate.  This  unit  is  to  be  tested  at  the  factory,  after 
which  it  is  shipped  out  to  be  installed  in  the  customer's 
plant.  It  is  desired  that  the  same  conditions  of  align- 
ment that  the  unit  had  in  test  be  reproduced.  If  the 
individual  parts,  the  pedestals  and  frames,  are  doweled 
to  the  base  in  the  proper  manner,  the  alignment  side- 
ways will  be  taken  care  of  if  the  unit  is  placed  in  the 
same  position  of  level  f^to  be  checked  at  various  points) 
as  it  had  in  the  factory,  in  a  direction  at  right  angles 
to  the  center  line  of  the  unit.  However,  as  baseplates, 
no  matter  what  thickness,  are  always  in  some  degree 
flexible,  the  original  alignment  in  the  vertical  plane 
cannot  be  reproduced  so  readily.  It  is  never  safe  to 
use  levels  to  prove  this  alignment  as  the  baseplate  m^ 
be  sprung,  as  indicated  in  ar  exaggerated  manner  in 
Fig.  2. 

To  facilitate  the  alignment  in  the  vertical  plane, 
there  are  provided  on  top  of  the  baseplate  certain  level- 
ing spots,  or  measuring  points,  which  are  filed  and 
scraped  at  the  time  the  unit  is  being  tested,  with  all 
parts  mounted  on  the  baseplate  and  in  alignment.  The 
procedure  is  as  follows: 

The  base  should  be  placed  in  position,  with  all  its 
pads  in  as  good  level  as  possible,  using  an  ordinary  8- 
or  12-in.  level.  The  reason  for  the  expression  "in  aa 
good  level  as  possible"  is  as  follows:  It  is  never  pos- 
sible to  plane  a  baseplate  so  that  the  surface  of  its  pads 
will  be  absolutely  parallel,  because  a  baseplate  is  flex- 
ible and  when  bolted  to  the  planer  it  will  always  be 
sprung  one  way  or  the  other.  To  the  layman  this  state- 
ment sounds  strange,  but  it  is  nevertheless  a  fact.  The 
amount  the  pads  will  be  out  of  parallel  varies,  of  course, 
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with  tlif  si/e  ami  loii^rtli  of  the  ha.si'platp  as  well  as 
with  its  ii).M(lity,  but  it  is  not  mu-omtiioii  even  with  the 
best  of  men  iloinp  the  work  to  have  the  pads  iionparallel 
a  consiileraMe  amount  after  the  bHsei)latc  is  removed 
from  the  plane  of  the  tiible.  The  expression  lus  used 
is  supposed  to  denote  that  the  baseplate  .should  be  so 
place<l  that  the  an^'le  the  pads  at  the  two  ends  of  the 
baseplate  are  inelined  toward  each  other  will  be  ap- 
proximately  divided   in   two  by  a  horizontal  line.     All 


l'\r,     :!.      IMX-TYI'K   i'ori'Lixc 

parts,  pedestals  and  frames  should  then  be  assembled 
on  the  base  and  the  coupling  lined  up  accordingly. 
Later,  certain  methods  used  in  aligning  shafts  will  be 
illustrated. 

A  tight  line  of  about  0.017-in.  piano  wire  should  be 
strung  along  one  side  of  the  base,  extending  if  possible 
the  length  of  the  unit,  directly  over  a  number  of  J  x 
1-in.  pads  (purposely  made  small  to  allow  easy  filing  and 
scraping)  on  the  base  provided  for  measuring  pur- 
poses, one  of  these  pads  near  each  end  of  the  wire 
and  others  between.  The  wire  should  be  held  tight  with 
a  30-lb.  weight  at  one  end.  The  distances  to  the  small 
pads  from  the  wire  should  then  be  measured,  and  the 
spots  under  the  wire  to  which  the  measuring  was  made 
should  be  stamped  with  an  0,  the  measuring  in  the  field 
to  be  done  to  the  center  of  this  0,  and  the  distance  to 
the  wire  should  be  stamped  alongside  this  same  0,  in 
thousandths  of  an  inch. 

For  obvious  reasons  it  is  desirable  to  keep  the  dis- 
tance to  the  wire  an  even  number  of  inches,  and  if  the 
base  has  the  same  height  throughout  it  is  desirable  to 
keep  the  distance  to  the  wire  exactly  the  same  on  ac- 
count of  the  sag  in  the  wire  as  well  as  minor  inequal- 
ities in  the  planing  of  the  pads.  This  will  invariably 
mean  that  some  of  the  pads  will  have  to  be  filed  or 
scraped  down  a  few  thousands  of  an  inch.  Even  though 
the  distance  to  the  wire  is  an  even  number  of  inches, 
the  figures  should  be  stamped  in  decimals  to  indicate 
that  the  distance  is  correct  within  a  thousandth  of  an 
inch. 

The  leveling  across  the  baseplate  may  be  done  both  in 
the  shop  and  in  the  field  with  an  ordinary  12-in.  level. 
Separate  pads,  li  x  1  in.,  are  provided  on  the  base  for 
this  purpose.  These  pads  should  be  filed  or  scraped 
down  until  they  are  in  level  when  erecting  in  the  shop. 

All  the  foregoing  is  to  be  done  during  the  test  of  the 
machine,  while  the  various  parts  are  mounted  on  the 
baseplate  and  are  in  alignment. 

Incidentally,  it  might  be  well  to  warn  against  check- 
ing the  level  of  the  pads  with  an  ordinarj'  instrument 
without  turning  this  end  for  end,  as  the  glass  is  not 
iim-ays  parallel  with  the  bottom  surface  of  the  levfe. 
Also,  it  is  never  safe  to  check  from  one  end  of  the 
bubble  only.     The  reason  for  this  is  that  the  expansion 


(»f  the  licjuid  changes  the  Hize  of  tlie  bubble.  If  the 
level  was  determined  by  noting  which  division  one  end 
of  the  bubble  reached,  it  might  easily  lie  jjossible  to 
make  an  error  of  .several  thouHandths  of  an  inch  in  a 
12-in.  length. 

Later,  this  unit  is  shipped  to  the  customer's  plant, 
sometimes  taken  down,  sometimes  shipped  in  the  condi- 
tion in  which  it  was  tested.  In  either  case,  when  put 
on  the  foundation  in  the  customer's  plant,  a  similar 
tight  wire  should  be  strung  acros.s  the  pads  in  an  axial 
direction,  using  an  e(|ual  weight,  and  the  same  di- 
mensions reproduced  as  were  obtained  in  the  factory 
by  putting  wedges  under  the  baseplate.  Also  the  align- 
ment across  the  ba.seplate  should  be  checked  in  a  sim- 
ilar manner.  It  is  unnecessary  to  say  that  the  machine 
."hould  also  be  placed  as  nearly  level  as  possible  in  an 
axial  direction.  This,  however,  is  not  as  important  as 
it  is  that  it  be  placed  correctly  in  line;  in  fact,  certain 
builders  of  the  Parson  type  of  turbine  incline  their 
shafts  a  considerable  amount  for  certain  reasons  in  con- 
nection with  the  functions  of  the  balance  pistons  on 
the  turbines. 

The  couplings  between  the  members  of  the  unit — in 
order  to  be  successful  in  operation — should  allow  free 
end  movement  of  the  two  shafts  without  imposing  undue 
strains  or  stresses  on  any  of  its  parts  or  creating  any 
end  thrust  on  the  ends  of  the  shafts.  They  should  have 
no  loose  parts  and  should  be  as  free  from  wear  and  lost 
motion  as  possible.  If  not  inclosed  in  housings,  they 
should  have  no  projecting  parts  to  cause  undue  windage 
and  noise,  and  which  would  be  unsafe  because  of  the 
possibility  of  catching  in  workmen's  clothing. 

Two  types  of  couplings  are  commonly  used.  The  pin 
type  in  its  most  common  form  is  illustrated  in  Fig.  3. 
It  consists  of  two  semi-steel  or  forged  steel  flanges, 
in  which  are  inserted  steel  pins  secured  with  nuts, 
washers  and  cotters  in  one  coupling  half  and  carrying 
on  the  opposite  end  rubber  bushings,  brass-lined  on  the 
inside  and  with  outside  bearing  on  the  inner  face  of 


FIG.   4.      CLAW-TYPE  COUPLIXG 

the  bored-out  holes  in  the  other  coupling  half.  The 
holes  for  the  pins,  are  bored  out  accurately  with  each 
other  and  so  as  to  be  parallel  with  the  bore  through 
which  the  shaft  passes. 

There  are  various  other  constructions  of  this  type  of 
coupling.  Sometimes  the  rubber  bushings  are  sub- 
stituted with  bronze  bushings  and  lubrication  is  pro- 
vided for  the  bushings  and  steel  pins.  In  such  cases 
it  is  naturally  necessary  to  inclose  the  coupling.  This 
latter  type  will  allow  for  even  a  smaller  variation  in 
shaft   alignment    than   will   the   rubber-bushing   type. 
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Either  one  will  not  operate  successfully  unless  the 
shaft  alignment  is  within  seven  or  eight  thousandths  of 
an  inch. 

In  the  claw  type  of  coupling-,  Fig.  4,  each  half  con- 
sists of  two  parts:  The  inner  one,  or  sleeve,  keyed  to 
the  shaft  and  provided  on  the  outer  flange  with  claws; 
and  the  outer  one,  which  has  two  flanges  and  is  provided 
with  a  set  of  claws  in  one  of  these  flanges.  These  fit 
into  the  spaces  between  the  claws  on  the  fixed  sleeve. 


ir 
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Important  Note; 

The  two  Shafts  -must   always  be  turned  over 

together    while  measuring  so  that  point  No.  I  on 

each  of  the  Couplings  always  are  Opposite  each  other 


Staho&ro    Tasle    of   Dimensions    to   bc   Ootmned 
tACH  Time  A.L10NMCNT  BETwttM  Two  Shafts  is  CHtCKED 


Distance  AT  at  Point  Mo.  I  for  Both 
Shafts  turned  Over  Together  to  Varying  Positions 


Distance'B"  at  Point  No.l  for  Doth  Shafts 
Turned  Over  Together  to  Varying  Positions 


Che  Above  Indicates  theft  Shafts  are  Parallel  and  in  Line. 

If  Dimensions  not  Constant  for  Each  Position  they  Should  be  made  so  by 

phi f ting  or  Shimming  Under  Feet  of  One  of  the  Numbers 


FIG.    5.      DATA  FOR  ALIGNING   COUPLINGS 

The  two  shafts  are  connected  to  each  other  by  bolting 
the  outer  sleeves  by  means  of  the  plain  flanges.  This 
type  of  coupling  should  preferably  be  lubricated,  as 
otherwise  wear  is  liable  to  take  place.  Even  though 
from  this  construction  one  might  suppose  that  it  would 
be  capable  of  taking  care  of  considerable  misalignment, 
this  is  not  correct.  This  coupling  will  not  operate 
satisfactorily  unless  the  alignment  comes  inside  the 
figures  mentioned  for  the  first  type  of  coupling.  The 
claw  type  of  coupling  must  be  inclosed.  It  is  used  in 
preference  to  the  pin  type  to  transmit  higher  horse- 
powers and  to  save  space  and  weight. 

The  methods  used  for  checking  the  alignment  of  the 
shafts,  whether  the  one  type  of  coupling  is  used  or  the 
other,  are  numerous.  Perhaps  the  most  accurate  is  the 
one  where  a  steel  line  is  used.  In  order  to  check  the 
alignment  of  the  unit  using  a  steel  line,  it  is  necessary 
to  remove  the  upper  half  and  rotor  of  the  unit.  The 
lower  half  of  the  bearings,  however,  will  be  left  in 
place.  The  steel  wire  is  then  stretched  from  one  outer 
bearing  to  the  other,  exactly  in  the  center  of  the  bear- 
ings, due  allowance  having  been  made  for  the  fact  that 
the  journal  has  a  certain  clearance  in  the  bearing.  The 
alignment  of  the  intermediate  points  is  prefected  in 
accordance  with  this  wire  after  corrections  have  been 
made  for  the  sag  in  the  wire,  which  will  vary,  accord- 
ing to  the  size  of  the  wire,  the  span  and  the  weight 
stretching  it.  This  sag  may  be  calculated  from  the 
following  formula: 

Where 

W  =  Weight  in  pounds  per  inch  diameter  of  wire; 


L  =  length  of  span  in  inches ;  D  ^=  deflection  in  inches ; 
X  =  weight  in  pounds  of  weight  applied. 

Another  method,  which  is  more  common  because  more 
convenient,  is  that  of  checking  the  alignment  by  the 
coupling  faces  and  diameters.  This  does  not  require 
any  dismantling  of  the  unit,  but  simply  the  removal 
of  any  guard  that  may  be  present  outside  the  coupling. 
It  can  be  done  by  anyone  who  is  in  possession  of  a  set 
of  "feelers,"  or  thickness  gages,  and  an  ordinary  steel 
scale.  The  approximate  procedure  to  be  carried  out  is 
as  follows: 

Two  shafts  may  suffer  from  two  kinds  of  misalign- 
ment. They  may  be  out  of  line  sideways  (in  other 
words,  the  ends  of  their  axes  may  not  meet)  or  they 
may  be  nonparallel.  It  is  always  possible  to  check  the 
alignment  of  two  shafts  from  the  two  coupling  halves 
even  though  these  halves  do  not  have  their  faces  per- 
pendicular to  the  axes  nor  their  outside  circumference 
concentric  with  the  shafts. 

There  are  two  requirements  to  be  fulfilled  in  order 
that  the  shafts  should  be  in  line.  The  first  one  is  that 
the  distance  A,  Fig.  5,  between  the  coupling  halves 
should  be  the  same  whether  this  point  is  up,  on  the 
right-hand  side,  down  or  on  the  left-hand  side,  when 
the  two  shafts  are  turned  at  the  same  time  when  meas- 
uring this  dimension.  A  convenient  way  of  doing  this 
for  the  pin-type  coupling,  is  to  insert  the  coupling  pin, 
without  bushing,  through  both  halves  of  the  coupling 
and  leave  this  in  while  measuring.  It  is  necessary  that 
the  two  shafts,  while  taking  this  measurement,  be 
pushed  as  far  apart  as  the  thrust  bearings  will  allow 
them  to  go,  in  order  to  avoid  errors  in  measurements 
due  to  end  movement  of  the  shafts. 

In  the  second  place  it  is  necessary  that  the  dimension 
B  at  the  point  1,  as  indicated  in  Fig.  5,  should  be  the 
same  no  matter  whether  this  point  is  up,  on  the  right- 
hand  side,   down  or  on  the  left-hand  side.     It   is   im- 


FIG.    6.      METHOD    OF    CHECKING    ALIGNMENT 

portant  to  remember  that  when  taking  this  measure- 
ment both  shafts  should  be  revolved  together. 

The  table  in  Fig.  5  shows  all  the  dimensions  which 
it  is  necessary  to  find  on  the  coupling  in  order  to  de- 
termine the  alignment  both  as  far  as  being  parallel  and 
and  as  far  as  both  axes  meeting  each  other  are  con- 
cerned. A  table  of  this  kind  should  be  made  up  each 
time  it  is  desired  that  the  alignment  of  a  machine  be 
checked. 

In  literature  and  instruction  books  on  the  subject  of 
alignment  one  will  always  find  that  customers  and  en- 
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KiiH'ors  arc  iiskod  to  tn-  to  hrinp  the  fact's  of  the  two 
foupliiiRs  parallel  to  each  other.  Thi.**  i.s  not  entirely 
siift^,  a.s  in  some  cn.Mes,  while  the  couplinR  boltH  will  he 
parallel  to  the  bore  of  the  oouplinur  half,  the  faces  are 
not  neces.sarily  perjiendit'iilar  to  the  shaft.  If  the 
amount  which  they  are  out  is  small,  this  fact  is  not 
necessarily  an  indication  of  poor  workmanship  and  will 
make  no  difference  in  the  operation  of  the  machine. 
However,  they  should  naturally  come  as  close  to  beinjir 
perpendicular  as  possible. 

The  forejroinjf  method,  however,  avoids  errors  due  to 
incorrect  machine  work.  The  aliprnment  of  the  shafts 
may  be  checked  no  matter  what  the  condition  of  the 
couplinps  may  be.  For  this  reason  the  writer  considers 
the  forepoinp:  method  more  satisfactory. 

It  is  hiphly  desirable  that  the  alignment  of  all  units, 
whether  small  or  larpe,  in  power  plants  be  checked  at 
certain  intervals  to  see  that  the  machinery  is  kept  in 
line,  and  it  is  recommended  that  the  method  just  out- 
lined for  the  pin-type  coupling  be  used  in  doing  this  as 
it  is  a  quicker  and  more  convenient  method,  in  the  ma- 
jority of  cases  requiring  only  four  or  five  minutes,  and 
may  save  great  inconvenience  and  expense. 

The  method  generally  used  for  checking  the  alignment 
when  the  claw-tjTje  coupling  is  used  is  approximately 
the  same.  Fig.  6  shows  this  type  of  coupling  with  a 
test  rod  inserted.  The  distance  between  the  sleeve  and 
the  end  of  this  rod  is  checked  with  a  thickness  gage 
in  the  same  manner  as  the  distance  B,  Fig.  5,  was 
checked  in  the  pin-type  coupling.  In  all  cases  the  two 
shafts  should  be  rotated  together.  The  distance  be- 
tween two  claws  directly  opposite  each  other  should 
be  measured  in  the  same  manner  as  distance  A,  Fig.  5, 
was  measured.  In  order  that  the  shafts  should  be  in 
line,  these  two  distances  should  be  the  same  no  matter 
whether  the  points  measured  are  up,  on  the  right-hand 
side,  down  or  on  the  left-hand  side. 

Heating  as  an  Equalizer  in  Central 
Stations 

In  1911  and  1912  M.  A.  Beaurrienne  presented  to  the 
Societe  des  Ingenieurs  Civils  two  studies,  one  on  city 
heating  from  central  stations  and  the  other  on  combina- 
tions which  permit  the  simultaneous  production  of  elec- 
tric energy  and  heat. 

The  variations  in  consumption  of  steam  in  a  station 
are  an  obstacle  to  its  economic  reproduction.  In  order 
to  regulate  this  consumption,  the  heat  produced  between 
the  peaks  of  consumption  may  be  accumulated  in  reser- 
voirs of  hot  water,  this  heat  to  be  utilized  afterward 
in  industrial  processes,  lavatories,  washing  and  heating. 

These  re«ervoirs  are  fed  through  automatic  valves 
which  open  when  the  steam  pressure  in  the  system  goes 
above  a  predetermined  point,  and  their  efficiency,  when 
well  insulated,  is  superior  to  95  per  cent.,  even  when 
the  mass  of  water  is  left  without  giving  up  or  receiving 
heat  during  twelve  hours. 

If  a  station  should  have  a  maximum  production  of 
ten  tons,  for  example,  six  generating  units  would  be  in- 
stalled, so  that  they  could  each  produce  two  tons.  Five 
of  these  units  would  be  sufficient  to  assure  the  total  pro- 
duction, and  the  sixth  would  serve  for  the  recharge. 
One  would  put  into  service  a  greater  or  less  number,  so 
that  each  would  function  always  under  the  conditions 
corresponding  to  its  most  economical  service. 

Using  automatic  stokers,  the  thickness  of  the  fire  bed, 


the  rate  of  feeding,  etc.,  can  be  regulated  for  the  entire 
period,  and  the  boilers  run  at  a  uniform  rate,  which  will 
conduce  to  a  better  edlciency.  The  necessary  attention 
of  the  fireman,  not  always  the  most  economical,  will 
also  be  reduced. 

Monsieur  Heaurrienne  then  considers  the  transporta- 
tion of  the  heat  by  different  means,  air,  hot  water  and 
steam  at  high  or  low  pressure,  and  shows  that  in  most 
cases  the  tran.sportation  by  hot  water  is  the  most  simple 
and  economical. 

For  the  heating  of  industrial  buildings  and  workrooms 
of  considerable  height,  the  circulation  of  heated  air  is 
preferable  to  the  employment  of  su.spended  pipes.  If 
the  fans  or  blowers  by  which  the  air  is  circulated  are 
run  by  engines  the  exhaust  of  which  can  be  absorbed  by 
the  heat  accumulated,  the  fuel  consumption  for  such  pur- 
pose will  be  negligible. 

Monsieur  Beaurrienne  considers  the  general  distri- 
bution of  heat  in  a  city,  steam  for  industrial  usages 
being  furnished  by  the  boilers  of  the  central  station,  and 
that  for  heating  by  the  exhaust  steam  of  the  central 
stations'  prime  movers.  This  combination  not  only 
would  permit  the  reduction  of  the  weight  of  steam  used, 
but  would  result  in  a  better  performance  of  the  boilers 
under  a  uniform  load. 

Overhead  Wooden  Platform  for  Motors* 

By  L.  M.  Harrison 
When  floor  space  is  at  a  premium,  it  may  be  desirable 
to  mount  electric  motors  on  platforms  suspended  from 
ceilings  instead  of  supporting  them  on  the  floor.  In 
the  illustration  are  shown  the  details  of  a  satisfactory 
support  for  motors  of  capacities  up  to  30  hp.     Four  4- 


STRUCTURAL  DETAILS  OF  MOTOR  PLATFORM 

X  6-in.  timbers  bolted  to  the  floor  joists  sustain  the 
platform  floor.  To  these  vertical  pieces  are  clamped 
two  3-  X  4-in.  cross-timbers  which  act  as  beams  to  which 
the  2-in.  tongue-and-groove  flooring  is  spiked.  Two  1-in. 
tie-rods  bind  together  the  lower  ends  of  the  vertical 
supports.  Where  the  side  pull  is  great,  to  insure 
against  shifting,  diagonal  braces,  as  shown,  may  be 
used  to  prevent  lateral  displacement. 


"Copyrighted.    All  rights  reserved. 
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Boiler-Tube 
Failures 

By  WALDO  WEAVER 

NE  may  well  wonder  why  there  are  so 
jmany  boiler-tube  failures  when  so  much 
is  being  said  and  done  toward  economy 
and  the  "safety  first"  movement.  A  few  years 
ago  it  was  a  common  thing  to  go  into  a  plant 
and  be  told  that  some  of  the  boilers  had  not 
been  turbined  for  a  matter  of  nine  months  or 
a  year.  On  one  occasion  I  was  amused  when 
a  fireman  said  to  me,  "We  call  these  two 
boilers  on  this  side  the  summer  boilers  and 
those  on  that  side  the  winter  boilers."  They 
ran  two  boilers  during  the  summer  and  cleaned 
the  other  two  ready  for  winter;  then  during 
the  winter  they  cleaned  the  other  two  boilers 
and  got  them  ready  for  the  next  summer. 

Most  of  the  tube  failures  in  horizontal  water-tube 
boilers  are  caused  by  the  accumulation  of  sludge  and 
scale,  which  may  be  very  thin  and  light,  in  the  two 
bottom  rows  of  tubes  directly  over  the  fire.  This  sludge 
is  held  in  suspension  while  the  boiler  is  steaming  rapidly, 
but  when  the  fire  is  deadened  it  will  invariably  stop  in 
mass  and  accumulate  in  little  piles  in  the  bottom  tubes, 
generally  toward  the  first  baffle  in  vertically  baffled  boil- 
ers. Naturally,  this  will  cause  the  tubes  to  burn  when 
the  fire  is  brought  up  quickly.  It  has  been  thoroughly 
demonstrated  that  running  a  boiler  to  275  per  cent, 
capacity  will  not  burn  the  tubes  if  they  are  clean,  free 
from  oil  and  the  baffling  and  arches  are  correct. 

There  is  one  way  to  prevent  the  loss  of  tubes  in  a 
horizontal  water-tube  boiler,  and  that  is  to  turbine  the 
two  bottom  rows  every  time  the  water  is  changed. 
Another  valuable  thing  to  remember  is — Do  not  use 
a  feed-water  treatment  that  will  cause  the  scale  to 
break  loose,  thus  giving  it  an  opportunity  to  circulate 
with  the  water  and  eventually  to  accumulate  in  the 
bottom  rows  of  the  tubes  and  burn  them. 

Some  years  ago  I  told  what  good  results  had  been 
achieved  through  the  use  of  graphite  as  a  scale  remover. 
However,  I  afterward  discovered  that  I  was  losing  a  lot 
of  tubes  because  the  graphite  would  loosen  the  scale 
in  the  drums  and  headers  and  it  would  then  lodge  in 
the  bottom  rows,  as  previously  explained.  Substituting 
a  feed-water  treatment  compounded  to  suit  the  water 
and  having  a  caustic  base  practically  eliminated  this 
loss  of  tubes. 

I  had  a  similar  experience  in  another  plant  after 
using  a  noncaustic  boiler  compound  which,  it  was 
claimed,  would  put  a  coating  on  the  tubes,  etc.,  making 
it  impossible  for  scale  to  adhere  to  the  surfaces.  The 
loss  of  tubes  in  this  case  was  enormous,  running  as 
high  as  9  to  11  tubes  per  month  per  boiler,  whereas 
before  using  the  "dope"  we  seldom  lost  more  than  one 
tube  per  boiler  in  six  weeks.  Needless  to  say,  I  quickly 
discontinued  the  use  of  this  stuff  and  had  the  water 
analyzed  and  purchased  a  treatment  having  a  caustic 
basis.  After  doing  this,  our  tube  loss  returned  to 
normal  and  eventually  we  forgot  we  had  any  ^ubes  in 
our  boilers. 

River  and  canal  water  will  usually  cause  a  great  loss 
of  tubes  due  to  the  presence  of  sewage,  mud  and  chem- 


icals from  manufacturing  plants.  I  have  found  this 
to  be  true  in  three  plants  in  different  parts  of  the 
United  States.  Changing  to  well  or  spring  water 
stopped  the  trouble  in  all  three  cases  notwithstanding 
the  river  water  was  lower  in  solids  than  the  well  water. 

Engineers  do  not  attach  enough  importance  to  oil  in 
the  feed  water  as  condensate.  Some  years  ago  I  wit- 
nessed a  sad  experience  with  a  small  boiler;  tubes  were 
lost  every  week,  also  some  headers.  Frequently,  the 
boilermakers  would  not  get  back  to  the  shop  before  they 
would  be  recalled.  It  seemed  like  a  mystery  to  me  then, 
but  after  I  learned  that  they  had  been  using  the  con- 
densate from  the  surface  condenser,  which  was  milky, 
and  as  I  knew  they  had  always  used  a  noncaustic  com- 
pound, it  was  easy  to  understand  the  cause  of  the 
trouble.  After  they  discontinued  the  use  of  the  milky 
condensate,  they  had  no  difficulty. 

I  have  witnessed  some  very  distressing  tube  trouble 
due  to  an  excess  of  soda  ash  in  the  feed  water  where 
softening  plants  are  installed.  My  theory  is  that  such 
an  excess  causes  the  water  in  the  tubes  to  foam  and 
prime  out  of  the  tube  or  away  from  the  side  exposed 
to  the  fire,  with  the  result  that  the  tube  is  burned. 
Tubes  are  not  burned  even  when  running  the  boiler  at 
300  per  cent,  rating  where  natural  water  is  used. 

Many  tubes  are  lost  because  of  the  blowpipe  action 
of  the  flames  and  gases.  This  is  well  known  among 
designers  of  high-grade  boilers,  but  we  never  hear  any- 
thing about  it  from  operating  engineers.  This  results 
from  the  arch  being  too  close  to  the  tubes  and  also 
from  restricted  area  or  volume  in  the  first  pass.  Baffles 
located  behind  the  first  or  front  row  of  tubes  in  some 
types  of  boilers  will  cause  a  great  loss  of  tubes. 

The  absence  of  baffles  on  top  of  the  first  pass  adjoin- 
ing the  vertical  baffle  will  produce  a  blowpipe  action 
which  will  cause  bagged  tubes  near  the  baffle.  Leaky 
baffles  will  also  cause  a  blowpipe  action.  Extreme  air 
pressure,  say  4  to  5  in.,  on  underfeed  stokers  often 
causes  tube  trouble  where  the  fires  are  not  given  proper 
attention.  Boilers  should  not  be  driven  in  excess  of  150 
per  cent,  rating  where  bad  water  must  be  used.  This 
should  be  adhered  to  as  a  "safety  first"  measure. 
Nothing  can  be  gained  by  snap  judgment;  it  is  a  matter 
of  careful  analysis  and  good  judgment  to  prevent  the 
loss  of  tubes  in  water-tube  boilers. 
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The  ConslriHlion  of  I20«  and  21()-V<>ll 
Eleclroinagiiels  and  Solenoids 

By  henry   \V.   TOWNSKNl) 


Data  are  given  for  the  eortstrurtioti  of  a  Jiiintber 
of  120-  and  2!»0-volt  eleetromagnets  and  solenoids. 
The  theory  of  the  design  is  not  gone  into^ — the 
data  given  being  suffieient  to  show  what  may  be 
expected  of  the  magnet  after  it  is  built. 

IN  A  PREVIOUS  article  data  were  given  on  the  de- 
sign of  electromagnets  and  solenoids  to  operate  on 
battery  circuits  up  to  15  volts.  Going  beyond  this 
voltage,  in  general,  means  about  120  or  240  volts  for 
lighting  and  power  circuit,  and  it. is  on  these  voltages 
that  the  practical  electrician  and  power-plant  operating 
engineer  frequently  has  the  problem  of  building 
solenoids  or  electromagnets;  therefore  the  designs  in 
this  article  are  chosen  to  meet  some  of  these  conditions. 
Fig.  1  gives  the  working  dimensions  of  a  small  120- 
volt  direct-current  double-pole  lifting  magnet  that  has 
a  lifting  capacity  of  28.5  lb.  when  using  a  current  of  0.1 
ampere.  Each  coil  is  wound  with  approximately  1.65  lb. 
No.  30  B.  &  S.  gage  enameled  wire  and  has  a  resistance 
of  550  ohms;  total  resistance,  1100  ohms. 

Wind  the  coils  as  evenly  as  possible,  placing  a  layer 
of  thin  paper  on  every  three  layers  to  keep  the  winding 
even  and  smooth.  All  iron  parts  are  of  soft  wrought- 
iron  stock.  The  bobbins  are  formed  by  mounting  fiber 
disks  on  €ach  end  of  the  core,  as  indicated  in  the  figure. 
Three  layers  of  paper,  well  shellacked,  are  wound  around 
each  core  before  winding  on  the  wire.  Drill  slanting 
holes  through  the  fiber  ends  of  the  bobbins  for  bringing 
out  the  flexible  leads.    It  is  always  best  to  wind  a  layer 
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FIG.    1.     DOUBLK-POLE   ELECTROMAGNET 

of  cord  or  thin  fiber  over  the  outside  of  the  coils  to  pro- 
tect them  against  mechanical  injury. 

Connect  the  two  coils  in  series  to  give  resultant  north 
and  south  poles.  The  pole  faces  are  chamfered  off  as 
showTi  in  the  figure  to  increase  the  flux  density  at  con- 
tact with  the  armature.  This  electromagnet  is  suitable 
for  constant  duty,  the  coils  being  designed  so  that  the 
conductors  have  about  1000-circ.mil  cross-section  per 
ampere.  This  has  been  found  good  practice  and  need 
not  be  exceeded  except  in  very  large  magnet  windings 
of  over  two  or  three  inches  in  depth,  where  the  heat 


is  dissipated  with  difficulty.  P'or  intermittent  duty, 
wire  of  about  570-  to  800-circ.mil  cross-sectional  area 
per  ampere  is  suitable. 

The  principal  dimensions  of  a  120-volt  direct-current 
single-pole  .solenoid  are  shown  in  Fig.  2.  The  manner 
of  mounting  the  .solenoid  on  two  bra.ss  straps  secured 
to  the  wrought-iron  yoke  is  indicated  at  B.  The  core 
may  be  made  of  mild  cold-rolled  steel.    The  coils  of  all 
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FIG.    2.      SMALL    SINGLE-POLE    SOLENOID 

solenoids  must  have  a  brass  tube  for  the  core  to  slide 
in.  The  bobbin  is  made  by  placing  a  layer  of  thin  fiber 
around  the  brass  tube  and  pressing  the  fiber  end  disks 
over  the  fiber  layer  and  gluing  them  in  place,  as  this 
will  allow  removing  the  tube  after  the  coil  is  wound, 
so  that  the  solenoid  may  be  assembled.  The  coil  is 
wound  in  even  layers  with  3  lb.  of  No.  28  B.  &  S.  gage 
enameled  wire,  giving  it  a  resistance  of  approximately 
366  ohms.  The  current  taken  on  120-volts  is  0.3  ampere 
direct,  which  gives  about  3342  ampere-turns.  The 
pull  in  pounds  at  different  strokes  are  as  follows:  At 
2-in.  stroke  2.5  lb.;  1-in.,  2.25  lb.;  IMn.  1.8  lb.;  li-in., 
1.4  lb.;  and  at  2-in.,  1  lb. 

The  design  for  a  medium-sized  120-volt  direct-current 
single-pole  iron-clad  solenoid  is  given  in  Fig.  3.  The 
iron  yoke  is  formed  and  placed  around  the  coil  bobbin 
after  it  is  wound.  The  opening  in  the  yoke  is  joined 
by  a  wrought-iron  lap  plate,  with  four  machine  screws 
tapped  into  the  yoke  as  shown.  The  yoke  is  of  soft 
wrought  iron  and  the  core  may  be  of  the  same  stock  or 
mild  cold-rolled  steel.  Do  not  make  the  core  too  tight 
a  fit  in  the  brass  tube;  A -in.  or  .jU-in-  clearance  between 
the  core  and  tube  is  generally  allowed  on  small  direct- 
current  solenoids.  The  bobbin  is  wound  with  approx- 
imately 3  lb.  3  oz.  of  No.  27  B.  &  S.  gage  single-cotton- 
covered  magnet  wire,  giving  a  resistance  of  about  238 
ohms  and  taking  a  current  at  120  volts,  of  0.5  ampere. 
With  the  core  all  the  way  in,  a  total  maximum  pull  of 
20.5  lb.  was  developed  on  test.  At  a  stroke  of  1-in.  the 
pull  was  6  lb. ;  at  2-in.,  3.5  lb. ;  at  2i  in.,  2.5  lb. 

Fig.  4  shows  the  design  features  of  a  large-sized  240- 
volt  direct-current  iron-clad  single-pole  solenoid  having 
a  pull  at  1-in.  stroke  of  20  lb.  The  magnet  spool  is 
wound  with  approximately  8  lb.  of  No.  26  B.  &  S.  gage 
enameled  magnet  wire,  and  the  bobbin  is  made  as  de- 
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scribed  for  Fig.  2.  The  resistance  of  the  coil  is  419 
ohms,  and  the  current  on  240  volts  is  approximately  0.5 
ampere.  For  120  volts  wind  the  coil  with  the  same 
quantity  of  magnet  wire  three  sizes  larger,  or  No.  23. 
The  various  pulls  in  pounds  at  different  strokes  were 
not  tested,  but  can  be  readily  judged  by  the  relative 
pulls  obtained  with  the  other  solenoids. 

The  curves.  Fig.  5,  give  the  general  characteristics 
of  both  the  simple  and  iron-clad  solenoids.  Curve  A 
shows  the  pull  for  various  strokes  of  the  core  for  a 
simple  solenoid.  Curve  B  indicates  the  pull  obtained 
from  the  same  coil  when  provided  with  an  iron  return 
magnetic  circuit  or  yoke.  The  difference  between  the 
two  is  much  more  noticeable  at  higher  degrees  of  mag- 
netization. Note  the  pull  developed  by  the  iron-clad 
type  of  solenoid  near  the  end  of  the  stroke,  as  well  as 
the  uniform  pull  for  considerable  distance  at  the  center 
of  the  coil.  The  yoke  is  left  solid  at  the  top  end,  a  hole 
being  drilled  through  it  at  the  bottom  only,  to  permit 


PIG.     3.      MEDIUM-SIZE,    SINGLE-POLE     SOLENOID 

the  iron  core  to  enter  the  solenoid.  The  efficient  pull 
for  iron-clads  solenoids  extends  for  about  0.6  of  its 
length,  measuring  from  the  inside  face  X  of  the  yoke 
at  the  top,  as  indicated  in  Fig.  5. 

When  an  electromagnet  or  solenoid  is  built  make  a 
careful  electric  and  magnetic  lift  test.  The  data  thus 
obtained  will  prove  valuable  for  further  reference.  Take 
pull  readings  every  inch  or  half  inch  for  solenoids  and 
construct  pull  curves  for  various  actions  like  those 
shovni  in  Fig.  5. 

Fig.  6  shows  the  working  dimensions  for  building 
a  magnetizing  electromagnet  that  can  be  used  for  trac- 
tive or  lifting  purposes,  etc.  Any  form  of  poleshoes 
may  be  forged  out  of  wrought-iron  stock  to  suit  the  kind 
of  work  in  hand.  The  poleshoes  shown  are  used  for 
magnetizing  small  permanent  steel  magnets,  such  as 
telephone  receiver  magnets.  Similar  poleshoes,  but 
designed  with  wider  faces,  carefully  filed  or  machined 
off,  can  be  used  for  magnetizing  small  magneto  field 
magnets.  In  magnetizing  such  magnets,  it  has  been 
found  by  experience  that  opening  and  closing  the  cir- 
cuit several  times  per  minute  gives  best  results,  made 
while  the  magnet  is  held  in  contact  with  the  poleshoes. 
Some  concerns  employ  a  special  automatic  relay  ar- 
rangement for  the  purpose,  which  opens  and  closes,  or 
shunts  the  magnet  coil  circuit  rapidly,  at  the  rate  of 
two  to  four  seconds  per  interruption. 


Usually,  a  permanent  magnet  will  be  fully  magnetized 
after  one  to  three  minutes.  The  steel  for  the  magnet 
should  be  heated  a  cherry  red  and  plunged  into  water, 
making  it  glass  hard.  The  harder  it  is  the  greater  its 
retention  of  magnetism.  Knocks  and  jars  tend  to 
weaken  permanent  magnets.  They  are  sometimes 
"aged"  artificially  where  great  constancy  is  essential, 
as  in  electrical  instruments,  by  placing  them  in  boiling 
water,  by  lightly  rapping  with  a  vibrating  device,  such 


FIG.   4.      LARGE-SIZE.   SINGLE-POLE   SOLENOID 

as  an  electric-bell  movement,  or  by  a  mechanical  rapper. 

The  spools  for  the  coils  are  made  by  placing  on  the 
iron  cores  ^-in.  fiber  disks  drilled  or  bored  out  to  fit 
tightly  on  the  core  ends.  The  cores  are  then  covered 
with  three  layers  of  oiled  linen  or  heavy  paper,  well 
shellacked.  Be  sure  the  oiled  linen  comes  up  tight 
against  the  fiber  disks  to  prevent  the  possibility  of  a 
"ground"  due  to  wire  touching  the  iron  core. 

The  magnet  as  originally  built,  to  stand  up  under  all- 
day  service,  was  calculated  to  allow  about  1400  circ.mil 
per  ampere  for  the  magnet-wire  cross-section.     Hence 
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FIG.    5.      SOLENOID   CHARACTERISTIC   CURVES 

where  cool  operations  for  long  periods  are  desired  the 
following  windings  can  safely  be  used,  giving  a  total 
of  about  9000  ampere-turns  for  the  two  poles.  Each 
coil  is  wound  with  15;^  lb.  No.  22  B.  &  S.  gage  enameled 
magnet  wire  in  even  layers,  using  a  layer  of  paper  every 
two  or  three  layers  to  keep  the  winding  even.  Always 
test  the  coil  for  continuity  periodically  as  the  winding 
progresses,  as  this  may  save  much  labor  and  time.  The 
No.  22  wire  coils,  connected  in  series,  give  253  ohms  re- 
sistance, and  the  current  will  be  0.434  ampere  on  110- 
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volt    (lirort-ciiiionf.    The    total    pull    is    npproximatcly 
:U)0  lb. 

Kor  .somi-iiitiTiiiiMfnt  service,  wliere  a  .'ftroiijs'er  uvak- 
iieti/.atioii  is  de.sirable,  the  coils  can  be  wound  with  l.^l 
lb.  No.  20  B.  &  S.  K"Ke  enameled  wire.  This  jj'vea  a  to- 
tal of  ir).t.'K)  ampoie-turns.  The  resistance  of  each 
spool  is  4y.r>  ohms,  or  'JD  ohms  for  the  two  coils  in 
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series.  The  current  on  110  volts  is  1.11  amperes.  The 
circular  mils  per  ampere  in  this  case  are  920  or  still  in 
the  safe  operating  field.  For  plain  lifting  or  traction 
work  use  an  armature  of  the  same  size  as  the  yoke,  or  if 
iron  plates,  etc.,  are  to  be  picked  up,  then  these  of  course 
form  the  armature.  By  arranging  the  polepieces  to  suit, 
this  magnet  can  be  adapted  to  a  wide  variety  of  work 
such  as  for  magnetic  separators,  operating  various 
mechanical  devices,  etc. 


Electric  Light  and  Power* 

By  Sidney  Graves  Koon,  M.M.E. 

In  studying  the  census  figures  showing  the  growth 
of  the  electric  light  and  power  industry  from  1907  to 
1912  and  1917  there  are  many  items  of  interest  which 
do  not  appear  on  the  surface.    Some  of  these  follow. 

1.  The  Unit  or  Average  Plant — The  figures  for  1907 
show  a  total  of  4714  "establishments"  providing  central- 
station  service,  this  number  increasing  to  5221  in  1912 
and  6541  in  1917.  Dividing  the  principal  items  in  the 
report  by  these  figures,  successively,  the  average  plant 
appears  to  have  grown  as  follows : 

Per  Cent. 
Increase 
1917  1912  1907       1907tol917 

Total  income $80,551  $57,896  $37,260         116.2 

Income  from  electric  service.         76,762  54,997  35,981  113.3 

Total  expenses 65,301  44,930  28,468  129  4 

Salaries  and  wages 14,560  11,715  7,514  93  8 

Ptrsons  employed 16  15  10  60.0 

Primarv- horsepower 1,966  1,442  869  126.2 

KUowatt  capacity 1,376  989  575         139.3 

Output,  kUowatt-houre 3,889,101         2,215,880         1,243,588         212.8 

2.  The  Financial  Changes — In  1907  the  electric- 
service  income  ($169,614,691)  represented  ;6.57  per 
cent,  of  the  total  income  ($175,642,338).  In  1912  the 
electric-service  income  ($287,138,657)  represented  94.99 
per  cent,  of  the  total  income  ($302,273,398).     In  1917 

*An  analysis  of  the  census  figrures  for  the  United  States,  pub- 
lished in  Poiver,  Apr.  22,   1919.  page  627. 


the  electric-service  income  ($502. 100,.'{4G)  represented 
'.tr).:J  per  cent,  of  the  total  income  ($r)26,886,'108).  This 
left  .'{.'13  per  cent,  for  "all  other  income"  in  1907,  5.01 
j)er  cent,  in  1912,  4.7  per  cent,  in  1917.  The 
Krowth  of  the  electric-accesHory  businesH  during  the  five 
years  from  1912  to  1917  appears  to  have  been  more 
apparent  than  real,  as  measured  in  term.H  of  energy 
consumption,  for  it  failed  to  keep  pace  with  the  growth 
in   income  from  electric  service. 

Total  expenses  in  1907  were  76.4  per  cent,  of  total 
income.  Whether  these  "total  expenses"  include  taxes 
was  not  stated,  but  the  expense  ratio  leads  one  to  be- 
lieve that  the  taxes  were  included.  In  1912  the  corre- 
sponding expense  ratio  was  77.6  per  cent.  In  1917  it 
was  no  less  than  81.07  per  cent.  The  evidence  of  steady 
increase  in  this  figure  is  what  would  have  been  antici- 
pated by  anyone  familiar  with  conditions  in  the  indus- 
try. But  the  next  deduction  comes  as  something  of 
a  surprise — that  the  relative  amount  paid  for  wages  has 
fallen  as  compared  with  total  income  and  with  total 
expenses.    The  table  shows  the  ratios. 

1917  1912  1907 

Salaries  and  wages $95,239,954  $61,161,941  $35,420,324 

Percentage  of 

Total  income 18  0  20.23  20.17 

Total  cxponses 22  3  26.07  26.4 

The  average  annual  "pay  envelope  on  1907  contained 
$744,  or  $62  per  month.  In  1912  this  had  advanced 
to  $771  per  year,  and,  in  1917,  to  $902,  or  a  little 
over  $75  per  month.  The  increase  from  1907  to  1912 
was  only  3.63  per  cent.;  from  1912  to  1917  it  was  16.99 
per  cent. ;  over  the  whole  period,  1907  to  1917,  the  ad- 
vance was  21.24  per  cent.  These  figures  were  not 
enough,  however,  even  combined  with  the  increase  of 
121.6  per  cent,  in  number  of  total  employees,  to  bring 
the  total  payments  up  to  the  proportionate  figure  for 
earlier  years,  as  compared  with  either  total  expenses  or 
income. 

Income  from  electric  service,  divided  by  output  in 
kilowatt-hours  shows  an  average  of  2.893  cents  per 
kilowatt-hour  in  1907,  falling  14.2  per  cent,  to  2.482 
cents  as  an  average  for  1912,  and  a  further  20.5  per 
cent,  to  the  1.974  cents  of  1917.  The  total  drop  in 
"unit"  income  over  the  ten-year  period  was  0.919  cent, 
or  31.8  per  cent. 

3.  Primary  Power — The  Census  report  gives  the 
number  of  prime  movers  and  the  rated  total  horse- 
power of  each  of  the  three  main  types.  A  study  of  the 
change  in  average  sizes  shows  some  surprising  figures 
for  growth,  when  the  briefness  of  the  intervals  is  con- 
sidered. The  average  steam  engine  in  service  has  much 
more  than  trebled  in  size  in  ten  years,  while  the  aver- 
age waterwheel  has  more  than  doubled.  The  gas  and 
oil  engines  have  actually  diminished  in  average  size. 
Thus: 

Per  Cent. 

1917  1912  1907  1907tol9l7 

Steam  engines: 

Number 7,464  7,847  8,054  —7.3 

Horsepower 8,389,389  4,949,778  2,693,273  211.5 

Average 1,124  631  334  236.5 

Gas  and  oil  engines: 

Number 2,946  1,116  463  536.3 

Horsepower 21/,I86  111,035  55,828  289.0 

Average 74  99  121  —38.8 

Waterwheels:  ,   . 

Number 3,357  2,939  2,481  35.3 

Horsepower 4.251,423  2,469,231  1,349,087  215.1 

.■\verage 1,266  840  544  132.7 

Total  prive  movers: 

Number 13.767  11,902  10,998  25.2 

Horsepower 12.857,998  7,530,044  4,098,188  213.7 

Average 934  633  373  150.4 

In  spite  of  the  slogan  of  "conservation,"  as  applied  to 
coal   and   fuel   oil,   the   power   derived   from   hydraulic 
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plants  scarcely  more  than  kept  abreast  of  the  growth 
of  the  steam  plants.  The  percentages  of  the  total  pri- 
mary power  furnished  by  each  type  of  prime  mover 
follow: 

1917                  .912  1907 

Steam  engines 65  25  65.73  65  72 

Oil  and  eas  tnainos 1.69                  1.47  1    36 

Waterwh  els 33.06  32.8  32  92 

Steam  turbines  are  of  course  responsible  for  most,  if 
not  all,  of  the  great  growth  in  aggregate  horsepower  of 
steam  engines  in  the  central  stations.  It  is  not  unlikely 
that  a  positive  decline  has  taken  place  in  both  the 
number  and  the  total  power  of  reciprocating  engines 
engaged  in  this  service  during  the  decade  under  review. 

The  average  capacity  in  kilowatts  of  the  generators 
attached  to  each  prime  mover  has  increased  from  246 
in  1907  to  443  in  1912  and  654  in  1917;  an  over-all  in- 
crease of  165.9  per  cent.  The  total  capacity  of  the 
plants,  in  kilowatts  per  person  employed,  has  advanced 
from  57  in  1907  to  65  in  1912  and  85  in  1917— a  gain 
in  ten  years  of  about  50  per  cent.  This  is  due  in  large 
degree,  of  course,  to  the  heavy  increase  (150.4  per  cent.) 
in  the  average  capacity  of  prime  movers.  Quite  likely 
the  more  general  use  of  automatic  stokers  was  another 
large  factor  in  keeping  down  the  number  of  employees. 

The  mechanical  efficiency  of  the  generating  units 
showed  a  steady  gain  during  the  period,  for  the  kilowatt 
capacity  of  dynamos  per  horsepower  of  prime  movers 
advanced  from  0.661  in  1907  to  0.686  in  1912  and  0.7001 
in  1917,  an  over-all  gain  of  5.9  per  cent. 

4.  Output — Based  on  8760  hr.  per  year  in  1907  and 
1917,  and  on  8784  hr.  in  1912  the  over-all 
load  factor  showed  a  gratifying  increase  from  24.7 
per  cent,  in  1907  to  25.5  per  cent,  in  1912  and  32.3  per 
cent,  in  1917.  This  improvement  is  no  less  than  30.8  per 
cent.,  most  of  the  gain  coming  in  the  most  recent  years. 
This  shows  well  the  fruits  of  the  campaign  continually 
being  waged  to  "off-peak"  business.  It  was  also,  in 
passing,  doubtless  one  of  the  biggest  reasons  for  the  fall- 
ing off  in  the  average  price  of  current  per  kilowatt-hour. 

The  output  per  person  employed  increased  from  123,- 
074  kw.hr.  in  1907  to  145,826  in  1912  and  241,019  in 
1917,  a  ten-year  advance  of  95.8  per  cent.  The  growth 
in  size  of  prime  movers,  already  shown,  is  largely  re- 
sponsible for  the  gain  of  246.7  per  cent,  from  532,943 
kw.-hr.  per  unit  in  1907  to  1,847,796  in  1917.  The  fig- 
ure for  1912  was  972,031  kw-hr.  for  each  prime  mover. 

Motors  connected  (aside  from  railway  motors)  more 
than  trebled  in  number  in  the  decade,  and  nearly  doubled 
in  individual  average  rating,  having  increased  from 
9.86  hp.  in  1907  to  16.6  in  1917,  a  gain  of  68.4  per 
cent.  Motors  appear  to  be  taking  a  greater  and  greater 
share  of  the  output  of  the  stations.  Figures  for  total 
conected  load  are  not  given,  but  the  total  motor  horse- 
power was  71.7  per  cent,  of  the  total  prime-mover 
horsepower  in  1917,  as  compared  with  54.9  per  cent,  in 
1912  and  only  40.2  per  cent,  in  1907.  The  ten-year 
gain  in  this  ratio  was  78.4  per  cent. 


In  the  future  the  principal  use  of  high-volatile  coals 
will  be  in  the  byproduct  gas  plants  because  of  the 
higher  commercial  value  of  the  products  of  carboni- 
zation. It  is  even  suggested  that  the  time  may  come 
when  our  views  of  the  relative  values  of  the  different 
coals  will  change  and  we  shall  consider  anthracite 
as  of  minor  importance  as  compared  with  the  high- 
volatile  bituminous  coals. 


Cooling  Tower  for  Refrigerating  Plant 

By  a.  GiGER 

The  following  is  a  description  of  a  cooling  tower  that 
has  been  giving  excellent  results.  The  sketch  shows  an 
end  view  of  the  tower  with  louvre  boards  removed  to 
enable  the  reader  to  readily  note  its  construction.  The 
general  construction  is  similar  to  that  of  many  others 
in  use,  the  chief  difference  being  that  instead  of  using 
the  wooden  crisscross,  or  checker-board,  pattern  for  baf- 
fling the  water,  this  tower  uses  the  ordinary  26-gage 
galvanized  corrugated  iron,  making  a  cheaper  and 
much  more  effective  means  of  cooling  the  water. 

Water  is  pumped  to  the  V-shaped  troughs,  having 
their  upper  edges  notched  like  saw  teeth,  insuring  a 


SECTION   OF   "HOME-MADE"   COOI^ING  TOWER 

uniform  distribution,  provided  the  troughs  are  level 
and  notches  are  of  uniform  depth.  From  these  troughs 
the  water  falls  to  the  corrugated  trays,  these  latter  com- 
pletely covering  their  respective  sections  of  the  tower. 
The  concave  or  gutter  corrugations  of  these  trays  or 
galvanized  sheets  have  holes  punched  in  them,  the  size 
and  distance  apart  depending  upon  the  size  of  the  trays 
and  the  amount  of  water  that  it  is  desired  to  circulate. 
In  this  particular  tower  the  holes  are  -{\  x  4  in.  centers, 
and  were  made  with  an  ordinary  belt  punch  and  ham- 
mer. The  water  as  it  leaves  the  distributing  troughs 
falls  to  the  first  tray,  spreading  and  finding  its  way 
through  holes  down  to  the  second  tray,  the  second  as 
well  as  the  others  being  made  the  same  as  the  first  one, 
the  water  finally  ending  up  in  the  catch  basin,  whence 
it  goes  to  the  condensers.  Trays  are  kept  in  position 
by  means  of  angle  bars  or  timbers  fastened  to  the  tower 
frame.  The  water  as  it  falls  to  the  trays  has  no  chance 
to  accumulate  or  gather  to  any  depth,  but  is  more  in  the 
shape  of  a  thin  film ;  and  owing  to  the  trays  being  made 
of  very  light  iron  and  the  unrestricted  passage  of  air 
through  the  tower,  good  results  are  obtained. 
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()i)cralion   al   llolhvood — F<^aliircs  of  Slalion 
Operalioii   and  Maiiilcnaiicc 


Hy  CHARLES  II.  BROMLEY 


A  hjidraiiUc  oiuralihii  hoard  whirh  bears  the 
same  relation  to  the  fiorrnior  and  hand  control 
that  the  benchboard  and  mimic  board  do  to  the 
11,000-  and  70,000-volt  electrical  ny.item  is  lo- 
cated on  the  turbine-rootn  floor  and  visible  to 
the  switchboard  operator.  Spare  parts  of  hy- 
draulic and  electrical  equipment  are  available  to 
the  crew  without  requisition  or  kep  during  emer- 
i/eneies.  Vacuum  in  the  turbine  draft  tubes  used 
for  cleaning  the  station  floors.  Mavii  other  in- 
tcrr-itiiin  features  are  described  and  illustrated. 


are  connected  across  the  motor  terminals.  The  board 
is  made  of  1-in.  kiiii-dricd  white  pine,  cleated,  glued 
and  framed;  the  dimensions  are  15  x  6  ft.  It  is 
shellacked  and  Kiven  two  coats  of  white-lead  paint. 
Black  stripes  represent  the  piping  connections.  Valves 
are  represented  by  oak  buttons  screwed  to  the  board 
on  top  of  J-in.  leather  wsishers.  When  a  button  is  in 
line  with  the  pipe  it  indicates  an  open  valve,  and  when 
set  across  the  pipe  it  indicates  that  the  valve  is  closed. 

When  valves,  headers,  pumps,  etc.,  are  cut  out  of 
service,  and  work  is  being  done  on  them,  a  holdoff  tag 
is  hung  directly  on  the  operating  board  at  the  particular 
piece  of  apparatus  or  valve  out  of  service.  Likewise, 
when  a  main  unit  or  an  exciter  unit  is  withdrawn  from 
service  for  repairs,  a  holdoff  tag  is  placed  below  the 
unit  number  marked  on  the  board,  while  on  the  turbine 
itself  the  governor-control  and  the  hand-control  valves 
are  locked,  a  painted  iron  holdoff  tag  forming  a  part 
of  the  lock  chain. 

One  of  the  chief  uses  of  the  board  is  this:  Suppose 
that  the  governor  pressure  is  reduced  considerably  below 
normal.  This  will  be  shown  on  the  large  double-faced 
dial  gages,  one  set  of  which  is  located  in  the  turbine 
room  and  conveniently  seen  by  the  operator.  A  glance  at 
the  hydraulic  board  will  tell  the  operator  whether  or 

not  he  has 
lost  one  of 
the  govemor- 
or  hand-con- 
trol pressure 
pumps,  for  if 
this  pump  is 
cut  out  of 
service  due  to 
disturbance 
on  t  h  e  elec- 
trical side, 
the  red  light 
on  the  board 
will  have 
gone  out. 
Availability 
of  Spare 
Parts  in 
Emergencies 
—  While  a 
fully  equip- 
ped stock- 
room  is  pro- 
vided at  Holt- 
wood,  and  a 
stock  clerk  is 
in  charge, 
care  has  been 
taken  to 
make  avail- 
able to  the 
crew  at  any 
hour    of    the 

1.      SPARE   GEAR  IS  AVAILABLE   IN  THE  BATS  .AJLOXG  THE  TURBINE  ROOM  FOR       "^^    Or    Hlg 
REPAIRS  IN  EMERGENCIES  WHEN  THE  STOCKROOM    CLERK  IS  ABSENT  almOSt     any 


TJIC  Plydraulic  Operating  Board — Midway  of  the 
turbine  floor  and  directly  acro.ss   the  floor  from 
the   switchboard   gallery,    is   the   hydraulic   oper- 
ating board,  diagrammed  in  Fig.  2.    This  board  bears 
the   same   relation   to   the   governor-   and   hand-control 
.systems  as  the  benchboard  and  mimic  board  do  to  the 
11.000-   and   70,000-kw.   buses.      The   operation   of   the 
pumps,   headers,   governor  valves,   etc.,   is   always   dis- 
played on  this  board.     The  floorman  makes  the  neces- 
sary indications  whenever  any  pumps  have  been  started, 
shut  down  or  transferred,  or  when  other  changes  in 
operation    o  f 
the    system^ 
are  made. 
The   govern- 
orman   makes 
the    changes 
on   the  board 
following  the 
shutting- 
down     or 
starting  of  a 
unit;  that  is, 
h  e    indicates 
the    changes 
to   the   hand- 
contro     and 
governor-con- 
trol   systems 
used   for   the 
particu  1  ar 
unit.    The  op- 
eration of  all 
governor 
pumps  and  of 
the    No.    2 
hand  -  control 
pump  is  indi- 
cated by   red 
lights   on  the 
board.    These 
lights  are  the 
same    as    are 
used  on  the 
electrical 
benchboard. 
The  lamps 


June  10,  1919 


POWER 


893 


part  or  tool  needed  to 
meet  an  emergency, 
without  the  necessity  of 
making  out  a  requisition 
and  waiting  until  the 
stock  clerk  comes  to  un- 
lock the  large  outside 
storeroom,  whenever  that 
might  be.  On  shelves  on 
the  turbine  floor,  one  of 
which  is  showTi  in  Fig.  1. 
are  found  governor 
heads,  trunnions,  main 
valves,  pilot  valves, 
spindles,  hydraulic  op- 
erating mechanism  pins, 
nuts,  bolts  and  liners  — 
in  fact,  almost  any  part 
that  might  be  required 
if  something  went 
wrong  with  the  hy- 
draulic system  during 
the  night  when  the  stock 
clerk  or  chief  machinist 
was  not  on  duty.  The 
stockroom  of  the  elec- 
trical gallery  likewise 
has  its  parts — fuses,  etc 
— available  at  all  times. 
On  Piney  Island,  where 
the  arc  extinguisher  is 
located,  spare  parts  are 
kept  in  a  shanty  and  are 
always  available  for 
emergencies.  In  the  bays 
along  the  main  turbine 
room  large  sectional 
drawings  of  the  unit  op- 
posite the  bay  are 
mounted  in  glass  cases. 
These  drawings  show 
sections  of  the  main 
units  (that  is,  the  tur- 
bine and  generator)  and 
one  shows  a  section  of  the 
complete  assembled  gov- 
ernor. 

Cleanliness  and  Order 
in  Station — Cleaning  of 
the  principal  apparatus 
and  miscellaneous  auxili- 
ary equipment  is  as- 
signed to  specific  station 
attendants,  and  their 
work  is  checked  up  by 
the  entries  on  the  "An- 
nual Cleaning  and 
Inspection  Charts" 
mounted  in  a  glass-front 
case  on  the  station  wall 
and  described  in  an 
article  on  Holtwood  rec- 
ords in  the  issue  of  May 
20.  This  cleaning  work 
is  not  the  only  plan  em- 
ployed to  produce  the 
neat  and  orderly  appear- 
ance of  the  station  that 
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imprcs-ses  every  visitor.  Cnre  i.s  taken  thnl  all  work 
arouiul  the  station— hjuiiUinjj  of  tools,  s\vi'oi)iiiK  of 
lloors  and  stairways.  chippinK  of  concrete,  etc. — is 
done  in  a  nianner  that  will  not  disliirh  the  neat  appear- 
ance of  the  station  or  interfere  with  operation. 

For  cleaninjr  lloors  a  vacuum  system  is  u.sed,  con- 
nected to  the  draft  tubes  of  the  main  turbines.  The 
vacuum  connections  are  provided  at  each  unit  on  the 
main  lloor  and  at  numerous  other  jilaces  throughout  the 
station  (see  Fi^'.  (')). 

When  chippinjr  of  concrete  is  to  be  done,  canvas- 
covered  wooden  frames  are  placed  around  the  workmen, 
j)reventin>r  the  fine  dust  from  spreadinjr  over  the  station 
and  pei\etratinn  into  some  of  the  exposed  bearinjrs  of 
Rovernors  or  auxiliary  apparatus.  How  this  is  done 
is  shown  in  Fijr.  7. 

Drinkinp  water  is  provided  at  several  fountains  dis- 
tributed at  convenient  places  in  the  .station.  The.se  are 
piped  up  through  a  circulating  system  to  u  small  re- 
frigerating machine,  Fig.  8,  thus  doing  away  with 
.'floppy  ice-water  tanks  and  handling  of  ice  in  the  station. 

Dark  corners,  places  around  drains  and  cuspidors, 
etc.,  are  painted  a  shining  white,  so  that  any  neglect 
in  cleaning  such  parts  as  are  susceptible  to  uncleanli- 


FIG.   3.     VIEAV  IX  THE  PUJIP  TUXXEL 


I'lC.    I.      Ml'-Tl-.H.-?   (IX   THE   I.I.\K.S    SIJF^PLiVI.NG    I.,UBRICAXT 

ness  will  show  up  the  more 
strikingly.  Drain  -  cocks 
mounted  on  different  appara- 
tus are  not  permitted  to  cause 
leaky  spots  on  the  floor,  or 
around  the  apparatus.  They 
,.re  piped  up  to  small  drain 
lines  emptying  into  the  trench 
or  general  drain  provided  on 
e  a  r  h  operating  floor.  The 
writer  noticed  also  that  the 
large  pipe  lines  in  the  pump 
tunnel,  which  carry  cold 
water  and  which  have  given 
a  great  deal  of  trouble,  due 
to  sweating  on  humid  days, 
have  been  coated  with  a  layer 
of  ground  cork,  which  eiTectu- 
ally  prevents  sweating.  Small 
tool?  that  are  used  frequently 
by  operating  attendants  when 
performing  minor  mainte- 
nance work,  are  kept  in  a 
wire-glass-front  locker,  each 
tool  having  its  place  marked 
by  a  white  line  on  the  wall  of 
the  cabinet.  This  makes  it 
practically  impossible  to  re- 
turn a  tool  to  any  place  other 
than  where  it  belongs,  and  the 
absence  of  any  tool  is  noticed 
immediately  through  the  glass 
front.  Minor  defects  to 
equipment  that  cannot  be 
taken  care  of  by  the  operating 
attendant  on  shift,  but  are 
not  so  essential  to  safe  opera- 
tion as  to  require  immediate 
correction,  are  noted  on  » 
blackboard  in  the  pump  tun- 
nel. Columns  are  provided 
on    the    blackboard    for    the 
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WIRE-GLASS-FRONT 
TOOL  CASE 


FIG.    6.      USING    THE    VACUUM    IN 
THE  DRAFT  TUBE  FOR  CLEANING 


FIG.   7.      FABRIC  HOUSING  PREVENTS   THE 
SPRE.^D  OF  CONCRETE   DUST 


initials  of  the  attendant  reporting  the  defect  and  also 
for  the  man  who  corrects  it. 

Illumination — The  man  who  has  worked  in  a  tunnel 
will  immediately  appreciate  the  value  of  a  system  of 
illumination  whereby  bright  lights  are  not  shining  in 
his  eyes.  In  the  pump  tunnel  at  Holtwood  the  main 
illumination  is  indirect;  that  is,  the  large  or  open  ends 
of  the  shades  point  up  to  the  roof  of  the  tunnel,  instead 
of  facing  the  floor,  as  is  customary. 

While  sockets  and  plug  receptacles  are  well  distrib- 
uted about  the  plant  for  the  use  of  extension  lamp  cords 
or  drop  lights,  each  man  is  furnished  with  a  large 
electric  pocket  torch  or  lamp.  These  do  much  to  elim- 
inate guessing  and  hasty  judgment  in  observation  and 
inspection. 

Observation  of  the  Lubricating-Oil  Flow — One  does 
not  have  to  be  emphatic  to  convince  the   reader   that 


the  lubrication  of  these  large  turbines  is  important. 
The  oil-supply  and  the  oil-return  pipes  are  of  course 
provided  with  sight  glasses  so  that  the  crew  may  tell 
at  a  glance  whether  or  not  the  oil-pipe  lines  are  ob- 
structed. Oil-flow  meters,  thermometers  and  flow  in- 
dicators are  arranged  as  far  as  practicable  in  a  compact 
group,  well  illuminated,  permitting  convenient  and  ac- 
curate observation.  One  additional  little  thing  is  done  at 
Holtwood  that  the  writer  has  noticed  a  lack  of  elsewhere 
— where  these  sight  glasses  are  next  to  a  dark  wall  the 
wall  in  back  of  the  glass  is  enameled  white.  It  is  not 
likely,  therefore,  that  the  man  making  the  observation 
will  be  mistaken,  as  the  stream  of  oil  is  plainly  visible, 
just  as  absence  of  the  stream  is  indicated  by  a  solid 
white  background. 

Precautions  When  Cutting  in  New  Thrust  Bearing — 
Roller  bearings  on  the  main  units  at  Holtwood  have  not 


FIG.  8.     THE  REFRIGERATING  MACHINE 

FOR   COOLING   THE   DRINKING 

WATER 


FIG.   9.      OPERATING   CYLINDER   FOR   MOVING  THE   GATES 

OF  THE  TURBINE.     THE  INDICATOR  SHOWS  THE 

POSITION    OF    THE    GATES 
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heen  a.s  successful  as  the  operntors  would  dosiro,  and 
thrust  boarinjrs,  in  which  tho  hoariiifr  .surface  is  mad- 
up  of  u  number  of  sectors  restinjr  in  spherical  seats  and 
usinjr  an  oil  film  at  hijrh  pressure,  have  l)een  provided. 
When  first  cuttinjr  in  a  new  Kingsbury  thrust  bearing' 
at  Holtwood,  the  followinjr  precautions  are  ob.served : 
The  ttoornian  supervises  the  operation  of  startinjr  and 
stopping  the  unit  which  has  the  new  bearinjr  in  it. 
The  temperature  of  the  oil  is  closely  watched  for  the 
lir.st  twenty  minutes  that  the  unit  is  running.  During 
this  time  the  temperature  of  the  oil  should  not  increase 
more  than  2  dejr.  C.  If  it  rises  more  rapidly,  the  unit 
is  shut  down  and  the  chief  ojierator  is  immediately 
notified.  For  the  first  thirty  days  that  the  unit  is  in 
service  half-hourly  readings  of  the  oil  temperature  in 
the  oil  housings  are  taken  and  entered  in  a  separate 
log  sheet  provided  for  this  purpo.se.  The  unit  is  kept 
on  hand  control  for  a  few  days. 

As  most  readers  know,  these  bearings  are  designed  to 
make  use  of  the  principles  of  lubrication  made  famous 
by  Tower,  who  first  discussed  them  before  the  Royal 
Society.  The  load  is  supported  on  a  film  of  oil.  For 
each  of  the  13,500-hp.  turbines  at  Holtwood  the  total 
load  on  the  thrust  bearing  is  410,000  lb.,  the  speed  is 
94  r.p.m. ;  yet  after  six  years'  service  the  wear  on  the 
shoes  is  so  slight  as  to  be  difficult  of  measurement. 

The  following  data  are  from  the  test^  on  one  of  these 
bearings  at  Holtwood: 

Total  lo.id  on  bearins.  lb 410,000 

Area    of    shoos,    sq.in 1,160 

I'nit  pressure  per  sq.in.,  lb 350 

Speed,   r.p.m 94 

Mean  surface  speed,  ft.  per  min 900 

Kind   of  oil    Light  Mineral 

Oil  flow  through  bearing  per  minute,  gal 15 

Mean   temperature   rise   in  oil.   deg.    F.  .  . 4.5 

Frictional  loss  in  bearing,  hp 9 

Coefficient  of  friction   0.0008 

Welding  a  Wrecked  RoUing-Mill  Engine 
Cylinder 

By  L.  M.  Malcher* 
One  of  the  big  steel  rolling-mill  engines  at  the  works 
of  the  Carnegie  Steel  Co.,  Farrell,  Penn.,  which 
had  been  doing  its  full  share  in  helping  to  win  the  war, 
broke  down  tw^o  weeks  after  the  signing  of  the  armistice, 
having  worked  constantly  up  to  then  on  war  orders.     In 


ilG.   1.      WRECKED   LOW   PRESSURE  CTLIXDER.   SHOWING 

CRACKS   V-GROOVED    BY    CHIPPING    PREPARATORY 

TO   OXWELDING 


•Superintendent,    Welding   Shop   of   Oxweld  .Acetylene   Co. 


I'IG.    2.      UKLUING   OK   LOW    PRESSURE   CYLINDER 
CO.MPLETED 

the  accident,  besides  other  part.s,  the  54  x  70-in.  left- 
hand  low-pressure  steam  cylinder  of  a  twin-tandem 
compound  reversing  engine  was  badly  fractured,  as  a  re- 
sult of  the  breaking  of  a  connecting-rod  at  the  moment 
of  reversal. 

A  serious  situation  confronted  the  officials  of  the  com- 
pany as  it  would  have  taken  three  months  or  more  to  ob- 
tain a  new  cylinder.  Three  hundred  and  sixty  men  were 
thrown  out  of  employment.  The  broken  cylinder,  in 
which  there  were  seven  cracks  which  totaled  22  ft.  2  in. 
in  length,  ,was  of  such  size  and  the  damage  done  was  of 
such  character  that  a  decision  whether  the  cylinder  was 
to  be  renewed  or  repaired  involved  a  risk  on  the  part  of 
the  management.  Although  considerations  of  expense  as 
between  the  cost  of  purchasing  a  new  cylinder  and  re- 
pairing the  old  one  were  of  secondarj'  importance,  the 
cost  of  repairing  was  estimated  to  be  about  one-third 
that  of  a  new  cylinder. 

The  officials  of  the  company  after  investigation  de- 
cided in  favor  of  oxyacetylene  welding.  They  called 
upon  the  job  welding  shop  of  the  Oxweld  Acetylene  Co., 
Chicago,  111.,  to  meet  the  emergency.  Three  expert 
welders,  accompanied  by  all  necessarj'  equipment,  went 
immediately  to  Farrell  and  completed  the  job  under  the 
direction  of  the  writer.  The  time  consumed  in  repair- 
ing the  cylinder,  including  chipping,  preheating  and 
welding,  was  72  hours. 

While  dismantling  the  engine  a  fracture  was  dis- 
covered in  the  right  hand,  42-in.  high-pressure  cylinder. 
This  also  was  repaired  in  about  18  hours.  It  took  just 
seven  days  from  the  time  the  order  was  given  to  com- 
plete the  entire  job. 

While  welding  inside  of  the  cylinder,  the  men  relieved 
one  another  every  ten  minutes  because  of  the  extreme 
heat  deflected  back  on  them  during  the  welding  opera- 
tion. On  the  outside  wielding,  however,  the  heat  was 
not  so  intense  and  the  men  relieved  one  another  every 
thirty  minutes. 

After  the  engine  cylinders  were  machined,  it  was  al- 
most impossible  to  determine  where  the  cracks  had  been. 
The  total  cost  of  this  repair  represents  but  a  small  frac- 
tion of  the  replacement  cost,  but  even  this  saving  is  in- 
significant when  compared  with  the  disorganization  that 
would  have  resulted  from  the  laying  off  of  a  large  body 
of  trained  workmen  and  with  the  enormous  loss  that 
would  have  been  caused  by  a  stoppage  of  production. 
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Fusibility  of  Ash  From  Pennsylvania  Coals' 


By  W.  a.  SELVIG  and  A.  C.  FIELDNER 


Introduction 

PREVIOUS  papers'  gave  a  description  of  the  stand- 
ard gas-furnace  method  used  by  the  Bureau  of 
Mines  in  making  ash-fusibility  tests,  a  discussion 
of  the  relation  of  fusibility  tests  to  clinker  formation, 
and  tables  giving  a  summary  of  results  obtained 
for  the  coals  of  West  Virginia  and  the  interior  province. 
This  paper  includes  a  table  giving  a  summary  of  such 
tests  on  the  coals  of  Pennsylvania,  which  state  is  by 
far  the  greatest  coal-producing  state  in  the  union. 

Interpretation  of  Fusibility  Table 

The  various  coal  beds  of  the  bituminous  coal  field  of 
Pennsylvania  are  arranged  according  to  their  geological 
succession,  the  uppermost  beds  being  listed  first.  The 
samples  tested  are  practically  all  standard  mine  samples 
collected  according  to  the  methods  used  by  the  Bureau 
of  Mines."  A  few  car  samples  which  were  considered 
representative  of  the  output  of  the  various  mines  were 
also  included. 

The  various  coal  districts  of  the  anthracite  region 
are  arranged  alphabetically  under  the  field  to  which 
they  belong.  The  samples  are  practically  all  delivery 
samples  of  the  various  sizes  as  marketed;  only  a  few 
standard  mine  samples  are  represented. 

The  number  of  mines  sampled,  number  of  samples 
represented,  average  softening  temperature  in  degrees 
F.,  per  cent,  ash  and  per  cent,  sulphur  on  the  'dry-coal 
basis  are  given  for  each  bed  tested  in  the  bituminous 
coal  field  and  for  each  district  in  the  anthracite  region. 
Average  values  for  each  mine  were  computed  from  the 
individual  samples,  and  from  these  values  averages 
representing  each  bed  or  district  were  obtained.  In 
some  instances  the  average  values  given  for  the  beds 
or  districts  represent  only  a  few  mines  and  are  in 
such  cases  not  truly  representative.  The  point  taken  as 
the  softening  temperature  is  that  at  which  the  ash 
when  molded  into  solid  triangular  pryamids  3  in.  high 
and  i  in.  wide  at  the  side  of  the  base,  and  mounted  in 
a  vertical  position  has  fused  down  to  a  spherical  lump. 
Samples  remaining  unfused  at  3010  deg.  F.,  which  was 
the  highest  temperature  attained  in  the  test,  were 
marked  plus  3010  (+3010)  and  used  as  such  in  figuring 
the  average  values  for  the  mine  from  .which  the  average 
values  of  the  beds  or  districts  were  computed. 

Discussion  of  Fusibility  Values 

As  stated  in  a  previous  paper  on  the  fusibility  of 
coal  ash  from  the  interior  province  coals,  the  softening 
temperature  of  coal  ash  from  the  various  fields  of  the 
United  States  range  in  general  from  1900  to  3100  deg. 
F.,  this  range  of  softening  temperature  for  convenience 
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in  discussion  being  subdivided  into  the  three  following 
groups : 

Class  1 :  Refractory  ashes,  softening  above  26G0 
deg.  F. 

Class  2:  Ashes  of  medium  fusibility,  softening  be- 
tween 2200  and  2600  deg.  F. 

Class  3:  Easily  fusible  ashes,  softening  below  2200 
deg.  F. 

The  softening  temperature  of  the  ash  from  the  bi- 
tuminous coal  field  of  Pennsylvania  are  found  in  Class 
1  and  Class  2,  principally  in  the  latter.  The  beds  of 
the  Monongahela,  Conemaugh  and  Allegheny  series, 
with  the  exception  of  the  Lower  Kittanning,  Fulton  and 
Brookville  beds,  of  the  Allegheny  series,  are  uniform 
as  regards  fusibility  and  come  in  Class  2.  The  Lower 
Kittanning  bed  of  the  Allegheny  series  contains  a  large 
number  of  mines  that  give  ash  of  high  fusibility,  and 
the  average  for  this  bed  almost  places  it  in  the  lower 
part  of  Class  1.  The  Fulton  and  Brookville  beds  of 
the  Allegheny  series,  as  also  the  Bloss  bed  of  the 
Pottsville  series,  come  in  Class  1. 

It  is  interesting  to  note  that  the  coals  that  show  high 
softening  temperatures  are  geologically  the  lower  and 
older  beds  of  the  bituminous  coal  field.  This  was  also 
found  to  be  true  of  the  coal  beds  of  West  Virginia.  It 
has  been  found  that  in  general  the  beds  of  the  Monon- 
gahela and  Allegheny  series  of  Pennsylvania  give  a 
more  refractory  ash  than  do  the  same  beds  as  found  in 
West  Virginia. 

The  ash  from  the  anthracite  region  of  Pennsylvania 
is  refractory,  coming  in  Class  1.  The  softening  tem- 
perature in  practically  every  instance  is  above  3000 
deg.  F. 


fusibility  of  ASH  FHOM  PENNSYLVANIA  COALS 

-\vera_ge       .\sh  in         Sulphur 

Number  Total    .Softening         Drv           in  Dry 

of     Number   Temper-        Coal,  Coal. 

Mines  of         ature.        Average      Average 
Series,  Bed                     Sampled  Samples  Deg.  F.     Per  Cent.  Per  Cent. 

BiluminoiiK    ReijUm 
Monongahela  Series: 

Pittsburgh  Bed 10  34             2360           7   17           143 

Conemaugh  Series: 

Little  Pittsburgh  Bed 1  2             2390           8.13           1 .  70 

Allegheny  Series: 

Upper  Freeport  (E  or  Lemon) 

Bed 33  85             2350           9.35           2   13 

Lower  Freeport  (D  or  Moshan- 

non)  Bed 21  70          -h2390            8  52            2  06 

Upper  Kittanning  (C  Prime)  Bed     7  18          -1-2350            8  67            2    16 

Middle  Kittanning  (C)  Bed 5  7         -!-2380         1 1   06           2  90 

Lower  Kittanning  (Miller  or  B) 

Bed 39  162          -1-2550            7  86            2  03 

Fultonbed 4  12          +2940            7   36            I    18 

Brookville  (A)  Bed 3  3         +2800         12.98           1 .86 

Pottsville  Series: 

Bloss  Bed 3  3             2630         1 1   96           2.25 

AnOiracite  Region 

Northern  Field: 

Pittston  District 1  1           +3010            603            058 

Plvmouth  District 2  7          +3010          12   52            0  84 

Seranton  District 6  7          +3010          12  39            0  79 

Wilkes-Barre  District 3  4         +3010         13.17           0.78 

Eastern-Middle  Field: 

Hazelton  District I  I             2960         14  50           0.61 

Western-.Middlc  Field: 

Shamokin  District 2  2         +2960         16  59           0.90 

West  Mahony  District 3  3         +3010         

Southern  Field: 

East  Schuylkill  District 2  2             2990         II    19           0.78 

West  Schuylkill  District I  I             2730         18.07           0.82 

Note:    A  pIuB  sign  (+)  placed  before  a  given  value  denotes  that  the  true 
value  is  above  that  indicated. 
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Talks 

on 

DIESEL 

Engines 

L.M.  Morrison 


XX — The  chief  brings  to  a  close  his  series  of  in- 
formal talks,  the  subjects  for  the  final  meeting 
being  the  efficiency  of  the  Diesel  engine,  as  com- 
pared ivith  other  prime  movers,  and  the  necessity 
of  keeping  daily  records. 


c; 


ii  ,/^>HIEF,"  said  Kelly,  a.s  Egan  sat  down  at  his  desk, 
"you  say  that  the  Diesel  engine  is  the  cheapest 
power,  and  still  you  hedge." 

"How  so?"  Egan  smilingly  hunted  for  a  match. 

"I  heard  you  say  to-day  that  a  gas  engine  didn't  use 
any  more  heat  units  than  a  Diesel." 

"Those  two  statements  don't  conflict,  Kelly.  The  gas 
engine  might  use  less  heat  units  and  still  be  more  ex- 
pensive to  run  than  an  old  slide-valve  steam  eater.  You 
must  look  into  the  cost  of  the  heat  units  to  decide  which 
is  the  cheapest.  Even  though  the  gas  engine  equalled 
the  Diesel  in  thermal  efficiency,  it  usually  will  be  the 
more  expensive  to  run." 

"What  do  you  mean  by  thermal  ^flSciency?" 

"That  means  the  percentage  of  the  heat  supplied  by 
the  fuel  that  is  actually  used  by  the  engine  in  developing 
power  in  the  cylinder.  The  thermal  efficiency  of  a 
Diesel  will  not  exceed  38  per  cent,  in  operation,  though 
in  factory  tests  40  per  cent,  has  been  obtained.  This, 
though,  usually  includes  the  extra  power  that  the  air 
injection  supplies.  The  real  meat  of  the  affair  is  the 
efficiency  per  brake  horsepower.  The  value  that  this 
will  show  in  an  engine  in  operation  at  around  full  load, 
is  from  25  to  30  per  cent.  A  good  gas  engine  on  full 
load  will  show  up  as  well.  On  the  lighter  loads,  the  gas 
engine  cannot  equal  the  Diesel.  The  efficiency  in  either 
engine  depends  to  a  considerable  extent  on  the  com- 
pression pressures.  In  the  Diesel  this  pressure  is  fairly 
constant  at  all  loads,  since  a  full  air  charge  is  drawn 
in  even  at  low  loads.  With  the  gas  engine,  at  low 
loads,  the  mixture  of  air  and  gas  is  leaner  and  the  com- 
pression pressure  falls  off  a  corresponding  amount. 

"Fig.  1  shows  the  results  of  two  tests  we  ran  on  a 
four-cylinder  vertical  200-hp.  gas  engine  and  a  four- 
cjiinder  500-hp.  Diesel,  the  gas-engine  curve  being  the 


lower  one.  At  full  load  the  brake  efficiency  is  the  same, 
but  at  the  low  loads  the  Diesel  shows  up  better.  Taking 
the  efficiency  on  the  basis  of  cost,  let's  see  how  they  pan 
out.  Our  Diesel  fuel  oil  costs  us  3.32c.  per  gal.  Natural 
gas  at  the  turbine  plant  is  purchased  for  8c.  per  thou- 
sand cubic  feet.  First,  figuring  on  the  Diesel,  we  find 
it  requires  8380  B.t.u.  per  brake  horsepower  at  full 
load.    Oil  costing  3.32c.  per  gal.  means  0.4c.  per  pound 
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of  18,000  B.t.u.    Consequently,  the  cost  per  brake  horse- 


•      8380    ^,-     , 
P°^"'''^  18,000  X^-^ 


0.186c.  or  1.86  mills.    Checking 


the  gas  engine  we  find  the  gas  contains  800  B.t.u.  per 
cu.ft.,  and  so  8'380  B.t.u.  would  cost  0.084c.  or  0.84 
mill.  The  gas  engine  would  therefore  be  the  more 
economical." 

"That's  pretty  cheap  for  gas.  It's  costing  me  50c. 
per  thousand." 

"That's  because  you  are  a  domestic  consumer.  Woods. 
With  a  gas  engine  the  consumption  is  not  as  great  as 
in  a  steam  plant,  so  the  cost  would  exceed  the  8c.  which 
applies  at  the  turbine  plant  where  millions  of  feet  of 
gas  are  used  each  month.  A  cost  of  around  25c.  per 
1000  cu.ft.  ought  to  be  about  right  for  a  gas  engine. 
Since  natural-gas  and  fuel-oil  prices  vary,  as  well  as  the 
B.t.u.  per  cubic  foot  of  gas,  we  can  strike  a  ratio  be- 
tween them.  If  A  represents  the  cost  of  oil  in  cents 
per    gallon    (30    deg.    Baume,    18,000    B.t.u.    per    lb.) 
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then   the  cost  per   Diesel   brake   horsepower   would   be 

l8~000  '^  -Tq  X  A  =  0.0638A  cents,  the  value  7.3  being 

the  weight  of  a  gallon  of  oil  of  30  deg.  Baume.  If  the 
i;as  used  in  the  gas  engine  has  a  heat  value  of  1000 
B.t.u.  per  cu.ft.,  then  to  equal  this  cost  it  must  not 

cost  more  than  -^Mtt"  X  1000  X  1000  =  7.61A  cents 

oooU 
per  1000  cubic  feet. 

"As  a  matter  of  curiosity,  just  see  what  you  could 
afford  to  pay  for  fuel  oil,  if  your  natural  gas  cost  40c., 

1O.10 . 


Frac+ion    of    Full    Load 


FIG.   2.      RESULTS   OP  TESTS   MADE   AT   FACTORY   AXD 
AFTER    INSTALLATION' 

which  is  quite  a  common  figure  in  this  state.     Since  the 

1000 


gas  runs  800  instead  of  1000  B.t.u.,  we  get  40  X 


800 


=  7.61A,  or  A  —  6.56c.  per  gal.  If  your  fuel  is  of  lower 
gravity  than  30  deg.  Baume,  of  course  you  get  more 
pounds  per  gallon,  and  naturally  you  can  pay  a  corre- 
spondingly higher  price  per  gallon. 

"Consider  how  impossible  it  is  to  think  of  using 
illuminating  gas  with  its  lower  heat  capacity  and  higher 
price  per  cubic  foot.  The  serious  competitor  of  the 
Diesel  engine  is  at  present  the  gas  engine  using  waste 
blast-furnace  gas.  In  the  future,  when  oil  becomes 
scarcer,  the  producer-gas  engine  will  again  demand  con- 
sideration. 

"If  a  real  successful  producer  was  manufactured  that 
could  be  operated  without  the  present  troubles,  the 
Diesel  would  have  little  chance.  Such  an  engine  can 
deliver  a  brake  horsepower  on  11  lb.  of  coal.  If  slack 
bituminous  coal  at  §2  per  ton  could  be  used,  the  power 
cost  would  be  less  than  with  a  Diesel.  If  the  plan  of 
installing  coking  plants  at  the  mouth  of  the  mine  is 
ever  carried  out,  the  waste-gas  engine  will  then  be  far 
the  Diesel's  superior  for  electric  generation." 

"But  how  about  tests  on  Diesels?  I  heard  you  tell 
one  salesman  you  wouldn't  believe  in  any  test." 

"I  confess  I  was  stringing  him,  Kelly,  but  there  was 
just  a  little  truth  in  my  remark,  at  that.  A  test  doesn't 
show  you  by  any  means  what  you'll  get  in  everyday  op- 
eration. Everything  is  always  given  the  best  of  care 
and  conditions  are  practically  ideal.  It  won't  do  to  use 
test  results  in  figuring  on  probable  yearly  operating 
costs." 

Pulling  out  Fig.  2,  Egan  continued:  "Here  are  the 
results  of  two  tests  run  on  a  500-hp.  vertical  engine. 
The  curves  marked  A  are  the  results  of  the  factory  test, 
while  those  marked  B  are  the  results   obtained   after 


installation.  Mind  you,  I  don't  mean  that  the  better 
values  weren't  actually  obtained.  They  were,  for  our 
man  was  right  on  the  ground,  and  I'd  gamble  that  noth- 
ing could  be  pulled  off  on  him. 

"The  efficiencies  and  fuel  consumptions  we  obtained 
are,  I  believe,  about  as  good  as  may  be  expected  in  any 
test  after  installation.  The  curves  all  show  lower  values 
than  those  in  the  factory  test,  but  we  must  remember 
that  a  factory  test  is  made  under  condition  5  that  cannot 
be  secured  in  a  power  plant." 

"J.  R.,  I  don't  understand  that  curve  of  thermal 
efficiency  based  on  indicated  horsepower.  I  always 
thought  the  smaller  the  load  the  more  fuel  used  per 
horsepower,"  Woods  ventured. 

"That  is  true.  Woods,  especially  if  we  are  considering 
brake  horsepower.  In  any  engine  a  certain  amount  of 
power  is  required  to  overcome  internal  friction.  If 
this  loss  is  20  per  cent,  at  full  load,  there  would  be 
100  friction  horsepower  in  the  500-hp.  engine.  At  half 
load,  or  250  b.hp.,  the  same  loss  of  100  hp.  occurs,  and 
the  indicated  horsepower  is  actually  350.  Our  thermal 
efficiency  per  brake  horsepower  is  lower,  but  per  indi- 
cated horsepower  the  efficiency  is  practically  the  same 
as  at  full  load.  This  is  to  be  expected,  since  the  com- 
bustion does  not  depend  on  the  richness  or  leanness  of 
a  gas  mixture.  The  oil  is  injected  at  all  times  into  a 
volume  of  excess  air." 

"Well,  J.  R.,  does  the  friction  horsepower  include  the 
air-compressor  load?"  Woods  continued  in  his  desire 
to  understand  the  curves. 

"Yes,  it  does.  But  in  my  judgment  the  air  com- 
pressor should  not  be  credited  to  the  friction  load." 

"Why  so,  Egan?"  asked  Kelly,  who  had  been  silent 
for  an  unusual  length  of  time. 

"The  engine  pulls  the  air  compressor,  furnishing  the 
injection  air.  The  air,  as  it  blows  the  oil  into  the  cylin- 
der, helps  to  keep  up  the  pressure  within  the  cylinder. 
The  indicator  card  is,  as  a  consequence,  of  greater  area, 
the  expansion  line  being  slightly  higher.     Then   it   is 
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FIC.    3.      HEAT   DISTRIBUTION   IN   ENGINES   OF 
DIFFERENT   TYPES 

my  opinion  that  the  engine  is  getting  something  for 
nothing.  We  increase  the  indicated  horsepower  by  the 
use  of  the  air  that  is  produced  by  the  power  we  call  lost. 
We  can  arrive  at  an  accurate  result  as  to  thermal  effi- 
ciency by  one  of  two  methods :  First,  we  can  disregard 
the  indicated-horsepower  thermal  efficiency  and  judge 
our  engine  by  its  efficiency  based  on  brake  horsepower. 
A  second  method  would  be  to  figure  out  the  power  re- 
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tjuired  to  oiK'nilo  tho  coiupiTssor  and  to  (ii-ducl  thi.^ 
amount  from  the  iiidicati'd  hoisopowiT  as  found  l)y  the 
indicator  card,  callinj;  the  now  value  'actual  indicated 
horsepower."  I'll  admit  this  involves  an  error  that  could 
be  corrected  only  by  an  estimate.  It's  this:  Since  part 
of  the  air  actually  is  used  in  atomizing  the  fuel  charjre 
and  in  overcoming'  the  resistance  of  the  atomizer,  this 
part  has  no  inlluence  on  the  indicator  card.  Probably 
makiuK  u  fifty-lifty  cut  on  the  compressor  deduction 
would  be  about  rijtht. 

"Goinvr  back  to  the  test  we  nuide,  Kit?.  3  -shows  the 
various  los.ses  and  is  the  heat  balance  of  the  engine.  1 
thought  it  a  K»od  scheme  to  show  alongside  of  it  the 
heat  balance  of  a  condensing  steam  engine.  It's  very 
evident  why  th«  Diesel  is  more  economical  since  it 
actually  uses  twice  as  niHch  of  the  heat  supplied  as  does 
the  steam  engine. 

"Since  Wood  is  an  ex-hot-ball  man,  I  think  the  .second 
heat  diagram  in  Fig.  3  will  wean  him  away  from  his  old 
love.  The  best  of  the  low-compression  engines  make  use 
of  but  20  per  cent,  of  the  heat  supplied  in  the  form  of 
fuel  and  so  it's  impossible  for  such  an  engine  to  equal 
a  Diesel  in  performance. 

"One  thing  you  boys  must  observe  is  the  keeping  of 
daily  log  sheets  if  you  expect  to  know  your  operating 
expenses  accurately.  To  be  of  value,  the  log  sheet  should 
show  hourly  readings  of  the  electrical  instruments,  of 
the  fuel  consumed,  of  the  inlet  and  di.scharge-water 
temperatures  and  of  the  pressure  in  the  air  bottles.  In 
addition,  there  should  be  spaces  provided  for  a  daily 
record  of  the  fuel  on  hand,  amount  received,  amount 


used  (luring  the  day's  run.  ;ind  Hit!  balance  on  hand  at 
the  end  of  the  day.  Similarly,  there  should  be  blank 
.spaces  for  recording  the  number  of  (|uartH  or  gallons 
of  engine  oil,  cylinder  oil,  crank-case  oil,  gasoline  and 
kerosene  used  per  day,  and  the  number  of  pounds  of 
waste.  And  of  course  there  should  be  apace  for  re- 
marks, which  would  include  reference  to  any  unusual 
conditions,  accidents,  repairs,  and  explanation  of  extra- 
ordinarily high  consumjjtion  of  fuel  oil,  lubricating  oil 
or  other  sui)plies.  The  size  and  arrangement  of  a  log 
sheet  will  have  to  be  adapted  to  the  e(|uipnient  of  each 
particular  plant,  but  a  little  ingenuity  ia  all  that  is 
required. 

"Now  boys,  we  have  diacussed  a  lot  of  things  about 
our  daily  work.  I've  done  mo.st  of  the  talking.  I  hope 
you  fellows,  while  doing  the  listening,  have  let  some  of 
it  sink  in.  I  may  be  wrong,  but  I  think  I  see  some  re- 
sults of  our  talks,  in  your  work.  The  one  thing  every 
engineer  must  do  to  be  successful  is  to  think  over  what 
he  is  doing.  Investigate  the  cau.se  of  everything  that 
happens  and  if  you  are  at  sea,  a.sk  someone  else. 

"This  is  the  last  night  I  can  meet  with  you  for  awhile. 
The  planning  of  the  new  equipment  and  laying  out  of 
the  plant  addition  will  take  up  most  of  my  evenings  for 
some  weeks.  However,  even  though  we  do  discontinue 
these  gatherings,  there  is  no  reason  why  we  shouldn't 
take  a  few  minutes  each  noon  to  go  over  things.  It's 
the  Madame's  prayer-meeting  night,  and  I'll  have  to 
step  lively  if  I  get  there  before  they  all  leave.  So,  good- 
night; and  Johnson,  keep  plenty  of  oil  on  that  air-com- 
pressor crank!" 


The  Electrical  Study  Course — Fundamentals  of 
Brake  Tests  on  Motors 


Introduces  the  fundamental  conception  of  power 
being  the  rate  of  doing  tvork,  as  illustrated  by 
the  raising  of  a  iveight  through  a  given  distance 
in  unit  time,  and  goes  on  to  a  development  of 
the  fact  that  under  all  conditions  the  power  de- 
livered bij  a  pulley  is  the  product  of  its  cir- 
cumference, speed  and  the  force  at  its  face 
opposing  rotation. 

SUPPOSE  a  belt  to  be  placed  over  a  pulley  and 
a  weight  be  attached  to  it,  as  shown  in  Fig.  1. 
If  the  pulley  be  revolved  in  the  direction  of  the 
arrow  .4,  it  will  have  a  tendency  to  lift  the  weight 
W,  but  if  the  end  a  of  the  belt  is  hanging  free,  as 
shown,  there  wiU  not  be  sufficient  friction  between  the 
belt  and  the  pulley  to  raise  the  weight  off  the  surface 
il  is  resting  on,  unless  it  be  very  small.  By  attaching 
a  weight  less  than  W  to  a  we  could  increase  the  friction 
between  the  belt  and  the  pulley  sufficiently  to  cause  W 
to  be  raised,  thereby  imposing  a  load  on  the  pulley 
that,  expressed  in  foot-pounds  per  min.,  would  be  equal 
to  the  difference  between  the  weights  multiplied  by  the 
distance  W  is  raised  in  one  minute.  The  weight  at 
a  could  be  dispensed  with  if  the  belt  were  attached 
to  the  pulley  as  showna  at  b  in  Fig.  2,  in  which  case 
there  wouki  be  no  question  of  slippage.  If  the  distance 
I  were  very  great,  such  an  arrangement  could  be  used 
to  make  an  efficiency  test  on  a  motor,  since  the  power 


together.     As  previously   shown,   efficiency  = 


output  could  manifestly  be  readily  computed  from  the 
weight  of  W  and  the  distance  through  which  it  was 
raised  per  minute,  while  the  input  could  be  obtained 
by  measuring  the  voltage  impressed  upon  the  motor 
and  the  current  taken  by  it,  and  multiplying  the  two 

output 
input  ' 

so  that,  having  established  the  output  and  input 
simultaneously,  we  can  compute  the  efficiency  for  the 
load  on  the  motor  at  the  time. 

It  would,  however,  be  impracticable  to  conduct  a  test 
in  this  manner  since  the  length  I  would  have  to  be  too 
great.  Suppose,  for  example,  that  I  is  314  ft.,  that  W 
is  10  lb.,  that  the  diameter  of  the  pulley,  which  we 
will  call  D,  is  1  ft.,  and  that  it  makes  ten  revolutions 
per  minute.  In  one  revolution  it  would  raise  W  a 
distance  equal  to  its  circumference,  and  since  its  diam- 
eter is  1  ft.,  that  would  be  3.14  ft.  Since  its  speed 
is  10  r.p.m.,  the  distance  through  which  W  would  be 
raised  in  one  minute  would  be  10  X  3.14  =  31.4  ft., 
and  in  10  minutes  it  would  have  traveled  314  ft.  or 
the  entire  distance  available.  From  this  it  can  be 
seen  that  no  continuous  test  could  be  made  on  the  motor, 
and  that  if  its  speed  were  greater  than  that  assumed, 
the  interval  for  observations  would  be  reduced.  Thus, 
if  the  speed  were  1000  r.p.m.  instead  of  10  r.p.m., 
the  intervil  would  be  one-hundredth  part  of  what  it 
10 
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is  evident  that,  with  even   such   a   considerable   depth 
of  more  than  300  ft.,  no  test  could  be  run. 

Suppose,  novv^,  that  instead  of  the  arrangement  of 
Fig.  2  we  use  that  shown  in  Fig.  3.  Here  we  have 
the  same  belt  as  in  the  former  case,  fastened  in  the 
same  manner,  but  instead  of  getting  a  pull  of  10  lb. 
by  means  of  the  weight  W,  we  obtain  it  by  pulling  on 
the  spring  balance  c  until  it  registers  that  force.  As- 
sume, now,  that,  as  the  pulley  revolves  slowly,  we 
follow  it  around  as  indicated  in  Figs.  4  to  6,  always 


Since  the  power  developed  in  the  case  illustrated  i.i 
Figs.  3  to  6  is  the  same,  and  since  the  pull  is  the  same, 
it  follows  that  the  distance  traveled  against  the  pull 
is  also  the  same.  That  is,  in  making  one  revolution, 
pulling  against  a  force  of  10  lb.,  a  pulley  1  ft.  in 
diameter  would  furnish  10  X  3.14  =  31.4  ft.-lb.,  and 
if  it  is  making  10  r.p.m.  it  would  be  delivering  10  X 
31.4  =  314  ft.-lb.  per  min.,  irrespective  of  whether  it 
is  directly  lifting  a  weight  of  10  lb.  or  only  acting 
against  a  force  of  that  magnitude  imposed  in  some 
other  way. 

In  general,  we  have  the  following  relation :  If  Z)  be 
ihe  diameter  of  the  pulley  in  feet,  F  the  force  in  pounds 
acting  at  its  face  in  opposition  to  its  rotation,  S  its 
speed  in  r.p.m.,  and  P  the  power  it  must  develop  to 
overcome  the  opposing  force  at  the  speed  S,  then  P  = 
(z  X  -D  X  S)  X  ^  foot-pounds  per  minute.  If  it  is 
desired  to  express  the  output  in  horsepower  we  divide 
by  33,000  ft.-lb.  per  min.,  so  that  if  P  represents  the 

.  .  •  u  u  I,  ^XDXSXF. 
output  in  horsepower,  we  have,  np.  =  „„  „-- 

To  overcome  the  disadvantages  of  the  methods  of 
Figs.  2  and  3  to  6,  we  can  adopt  that  of  Fig.  7,  the 
operation  of  which  will  be  more  readily  understood  in 
ihe  light  of  the  theory  brought  out  in  what  goes  before. 
Fig.  7  represents  the  same  case  as  Fig.  1  except  that 
a  weight   is   shown   attached   to   the   left-hand   end   of 
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FIGS.    1   TO   7.      ILLUSTR.\TES   PRIXCIPLES  OP  ME.\SURI.\<;    THE  LOAD  ON  A  MOTOR 


keeping  just  enough  pull  on  the  balance  to  make  it 
register  10  lb.  continuously.  It  is  evident  that  under 
these  conditions  there  would  be  exactly  as  much  load 
on  the  pulley  as  there  was  in  the  case  of  Fig.  2,  since 
it  is  revolving  at  the  same  speed  against  the  same 
force;  that  is,  10  lb.  It  would  have  the  advantage,  on 
the  other  hand,  of  allowing  the  test  to  run  on  un- 
interruptedly for  as  long  a  time  as  desired,  but  it  in 
turn  would  be  impracticable  owing  to  the  impossibility 
of  following  the  pulley  around  accurately  while  keep- 
ing a  uniform  strain  upon  the  scale,  for  any  length  of 
time.  In  any  event  it  would  be  applicable  only  in  the 
case  of  very  slow  speeds,  since  it  would  of  course  be 
impossible  to  follow  the  revolutions  of  the  pulley  if  it 
were  running  at  any  considerable  speed.  The  point  to 
be  noted,  however,  is,  that  the  power  required  of  a 
motor  driving  the  pulley  would  be  exactly  the  same 
as  that  necessary  to  lift  the  weight  of  Fig.  2.  In  that 
case,  the  power  was  10  lb.  X  31.4  ft.  per  min.,  or  314 
ft.-lb.  per  min. 


the  belt  as  well  as  to  the  right-hand  one.  Suppose 
that  W ^  is  made  sufficiently  great  to  cause  the  friction 
between  the  belt  and  the  pulley  to  reach  such  a  value 
that  W ,  will  be  raised.  Then  the  actual  weight  raised 
would  be  PF,  —  W.^  and  if  the  pulley  is  the  same  one 
as  shown  in  Figs.  2  to  6,  and  is  supposed  to  revolve 
at  the  same  speed,  we  would  have  P  =  (-  X  -D  X  S) 
X  F  =  (3.14  X  1  X  10)  X  (ly,  —  W'J  =  31.4 
X  (W^,  —  ^d-  If  we  assume  W ,  to  be  30  lb.  and  W 
to  be  20  lb.,  we  have,  P  =  31.4  X  (30  —  20)  =  314 
ft.-lb.  per  min.,  as  in  the  case  of  the  10-lb.  force  in 
the  other  cases.  This  method,  employing  the  actual 
raising  of  W  ,  would,  however,  be  open  to  exactly  the 
same  objections  as  were  found  to  apply  to  the  method 
of  Fig.  2,  but  we  can  modify  the  method  so  as  to 
secure  the  same  result  and  yet  keep  \\\  stationary  by 
proceeding  as  follows: 

First,  \Y ,  can  be  made  so  small  that  there  is  insuffi- 
cient friction  between  the  pulley  and  the  strap  to  raise 
W ,.     Then   weights   can   be   added    to   it,    causing   the 
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pull  on  \\\  to  Iti'iomi'  K't'ii'''!'  mxl  j-rri'iilcr.  Kliiall.v  a 
vnlue  of  U',  will  ho  rem-httl  that  will  he  jii.st  harcl.v 
»utHcit*iit  to  relieve  the  support  T  of  all  the  weight 
of  U',  without  actually  raisjnn:  M',  from  it.  Suppose 
that  to  satisfy  these  eoiulitions  IF,  and  M',  are  found 
to  he  25  and  ir>  Ih.,  respectively.  The  pulley  will  then 
be  8tru>rK'Iin»r  ajjiiinst  a  force  of  W,  —  W,  r=  25  —  15 
=  10  11).,  just  the  same  as  if  \V  of  Fijr.  2  were  actually 
beinj;  hoisted,  or  just  the  same  as  if  the  spring  halance 
of  FiR.  'A  were  tryinjr  to  hold  it  back.  The  power 
that  it  develops  will  therefore  be  exactly  what   it  was 


PROBI.KM    IX    TvKVKRS 


found  to  be  in  the  previous  cases,  if  the  speed  is  10 
r.p.m.  as  before.  In  this  case  the  retarding  force  of 
10  lb.  is  due  to  friction  of  slippage  between  the  pulley 
and  the  strap,  whereas  in  the  other  cases  it  was  due 
to  work  done  in  raising  a  weight  or  dragging  around 
the  arm  of  the  person  pulling  on  the  spring  balance. 
The  difference  is  that  in  one  case  we  have  slip  between 
a  pulley  and  its  belt  and  in  the  other  w-e  have  none. 
When  the  latter  work  is  performed,  there  is  nothing 
to  raise  the  temperature  of  the  pulley,  since  no  energy 
is  consumed  at  its  surface,  whereas  when  the  drag  on 
the  pulley  is  occasioned  by  the  friction  due  to  slippage, 
heat  is  generated  and  its  temperature  is  consequently 
raised. 

The  method  just  described  can  actually  be  used,  al- 
though certain  modifications,  are  desirable,  since  it 
would  be  a  matter  of  difficulty  to  make  the  accurate 
adjustments  of  W,  that  would  be  necessary.  Such  a 
modified  method  will  be  presented  in  the  next  lesson. 

The  problem  of  the  preceding  lesson  related  to  an 
arrangement  such  as  that  shown  in  Fig.  8.  It  was 
required  to  determine  what  the  weight  of  W  would  have 
to  be  in  order  to  cause  /  to  pull  upward  with  a  force 
of  10  lb.  on  the  spring  balance  g,  if  the  diameter  of 
the  pulley  c  were  8  in.  and  the  distance  I  were  2  ft. 
This  is  really  a  problem  in  levers.  So  far  as  the 
effect  is  concerned,  the  arm  a  might  just  as  well  be 
prolonged  to  the  left  as  showTi  in  Fig.  9,  and  the 
weight  be  suspended  from  it  at  fc  at  a  distance  r  from 
the  center  of  the  shaft  equal  to  the  radius  of  the 
pulley.  We  might  -"present  this  arrangement  as  a 
lever  such  as  that  shown  in  Fig.  10,  in  which  m  is 
the  fulcrum  and  coincides  with  the  center  of  the  shaft 
of  Fig.  8.  A  force  equal  to  W  pounds  is  applied  at 
k  and  a  force  of  10  lb.  thereupon  is  registered  by  g. 
The  relation  betvven  the  force  at  k  and  that  at  /  de- 
pends upon  the  distances  r  and  I.  If  we  were  to  keep 
the  distance  r  unchanged  while  we  shifted  /  to  the 
right  or  left,  we  should  find  that  the  force  recorded 
on  g  would  change  and  that  it  would  become  less  as 
we  moved  away  from  iti  and  greater  as  we  moved  toward 


it.  That  i.s,  increasing  /  dccreaHcs  the  force  at  /,  and 
vice  versH.  Also  we  should  find  that  if  I  were  made 
the  same  length  a.s  r  that  the  reading  of  g  would  be 
e{|ual  tr)  the  weiglil  \V.  That  is,  if  the  lever  arms  are 
e(iual,  the  forces  will  be  equal.  Since  the  force  at  / 
decreases  when  I  is  increased,  it  follows  that  it  will 
be  less  than  W  if  /  is  longer  than  r,  and,  conversely, 
that  if  I  is  shorter  than  r  the  force  at  /  will  be  greater 
than  W. 

As  a  matter  of  fact  the  decrease  or  increase  in 
the  force  at  /  is  proportional  to  the  increa.se  or  decrease 
in  the  distance  /.  Thus,  if  I  be  made  twice  r  we 
should  find  the  force  recorded  at  g  to  be  one-half  the 
weight  of  W,  or  if  it  were  made  three  times  r  the 
force  would  be  one-third  of  W.  So  also  if  I  were 
made  one-half  of  r,  the  force  at  /  would  be  twice 
the  weight  of  ir.  Putting  these  statements  into  the 
form  of  a  proportion  and  using  F  to  represent  the 
force  at  /,  we  find  11':  F::l:r,  from  which  we  get  W  = 


n 


It   remains  only  to  substitute  in   this  expression 


the  values  of  F,  I  and  r  given  in  the  problem  to  deter- 
mine W.  The  value  of  F  is  given  as  10  lb.  and  that 
of  ?  as  2  ft.  Since  r  is  the  radius  of  the  pulley,  it 
is  half  the  diameter,  which  is  given  as  8  in.,  making 
r  equal  to  4  in.  It  will  be  noted  that  r  is  given 
in  inches,  but  that  I  is  given  in  feet.  To  compare 
them  thev  must  be  reduced  to  the  same  units,  the 
simplest  way  being  to  express  both  in  inches.  We 
therefore  have,  i  =  2  X  12  =  24  in.  and  r  =  4  in. 
Substituting  in  the  expression  for  W,  we  have. 


„,        Fl        10  X  24 

W  =  —  = 

r  4 


60  pounds. 


From  the  foregoing  it  is  seen  that  if  W  weighs  60  lb. 
the  scale  g  will  register  10  pounds. 

A  5-hp.  motor  is  being  tested  by  the  method  in- 
dicated in  Fig.  7.  Its  pulley  diameter  is  8  in.  and  its 
speed  at  full  load  is  1200  r.p.m.  If  the  weight  W, 
is  100  lb.,  what  would  the  weight  of  W,  have  to  be 
to  impose  full  load  on  the  motor? 


Courtesy,  tolerance,  and  sympathetic  understanding 
constitute  the  "Three-In-One"  lubricant  of  business 
life.  A  man  who  is  courteous  may  not  get  along  with 
his  associates,  because  his  very  coolness,  a  certain 
element  of  veiled  sarcasm,  or  an  air  of  evident 
superiority,  may  irritate  those  about  him.  He  must 
be  more  than  plain  courteous.  He  must  be  tolerant 
with  that  willingness  to  permit  other  people  to  enter- 
tain their  own  ideas,  even  if  they  differ  from  his  own. 
He  must  be  tolerant  with  that  broadmindedness  which 
admits  that  his  viewpoint  is  but  one — and  there  are 
many  others.  But  he  may  be  courteous  and  tolerant, 
and  still  lack  that  winning  quality  so  necessary  to 
call  out  the  best  in  those  about  us.  For  this  purpose 
he  must  possess  sympathetic  understanding — the  ability 
to  appreciate  why  some  people  do  and  do  not  do  certain 
things;  why  other  people  have  a  right  to  self  interests 
of  their  own,  and  hopes,  and  ambitions — and  fears. 
Ah,  yes!  The  man  who  possesses  courtesy,  and  tol- 
erance, and  sympathetic  understanding,  is  vaguely  de- 
scribed by  others  as  having  tact  and  personality,  and 
as  being  a  good  mixer.  Stop  and  analyze  the  elements 
of  these  terms  of  approval,  and  you  will  find  that 
they  are  not  mysterious  or  difficult.  You  and  I  may 
have  them  if  we  will ! 
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High  Steam  Pressures 

WHILE  enthusiasm  has  abated,  the  determination  to 
use  higher  steam  pressures  has  become  more  in- 
tense. After  consideration  of  other  than  entropy  dia- 
grams, after  a  survey  of  what  difficulties  of  materials 
and  operation  lie  along  the  road  to  the  goal,  engineers 
are  now  getting  down  to  "brass  tacks"  in  their  efforts 
to  overcome  these  obstacles.  Their  slogan  is,  "The 
efficiency  of  our  power  stations  must  be  increased."  And 
they  are  just  as  emphatically  confident  that  the  shortest 
and  most  efficacious  route  to  this  end  is  by  way  of  high 
steam  pressures. 

The  limitations  of  boiler  steel  are  the  stumbling 
blocks  in  the  path.  At  about  seven  hundred  degrees 
Fahrenheit  the  strength  of  the  material  seriously  less- 
ens. As  steel  is  not  an  absolutely  homogeneous  mass 
but  a  mixture  of  crystals  and  metalloids  which  even 
the  genius  of  Hatfield  has  so  far  not  united  in  absolute 
union,  and  as  reduction  of  the  present  factor  of  safety 
for  steam  vessels  is  unthinkable,  the  boiler  problem  in 
the  quest  for  higher  steam  pressures  continues  to  be 
a  serious  one. 

Piping  to  carry  pressures  far  above  those  now  common 
is  available.  Welding  will  do  considerable  in  eliminating 
leaks  and  similar  troubles.  Turbine  builders  say  they 
are  ready  to  furnish,  machines  for  practically  any  pres- 
sure that  a  boiler  may  be  made  to  produce.  They  are 
waiting  for  the  boiler.  Turbines  would  likely  step  down 
the  pressure  in  a  comparatively  few  stages  in  a  rotor 
of  smadl  dimensions.  From  this  point  on,  the  handling 
of  the  steam  would  present  no  more  serious  difficulties 
than  are  met  in  large  turbines  now  operating  in  every- 
day service. 

The  economizer  in  its  present  form  is  getting  along 
well  under  a  pressure  of  two  hundred  and  seventy-five 
pounds,  but  one  does  not  want  to  risk  life  and  property 
on  cast  iron  for  pressures  much  higher  that  this.  So 
likely  multistage  economizers,  something  after  that  de- 
scribed in  Poiver  of  April  fifteenth,  this  year,  and  de- 
signed by  Sargent  and  Lundy  for  the  Kansas  City  power 
plant,  will  be  used. 

At  the  meeting  of  the  Prime  Movers  Committee  of 
the  National  Electric  Light  Association,  held  recently 
at  Atlantic  City  and  printed  in  part  elsewhere  in  this 
issue,  higher  steam  pressures  received  hopeful  attention. 
At  this  meeting  Oscar  Junggren,  turbine  designer  with 
the  General  Electric  Company,  pointed  out  that  inas- 
much as  at  the  low-pressure  end  of  the  cycle  engineers 
had  reached  the  practicable  limit  because  of  the  limita- 
tions of  condensing  water,  the  only  way  to  increase  the 
temperature  range  was  by  raising  the  higher  limit.  He 
discouraged  the  use  of  high  superheat,  urging  that  the 
desired  total  temperature  be  striven  for  by  increasing 
the  pressure,  the  aim  being  to  minimize  the  heat  rejected 
to  the  condenser.  He  made  the  significant  statement, 
too,  that  for  the  higher  pressures  contemplated,  " — the 
turbine  probably  will  look  much  different  than  it  does 
today,  operating  under  about  two  to  three  hundred 
pounds."     Perhaps  he  had  in  mind  his  colleague,  Mr. 


Emmet's,  mercury-vapor  power  plant,  and  then  maybe 
he  did  not. 

Richard  Rice,  of  Lynn,  who  has  taken  a  keen  interest 
in  higher  steam  pressures,  urges  that  the  air  for  com- 
bustion be  used  to  reduce  the  flue  gas  from  the  tempera- 
tures now  common  to  one  hundred  and  fifty  degrees. 
This  with  higher  pressure  will,  he  believes,  increase 
the  thermal  efficiency  of  power  plants  from  the  eighteen 
and  nineteen  per  cent.,  now  good  practice,  to  twenty-five 
and  twenty-eight  per  cent. 

The  Daylight-Saving  Law 

.AYLIGHT  saving  was  again  in  danger,  through 
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the  efforts  of  the  Agricultural  Committee  of  the 
House  of  Representatives,  until  the  Rules  Committee 
declined  to  report  a  special  rule  giving  the  daylight- 
saving  repeal  parliamentary  status  as  a  rider  to  the 
Agricultural  Appropriation  Bill,  thus  assuring  that  the 
law  will  not  be  repealed  at  least  during  the  present 
summer  months.  It  would  be  amusing  if  it  were  not 
pathetic  to  see  how  many  people  feel  that  they  have  been 
deprived  of  some  liberty  when  they  are  asked  to  com- 
ply with  a  ruling  that  may  cause  them  to  deviate  from 
the  cobweb-covered  practices  of  the  past  irrespective  of 
the  economic  value  of  the  change.  This  is  just  the  con- 
dition in  many  cases  today  regarding  the  daylight-sav- 
ing law.  From  certain  classes  we  hear  complaints  of 
the  serious  effects  of  shifting  the  clock  ahead  one  hour. 
If  these  same  individuals  were  kept  from  sight  of  a 
clock  for  twenty-four  hours,  they  could  not  guess  with- 
in an  hour  of  the  correct  time. 

Let  each  one  look  at  this  question  from  an  economic 
viewpoint  and  not  from  any  petty  imaginary  grievance. 
Is  this  change  in  the  time  economically  beneficial?  If 
no  other  country  except  our  own  has  shovim  a  disposi- 
tion to  go  back  to  the  old  and  more  wasteful  schedule, 
why  is  it  so?  In  Europe  the  economic  problem  is  far 
more  serious  than  in  this  country;  the  people  are  facing 
a  war  debt  that  is  staggering,  with  industries  that  are 
restricted  or  practically  destroyed,  yet  they  find  daylight 
saving  a  good  thing  economically.  In  this  country, 
where  Ihe  effect  of  the  war  has  been  to  increase  our 
wealth  and  build  up  our  industries,  is  it  possible  that  we 
wish  to  keep  right  on  in  the  old  wasteful  way  ? 

The  economic  value  of  daylight  saving  is  very  diffi- 
cult to  estimate.  One  central-station  company  operating 
in  a  city  of  760,000  population  estimates  that  its  gross 
revenue  was  reduced  $350,000  last  year  due  to  day- 
light saving;  but  its  coal  bill  was  also  greatly  reduced. 
While  this  may  represent  a  loss  to  one  industry,  it  is  an 
economic  saving  to  the  country  as  a  whole,  in  the  form 
of  a  reduction  in  electric  and  gas  bills  and  the  con- 
versation of  thousands  of  tons  of  coal.  On  the  fore- 
going basis  it  is  fair  to  assume  that  the  total  saving 
to  the  country  as  a  whole  in  electric-lighting  cost  was 
not  less  than  twenty-five  million  dollars,  last  year,  and 
when  the  reduction  in  gas  bills  is  added  to  this,  the 
total  saving  is  not  far  from  fifty  million  dollars. 
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An-  the  miiiioii.s  who  form  the  j^rcat  indii.strinl,  com- 
nierrial  iinil  profo.ssional  army  of  thi.s  coiiiitry  to  bi' 
called  iiiMMi  to  pay  a  tax  in  iru'rca.><e<i  elfrtric-lijrht  iind 
gi\H  hill.s  and  have  their  hours  of  daylight  recreation 
shortened  for  all  time  ju.st  to  alleviate  a  jfrit-'vance,  on 
the  part  of  the  farmer,  that  is  at  least  ninety-five  per 
cent.  inuiKinary,  and  to  .satisfy  hi.s  desire  to  continue  in 
the  practices  of  anti(|uity?  It  mi^ht  be  well  for  the 
farmer  to  remember  that  his  success  today  is  dependent 
on  the  vast  industrial  centers  that  have  jrrown  up  in  our 
country  and  that  althoujrh  those  who  live  in  our  cities 
and  industrial  centers  look  to  him  to  supply  them  with  a 
major  portion  of  their  sustenance,  nevertheless  practic- 
ally everything  that  he  has  totlay  to  make  life  pleasant 
in  the  rural  districts  has  come  to  him  throufrh  our  great 
manufactiirinji:  industries.  Therefore  the  proposition  is 
a  reciprocal  one,  and  with  the  farmer  on  the  debtor's 
side  of  the  ledper.  Consequently,  the  multitudes  who 
live  in  cities,  towns  and  suburban  districts  are  justified 
in  opposing  a  tax  that  amounts  to  millions  of  dollars 
per  year  and  represents  an  economic  waste  in  the  form 
of  increased  electric  and  gas  bills,  to  satisfy  the  notions 
of  another  class.  If  this  law  is  to  be  repealed  at  all, 
it  should  be  by  an  act  that  some  Congressman  has  the 
moral  courage  to  father.  The  repeal  should  not  be  put 
over  on  the  public  by  sneaking  it  upon  the  statute  books 
by  the  back-door  method  in  the  form  of  a  rider  on  some 
other  bill.  Let  the  Calder  Act  be  given  a  fair  trial,  and 
if  it  is  found  to  be  detrimental,  then  let  it  be  repealed  on 
its  merits  and  not  by  any  camouflage  scheme. 

Power  in  Factory  Cost  Accounting 

WITHIN  a  comparatively  few  years  the  importance 
of  cost  accounting  has  gained  wide  recognition, 
and  it  is  to  be  doubted  whether  there  is  a  progres- 
sive manufacturing  establishment  today  that  has  not 
installed,  or  is  not  at  the  present  time  installing,  such 
a  system  of  accounting  under  the  supervision  of  a  com- 
petent executive.  It  is  recognized  that  the  value  of  a 
cost-accounting  system  is  twofold.  It  determines  actual 
costs  of  manufacture  and  so  provides  data  upon  which 
the  sales  department  can  base  its  quotations,  and  it  is 
a  means  of  determining  where  economies  can  be  ef- 
fected and  whether  a  change  in  process  actually  does 
effect  the  economy  anticipated.  To  provide  the  informa- 
tion thus  demanded,  it  is  the  duty  of  the  accounting 
department  to  analyze  every  detail  entering  into  the 
cost  of  the  manufactured  product  from  raw  material 
to  taxes. 

One  of  these  items — and  one  that  perhaps  does  not 
always  receive  the  attention  that  its  importance  merits 
— is  the  cost  in  dollars  and  cents  represented  by  the 
power  that  is  used  in  the  production  of  a  manufac- 
tured article.  To  arrive  at  such  costs  is  frequently  a 
task  of  some  magnitude,  particularly  when  a  factory 
embraces  many  departments.  Nevertheless,  it  is  re- 
quisite that  means  be  provided  for  ascertaining  them. 

In  such  factories  as  operate  an  isolated  power  plant, 
the  first  point  to  be  determined  is,  naturally,  the  cost  of 
power  per  unit  generated.  Most  often  the  power  gener- 
ated must  be  divided  into  two  general  classes,  steam 
power  and  mechanical  power.  The  former  may  consist 
of  steam  used  for  the  heating  of  buildings  and  steam 
used  in  processes,  such  as  boiling  the  contents  of 
kettles  or  heating  drj'ing  ovens.  The  mechanical  power 
may  be  furnished  through  the  medium  of  engines  or 
through  that  of  electrical  generators  or  through  both. 


In  any  event  it  is  incumbent  upon  the  accounting  de- 
partment to  segregate  the  various  types  of  demand  and 
establish  the  cost  rate  of  each.  In  this,  the  engineering 
department  must  be  looked  to  to  supply  accurate  operat- 
ing data,  from  which  the  rates  can  be  determined  after 
making  due  allowances  for  the  overhead  charges  that 
apply. 

To  secure  reliable  information  regarding  the  opera- 
tion of  a  power  plant  re(iuires  the  installation  of  numer- 
ous measuring  instruments,  and  it  is  the  duty  of  every 
operating  engineer  who  is  not  provided  with  them  to 
represent  the  impossibility,  to  the  accounting  depart- 
ment, of  accomplishing  results  without  them.  Where 
it  happens  that  the  accounting  department  makes  an 
elaborate  analysis  of  costs  of  power  based  upon  records 
that  are  themselves  unreliable,  the  result  is  manifestly 
a  mere  waste  of  effort  and  money  to  no  tangible  end. 
The  fact  that  stands  out  is,  that  not  only  must  instru- 
ments be  provided,  but  they  must  be  reliable  ones.  In 
addition  to  these,  the  equipment  should  comprise  stand- 
ards or  semi-standards  for  the  purpose  of  testing  and 
calibrating  the  instruments  in  service.  In  this  con- 
nection a  regular  system  of  maintenance  and  periodic 
testing  should  he  developed  and  rigidly  enforced. 

In  factories  of  recent  construction  the  requisite  de- 
tails can  and  are  provided  for  in  the  original  layout, 
but  often  we  have  to  deal  with  the  plant  that  has  grown 
up  from  a  small  beginning  and  to  which  additions  have 
been  made  promiscuously  without  reference  to  any 
general  policy  of  development.  Such  present  the  most 
difficult  problem  in  regard  to  cost  accounting,  and  re- 
quire cooperation  between  the  engineering  and  the  ac- 
counting departments. 

Sectionalizing  the  Underfeed  Stoker 

BUILDERS  of  underfeed  stokers  of  the  multiple-re- 
tort type  have  made  praiseworthy  improvements  by 
providing  their  machines  for  sectional  drive  wherein  the 
total  number  of  retorts  are  divided  into  sections  of  a 
few  or  several,  depending  upon  the  total  number,  each 
section  capable  of  being  stopped,  started  and  operated 
without  interference  with  the  operation  of  other  sec- 
tions. 

This  improvement  will  give  a  flexibility  of  movement 
of  incoming  coal  and  fuel  bed  to  accomplish  results 
which  even  highly  skilled  operators  find  it  difficult  to  at- 
tain with  a  stoker  the  retorts  of  which  are  not  sec- 
tionalized.  In  some  recent  installations  consisting  of 
thirteen-retort  stokers,  the  stokers  are  in  four  sections 
each,  each  section  driven  by  its  own  motor.  Another 
installation  of  seven-retort  stokers  has  each  stoker  di- 
vided into  two  sections.  In  the  United  States  Nitrate 
Plant  Number  Two,  described  in  the  March  Twenty- 
fifth  issue,  the  fifteen-retort  stokers  are  divided  into 
five  groups  of  three  retorts  each,  one  adjustable-speed 
motor  driving  each  stoker,  any  one  of  the  five  groups  of 
retorts  being  thrown  in  or  out  of  motion  by  use  of 
clutches. 

One  company  is  dividing  its  seven-retort  stokers  into 
three  sections  each,  and  has  developed  two  methods  of 
driving  them.  In  one  drive  three  four-speed  motors  are 
used;  in  the  other,  one  four-speed  motor  with  three 
two-  speed  power  boxes. 

The  improvements  are  among  the  many  developed  to 
reduce  the  errors  and  shortcomings  of  the  human  ele- 
ment by  making  it  easier  to  do  the  right  thing  than  the 
wrong  thing. 
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Damper  and  Blower  Control 

It  was  my  pleasure  some  time  ag^o  to  visit  a  small 
steam  plant  in  which  a  turbo-blower  was  installed  mid- 
way between  two  6-ft.  diameter  horizontal  boiler  fronts. 
A  steam  damper  regulator  had  controlled  the  draft 
through  the  medium  of  a  horizontal  shaft  bracketed  to 
the  fronts  of  the  boilers  and  connecting  with  the  uptake 
dampers.  The  control  of  the  turbo-blower  was  also 
taken  from  this  shaft,  as  shown  in  the  illustration. 

Two  clevises  were  introduced  between  the  bell-crank 
lever  on  the  steam-control  valve  to  the  turbo-blower  and 
the  lever  on  the  shaft.  Lost  motion  was  introduced  into 
the  clevis  on  the  bell  crank  A.  There  was  also  an  ad- 
justment B  in  the  rod  to  lengthen  or  shorten  it.  The 
method  of  operation  was  excellent. 

When  the  pressure  dropped  about  one-half  pound, 
the  damper  shaft  turned  slightly  and  opend  the  uptake 
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DAMPERS  AND  TURBO-BLOWERS   GOVERNED  FROM  SAME  SHAFT 


dampers  just  a  trifle.  The  next  half  pound  opened  the 
uptake  dampers  perhaps  halfway  and  started  the 
blower.  When  closing,  the  blower  was  shut  off  first 
and  then  the  damper  was  shut  practically  tight. 

When  the  load  was  from  75  to  100  per  cent,  of  the 


boiler  capacity,  the  blower  was  in  operation  prac- 
tically all  the  time,  but  on  a  light  load  the  reverse  was 
the  condition.  By  means  of  the  handwheel  adjustment 
a  balanced  draft  would  almost  obtain.  As  an  upward 
motion  opened  the  dampers,  by  pulling  down  on  a 
hand  chain  the  damper  was  closed  on  either  boiler. 

All  in  all  this  was,  in  my  opinion,  a  very  efficiently 
operated  control.  The  engineer  said  that  the  control 
valve  for  the  turbo-blower  came  with  straight  lever, 
but  that  it  didn't  seem  to  fit  in  his  calculations,  so  he 
made  a  new  lever  of  the  bell-crank  variety. 

Waltham,  Mass.  C.  W.  Peters. 

Exciter  DiflBculties 

Recently,  I  put  into  service  an  exciter  that  developed 
very  peculiar  characteristics.  This  machine  was  pur- 
chased second-hand  and  the  auxiliary  equipment  that 
came  with  it  was  supposed  to  be  correct,  although  I 
have  always  made  it  a  practice  not  to  place  too  much 
reliance  on  the  correctness  of  equipment  without  test- 
ing. However,  in  this  case  the  operating 
conditions  could  :iot  be  determined  without 
giving  the  machine  a  trial. 

The  exciter  gave  very  satisfactory  results, 
taking  into  consideration  the  fact  that  it 
was  operating  under  severe  conditions, 
being  in  parallel  with  three 
other  machines  of  different  de- 
sign and  manufacture,  one  a 
four-pole  interpole  unit,  one  a 
two-pole  interpole  type  and 
one  a  four-pole  noncommuta- 
ting-pole  machine.  The  field 
rheostat  was  very  sensitive, 
and  the  slightest  movement  of 
the  handle  to  increase  or  de- 
crease the  field  strength  pro- 
duced very  broad  results,  a 
minimum  variation  of  about 
20  per  cent,  full  load.  An  in- 
vestigation followed  and  it 
was  found  that  the  rheostat 
was  of  the  two-unit  tjT)e,  both 
units  connected  in  series  with 
the  shaft  operating  both  arms 
at  once,  thus  cutting  in  or  out 
twice  the  resistance  between 
each  contact,  causing  abrupt 
changes  in  the  regulation  of 
the  load.  This  operation  was 
equivalant  to  operating  two 
independent  rheostats  at  once. 
Future  trouble  was  elimina- 
ted by  making  the  field-cur- 
rent adjustments  with  one  section  of  the  rheostat  only, 
the  other  section  of  the  rheostat  was  connected  in  the 
field  circuit  permanently  as  a  constant  fixed  resist- 
ance. J.  W.  Truesdell. 
Parlin,  N.  J. 
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.Mcploclejl  (looting   Towers  und 
(!u4>liii«;   I'oikIs 

Now  is  thi'  ()ro|)i'r  tmif  to  ^ivf  attention  to  cooliiiR 
towers  and  i-oolinK  ponds,  TTiakinjr  all  nece.ssary  ropaira, 
chnnjft;."*  or  midition.s,  .so  that  the  ina.xirmiin  cooliii);  can 
be  realized  during'  the  hot  weather. 

It  is  .surprising'  how  .some  of  the  larjfer  installa- 
tions are  allowed  to  go  to  rack  and  ruin.  In  one  instance 
the  cooliii);  towers  were  inenUieiit  due  to  the  following 
causes:  Water  unetiually  divided  among  five  towers, 
where  two  towers  received  too  much  water  and  the 
other  three  received  too  little.  The  towers  receiving 
an  exce.ss  amount  caused  the  water  to  enter  the  dis- 
tributing boxes  with  such  velocity  that  it  splashed 
out  at  the  points  of  discharge,  which  robbed  certain 
areas  of  water. 

Troughs  leading  to  the  V-notch  pans  were  in  many 
instances  either  out  of  place  or  knocked  off,  thus  caus- 
ing a  large  portion  of  the  pans  to  he  dry  and  large 
areas  of  the  tower  to  be  useless.  Furthermore,  the 
V-notch  pans  were  not  level,  and  this  caused  the  water 
to  flow  to  one  side  of  the  tower  only,  the  other  side 
being    completely    dry. 

In  the  case  of  the  V-notch  pans  out  of  place,  the 
water  ran  in  an  unbroken  stream  to  the  bottom  of  the 
tower  without  being  cooled.  It  was  supposed  to  drop 
on  board  checkerwork  or  boards  arranged  vertically  so 
as  to  form  a  film  of  water  on  their  surfaces.  Forced- 
draft  fans  at  the  bottom  blew  air  up  through  these 
surfaces  and  cooled  the  water  when  properly  distributed. 

Another  trouble  was  that  the  forced-draft  fans  oper- 
ated too  slowly  on  damp  days  and  too  fast  on  dry  days. 
They  did  not  take  into  consideration  that  most  (one 
authority  says  90  per  cent.)  of  the  cooling  is  due  to 
evaporation  of  the  water  cooled,  hence  on  cloudy,  humid 
days  the  fans  should  be  operated  at  maximum  speed, 
and  on  clear  dry  days  they  need  not  be  run  nearly  so 
fast. 

Hot  bearings,  due  to  flexible  couplings  being  in  bad 
repair,  caused  certain  fans  to  be  shut  down  for  periods 
of  10  to  12  hours  out  of  the  24.  Belt  slippage  caused 
when  the  attendant  allowed  water  in  the  bottom  reser- 
voir to  get  so  high  that  it  overflowed  into  the  fan  hous- 
ing and  the  blades  threw  it  on  the  belt.  The  water  also 
broke  the  fan  blades,  compelling  a  shutdown  and  repair 
expenses. 

So  little  intelligence  was  exercised  in  the  operation 
of  these  towers  that  the  fans  were  actually  run  faster 
at  night  than  during  the  day,  and  they  were  usually 
not  speeded  up  in  the  mornings  until  9  or  10  o'clock, 
when  the  injection  temperature  of  the  water  rose  so 
high  that  the  vacuum  dropped  li  to  2  in.  on  the  8000-kw. 
turbine.  On  many  days  the  operation  was  so  bad  that 
the  vacuum  dropped  as  much  as  4  inches. 

The  attendants  often  went  home  without  the  shift 
chief's  knowledge.  In  fact,  the  job  was  so  soft  that 
one  man  was  found  to  be  holding  down  an  8-hour  shift 
in  another  plant.  Five  repairmen  spent  a  great  deal 
of  time  on  the  cooling  towers  resting,  sh(X)ting  crap 
and  matching  coins — charging  all  this  time  against  the 
cooling  towers  and  the  power  plant. 

The  remedy  for  most  of  this  inefficiency  would  have 
been  the  employment  of  an  expert  engineer  to  look 
after  this  operation,  also  the  use  of  such  recording 
thermometers  as  would  enable  him  to  keep  a  tab  on  the 
various  towers. 

The  cooling  pond  was  ineflicient  due  to  the  following 


causes:  The  spray  nozzles  were  partly  clogged  with 
chips,  etc.,  and  insuflicient  spray  nozzles  made  it  neces- 
■ary  to  maintain  pressures  varying  from  12  to  17  lb. 
Furthermore,  the  nozzles  were  too  large  (2i-in.)  and 
lietter  results  would  have  been  obtained  if  2-in.  nozzien 
had  been  used.  They  were  set  too  close  to  the  water 
and  better  cooling  would  have  been  .secured  if  the 
:;prays  had  been  elevated.  Another  fault  was  that  the 
spray  pond  was  located  in  a  hollow,  whereas  cooling  of 
water  is  decidedly  easier  when  the  pond  is  exposed  on 
all  sides  to  the  winds.  Screens  to  the  suction  well 
were  not  properly  designed  so  as  to  make  it  possible 
to  remove  all  accumulations  of  sticks,  leaves  and  other 
rubbi.sh. 

A  spray  pond  is  generally  not  subject  to  misopera- 
tion  to  the  extent  that  a  cooling  tower  installation  is, 
however,  I  might  mention  that  the  cooling  towers  held 
the  injection  temperature  from  2  to  6  deg.  lower  on 
warm,  humid  days  than  the  spray  pond.  Under  normal 
conditions  the  cooling  towers  required  approximately 
300  hp.  to  drive  the  forced-draft  fans.  The  discharge 
head  of  the  circulating  pump  was  also  nearly  ten  feet 
greater   in   the  cooling-tower   installation. 

Franklin,  Ohio.  Waldo  Weaver. 

Wrong  Connections  to  Slip  Rings 
Caused  Reversed  Rotation 

The  direction  in  which  a  rotary  converter  will  turn, 
when  starting  from  the  alternating-current  end,  depends 
on  the  direction  of  rotation  of  the  magnetic  field  that 
starts  it.  This  in  turn  depends  on  the  order  of  apply- 
ing the  polyphase  voltage  to  the  armature,  just  as  the 
direction  of  rotation  of  an  induction  motor  depends  on 
the  order  in  which  the  supply  wires  are  connected 
to  the  stator  terminals.  In  either  case  the  direction 
of  rotation  can  be  reversed  by  the  interchanging  of 
two    of    the    supply    wires. 

A  certain  synchronous  converter  had  been  in  oper- 
ation so  long  that  the  collector  rings  had  worn  too  thin 
to  be  safe,  so  it  was  decided  to  replace  them.  The  new 
rings  were  furnished  by  the  manufacturer  of  the  con- 
verter, but  were  installed  by  the  operator.  On  the  first 
occasion  of  starting  the  machine,  the  rotor  started  in 
the  wrong  direction.  As  no  connections  had  been  dis- 
turbed except  the  internal  ones  to  the  rings,  the  trouble 
was  properly  attributed  to  the  armature  leads  having 
been  replaced  in  the  wrong  order  to  the  rings. 

Ordinarily,  such  a  mistake  is  unlikely  to  happen, 
because  completed  leads  are  of  such  a  length  that  the 
terminals  of  each  will  just  reach  the  rings  to  which 
they  should  be  connected.  In  this  particular  instance, 
however,  new  leads  had  to  be  made  and  installed,  and 
the  man  who  removed  the  old  leads  had  to  leave  the 
job  without  completing  it.  It  was  necessary  for  his 
successor  to  make  a  guess,  and  the  guess  proved  to 
be  a  wrong  one. 

Fortunately,  however,  two  of  the  armature  leads  were 
long  enough  to  reach  the  farthest  ring  and  their 
interchanging  restored  normal  rotation.  This  is  only 
another  instance  that  goes  to  show  the  necessity  of 
carefully  marking  all  connections,  when  they  are  dis- 
connected, so  that  anyone  who  may  be  called  in  to 
complete  the  job  will  not  have  to  guess  where  the 
connections  should  be  made.  This  in  many  cases  will 
save  not  only  unnecessary  delays  but  often  consider- 
able expense. 

Brooklyn,   N.  Y.  E.    C.    Parham. 
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A  Reliable  Signal  System 

The  transmission  of  signals  for  air  from  a  foundry 
cupola  to  the  engine  room,  where  the  blowers  are  often 
located,  is  attended  with  more  or  less  delay,  to  say 
nothing  of  occasional  misunderstandings  that  call  for 
explanation.  In  many  plants  the  foundry  cupola  is 
at  a  considerable  distance  from  the  engine  room,  which 
also  complicates  matters. 

In  a  power  plant  that  consists  of  a  350-hp.  Corliss 
engine  and  a  25-hp.  engine  both  direct-connected  to 
blowers  and  attended  by  the  same  engineer,  there  was 
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AVIRIXG    DIAGRAM    FOR    SIGNAL    SYSTEM 

also  an  air  compressor  and  two  electric  generators,  all 
contributing  to  the  noise  that  made  it  difficult  to  re- 
ceive signals  either  by  a  gong  or  telephone.  A  reliable 
and  flexible  signal  system  was  installed  by  using  the 
following  arrangement: 

Near  the  cupola  was  placed  one  of  the  best  push-but- 
tons made,  with  good  heavy  contacts,  so  that  the  signals 
:ould  be  given  with  certainty.  Around  the  cupola, 
where  the  wire  was  subjected  to  comparatively  high 
temperatures,  slow-burning  insulated  No.  14  wire  was 
used;  beyond  this  and  across  the  yard  weatherproof  in- 
sulated No.  14.  The  wiring  was  installed  as  securely 
as  for  any  lighting  circuit,  the  joints  soldered  and 
properly  taped,  tubes  placed  in  the  walls  and  the  whole 
system  well  insulated.  This  arrangement  has  prac- 
tically eliminated  all  troubles.  Where  the  line  would 
be  exposed  to  ice  and  snow,  it  would  be  good  policy  to 
use  a  No.  10  wire  across  the  yard.  Plenty  of  copper  is 
a  good  feature,  as  it  keeps  downs  the  volts  drop  in 
the  line. 

In  the  engine  room  the  line  was  connected  through 
a  10-in.  fire-alarm  type  of  gong  to  a  15-volt  direct-cur- 
rent generator.  Where  a  generator  is  not  available  a 
storage  battery  can  be  used.  The  circuit  was  run  to 
various  points  in  the  engine  room  and  small  receptacles 
installed,  in  which  were  placed  low-voltage  red  lamps, 
so  tliat  if  the  engineer  did  not  hear  the  gong  he  would 
see  the  lamps  and  know  the  gong  was  ringing.  A  dia- 
gram of  the  installation  is  shown  in  the  illustration. 
This  arrangement  places  all  lamps  and  the  gong  in 
parallel  but  in  series  with  the  push-button,  which  must 
have  good  contacts  to  carry  the  necessary  amperage  at 
low  voltage. 

Thus,  when  the  cupola  button  is  pushed  the  gong 
rings  and  the  lamps  blink  the  signal,  and  even  if  the 
engineer  is  in  a  far  corner  of  the  engine  room  he  can 
catch  the  signal  without  listening  for  the  gong.  If  a 
battery  is  used  for  power  supply,  the  best  arrangement 
is  a  4-  or  5-ampere  storage  battery  so  connected  to  a 


direct-current  generator  that  weekly  charging  is 
possible. 

This  system  was  installed  to  help  an  engineer  who 
was  hard  of  hearing  and  got  into  many  disputes  over 
the  air  signals,  but  his  successor  also  pronounced  the 
scheme  "a  good  thing."  H.  S.  RICH. 

Hartford,    Conn. 


Oil  Handled  by  Air  Pressure 

The  illustration  shows  an  easy  and  cleanly  means 
of  handling  the  otherwise  waste  oil  from  engines  and 
other  machines.  It  was  installed  by  the  writer  and 
handles  all  the  oil  from  four  engines  and  two  refriger- 
ating machines  at  the  plant.  All  the  material  used  was 
found  around  the  plant,  the  only  outlay  being  for  labor 
and  most  of  that  was  "spare  time." 

The   oil   is   conducted   by   suitable    drains    to    a    gal- 


---4 


PIPING    OF    OIL-HAXDI.IXG    SYSTEM 

vanized-iron  tank  in  the  basement,  from  which  it  is 
drawn  through  the  valve  A  into  the  pneumatic  tank, 
which  is  a  15-gal.  heating  boiler.  The  valve  C  is  left 
open  to  vent  the  air  during  the  filling  processes.  After 
the  pneumatic  tank  is  filled,  valves  A  and  C  are  closed 
and  B  and  D  opened,  air  from  the  compressed-air  system 
being  admitted  at  B.  By  means  of  the  valve  E  the 
operator  regulates  the  flow  of  oil  to  suit  the  capacity  of 
the  filter.  c.  J.  Domville. 

Port  Hawkesburg,   N.   S. 
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A  handy  way  of  holdiiiK  a  pipe  or  other  piece  of  roiiiid 
material  in  an  ordinary  bench  vi.se  is  by  the  use  of  a 
fonimon  monkey  wrenrh.  The  wrench  when  inserted  in 
ihe  vise  anil  adjusted   to  fit   the  piece  to   be   held   will 


HOW   PIPE   CAN  BR   TIKLD  TTOIIT    I.V   VISK 

grip  it  with  a  force  that  will  resist  any  turning  effort 
while  it  is  being  worked  upon.     The  method  of  applying 
the  wrench   is  shown   in   the   illustration. 
Guantanamo,  Cuba.  W.   W.   Parkkr. 

Value  of  Station  Records 

The  most  valuable  records  of  power-plant  operation 
that  can  be  kept  are  the  daily  records  of  coal  burned, 
steam  evaporated  and  used  and  kilowatt-hours  gener- 
ated. These  figures,  properly  recorded  and  analyzed, 
will  show  up  the  weak  points  in  the  operation  of  the 
equipment  and  suggest  the  remedies. 

When  the  engineer  in  charge  of  the  station  knows 
that  he  burned  3  lb.  of  coal  for  every  kilowatt-hour  gen- 
erated one  month,  and  3.5  lb.  of  coal  for  every  kilowatt- 
hour  generated  the  next  month,  he  may  be  able  to  ac- 
count for  that  difference  in  efficiency  to  his  own  satis- 
faction by  saying  that  there  must  be  a  difference  in  the 
(juality  of  coal  burned  or  that  the  boilers  needed  clean- 
ing. But  the  fact  remains  that  there  has  been  a  whole 
month  of  performance  that  was  not  the  best  that  could 
be  expected  of  the  equipment. 

Suppose  now-  that  the  engineer  in  question  had  been 
in  a  position  to  keep  daily  records  of  coal  burned  as  well 
as  the  kilowatt-hours  generated  and  had  watched  these 
figures  day  by  day.  He  would  then  have  detected  the 
rising  coal  rate  as  soon  as  it  appeared  and  would  have 
been  warned  to  look  for  the  trouble.  If  there  had  been 
no  change  in  the  coal  supply,  it  would  be  evident  that 
the  trouble  was  in  the  performance  of  the  equipment 
and  he  would  have  to  proceed  by  a  process  of  elimination 
to  hunt  out  the  faulty  spot. 

Of  course  the  first  step  would  be  to  try  to  find  out 
whether  the  trouble  was  in  the  boiler  room  or  in  the 
turbine  room.  For  this  the  engineer  would  turn  to  his 
record  of  steam  evaporated  and  see  whether  the  pounds 
of  steam  per  pound  of  coal  had  fallen  off  any.  If  not, 
it  would  be  safe  to  infer  that  the  trouble  was  not  in 
the  boiler  room.  If  there  were  no  flow  meters  on  the 
boilers  he  would  have  to  depend  on  the  feed-water  meter 
for  the  amount  of  steam  evaporated. 

Having  traced  the  trouble  to  the  turbine  room,  the 


next  step  would  be  to  locate  the  faulty  unit.  This  would 
be  facilitated  by  having  a  (low  meter  on  each  jjcnerat- 
injf  unit.  If  he  found  no  inirea.ncd  steam  rate.s  on  the 
Kt'nerating  units  he  would  have  to  hunt  through  the 
auxiliary  e(iuipMK'nt  for  the  loss.  Thus,  the  more  care- 
fully the  engineer  kept  the  records  on  the  operation 
of  his  eiiuipnicnt  the  more  surely  and  (|uickly  he  could 
locate  the  loss  in  efliciency. 

Now  suppose  that  the  steam  evaporated  per  pound  of 
coal  burned  had  shown  a  substantial  decrease.  Then  it 
would  have  been  certain  that  the  trouble  was  in  the 
boiler  room.  We  will  assume  that  the  engineer  has 
had  samples  of  coal  tested  from  time  to  time  and  know.s 
that  he  is  burning  as  good  a  grade  of  coal  a.s  usual.  Then 
he  will  have  to  decide  that  one  or  more  of  the  boilers  is 
at  fault.  But  which  one?  Here,  again,  a  flow  meter  on 
each  unit  will  simplify  the  problem  by  pointing  out 
which  unit  has  fallen  off  in  evaporation  rate. 

In  every  case  when  the  faulty  unit  has  been  located, 
it  can  be  cut  out  at  once  and  put  into  good  operating 
condition  with  a  minimum  of  delay.  If  the  facilities  are 
available  for  te.sting  samples  of  coal  burned  daily,  com- 
plete records  of  the  thermal  efficiency  of  the  plant  may 
be  kept.  C.  C.  Raitt. 

Dayton,  Ohio. 

Radiator  Heated  from  Main  Drip 

On  page  32.5  of  the  Mar.  4  issue  of  Power,  W.  T. 
Meinzer  describes  how  to  heat  a  radiator  located  below 
the  vacuum  return  main.  The  accompanying  sketch 
shows  how  some  heat  can  be  secured  from  a  radiator 
located  in  a  cellar  or  basement  below  the  boiler  water 
line  on   a  low-pressure,   gravity-return,   steam-heating 
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system.  By  closing  the  valve  A  all  the  water  of  con- 
densation from  the  steam  main  will  pass  through  the 
radiator.  If  a  check  valve  is  placed  on  the  radiator 
outlet  at  B,  any  possible  chance  of  a  "'come  back"  is 
prevented. 

If  it  should  be  necessary  to  have  the  radiator  cold 
at  times,  this  will  occur  when  the  valve  A  is  opened. 

Kingston,  Ont.,  Canada.  James  E.  Noble. 
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Valve  Cutting  from  Lack  of  Lubrication. — What  effect 
would  it  have  on  the  steam  valves  and  valve  seats  of  a 
tandem  air  compressor,  with  7-  and  14-in.  compound  steam 
cylinders,  using  the  compressor  by  admitting  live  steam 
through  a  bypass  to  the  low-pressure  cylinder  ?     J.  C.  R. 

A  bypass  to  the  low-pressure  cylinder  is  usually  intended 
only  for  warming  up  and  starting,  and  if  lubrication  is  not 
provided  during  extensive  use  of  the  bypass  for  operating 
the  compressor,  the  valves  and  valve  seats  are  likely  to 
become  cut. 


Slower  Cooking  in  Trapped  Steam-Jacketed  Kettles — Why 

should  the  same  amount  of  cooking  in  our  steam-jacketed 
kettles  require  about  twice  as  much  time  when  the  dis- 
charge of  condensate  is  controlled  by  traps  as  when  the 
kettles  are  supplied  with  steam  of  the  same  pressure  and 
the  condensate  is  discharged  by  an  open  bypass  ?     P.  E.  N. 

When  the  traps  are  used  there  is  less  active  circulation 
of  the  steam  and  slower  absorption  of  heat  by  the  heating 
surfaces  of  the  kettles,  mainly  on  account  of  air  pockets 
formed  in  the  steam  spaces  of  the  kettles,  which  are  more 
thoroughly  swept  out  when  the  flow  of  steam  is  continuous. 


Weight  of  Compressed  Air — What  is  the  weight  of  24 
cu.ft.  of  dry  air  at  a  temperature  of  125  deg.  F.  under  a 
pressure  of  26  lb.  per  sq.in.  gage?  E.  C. 

At  atmospheric  pressure,  or  14.696  lb.  per  sq.in.  absolute, 
a  pound  of  dry  air  at  32  deg.  F.,  or  an  absolute  tempera- 
ture of  460  -f  32  =  492  deg.,  has  a  volume  of  12.387  cu.ft.; 
and  as  the  density  is  inversely  as  the  absolute  temperatui'e 
and  directly  as  the  absolute  pressure,  the  weight  of  12  cu.ft. 
of  air  at  the  temperature  of  125  deg.  F.,  or  460  +  125  =  585 
deg.  F.,  and  pressure  of  26  lb.  per  sq.in.  gage,  or 
26  +  14.696  =  40.696  lb.  per  sq.in.  absolute,  would  be 
492  X  40.696  X  24 


685  X  14.696  X  12.387 


=  74  lb. 


Piston  Clearance  and  Clearance  Volume — What  is  meant 
by  clearance  of  an  engine?  W.  R.  G. 

The  term  clearance  is  used  in  two  senses.  It  may  refer 
to  the  distance  the  piston  could  be  separately  moved  beyond 
its  position  at  the  end  of  the  stroke  before  it  would  come 
in  contact  with  the  head  of  the  cylinder,  or  the  term  may 
be  used  with  reference  to  the  volume  of  space  in  the  end 
of  the  cylinder  and  connected  passages,  from  the  piston  to 
the  valves,  when  the  piston  is  at  the  end  of  its  stroke.  To 
avoid  confusion  the  former  is  called  "piston  clearance"  and 
is  always  a  lineal  measurement,  and  the  latter  is  termed 
simply  "clearance"  and  the  amount  generally  is  quoted  as  a 
percentage  of  the  volume  swept  through  by  one  stroke  of 
the  piston. 


Factor  of  Evaporation  Generating  Superheated  Steam. — 

What  is  the  factor  of  evaporation  when,  under  actual  con- 
ditions, a  boiler  generates  steam  at  200  lb.  gage  with  100 
deg.  superheat  from  feed  water  at  212  deg.  F.;  and  how 
nrany  pounds  of  water  have  to  be  evaporated  per  boiler 
horsepower?  J.  J.  R. 

An  absolute  pressure  of  200  lb.  gage  would  be  equal  to 
215  lb.  per  sq.in.  absolute,  and,  according  to  the  steam  tables, 
a  pound  of  steam  at  that  pressure,  superheated  100  deg.  F., 
contains  1259  B.t.u.  above  32  deg.  F.,  so  that  if  the  feed 
water  temperature  is  212  deg.  F.,  each  pound  of  feed  water 
for  conversion  into  steam  of  the  stated  pressure  and  qual- 
ity must  receive  1259  -f  32  —  212  =  1079  B.t.u.  Unless 
otherwise  provided,  a  combined  boiler  and  superheater 
should  be  treated  as  one  unit  and  the  equivalent  of  the  work 
done  by  the  superheater  should  be  included  in  the  evapora- 
tive work  of  the  boiler.  Evaporation  of  a  pound  of  water 
from  and  at  212  deg.  F.  requires  970.4  B.t.u.,  and  there- 


fore, under  the  actual  conditions,  the  factor  of  evaporation 
would  be  1079  -=-  970.4  =  1.111;  and  as  a  boiler  horsepower 
is  equivalent  to  the  evaporation  of  34.5  lb.  of  water  from 
and  at  212  deg.  F.  per  hour,  under  the  conditions  stated  a 
boiler  horsepower  would  require  evaporation  of  34.5  -H 
1.111  =  31.05  lb.  of  water  per  hour. 


Primary  and  Secondary  of  Transformers — Is  the  high- 
voltage  winding  of  a  potential  transformer  always  con- 
sidered the  primary?  If  a  transformer  is  designed  to  step 
2300-volt  alternating  current  down  to  115,  and  it  is  con- 
nected to  step  115-volt  current  up  to  2300  volts,  which 
winding  will  be  the  primary?  M.  A.  B. 

The  winding  of  a  transformer  which  is  connected  to  the 
source  of  power  is  the  primary,  and  the  winding  connected 
to  the  load  is  the  secondary.  When  the  transformer  re- 
ferred to  in  the  question  is  connected  to  step  from  2300 
down  to  115  volts,  the  2300-volt  winding  is  the  primary. 
When  it  is  connected  to  step  from  115  up  to  2300  volts, 
the  115-volt  winding  is  the  primary  and  the  2300-volt 
winding  the  secondary. 


Effectiveness  of  Small  Economizer. — To  what  tempera- 
ture could  water  at  60  deg.  F.  be  heated  in  its  passage  once 
in  12  minutes,  through  a  pipe-coil  economizer  containing 
200  lineal  feet  of  li-in.  iron  pipe  placed  in  a  boiler  smoke 
flue  in  which  the  uptake  gases  have  a  temperature  of 
600  deg.  F.?  E.  C.  A. 

There  would  be  87  sq.ft.  of  pipe  surface  for  heating  about 
78  gallons  of  water  per  hour.  The  rate  of  heat  transfer 
would  depend  on  the  arrangement  of  the  pipe  surface  in  the 
path  of  the  flue  gases,  the  volume  of  the  heated  gases  and 
the  manner  in  which  they  are  swept  over  the  pipe  surfaces, 
and  the  freedom  of  the  surfaces  from  soot  and  scale.  If 
the  coil  is  made  in  the  form  of  a  stack  of  pipes,  placed  in 
the  smoke  flue  approximately  at  right  angles  to  the  direc- 
tion of  flow  of  the  gases,  and  the  pipe  surfaces  are  kept  as 
free  of  soot  and  scale  as  it  is  customary  to  maintain  boiler- 
heating  surface  in  good  practice,  and  there  is  sufficient  flue 
gases  to  retain  a  temperature  of  not  less  than  500  deg.  F. 
after  passing  across  the  coil,  it  is  estimated  that  the  water 
could  be  heated  to  about  300  deg.  F. 


Current  Taken  by  Induction  Motor — How  is  the  current 
taken  by  an  induction  motor  calculated?  I  have  a  25-hp. 
three-phase  60-cycle  220-volt  induction  motor  and  would 
like  to  know  how  to  figure  the  full-load  current.     V.  K.  S. 

The  current  per  terminal  taken  by  an  induction  motor 
usually  can  be  found  on  the  name-plate  of  the  machine. 
Formulas  that  give  values  close  enough  for  practical  pur- 
poses are:    For  single-phase  motors  the  full-load  current 

horsepower      X      1000; 


per    terminal     is:     amperes     = 


volts 


for    4-wire,    two-phase    motors,    amperes    per    terminal    = 

horsepower     X     1000     .       „     .  ..        ., 

.  „ ;  for  3-wire  operation  the  current  m 

the  outside  wires  is  the  same  as  for  a  4-wire  circuit,  but 
the  current  in  the  center  leg  is  equal  to  the  outside-leg 
amperes  times  1.414.    For  a  three-phase  motor  the  amperes 

.        .     ,          horsepower    X    1000 
per  terminal    =    volts  X  1  732 '   °^  ^"   ^°^^  problem 


equals 


25  X  1000 
220  X  1.732 


=  65.6  amperes. 


[Correspondents  sending  us  inquiries  should  sigrn  their 
communications  with  full  names  and  post  office  ad- 
dresses. This  is  necessary  to  guarantee  the  good  faith  of 
the  communications. — Editor.] 
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RKI'ORTS  of  the  Prime  Movers  Committee  presenU-ii 
lit  tlie  conventions  held  in  IDlf'i  iind  l'J17  jjnve  u  brief 
eompreheiisive  outline  of  the  possible  economies  to  bo 
ohtuineii  by  K«i">r  to  the  so-culled  hijjher  steam  pressures, 
the  principal  dilliculties  to  Ik-  encountt-red  and  a  sUitement 
on  this  subject  from  some  of  the  leadin>r  manufacturers 
of  boilers  .nnd  turbines.  Since  then,  little  actual  projjresa 
has  been  made,  chiefly  because  the  thoughts  and  cnerj<y  of 
everyone  have  bet-n  devote<i  to  winning  the  war. 

The  project  is  by  no  means  dead,  and  during  the  interval 
the  Buffalo  General  Electric  Co.  has  placed  in  service  a 
plant  desijrned  to  be  operated  at  275  lb.  boiler  pressure  and 
275  dejr.  superheat,  K'vinK  a  total  temperature  of  689  de«. 
F.  The  Public  Service  Co.  of  Northern  Illinois  has  installed 
and  is  operating  a  plant  with  a  boiler  pressure  of  315  lb., 
and  225  deg.  F.  superheat,  giving  a  total  temperature  of 
651  deg.  F.;  the  British  Thomson-Houston  Co.  has  had  in 
operation  in  its  works  at  Rugby,  England,  a  small  boiler 
plant  operated  at  about  350  lb.  pressure  and  with  such 
superheat  that  the  total  temperature  ranges  from  700  deg. 
F.  to  750  deg.  F.  at  the  boiler. 

While  minor  troubles  have  been  encountered  at  all  these 
installations,  such  as  might  be  anticipated  when  the  pres- 
sure and  temperature  of  the  steam  system  are  increased, 
the  committee  is  advised  that  in  each  instance  the  in- 
stallation is  considered  generally  satisfactory. 

There  have  been  practically  no  troubles  with  the  boiler 
or  turbines,  due  to  the  changed  steam  conditions.  Flange 
joints  in  the  steam  piping  lines  and  under  the  bonnets  in 
the  gate  valves  proved  more  troublesome  to  install  and 
maintain.  The  small  valves,  gage-cocks  and  like  apparatus, 
which  usually  are  more  troublesome  to  maintain  than  the 
larger  apparatus,  have  required  much  more  attention. 
Minute  blow-holes  in  valve  bodies,  fittings,  etc.,  which  would 
not  be  expected  to  give  trouble  on  lower  pressures,  have 
shown  troublesome  leaks  on  the  higher  pressures.  These 
should  be  expected  and  are  usually  corrected  as  soon  as 
there  is  sufficient  demand  on  the  manufacturers  to  justify 
developing  apparatus  for  the  new  conditions. 

These  installations,  however,  are  but  a  step  in  the  direc- 
tion that  it  is  possible  to  go,  and  in  analyzing  these  possi- 
bilities it  is  first  necessary  to  see  what  are  the  limits  and 
then  the  possibilities  of  approaching  these  limits.  The  first 
limit  is  undoubtedly  the  boiler.  The  Babcock  &  Wilcox  Co. 
advisee  the  committee  that  the  statement  submitted  by 
the  committee  in  the  1916  report  covers  the  situation  today 
and  that  it  has  nothing  further  to  add  at  this  time.  The 
company  states  that  the  intervening  war  period  has  much 
interfered  with  its  experimental  work,  and  although  these 
experiments  have  been  continued  they  necessarily  have  been 
made  under  adverse  conditions,  and  nothing  further  can  be 
added  at  this  time  on  the  possibility  of  building  boilers  for 
pressures  higher  than  300  to  350  pounds. 

While  it  may  be  possible  to  increase  the  boiler  pressure 
to  almost  any  desired  point  by  changing  design,  there  is 
today  a  definite  limit  to  the  maximum  temperature  which 
it  is  safe  to  use.  That  is  fixed  by  the  steels  now  in  com- 
mercial use  and  appears  to  be  between  600  and  700  deg.  F. 
This  is  brought  out  by  the  following  statement  made  by 
Charles  L.  Huston,  vice  president  and  works  manager  of 
the  Lukens   Steel   Company: 

While  we  do  not  have  records  to  indicate  the  service 
qualities  of  steel  at  temperatures  higher  than  those  at 
present  in  use,  I  believe  I  could  say  with  a  good  deal  of 
confidence  that  the  use  of  soft  carbon  steel,  say  50,000  lb. 
to  60,000  lb.  tensile  strength,  would  be  thoroughly  safe  up 
to  temperatures  of,  say,  600  deg.  F.  or  under  the  critical 
temperature  of  steel,  which  varies  little  between  soft  and 
medium  hard  steels. 

I  do  not  believe  that  the  use  of  higher  tensile-strength 
steel  in  standard  carbon  steels  would  be  desirable,  for  the 
reason  that  as  the  critical  point  in  steel,  say  about  700 
deg.  F.,  is  approached  the  metal  becomes  less  ductile  and 
would  be  more  likely  to  crack. 

•From  Report  of  Prime  Movers  Committee  and  Discugsion,  Na- 
tional Electric  Light  Association's  Convention,  1919. 


In  the  above  statement  I  am  expressing  my  opinion  sim- 
ply in  regard  to  standurd  carbon  steels  aiul  not  touching 
upon  alloy  steels,  the  behavior  of  which  at  these  high  tem- 
peratures 1  am  not  familiar  with,  nor  do  I  know  of  any 
experiments  of  siniilar  character  that  have  been  made  in 
recent  years  on  such  .steels. 

From  the  fact,  howevjT,  that  the.sc  old  experiments  (made 
by  Dr.  Huston  an<l  his  father  in  1870 — "Journal,"  Franklin 
Institute,  1M7K)  showed  similar  characteristics  with  chrome 
steel  as  compared  with  carbon  steel  I  have  been  led  to 
infer  that  the  same  conclusions  might  be  applied  generally 
to  all  classes  of  steel,  viz.  that  when  you  get  up  into  higher 
temperatures  it  is  desirable  to  keep  soft,  ductile  material. 

Many  people  regard  a  piece  of  steel  as  an  absolutely 
homogeneous  mass  of  metal,  whereas  all  steels  consist  of 
a  mixture  of  ferrite  crystals  with  various  metalloids,  usu- 
ally carbide  of  iron,  phosphide  of  iron  and  sulphide  of  iron, 
interlarded  between  the  ferrite  crystals,  the  ferrite  having 
the  highest  melting  point  in  the  combination  and  the  dif- 
ferent metalloids  requiring  different  degrees  of  tempera- 
ture to  fuse  them.  The  greater  the  variety  of  metalloids, 
introduced  into  the  steel,  the  greater  is  the  need  of  ascer- 
taining the  fusing  point  of  these  different  metalloids,  for 
the  reason  that  when  the  steel  is  heated  to  a  temperature 
where  the  weakest  metalloid  is  either  fused  or  its  structure 
broken  down  by  the  heat,  the  strength  or  ductility  of  the 
whole  mass  is  more  or  less  impaired. 

Therefore,  I  should  incline  to  think  that  unless  very 
elaborate  experiments  have  been  made  and  service  tests 
obtained  from  any  theoretical  alloy  steel  that  might  be 
thought  advantageous  to  use  it  would  be  safer  in  the  mean- 
time to  stick  to  soft  steel  of  straight  carbon  quality,  which 
carries  the  largest  proportion  of  pure  ferrite  in  its  make-up. 

The  attitude  of  the  Allis-Chalmers  Co.  on  the  turbine 
end  is  clearly  explained  in  the  following  quotation  from 
its  letter: 

We  would  advise  that  our  standard  high-pressure  con- 
densing steam-turbine  apparatus  is  designed  for  working 
steam  pressure  as  high  as  200  lb.  gage  for  the  smaller 
machine  and  250  lb.  gage  for  the  larger  ones.  Therefore, 
for  pressures  of  300  lb.  gage  and  above  some  special  de- 
velopment would  be  involved  in  each  case.  We  find  that 
our  standard  line  of  apparatus  is  suitable  for  practically 
all  of  the  inquiries  we  receive,  and  as  pressures  above  250 
lb.  gage  would  apply  entirely  to  the  larger  units,  the  de- 
velopment to  meet  such  pressures  would  not  be  excessive, 
as  it  is  our  practice  to  blade  the  larger  machines  for  as 
near  to  actual  operating  conditions  as  our  manufacturing 
standards  will  permit. 

For  temperatures  above  about  500  deg.  F.,  we  use  a 
partial  cast  steel  up  to  about  650  deg.  F.,  above  which 
temperature  we  have  steel  cylinder  construction  which  we 
feel  is  suitable  for  maximum  temperatures. 

We  do  not  find  much  tendency  in  this  country  to  go  above 
normal  operating  temperature  of  about  600  deg.  F.  except 
in  very  extreme  cases  for  large  units  and,  with  this  tem- 
perature, steam  pressures  of  300  lb.  gage  or  350  lb.  gage 
do  not  offer  any  difficulties  or  involve  any  considerable 
special  de%'elopment  expenses. 

The  General  Electric  Co.  makes  the  following  statement: 

Turbines  suitable  for  higher  pressures  can  without  ques- 
tion be  produced  without  involving  us  in  any  complications 
by  the  time  that  boilers  can  be  furnished  for  said  purpose. 
It  would  appear  that  this  matter  is  essentially  a  boiler 
problem.  We  can  supply  the  turbines  for  you,  if  you  can 
obtain  the  boilers. 

A  full  discussion  of  the  possibilities  appeared  in  the 
paper  by  Eskil  Berg  on  "Advantages  of  Higher  Pressure 
and  Superheat  as  Affecting  Steam  Plant  Efficiency,"  which 
was  published  in  the  General  Electric  Revieiv  of  March, 
1918. 

The  position  of  the  Westinghouse  Electric  and  Manu- 
facturing Co.  is  clearly  stated  in  the  following  quotations 
from  its  letters: 

We  look  with  favor  upon  the  gradual  upward  tendency 
in  steam  pressures,  but  with  moderation  on  the  total  tem- 
perature. In  other  words,  speaking  from  the  standpoint 
of  the  turbine  alone,  if  the  central  station  were  ready  with 
its  piping  and  fittings  and  with  its  operating  knowledge 
to  use  pressures  of  300  lb.  and  above,  we  would  say  that 
we  are  ready  with  the  turbine,  and  we  would  approve  of 
the  step  being  taken.  With  our  present  knowledge  of 
power-plant    efficiencies    it    seems    as    though    any    future 
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material  improvement  must  lie  in  that  direction.  We 
think  your  committee  can  well  assume  that  the  turbine  is 
not  or  should  not  be  one  of  your  problems.  We  think 
perhaps  that  the  practice  will  have  to  start  with  the  large 
central  stations.  It  will  be  a  manufacturing  handicap  if 
we  have  to  build  both  high-pressure  and  moderate-pressure 
machines.  However,  between  the  operators  and  the  manu- 
facturers it  should  always  be  possible  to  find  feasible 
methods  of  doing  anything  that  is  sound  and  economically 
desirable. 

We  wish  to  state  that  the  effect  of  the  higher  steam 
pressure  is  to  add  materially  to  the  cycle.  The  efficiency 
of  the  turbine  will  become  less  because  of  the  smaller 
volume  and  greater  density  of  the  steam  at  the  high-pres- 
sure end,  and  because  of  the  greater  quantity  of  moisture 
at  the  exhaust  end. 

To  date  no  turbines  have  been  built  adaptable  for  pres- 
sures beyond  300  lb.  Some  few  are  being  built  by  this 
company  for  this  pressure.  For  pressures  higher  than  300 
lb.  newly  designed  turbines  will  be  required.  There  will 
not  necessarily  be  any  change  in  type,  but  merely  additional 
elements  to  handle  economically  the  added  pressure  range. 
Of  course  steam  chests  and  controlling  valves  represent 
some  difficulty  in  design,  but  these  seem  to  be  by  no  means 
insurmountable.  In  this  connection  it  should  be  noted  that 
the  valves  will  not  be  materially  less  in  size  because  of 
the  smaller  volume  of  the  steam.  If  the  steam  velocity 
in  the  valves  and  piping  were  made  inversely  proportional 
to  the  density,  the  valves  and  piping  would  remain  the 
same  size. 

We  think  the  question  as  to  what  extent  this  company 
is  prepared  to  go  in  furnishing  turbines  built  for  steam 
pressures  higher  than  300  lb.  is  as  much  a  commercial 
consideration  as  one  of  engineering,  considering  the  de- 
velopment costs  involved.  There  is  no  doubt  that  turbines 
can  be  built  for  these  higher  pressures,  and  there  will  be 
gains  in  economy  due  to  this,  such  as  above  outlined.  I 
would  say  that  if  we  attempt  to  design  turbines  for  these 
higher  pressures,  we  would  prefer  this  to  be  brought  about 
by  an  increase  of  pressure  without  material  increase  of  tem- 
perature; that  is  to  say,  we  would  prefer  a  reduction  in 
the  superheat;  for  instance,  500  lb.  pressure  with  a  super- 
heat that  would  give  a  total  temperature  not  to  exceed  650 
deg.,  that  is,  about  170  deg.  superheat. 

Apparently  the  manufacturers  of  steam  turbines  favor 
the  movement  toward  higher  pressures  and  are  prepared 
to  meet  it,  while  manufacturers  of  boilers  require  time  for 
further  investigation  and  development  work  before  they 
go  much  above  the  existing  limit,  which  is  around  350  lb. 
The  economizer  situation  is  less  satisfactory;  the  limit  of 
pressure  appears  to  have  been  reached  with  the  standard 
cast-iron  economizer  now  in  use.  To  go  beyond  this  point 
would  require  either  an  entirely  new  type  of  economizer, 
or  an  installation  of  the  present  type  operated  at  a  pres- 
sure much  below  that  of  the  boiler,  which  would  require 
running  boiler-feed  pumps  in  series. 

Little  attention  appears  to  have  been  given  to  adapting 
to  higher  steam  pressures  the  various  steam  auxiliaries 
required  in  the  installation.  While  these  units  are  com- 
paratively small  in  size,  they  are  numerous  and  require 
proportionately  more  attention  fi'om  the  operating  force 
than  the  larger  units.  It  is  just  as  important  to  avoid 
trouble  with  them  as  it  is  with  the  main  prime  mover. 
Your  committee  is  also  unable  to  learn  that  manufacturers 
of  valves,  fittings  and  other  steam  appurtenances  of  the 
power  plant  have  given  any  special  thought  toward  adapt- 
ing their  apparatus  for  pressures  much  above  those  now 
common.  It  would,  therefore,  seem  that  there  is  much  fur- 
ther development  work  to  be  done  before  a  successful  in- 
stallation of  pressures  above  those  now  in  common  use 
can  readily  be  made.  Probably  the  initiative  will  have  to 
come  from  the  users,  and  when  there  is  sufficient  demand 
for  improvements  in  the  existing  construction,  the  manu- 
facturers will  respond  as  readily  and  as  successfully  as 
they  have  in  the  past. 

Another  factor  which  has  a  bearing  on  this  project  is 
the  position  that  the  boiler-insurance  companies  may  take. 
Statements  have  been  obtained  from  some  of  the  leading 
companies. 

One  company  states: 

We  are  pleased  to  advise  you  that  the  pressure  for  which 
the  safety  valves  on  steam  boilers  are  set  has  no  bearing  on 
the  rates  charged  for  steam-boiler  insurance.  Steam-boiler 
insuring  companies  require   that  steam  boilers  be  so  con- 


structed and  operated  that  they  shall  have  a  computed  factor 
of  safety  of  at  least  five  on  the  pressure  carried.  Some  com- 
panies will  not  reject  a  risk  unless  the  factor  of  safety  is  less 
than  four;  but  I  believe  no  boiler-insuring  company  will  carry 
a  boiler  risk  when  the  computed  safety  is  less  than  four. 
You  probably  know  that  the  Boiler  Code  of  the  American 
Society  of  Mechanical  Engineers  requires  that  all  new 
boilers  be  constructed  so  as  to  have  a  factor  of  safety  of 
at  least  five. 

With  boiler-insuring  companies  a  steam  boiler  is  either 
safe  or  unsafe.  If  it  is  unsafe,  there  is  no  amount  of 
premium  that  any  insurance  company  will  accept  to  carry 
the  risk.  If  it  is  safe,  then  the  premium  is  the  same 
whether  the  safety  valve  be  set  for  225  or  450  lb.  per  sq.in. 
providing  there  is  a  computed  factor  of  safety  of  five. 

Another  company  writes: 

We  wish  to  advise  you  that  the  rate  of  insurance  on  a 
boiler  carrying  300  lb.  pressure  or  more  would  depend  upon 
the  amount  of  the  liability,  or  in  other  words  the  amount 
required  by  the  assured.  Further,  we  would  advise  that 
the  rates  for  steam-boiler  insurance  are  standardized.  All 
companies  are  required  to  give  the  same  amount  of  premium 
for  the  same  amount  of  insurance;  the  amount  required 
can  be  readily  determined  on  application  for  a  specified 
amount  of  coverage. 

It  would  appear  from  the  above  that  the  companies  in- 
suring boilers  would  not  decline  to  write  insurance  on  a 
boiler  operated  at  any  pressure  within  the  limits  herein 
discussed,  provided  said  boiler  had  a  proper  factor  of  safety. 

If  steam  plants  are  to  increase  their  pressure  materially, 
the  wise  procedure  would  be  to  do  so  gradually,  or  in  steps 
of  moderate  increases  each.  By  this  method,  troubles  and 
losses  would  be  minimized  and  the  experience  with  one 
installation  would  help  solve  the  problems  for  the  next 
increase. 

The  coal  consumption  of  this  country  is  increasing  at  a 
rapid  rate,  the  cost  of  fuel  is  steadily  rising  and  the  total 
supply  of  good  steam  coal  has  a  definite  limit;  therefore, 
it  is  the  duty  of  the  engineer  to  consider  all  practical 
methods  to  conserve  this  source  of  power  and  to  utilize  ii. 
in  the  most  economical  manner.  Higher  steam  pressure 
will  be  helpful;  it  should  be  carefully  studied  and  used 
wherever  the  conditions  will  permit. 
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JlSCUSSION 

R.  H.  Rice,  Turbine  Department,  General  Electric  Co., 
Lynn,  Mass.:  Higher  steam  pressures  for  turbines  is  one 
of  the  obvious,  and  I  believe  practical,  methods  of  extending 
the  range  of  available  energy  derived  from  fuel  burned 
under  boilers,  and  thereby  extending  the  range  or  output 
from  that  fuel.  In  other  words,  increased  output  without 
increase  of  fuel. 

There  are  several  methods  by  which  we  can  increase  the 
available  energy:  One  is  by  increasing  the  steam  pressure; 
another  is  by  increasing  the  vacuum  at  the  turbine  wheels, 
and  another  is  in  extracting  more  heat  from  the  flue  gases 
in  their  passage  to  the  atmosphere.  I  think  in  considering 
this  question  of  increased  steam  pressure  we  should  con- 
sider the  problem  from  all  these  standpoints.  I  would  make 
this  suggestion  to  the  committee,  that  instead  of  considering 
the  subject  from  the  standpoint  of  Rankine-cycle  efficiency, 
it  be  considered  from  the  standpoint  of  thermal  efficiency, 
(n  other  words,  the  percentage  of  power  on  the  switchboard 
developed  from  the  available  energy  in  the  coal.  Power 
plants  of  the  best  type  give   18  or  19  per  cent,  thermal 
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t'fVr  'ncy.  By  incirusinjr  that,  by  tnkin>»  out  all  llii-  licat 
fro'U  tbo  flui's  >;asts  which  il  is  possihli'  to  take  out,  hrintfs 
tht'ir  tonipi-ratun'  down  to  rjr>  or  ir)()  <ll•^r.  I''.,  whorcas  now 
they  are  commonly  at  400  or  r>00  (lojr.  Hy  uainu  all  pos- 
slblo  means  for  si-rurinjr  hi>;liest  vai-uum  at  tlu'  turbine 
wheels.  This  means  a  suitable  eonilcnser  liollei!  in  hori- 
zontal or  vertical  position  t<i  the  turbine  shell,  and  with 
the  larvr»'st  openinjr  it  is  possible  to  provide  between  the 
turbine  shell  and  the  condenser.  With  these  we  should  be 
able,  in  plants  of  very  reasonable  size,  to  secure  25  per  cent, 
thermal  efficiency,  and  in  the  larjrest  plants  28  or  29  per 
cent.     That  train  is  worth  strivinjr  for. 

Extract  More  Heat  from  Flue  Gases 

Relative  to  extracting  more  heat  from  the  pas,  this 
might  be  done  by  extending  the  feed  water,  or  by  a  re- 
generative action,  by  first  taking  the  air  for  the  boiler 
furnaces  throuKh  pipes  connected  wMth  the  flues,  an<l  ex- 
tracting the  heat  from  the  gases  going  to  the  atmosphere. 

As  to  the  possibility  of  using  500  or  600  lb.  steam  pres- 
sure, I  do  not  think  that  we  now  have  enough  knowledge 
to  warrant  building  a  plant  for  that  pressure.  But  I  am 
satisfied  it  would  be  practical  at  this  time  to  construct  a 
plant  of  2000  or  3000  kw.  capacity,  which  would  operate 
safely  with  500  or  COO  lb.  pressure.  In  the  evolution  of 
higher  steam  pressures  we  should  go  the  limit,  especially 
if  we  are  building  a  olant  having  as  small  units  as  above; 
so  that  we  mpv  try  out  at  one  time  all  the  different  prob- 
lems which  will  arise  from  such  considerable  increase  in 
boiler  pressure.  Results  obtained  with  steam  at  300  lb. 
or  350  lb.  pressure  are  most  pleasing.  There  seems  to  be 
no  reason  why,  with  materials  and  with  knowledge  of 
designs,  we  should  not  go  to  those  pressures  directly. 

I  am  of  opinion  that  such  pressures  would  result  in  a 
change  in  the  power  stations.  The  steam  turbines  should 
be  located  as  near  to  the  boilers  as  possible,  to  reduce  the 
high-pressure  losses.  The  construction  of  those  high- 
pressure  mains,  pipes  and  valves  involves  some  problems 
which  are  not  impossible  of  solution. 

Steel  the  Limitino  Factor 

A.  L.  Meyer,  Lukens  Steel  Co.,  Coatesville,  Penn.:  As 
far  as  I  am  able  to  read  this  report,  it  seems  that  all  the 
manufacturers  who  make  apparatus  to  give  higher  steam 
pressure  point  to  the  boiler  as  the  object  which  they  want 
to  make  a  certainty.  So  far  we  have  not  been  able  to  find 
any  actual  tests  which  I  have  read  in  this  report,  where 
the  boiler  pressure  has  gone  to  a  high  temperature  of  600 
or  700  deg.  F.  But  we  feel  certain  that  by  the  use  of  the 
present  low-carbon  steels,  which  give  a  tensile  strength  of 
50,000  to  60,000  lb.,  the  boilermaker  will  be  able  to  pro- 
duce a  boiler  that  will  stand  these  pressures.  In  1880  Dr. 
Huston  performed  some  experiments  which  showed  that 
up  to  700  deg.  F.  the  tensile  strength  was  equal  to  100  per 
cent,  or  better  than  the  original.  When  the  temperature 
got  beyond  700  deg.  the  curve  dropped  decidedly.  Since 
that  time  J.  E.  Howard,  of  the  Bureau  of  Standards, 
Mr.  Coleman,  from  Oberhurst,  and  the  Shelby  Co.  have 
performed  similar  experiments  and  corroborated  Dr.  Hus- 
ton's experiment" 

/.  E.  MouUrop,  Edison  Electric  Illuminating  Co.,  Boston: 
Someone  must  work  out  this  problem.  There  are  some 
limitations  in  the  design  and  in  the  material  used  in  the 
boiler  of  today.  The  boiler  builders  do  not  care  to  go 
beyond  350  lb.  today,  as  far  as  I  understand,  owing  to 
the  working  out  of  the  design  and  the  limitations  imposed 
upon  them  by  commercial  steel.  Someone  should  try  higher 
pressures  in  a  small  way  and  go  the  limit.  It  is  an  under- 
taking none  of  the  utility  companies  ©are  to  take.  I  think 
the  way  to  do  this  is  to  get  the  manufacturers  to  cooperate 
on  the  subject — the  principal  turbine  manufacturers,  and 
the  auxiliary  mamrfacturers,  and  boiler  manufacturers, 
should  combine,  put  up  a  small  experimental  plant  some- 
where and  actually  try  higher  steam  pressures.  With  the 
rising  prices  of  coal  and  labor  we  must  improve  the 
economy  of  our  power  stations. 

0.  F.  Junggren,  Engineer,  Turbine  Department,  General 
Eleccric   Co.,   Schenectady,   N.  Y.:      Engineers   are   contin- 


uously reaching  out  for  impiovcmenlH,  and  as  long  ns  we 
use   Hteam   as   a    nu-dium    we    must   ascertain    how   we   can 
utili/.e  steam  to  the  bei^t  ailvantape.     We  can  only  go  into 
the    upper    range,    as    the    lower    range    has    already    been 
reached  and  depends  upon  condensing  water.     Another  way 
is  to  superheat  st«'am  to  a  temperature  as  high  as  feasible,         ;' 
then    run    il   liirougli    the   turbine,   ami    finally   condense   it.        I 
But   that  is  not  the   vital   thing.      You  should   increase   the         ' 
pressure    and    redu<-e    the    superheat,    as    the    higher    the 
pressure   the  greater   the   improvement,   because    relatively 
less  steam  is  transformed  to  water  in  the  condenser.     If  we 
could   get  rid   of  the   condenser,  we   would   have  the   ideal 
condition.     We  do  not  know  how  to  do  that;  but  every  re- 
duction  of  one   per  cent,  of  quality  of  steam   sent  to  the 
condenser  is  clear  gain. 

To  manufacturers  of  boilers  and  of  auxiliaries,  pressures 
of  COO  and  800  lb.  are  feasible,  and  I  do  not  know  why  that 
is  not  the  proper  way  to  get  at  it.  The  success  of  the 
electrical  industry  has  been  that  the  leading  men  in  it  have 
taken  steps  forward  continuously  to  reach  higher  efficiency. 
Of  course  there  will  be  boiler  problems,  and  the  turbine  will 
probably  look  much  different  from  what  it  does  today  oper- 
ating under  pressures  of  about  200  to  300  lb. 


Bureau     of  Research    of    the    American 

Society  of  Healing  and  Ventilating 

Engineers 

The  function  of  the  Bureau  of  Research  is  the  determina- 
tion and  dissemination  of  engineering  knowledge  pertaining 
to  the  profession  of  heating  and  ventilating  and  to  the 
equipment  and  apparatus  utilized  by  the  profession  at  large; 
it  will  be  run  in  cooperation  with  the  Bureau  of  Mines. 

The  Committee  on  Research  of  this  society  announces  the 
success  of  its  preliminary  plans  for  the  establishment  of 
the  contemplated  Research  Bureau  and  the  selection  of  a 
director,  with  the  prospect  that  actual  investigations  vnW 
begin  about  the  middle  of  the  year.  The  drive  for  solicita- 
tion of  funds  for  the  financing  of  the  Bureau  which  was 
being  prosecuted  so  vigorously  at  the  time  of  the  annual 
meeting  in  January,  has  been  so  successful,  and  the  support 
given  not  only  by  other  associated  organizations,  but  also 
by  the  Government,  has  been  so  generous  that  the  success 
of  the  undertaking  is  assured.  The  committee  has  been  able 
to  secure  the  services  of  Prof.  John  R.  Allen  as  Director  of 
the  Bureau.  Professor  Allen,  who  was  a  past-president  of 
the  society,  is  well  known  for  his  work  in  research  in  heat 
engineering  at  both  the  University  of  Michigan,  where  he 
served  many  years  as  professor  of  mechanical  engineering, 
and  of  late  at  the  University  of  Minnesota,  where  he  is 
dean  of  engineering  and  architecture.  With  Professor 
Allen's  leadership  and  the  cordial  interest  and  support  of 
the  United  States  Bureau  of  Mines  in  placing  a  portion  of 
its  magnificent  laboratories  at  Pittsburgh,  Penn.,  at  the 
disposal  of  the  Bureau,  it  is  certain  that  results  will  be 
obtained  which  will  not  only  prove  helpful  and  constructive 
in  this  field  of  engineering,  but  also  unmfetakably  demon- 
strate the  ideal  relation  of  the  national  engineering  society 
to  the  public  in  affairs  of  national  economic  importance 
Professor  Allen's  offices  will  be  at  Pittsburgh. 


In  the  course  of  a  paper  read  before  the  Liverpool  Engi- 
neering Society,  says  The  Engineer,  B.  Rathmell  recom- 
mended the  use  of  single-,  rather  than  double-acting,  com- 
pressors in  carbon  dioxide  refrigerating  machinery.  Such 
compressors,  he  said,  properly  designed,  minimize  most  of 
the  defects  commonly  found.  The  compressor  can  be  filled 
with  gas  at  the  full  suction  pressure;  clearance  spaces  are 
practically  eliminated;  large  valves  with  very  small  lifts 
can  be  used;  the  flow  of  gas  may  follow  one  direction, 
allowing  for  the  lagging  of  the  cold  suction  parts  and  the 
water-jacketing  of  the  hot  discharge  parts;  higher  speeds 
of  revolution  can  be  used  than  with  double-acting  com- 
pressors; and  the  piston-rod  glands  may  be  kept  under  the 
lowest  and  constant  temperature. 
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Interpretations  of  the  Boiler  Code 


The  following-  interpretations  by  the  Boiler  Code 
Committee  of  the  American  Society  of  Mechanical 
Engineers  are  released  for  publication: 

Case  No.  215 
Inquiry:  Is  it  permissible  under  the  requirements  of  Par. 
257  of  the  Boiler  Code  to  remove  the  calking  edges  of  plates, 
butt  straps  and  heads  by  burning  them  off  by  the  oxyacety- 
lene  process  instead  of  planing,  milling  or  chipping? 

Par.  257.  Calking.  The  calking  edgos  of  plates,  butt  straps 
and  heads  shall  be  beveled  to  an  angle  not  sharper  than  70 
deg.  to  the  plane  of  the  plate,  and  as  near  thereto  as  prac- 
ticable. Every  portion  of  the  sheai-ed  surfaces  of  the  calking 
edges  of  plates,  butt  straps  and  heads  shall  be  planed,  milled 
or  chipped  to  a  depth  of  not  less  than  J  in.  Calking  shall 
be  done  vvitli  a  round-nosed  tool. 

Reply:  Removing  the  calking  edges  of  plates,  butt  straps 
and  heads  by  the  oxyacetylene  burning  process  will  not  be 
in  compliance  with  the  intent  of  the  Boiler  Code  in  Par.  257. 

Case  No.  216 
Inquiry:  An  interpretation  is  recjuested  of  the  relation 
between  Section  a  of  Par.  275  of  the  Boiler  Code  and  Sec- 
tions b  and  c.  Section  a  would  appear  to  allow  12  per  cent. 
more  relieving  capacity  to  a  valve  than  either  Section  b 
or  c. 

Par.  275.  Safety-valve  capacity  may  be  checked  in  any 
one  of  the  three  following  ways,  and  if  found  insufficienti 
additional  capacity  shall  be  provided  : 

a.  By  making  an  accumulation  test :  that  is,  by 
shutting  off  all  other  steam-discharge  outlets  from  the 
boiler  and  forcing  the  fires  to  the  maximum.  The 
safety-valve  equipment  shall  be  sufficient  to  prevent  an 
excess  pressure  beyond  that  specified  in  Par.  270.  [See 
under  Case  226.] 

6.  By  measuring  the  maximum  amount  of  fuel  that 
can  be  burned  and  computing  the  corresponding  evapo- 
rative capacity  upon  the  basis  of  the  heating  value  of 
the  fuel. 

c.  By  determining  the  maximum  evaporative  capac- 
ity by  measuring  the  feed  water.  The  sum  of  the 
safety-valve  capacities  marked  on  the  valves  shall  be 
equal  to  or  greater  than  the  maximum  evaporative 
capacity  of  the  boiler. 

Reply:  The  committee  purposely  limited  the  requirements 
for  rating  of  safety  valves  to  3  per  cent,  increase  in  pressure 
over  that  at  which  the  valve  is  set  .to  blow;  that  is,  one- 
half  the  maximum  allowable  increase  of  6  per  cent.,  so 
that  a  margin  of  safety  represented  by  the  difference  be- 
tween 6  per  cent,  and  3  per  cent,  would  be  provided. 

Case  No.  218 
Inquiry:  For  material  to  be  used  as  headers  and  mani- 
folds of  superheaters,  does  that  of  o]ienhearth  extra-heavy 
lap-welded  steel  pipe  meet  the  requirements  of  Par.  11  and 
the  material  specifications  of  the  Boiler  Code?  It  is  found 
that  the  average  analyses  of  such  lap-welded  pipe  appear 
to  meet  the  physical  and  chemical  requirements  of  either 
the  boiler-plate  steel  specifications,  or  the  specifications  for 
steel  castings  of  Class-B  Grade,  although  they  do  not  con- 
form fully  to  either  one  separately. 

Par.  9.  Cross-pipes  connecting  the  steam  and  water  drums 
of  water-tube  boilers,  headers,  cross-boxes  and  all  pressure 
parts  of  the  boiler  proper  over  2 -in.  pipe  size,  or  equivalent 
cross-sectional  area,  shall  be  of  wrought  steel,  or  cast  steel 
of  Class-B  grade,  as  designated  in  the  Specifications  for  Steel 
Castings,  when  the  maximum  allowable  working  pres.sure 
exceeds  160  lb.  per  sq.in.  Malleable  iron  may  be  also  used 
when  the  maximum  allowable  working  pressure  does  not 
exceed  200  lb.  per  sq.in.,  provided  the  form  and  size  of  the 
internal  cross-section  perpendicular  to  the  longest  dimen- 
sion of  the  box  is  such  that  it  will  fall  within  a  7  in.  by 
7  in.  rectangle. 

Par.  11.  Pressure  parts  of  superheaters,  separately  flred 
or  attached  to  stationary  boilers,  unless  of  the  locomotive 
type,  shall  be  of  wrought  steel,  or  cast  steel  of  Class-B 
grade,  as  designated  in  the  Specifications  for  Steel  Castings. 

Reply:  It  is  the  opinion  of  the  committee  that,  under  the 
requirements  of  Pars.  9  and  11,  headers  and  manifolds  of 
superheaters  must  be  constructed  from  material  which,  in 
its  initial  form  of  plate  or  skelp,  conforms  to  one  or  the 
other  of  the  specifications  given  in  the  Boiler  Code  for 
wrought  steel;  or  they  may  be  constructed  of  cast  steel  of 
the  Class-B  Grade. 

Case  No.  219 

Inquiry  a:  Is  it  the  intention  under  Par.  184c  of  the 
Boiler  Code  to  deduct  the  rivet  holes  when  figuring  "the 
lull  strength  of  the  plate  corresponding  to  the  thickness 
at  the  joint?" 

Par.  184c.  In  the  portion  of  circumferential  joints  of  horU 
zontal  return-tnbular  boilers,  exposed  to  the  products  of  com- 
bustion, the  shearing  strength  of  the  rivets  shall  be  not  less 
than  50  per  cent,  o?  the  full  strength  of  the  plate  correspond- 
ing to  the  thickness  at  the  joint. 


Reply:  It  is  not  the  intention  under  Par.  184c  of  the 
Boiler  Code  to  deduct  the  rivet  holes  when  figuring  "the 
full  strength  of  the  plate  corresponding  to  the  thickness  at 
the  joint." 

Inquiry  h:  An  interpretation  is  requested  of  Par.  201,  as 
regards  the  constant  in  the  formula  for  stay-bolts.  This 
paragraph  requires  that  "the  spacing  of  the  rivets  over 
the  supported  surface  shall  be  in  conformity  with  that 
specified  for  stay-bolts,"  but  we  fail  to  find  a  constant 
which  seems  to  fit  the  case. 

Par.  201.  structural  Reinforccvirnfs.  When  channel  irons 
or  other  members  are  securely  riveted  to  the  boiler  heads  for 
attaching  through  stays,  the  transverse  stress  on  such  mem- 
bers shall  not  exceed  12.500  lb.  per  sq.in.  In  computing  the 
stress  the  section  modulus  of  the  member  shall  be  used 
without  addition  for  the  strength  of  the  plate.  The  spacing 
of  the  rivets  over  the  supported  surfaco  shall  be  in  con- 
formity with  that  specified  for  stay-bolts. 

Reply:    The  constant  C  used  in  the  formula  for  rivets 
shall  be  that  given  in  Par.  199  for  stays  screwed  through 
the  plates  with  the  ends  riveted  over.     This  means  that  C 
shall  be  112  or  120,  depending  on  the  thickness  of  the  plate. 
Par.    199.      C   =    112    for    stays    screwed    through    plates    not 
over   i'n-in.  thick  with  ends  riveted  over. 
C   =    120   for   stays   screwed   through   plates   over 
I'o  -in.    thick   with   ends   riveted   over. 

Case  No.  221 
Inquiry:  Is  it  necessary  under  the  requirements  of  the 
Boiler  Code  that  small  vertical  tubular  boilers  such  as  are 
used  for  clothes-pressing,  vulcanizing  and  laundry  service, 
shall  be  fitted  with  gage-cocks  when  a  water-gage  glass  is 
attached? 

Reply:  It  is  the  opinion  of  the  committee  that  a  boiler 
of  this  type  that  is  aperated  with  a  fixed  water  level  should 
be  fitted  with  both  water  gage-glass  and  gage-cocks;  or  two 
gage-glasses,  as  indicated  in  Par.  294. 

Par.  29  4.  Each  boiler  shall  have  three  or  more  gage- 
cocks,  located  within  the  range  of  the  visible  length  of  the 
water  glass,  except  when  such  boiler  has  two  water  glasses 
with  independent  connections  to  the  boiler  and  located  on  the 
same  horizontal  line  and  not  less  than  2  ft.  apart. 

Case  No.  222 
Inquiry:  What  is  the  application  of  the  limitation  of 
length  of  stay-bolts  given  in  Par.  200  of  the  Boiler  Code, 
that  must  be  drilled  with  telltale  holes  in  their  outside 
ends?  Does  this  length  of  stay-bolt  apply  to  inside  distance 
between  plates  stayed  or  to  the  outside  length  of  the  bolt 
over  all? 

Par.  200.  Stay-BoTts.     The  ends  of  screwed  stay-bolts  shall 
be  riveted  over  or  upset  by  equivalent  process, 
ends   of   solid   stay- 

boKs.   8   in.   and   less  /'d- ~t- 

in    length,    shall    be  ^Ar^'x /I'ke^r/ers 

drilled    with    a    nole  /:  ^.PP"^"-  'S  oenrers 

at  least  fn  in.  diam-  j^  \\\ 

eter  to  a  depth  ex-  ,  •  Sj 

tending    at     least     J  Rji^fc 

in.     beyond     the    in-  "^  ■ 

side  of  the  plates  or 
hollow  stay-bolts 
may  be  used  On 
boilers  having  a 
grate  area  not  ex- 
ceeding 15  sq.ft..  or 
the  equivalent  in 
g)aj5-  or  oil-fired 
boilers^  the  drilling 
of  stay-bolts  is  op- 
tional. Solid  stay- 
bolts  over  8  in.  long, 
and  flexible  stay- 
bolts  of  either  the 
jointed  or  ball-and- 
sogket  type,  need 
not  be  drilled.  Stay- 
bolts  used  in  water- 
legs  of  water  tube 
boilers  shall  be  hol- 
low and  drilled  at 
both  ends,  irrespec- 
tive of  their  length. 

Reply:  Par.  209  of 
the  Code  specifies  that 
"stay-bolts  used  in 
water-legs  of  water- 
tube  boilers  shall  be 
hollow  or  drilled  at 
both  ends  irrespective 
of  their  length."  Par. 
220d  specifies  that 
"the  length  of  a  stay 
between  supports  shall 
be  measured  from  the 
inner  faces  of  the 
stayed  plates." 
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Case  No.  223 
Inquiry:  Is  it  npcc.ssnry  under  the  rcquirpmcnts  of  the 
Boiler  Code  to  provide  .stiiyinjr  in  n  sin^'le-fluc  boiler  194 
in.  in  diameter  by  43  in.  niKl>  hnvinjr  a  l(>4-in.  furniico, 
erown  .shei't  of  which  ia  connected  to  the  top  heud  of  the 
boiler  by  u  G-in.  flue? 

Reply:  Innsnmcli  ns  the  dinmeter  of  the  furnace  i.s  le.ss 
than  18  in.,  it  is  evident  that  under  the  reciuiremcnts  of 
Par.  'J.'iO  the  furnace  will  not  reiiuire  .stayinjr.  There  re- 
nuiins  therefore  only  the  crown  .sheet,  top  head  of  the  boiler 
and  the  flue  to  be  considered.  Par.  20;!i/  or  the  latter  part 
of  Par.  "JU)  are  npi)licable  to  the  crown  sheet  or  the  top 
head  if  formed  of  flat  sheets.  If,  on  the  other  hand,  the 
crown  sheet  and  top  head  are  dished  the  maximum  allow- 
able workintr  pressure  is  calculated  from  Par.  195.  Par. 
241  applies  to  the  flue. 

[In  order  that  the  reply  may  be  intellipible  the  inquiry 
should  have  stated  that  the  thickness  of  the  furnace  is 
A,  its  heitrht  27S  and  the  pressure  100  lb.  A  reproduction 
of  the  blueprint  accompanying  the  inquiry  is  reproduced 
herewith. — Editor.] 

I'ar.  2^9  spooifles  that  un.-stayod  furnnrrs  morr  than  12  In. 
in  dlnnu'tor  when  rivcti^d.  of  seamless  <onstni<-tion  or  when 
lap  woldoil  by  the  foiRinR  process  shall  have  walls  not  loss 
tlian  ,*«  in.  thick.  Tlie  maximum  allowable  working  pressure 
for  such  furnaces,  from  12  to  18  in.  diameter  inclusive,  of 
a  length  not  more  than  4J  diameters  and  not  more  than  120 
times  the  thickness  of  the  plate  is  determined  as  follows: 

P  =  -|j'^  1(18.75  XT)  —  (1.03  X  L)] 

where 

P  =  Jlaximuni  allowable  working  pressure  in  lb.  per  sq.ln. ; 

D   =   Outside  diameter  of  furnace  in  inches  ; 

L,   =   Total  length  of  furnace  between  centers  of  head  rivet 

seams    (not    length    of   a    section)    in    inches; 
T   =   Thickness  of  furnace  walls  in  sixteenths  of  an  inch. 
This  gives  an  allowable  pressure  for  the  unstayed  furnace 
in  excess  of  the  required  100  lb. 

Case  No.  224 
Inquiry:  Is  it  necessary  that  firebox  steel  of  lower  tensile 
strength  than   specified   in   Par.   28a,   the   use   of  which   is 
sanctioned  in  Par.  28c,  shall  have  a  minimum  carbon  limit 
of  0.12  per  cent,  as  specified  for  firebox  steel  in  Par.  25? 
Par.  2.1.  C7icmicn/  Composition.     The  steel  shall  conform  to 
the  following  requirements  as  to  chemical  composition: 

FI<.0«GE  FIREBOX 

Carbon    Plates  %  In.  thick  and  under.  0.1 2 — 0.23  per  rent 

Plates  over   %   In.   thick. ...  0.12 — 0.30  per  cent 

Manganese    0.30 — O.fiO  per  cent  0.30 — 0.50  per  cent 

_,       .  r  ,Vcid Not  over  0.05  p^r  cent         Not  over   0.0  4  per  cent 

fhospnorus      \  ujsie Xot  over  0.04  per  cent         Not  over   0.03  5   pet  cent 

Sulphur    Not  over  0.05   per  cent         Not  over  0.04  per  cent 

Par.  28a.  Tension  Tests.  The  material  shall  conform  to  the 
following  requirements  as  to  tensile  properties: 

FL.\NGE  FIREBOX 

TensUe  strength,   lb.   rer  sn.    in 55,000 — 65,000  55,000 — 65,000 

yield  poLnt,  min.,  lb.  per  sa.  in 0.5  tons,  str,  0.5  tens.  str. 

1,500.000                      1.500,000 
Elongation  in  8-in.,  min.,  per  cent  (See  Par.  29)       • 

Tens.  str.  Tens.   str. 

Par.  28c.  If  desired,  steel  of  lower  tensile  strength  than 
the  above  may  be  used  in  an  entire  boiler,  or  part  thereof, 
the  desired  tensile  limits  to  be  specified,  having  a  range  of 
10.000  lb.  per  sq.in.  for  both  flange  and  firebox,  the  steel  to 
conform  in  all  respects  to  the  other  corresponding  require- 
ments herein  specified,  and  to  be  stamped  with  the  minimum 
tensile  strength  of  the   stipulated  range. 

Reply:  The  minimum  carbon  limit  of  0.12  per  cent,  given 
in  Par.  25  applies  to  firebox  steel  having  a  tensile  strength 
of  55,000  to  65,000  lb.  per  sq.in.  and  does  not  apply  to  steel 
of  a  lower  tensile  strength,  the  use  of  which  is  sanctioned 
in  Par.  28c. 

Case  No.  225 
Inquiry:    Is  it  necessary  under  the  requirement  of  Par. 
185  of  the  Boiler  Code  to  plane  dowm  to  i  in.  the  thickness 
of  the  shell  plate  and  heads  at  the  head  seams,  or  does  this 
requirement  apply  to  girth  seams  in  shell  plates  only? 

Par.  185.  When  shell  plates  exceed  fa  in.  in  thickness  in 
horizontal   return-tubular   boilers,    the   portion   of   the   plates 


PLATES  AVITH  edges  PLANED 


forming  the  laps  of  the  circumferential  joints,  Trhere  exposed 
to  the  fire  or  products  of  combustion,  shall  be  planed  or 
milled  down  as  shown  in  the  figure,  to  i  in.  thickness,  i>rovided 
the  requirements  in  Par.  184  are  complied  with. 


T)ir  riqiilri'iTienln  of  Par.  1K1  nr"-  IhnI  Ihi'  Nlnngth  of  llio 
<  Iri'Uinfc-rfntliil  «.iiiii  mIwiII  In-  nt  Icnul  TiO  pi'r  ciril  of  ihiit 
of  Ihi-  jiinKllUilltiiil  Miiini  In  the  iiiMi-  nf  heiidn  not  Htiiyi'd  liy 
(ubiM  or  v.,  ii.r  n  Ml.  If  i.n"-.|mlf  or  more  of  the  |na<l  whl(  li 
would   be  riiuMcil  1>>    llm  pri-dMUn-  lining  on  iin   unnliiv>'il  ii'illd 

li'iid   Ih  ri'lli-vi'd  by   11 ffect   of  luhi-H  or  through  Hliiyn  :   iilno 

Ihiil  In  the  iMirllon  ..f  ihi-  clrcumren-ntldl  Jolril  ixiioMid  to 
the  fire  or  to  Ihc  prodiiftx  of  comhuxtlon  the-  Hheiirliig  Htrength 
of  Ihf  rlveln  Hhiill  not  be  Icmh  llinn  50  per  cent,  of  the  full 
Htrciiglh  of  th<-  iilati'. 

Reply:  It  is  the  intent  of  the  Code  that  Par.  185  shall 
apply  to  the  plates  at  all  circumferential  joints  on  the  shell 
of  a  horizontal  return-tubular  boiler  where  exposed  to  the 
fire  or  products  of  combustion.  It  therefore  applies  to  a 
joint  between  the  shell  and  the  head  where  the  joint  in 
the  shell  is  exposed  to  the  products  of  combustion,  in  which 
case  the  plate  is  reduced  in  thickness  if  over  i",i  in.  in  thick- 
ness, but  the  flange  of  the  head  is  not  so  reduced. 
Case  No.  226 
Inquiry:  Is  not  the  basis  of  determination  of  the  reliev- 
ing capacity  of  pop  safety  valves  given  in  Par.  274  of  the 
new  edition  of  the  Boiler  Code  a  misprint?  The  bases  of 
6  lb.,  5  lb.  and  3  lb.  of  steam  per  hour  per  sq.ft.  of  bbiler- 
heating  surface  for  the  different  types  of  boilers  do  not 
seem  to  be  in  line  with  the  other  data  given  in  the  Boiler 
Code  and  not  in  line  with  good  practice. 

Par.  274.     The  total  relieving  capacity  of  the  safety  valve 
or  valves   required   on   a   boiler   shall   be   not   less   than    that 
determined  on   the  basis  of  6   lb.   of  steam   per  hour  per  sq.ft. 
of    boiler-heating    surface    for    water-tube    boilers.       Kor    all 
other  t.vpcs  of  power  boilers  the  total  relieving  capacity  shall 
be  not  less  than  that   determined  on  the  basis  of  5  lb.  of  steam 
per  hour  per  scj.ft.  of  boiler-heating  surface  for  hollers  with 
maximum  allowable  working  pressures  above     100  lb.,  and  on 
the   basis   of    3    lb.    of   steam    per   hour   per   sq.ft.    of   boiler- 
heating  siuface   for   boilers   with   maximum   allowable  work- 
ing pressuns  at  or  below  100  lb.  per  sq.in. 
Reply:    The  decision  to  base  the  required  minimum  ca- 
pacity of  safety  valves  on  heating  surface  was  made  by  the 
committee  as  a  result  of  investigation  of  general  average 
of  operating  duty  for  boilers  in  practice,  it  having  been 
found  that  water-tube  boilers  rarely  exceed  a  condition  of 
forcing  which  will  evaporate  more  than  6  lb.  of  steam  per 
hour  per  sq.ft.  of  boiler-heating  surface,  whereas  5  lb.  per 
hour  seems  to  be  the  limit  for  high-pressure  boilers  of  any 
other  tjT)e;  similarly  practice  with  boilers  operated  at  pres- 
sures of  100  lb.   and  under  indicated  that  3  lb.  of  steam 
per  hour  was   a   reasonably   high   figure.     These   relieving 
rates   were   therefore   adopted;   the   provision   of   Par.   270 
limiting  the  rise  of  pressure  to  6  per  cent,  above  the  maxi- 
mum allowable  working  pressure  being  ample  for  protec- 
tion against  any  boiler  emergency,  as  in  case  the  evaporation 
is  over  the  figure  specified,  additional  safety-valve  capacity 
must  be  added  to  meet  this  requirement. 

Par.  270.  The  safety-valve  capacity  for  each  boiler  shall 
be  such  that  the  safety  valve  or  valves  will  di.scharge  aU 
the  steam  that  can  be  generated  by  the  boiler  without  allow- 
ing the  pressure  to  rise  more  than  6  per  cent,  abov'e  the 
maximum  allowable  working  pressure,  or  more  than  6  per 
cent,  above  the  highest  pressure   to  which  any  valve  is  set. 

Case  No.  227 
Inquiry  a :  Is  Par.  12  of  the  Boiler  Code  intended  to  pro- 
hibit the  use  of  cast  iron  on  boiler  nozzles,  flanges  and 
supporting  lugs  for  any  temperature  or  pressure?  And 
does  the  rule  permit  the  use  of  cast  iron  on  superheater 
mountings  for  temperatures  of  less  than  450  deg.? 

Par.  12.  Cast  iron  shall  not  be  used  for  nozzles  or  flanges 
attached  directly  to  the  boiler  for  any  pre.ssure  or  tempera- 
ture, nor  for  boiler  and  super-heater  mountings  such  as 
connecting  pipes,  fittings,  valves  and  their  bonnets,  for  steam 
temperatures  of  over  ihO  deg.  F. 

Reply:  Par.  12  is  not  intended  to  prohibit  the  use  of  cast 
iron  for  supporting  lugs  or  for  boiler  nozzles  or  flanges, 
provided  such  nozzles  or  flanges  are  not  attached  directly 
to  the  boiler  or  used  for  temperatures  in  excess  of  450  deg.  F. 
Inquiry  h:  How  far  from  the  boiler  are  the  Rules  of  the 
Boiler  Code  intended  to  apply?  That  is,  do  they  cover 
beyond  the  second  stop  valve  and  do  they  extend  indefinitely 
along  the  header  and  steam  pipe? 

Reply:  The  rules  are  intended  to  apply  to  the  boiler 
structure  only  as  far  as  and  including  the  nozzles  or  flanges 
attached  directly  to  the  boiler  and  to  the  various  acces- 
sories and  appliances  as  specified.  In  Par.  305  of  the  Code, 
provisions  are  made  to  allow  for  expansion  and  contrac- 
tion of  steam  mains  and  for  the  use  of  steam  reservoirs 
on  the  steam  mains  in  case  there  are  pulsations  of  the 
steam  currents  that  might  cause  vibration  of  the  boiler 
shell  plates.  This  paragraph  is  included  for  the  protection 
of  the  boiler  and  is  not  intended  to  have  a  bearing  on  the 
general  subject  of  design  of  steam  mains. 

Par.  305.  Steam  ilains.  Provisions  shall  be  made  for  the 
expansion  and  contraction  of  steam  mains  connected  to 
boilers,  bv  providing  substantial  anchorage  at  suitable  points, 
so  that  there  shall  be  no  undue  strain  transmitted  to  the 
boiler.  Steam  reservoirs  shall  be  used  on  steam  mains  when 
heavy  pulsations  of  the  steam  currents  cause  vibration  of  the 
boiler  shell  plates. 
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Engineering  Council  Notes 

Contributed  by  M.  0.  Leighton,  Chairman 
National  Service  Committee 


Engineers  who  were  enrolled  in  the  Reserve  Corps  at  the 
beginning  of  the  war  will  be  interested  in  the  circumstances 
related  below.  How  many  engineers  had  a  similar  ex- 
perience? All  who  did  are  urged  to  send  a  detailed  state- 
ment to  the  National  Service  Committee. 

The  following  letter  was  addressed  to  the  American 
Society  of  Civil  Engineers  by  cne  of  its  associate-members 
resident  in  the  Philippines,  and  finally  came  to  the  Wash- 
ington office  of  Engineering  Council: 

The  American  Society  of  Civil  Engineers, 
Dear  Sirs: 

As  you  are  doubtless  aware,  the  American  Society 
of  Civil  Engineers  during  the  war  played  a  very  con- 
siderable part  in  obtaining  the  services  of  engineers 
for  the  Army.  Literature  descriptive  of  the  Engineer 
Officers'  Reserve  Corps  was  circulated  throughout  our 
membership  aud  the  society's  appeal  for  men  was 
probably  responsible  for  a  very  large  number  of 
volunteers.  In  view  of  this  fact,  I  am  taking  the 
liberty  of  advising  you  of  certain  instances  in  which 
the  War  Department  through  the  Chief  of  Engineers 
seems  to  have  violated  the  agreement  under  which  the 
engineer  officers  were  induced  to  offer  their  services. 
Among  other  things,  we  were  informed  that  reserve 
corps  officers  when  ordered  to  active  duty  would  receive 
the  pay  and  allowance  that  officers  ordinarily  do  when 
changing  stations.  Any  number  of  western  engineers, 
several  of  them  located  in  Alaska,  applied  for  commis- 
sions in  the  first  engineer  reserve  corps.  After  their 
applications  had  gone  forward  the  reserve  corps  was 
abolished  by  the  War  Department.  Without  receiving 
any  information  to  this  efl"ect  these  men  were  tele- 
graphed offers  of  commissions  in  the  Engineers,  U.  S.  A. 
They  were  accepted  and  ordered  to  Camp  A.  A. 
Humphreys,  Va.,  for  duty  as  students.  Upon  their 
arrival  there  they  were  informed  that  they  would  re- 
ceive no  travel  allowances  at  all.  The  seven  cents  a 
mile  that  they  expected  was  not  due  them  because  they 
had  accepted  commissions  in  the  regular  army,  not 
in  the  reserve  corps.  This  was  the  first  intimation 
that  they  had  as  to  their  new  status.  Most  of  the 
men,  particularly  those  from  Alaska,  had  been  to  a 
very  considerable  expense  in  traveling,  as  much  as 
$350  in  some  cases. 

Another  instance,  one  which  covers  my  own  case, 
occurred  as  follows:  Some  twenty-five  or  thirty  of  us 
entered  the  service  in  the  Philippine  Islands.  We  were 
discharged  in  the  States,  most  of  us  in  the  eastern 
part.  Our  discharges  came  just  too  late  to  catch  the 
December  transport  for  the  Philippines,  so  we  were 
forced  to  wait  for  the  January  boat  which  arrives  in 
Manila  about  February  15.  We  were  thus  over  two 
months  without  pay,  our  army  pay  having  stopped  on 
the  date  of  our  discharge  and  our  pay  as  civilians  not 
beginning  until  our  arrival  in  the  Philippines.  Antici- 
pating these  conditions,  some  of  the  men  requested  that 
they  be  ordered  to  the  Philippines  and  discharged 
there  or  that  they  be  returned  to  the  inactive  list  in 
the  reserve  corps  so  that  they  could  return  to  their 
homes  with  pay.  Both  of  these  requests  were  refused 
and  the  men  discharged  along  with  the  rest. 
On  May  1  a  letter  was  addressed  to  the  Secretary  of 
War  in  which  the  above  communication  was  quoted  with 
a  request  as  follows : 

Will  you  be  good  enough  to  inform  Engineering 
Council  through  the  undersigned  whether  the  facts  as 
related  in  the  letter  above  quoted  are  interpreted  by 

the  War  Department  in  the  same  way  as  by  Mr. 

and  whether  there   is   an  official   intention   to   present 
the  facts  to  Congrress  for  the  purpose  of  securing  au- 
thority to  reimburse  discharged  engineer  officers  of  the 
Army  whose  experiences  were  similar  to  the  above. 
Up  to  May  24  no  response  had  been  received  from  the 
War  Department,  but  we  have  hopes.     While  the  author 
of  the  above  letter  recites  an  unfortunate  train  of  circum- 
stances,   which    seemingly    reflects    discredit    on    someone, 
judgment  should  be  tempered  with  consideration. 


Charles  Edwin  Knox 

Charles  E.  Knox,  one  of  New  York's  leading  consulting 
electrical  engineers,  died  at  the  age  of  47  years,  Sunday 
evening  at  St.  Luke's  Hospital,  New  York  City,  after  a 
short  illness  of  blood  poisoning.  Mr.  Knox  was  bom  Sept. 
17,  1871,  at  Atlanta,  Ga.  He  came  to  New  York  City  at 
an  early  age,  attended  New  York  City  College,  and  the 
School  of  Mines  at  Columbia  University,  graduating  as  an 
electrical  engineer  in  1892.  After  graduating  he  was  em- 
ployed, in  research  work,  in  the  laboratories  of  Queen  & 
Co.,  Philadelphia,  Penn.  In  1893  Mr.  Knox  took  the  "Ex- 
pert's Course"  of  the  General  Electric  Co.,  at  Lynn,  Mass., 
and  at  the  end  of  the  year  entered  the  employ  of  C.  O. 
Mailloux  as  engineering  assistant  in  the  general  practice 
of  consulting  engineering.  From  1907  to  1913  he  practiced 
as  consulting  engineer  under  the  firm  name  of  C.  O.  Mail- 
loux &  C.  E.  Knox,  and  since  May,  1913,  has  practiced 
consulting  engineering  under  his  own  name  at  101  Park 
Ave.,  New  York  City. 
.   Mr.  Knox  has  always  been  greatly  interested  in  labora- 


CHARLES    EDWIN   KNOX 

tory,  mechanical  and  electrical  work  and  when  the  School 
of  Mines  at  Columbia  University  opened  their  course  of 
electrical  engineering  in  1889  he  made  application  and  was 
admitted  in  1890. 

The  particular  branch  of  engineering  practice  to  which  his 
office  is  devoted  is  the  designing  of  electric-light  and  power 
equipments  for  industrial  plants,  office  buildings,  hotels, 
factories  and  hospitals,  department  stores,  etc.,  and  elevator 
installations  of  all  kinds.  Some  of  the  more  important 
building  installations,  in  New  York  City,  on  which  he  has 
acted  as  consulting  engineer  on  the  elevator  and  electrical 
equipment  include  the  Wolworth,  Municipal,  Equitable, 
Metropolitan  Life,  Pennsylvania  and  Commodore  Hotels, 
Columbia  University  Buildings,and  Metropolitan  Museum  of 
Fine  Arts. 

In  all  Mr.  Knox  has  been  consulting  electrical  engineer 
on  several  hundred  buildings  in  various  parts  of  this  coun- 
try. He  was  considered  an  elevator  expert  of  the  highest 
standing,  the  height  of  the  Equitable  Building  being  deter- 
mined by  his  report  made  to  the  owners  on  the  estimated 
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tlcvator  trunic  of  thai  building'.  AmoriK  his  many  war 
iiftivitii'S  ho  was  cojisiiltiiitr  fiijrinccr  on  the  elovalor  instal- 
lation in  tho  I'.  S.  Army  Base  nuildintrs  in  Brooklyn  and 
Boston,  tho  Brooklyn  building  having  an  installation  of  90 
olovators. 

Mr.  Knox  was  a  monibor  of  many  societies  and  clubs 
nmon^  which  arc:  Fellow  in  the  American  Institute  of  Elec- 
trical Enk'inecrs,  menibor  of  tho  New  York  Electrical  So- 
ciety, Institute  of  Consulting  En^'ineers,  EnKinoers'  Club 
of  Now  York,  Columbia  University  Club  and  Columbia 
University  School  of  Mines  Alumni  Association. 

A.  S.  M.  E.  Spring  Meeting) 

The  American  Society  of  Mechanical  Enjrineers  will  hold 
its  sprinjr  meeting  in  Detroit,  Mich.,  June  6-19,  with  head- 
quarters at  the  Hotel  Statler.  Monday  forenoon  will  be 
occupied  by  registration  of  members  and  visitors,  council 
and  business  meetinjrs,  etc.  In  the  evening  Mayor  .lames 
Couzens  will  make  an  address  of  welcome.  On  Tuesday 
forenoon  followinp:  the  professional  session  will  be  the  re- 
search session  under  the  auspices  of  the  Research  Com- 
mittee. The  papers  to  be  presented  at  this  session  are  as 
follows:  "The  Present  Condition  of  Research  in  the  United 
States,"  by  Arthur  M.  Greene,  Jr.;  "Research  Work  on 
Malleable  Iron,"  by  Enrique  Touceda;  "Reports  of  Sub- 
Committees  on  Flow  Meters,  Bearing:  Metals  and  Lubrica- 
tion"; "The  Ortranization  and  Conduct  of  an  Industrial 
Laboratorj',"  by  A.  D.  Little  and  H.  E.  Howe.  The  Indus- 
trial Relations  sessions  will  be  held  in  the  afternoon,  at 
which  the  following  papers  will  be  presented:  "Industrial 
Personnel  Relations,"  by  Arthur  M.  Young  (contributed  by 
the  Chicago  Section);  "The  Status  of  Industrial  Relations," 
by  L.  P.  Alford;  "Certain  Aspects  of  the  Management 
Problem,"  by  Magnus  W.  Alexander.  Simultaneous  ses- 
sions will  be  held  on  Wednesday.  At  the  Mid-West  Sections 
session  the  following  papers  will  be  presented:  "Central 
Station  Heating  in  Detroit,"  by  J.  H.  Walker,  and  "Produc- 
tion of  Liberty  Motor  Parts  at  the  Ford  Plants,"  by  W.  F. 
Vemer — both  contributed  by  the  Detroit  Section;  "Fire  En- 
gines and  the  Essentials  of  Fire  Fighting,"  by  C.  H.  Fox 
(contributed  by  the  Cincinnati  Section);  Electrical  Method 
for  Measuring  the  Flow  of  Fluids  in  Pipes,  by  J.  M.  Spitz- 
glass  (contributed  by  the  Chicago  Section).  At  the  Gas 
Power  session  J.  W.  Morton  will  present  a  paper  on  "Crude- 
Oil  Motor  versus  Steam  Engines  in  Marine  Practice." 
Simultaneous  sessions  will  also  be  held  on  Thursday.  At 
the  Fuel  session:  "Pulverized  Coal  as  a  Ftiel,"  by  N.  C. 
Harrison;  "Economy  of  Certain  Arizona  Steam -Electric 
Power  Plants  Using  Oil  Fuel,"  by  C.  R.  Weymouth;  "Pul- 
verized Coal  for  Stationary  Boilers,"  by  H.  G.  Bamhurst 
and  Frederick  A.  Scheffler.  At  the  General  session:  "Ele- 
ments of  a  General  Theory  of  Wing  Design,"  by  Walter  C. 
Durfee;  "Air  Fans  for  Driving  Electric  Generators  on  Air- 
planes," by  Capt.  G.  Francis  Gray,  Lieut.  John  W.  Reed 
and  P.  N.  Elderkin;  "Mechanical  Lifts,  Past  and  Present 
and  a  New  Method  for  Their  Balancing,"  by  Lieut.  J.  F. 
Robbins;  "General  Equations  for  the  Design  of  Riveted 
Butt  Joints,"  by  A.  A.  Adler;  "The  Economical  Section  of 
a  Water  Conduit,"  by  Gary  T.  Hutchinson.  Arrangements 
have  been  made  for  trips  to  many  of  the  big  local  plants. 

Chicago  Section  A.  S.  M.  E.  Qose  Season 

On  May  29  at  the  Hotel  LaSalle  the  Chicago  Section 
of  the  American  Society  of  Mechanical  Engineers  held  its 
last  meeting  of  the  season.  It  was  ladies'  night  and  there 
was  music  by  the  orchestra  and  community  singing.  Chair- 
man Lord  read  in  part  the  report  of  the  Aims  and  Organ- 
ization Committee  and  outlined  briefly  some  of  the  radical 
resolutions  that  are  to  be  presented  at  the  spring  meeting 
in  Detroit.  These  resolutions  recognize  the  progressive 
thought  of  the  day  relative  to  the  engineer  and  his  rela- 
tion to  his  work,  the  need  of  guiding  legislation  relating 
to  engineering,  and  the  necessity  of  closer  cooperation  be- 
tween engineering  bodies  all  along  the  line.  One  of  the 
big  things  suggested  was  the  formation  of  an  independent 
organization  having  the  power  to  speak  for  the  engineering 


profession,  this  to  be  made  up  of  htcal  state  and  national 
groupH  of  the  various  societies.  Industrial  enKinoerinjr  was 
considcrod  technical  and  on  a  par  with  other  engineering 
work. 

The  speaker  of  the  evening  was  Dr.  William  S.  Sadler, 
who  gave  a  very  interesting  addresn  on  "StrcHs  and  Strain," 
dealing  with  physical  engineering  from  the  health  stand- 
point. 

For  the  coming  season  the  nominating  committee  selected 
the  following  sec-lion  odicers,  who  were  unanimously  elected: 
A.  L.  Rice,  chairman;  J.  L.  Ilecht,  vice-chairman;  G.  R. 
Brandon,  secretary;  J.  M.  Stannard  and  F.  A.  Lindberg, 
other  members  of  the  executive  committee. 

Worcester  Engineers  Meet 

The  Worcester  Section  of  the  American  Society  of 
Mechanical  Engineers  held  its  May  meeting  and  dinner 
at  the  Hotel  Bancroft  on  Wednesday  evening.  May  28.  The 
speakers  were  Major  John  V.  Tinsley,  chainnan  of  the  Wor- 
cester Fuel  Conservation  Committee,  whose  subject  was 
Fuel  Serving  in  Industrial  Plants  as  Affected  by  War-time 
Necessity,  and  Dr.  Ira  F.  Hollis,  who  talked  upon  Recogni- 
tion for  Distinguished  Work  in  Mechanical  Engineering  and 
Encouragement  toward   Better  Service. 

Major  Tinsley  said  that  in  1917  plants  his  committee  had 
recommended  an  average  of  five  changes  per  plant,  or 
revisions  in  plant  or  practice,  85  per  cent,  of  which  had 
been  complied  with  before  subsequent  inspection.  No 
recommendations  were  made  which  required  new  apparatus 
or  an  extensive  overhauling.  The  principal  sources  of  un- 
necessary loss  were  belts  too  tight  or  too  loose,  motors 
running  underloaded,  shafting  out  of  line,  uncovered  high- 
pressure  steam  pipes,  machines  running  idle,  open  doors 
and  windows,  dirty  windows  making  more  artificial  light 
necessary.  Large  savings  were  made  by  revising  boiler 
room  practice  and  indicating  engines.  Much  educational 
literature  was  circulated. 

In  the  late  summer  or  early  fall  of  1917,  17  plants  used 
31,232  tons  of  coal  per  month.  In  the  corresponding  months 
of  1918  the  same  plants  used  27,104  tons  with  practically 
the  same  number  of  operatives  at  work.  The  average  sav- 
ing was  11.9  per  cent,  for  the  large  plants,  as  against  21.6 
for  the  small.  Thirteen  plants  purchasing  power  used  in 
1917  474,841  Inv.-hr.  and  in  the  same  months  of  1918  387,806 
kw.-hr.,  a  saving  of  18.3  per  cent.  The  six  larger  showed 
an  average  saving  of  17.8  per  cent.,  the  seven  smaller  29 
per  cent. 

Dr.  Hollis  presented  the  results  of  an  exhaustive  study  as 
to  what  the  scientific  and  engineering  societies  of  this  and 
other  countries  are  doing  in  the  way  of  recognition  of 
meritorious  service;  something  that  shall  be  the  equivalent 
of  the  distinguished  service  medal,  something  to  let  one 
know  that  he  stands  well  with  the  kind  of  men  who  know 
the  kind  of  work  that  he  is  doing  America  is  behind  the 
older  countries  in  this  respect,  and  the  American  Society  of 
Mechanical  Engineers  has  done  little  beyond  conferring 
honorary  memberships  and  awarding  prizes  for  papers  from 
juniors. 

Annual  Convention  of  the  N.  G.  E.  A. 

On  June  2  and  3  the  National  Gas  Engine  Association  held 
its  twelfth  annual  meeting  at  the  Hotel  Sherman,  Chicago. 
The  convention  was  divided  into  several  group  sessions  deal- 
ing with  the  commercial  end  of  the  business,  the  stationary 
and  oil  engine,  the  farm  engine,  the  tractor,  the  farm  light- 
ing plant  and  accessories.  In  these  various  sections  num- 
erous interesting  papers  dealing  mostly  with  trade  and 
sales  problems  were  presented.  At  a  Victory  dinner  Tues- 
day evening  the  topics  of  discussion  were  "American  Branch 
Banks  Abroad"  and  the  "Relations  of  Capital  and  Labor 
Before  and  After  the  War."  Officers,  elected  for  the  en- 
suing year  were:  L.  M.  Ward,  president;  T.  C.  Menger, 
first  vice  president;  Henry  Kennedy,  second  vice  president; 
0.  M.  Knoblock,  treasurer;  H.  R.  Brate,  secretary;  Richard 
De  Forest,  1  year;  F.  E.  McKee,  2  years,  George  Cormack, 
3  years,  executive  committee. 
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New  Construction 


Charlefl  A.  Greene,  Ctiicago  representa- 
tive for  The  Borden  Co.,  of  Warren,  Ohio, 
has  opened  an  office  at  Room  501,  549  West 
Washington    Boulevard,    Chicago. 

William  I.,.  De  Baufre  has  resigned  his 
position  with  the  Naval  Engineering  Ex- 
perimental Station,  Annapolis,  Md.,  to  be- 
come designing  engineer  of  the  Precision 
Instrument  Co.,  Detroit,   Mich. 

John  K.  Allen,  dean  of  the  college  of 
engineering  and  architecture,  University  of 
Minnesota,  has  been  appointed  director  of 
the  Research  Bureau  of  the  American  So- 
ciety of  Heating  and  Ventilating  Engineers. 
He  will  take  charge  of  the  work  on  Aug.   1. 

8.  C.  Orrell,  recently  manager  of  the 
Minneapolis  otTice  of  the  Allis-Chalmers 
Mi^nufacturing  Co.,  of  Milwaukee,  has  re- 
signed to  assume  charge  of  the  Chicago 
office  of  the  Murray  Iron  Works  Co.  of  Bur- 
lington, Iowa. 

Frederick  L.  Ray,  who  has  had  charge 
of  the  power  plants  of  the  Merchants'  Heat 
&  Light  Co.,  Indianapolis,  and  previous  to 
that  was  for  nine  years  superintendent  of 
steam  equipment  with  the  Louisville  Rail- 
way Co.,  has  accepted  a  position  ac  super- 
intendent of  power  plants  of  the  Union 
Traction  Co.  of  Indiana. 

John  D.  Cameron,  who  formerly  carried 
on  a  jobbing  and  steam  supply  business 
at  Providence,  R.  I.,  has  been  succeeded 
by  Cameron  &  Ingalls  Engineering  Co.  at 
125  Canal  St.,  same  city.  Chauncey  H. 
Ingalls,  who  is  the  additional  member  of 
the  firm,  has,  for  a  number  of  years,  been 
associated  with  the  United  States  Finish- 
ing Co.  as  mechanical  superintendent  of  its 
various  plants,  will  have  charge  of  the 
engineering  department  of  the  new  com- 
pany. 
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Engineering  Affairs 


The  Canadian  Association  of  .Stationary 
Engineers  will  hold  its  next  annual  con- 
vention  at    Brantford,    Ont.,    June    24-26. 

The  .American  Boiler  Manulactnrers'  As- 
sociation will  hold  its  thirty-first  annual 
convention  at  the  Lafayette  Hotel,  Buffalo, 
N.  Y.,  June  23-24.  An  interesting  program 
is  being  arranged. 

The  Material  Handling  Machinery  Manu- 
facturers' Association  will  hold  a  coalition 
meeting  at  the  Hotel  Astor,  New  York 
City,  on  June  11,  which  should  interest  all 
manufacturers  of  mechanical  handling 
equipment.  Many  speakers  of  note  will 
address  the  meeting,  and  at  the  general 
"forum"  discussion  which  will  be  conducted 
in  the  afternoon  there  will  be  taken  up 
the  subjects  of  ways  and  means  for  pro- 
moting a  more  general  knowledge  of  the 
great  economies  which  may  be  effected 
through  the  use  of  mechanical  handling 
equipment,  etc.  A  mass  gathering  of  vari- 
ous clubs  and  city  officials  is  planned  for 
the  evening  session. 

The  Institution  of  Operating  Engineers 
of  Fhiladelpliia  held  its  May  meeting  on  the 
19th  at  the  Philadelphia  Yacht  Club  at 
Essington,  on  the  Delaware  River.  The  in- 
stitution is  composed  of  most  of  the  chief 
engineers  of  Philadelphia;  was  instituted 
September  22,  1899.  and  incorporated  under 
the  laws  of  Pennsylvania  October  13,  1899. 
It  ia  now  in  a  flourishing  condition. 
Through  the  efforts  of  the  committee  the 
mstltution  was  tendered  an  invitation  to 
visit  the  plant  of  the  Hog  Island  Ship- 
yard. Every  member  was  delighted  and 
surprised  at  the  gigantic  work  that  has 
been  accomplished  in  so  short  a  time  at 
this  plant.  After  looking  through  the  yard, 
they  were  escorted  on  the  ship  ".Sangus" 
which  was  about  ready  for  sea.  The  en- 
gine and  boiler  room  was,  of  course,  the 
most  interesting  part  of  the  ship  to  the 
members.  After  leaving  the  shipyard  the 
party  proceeded  to  the  Philadelphia  Yacht 
Club,  where  a  bountiful  repast  was  served. 
Mr.  McLaughlin,  the  Director  of  Supplies 
of  Philadelphia,  made  the  speech  of  the 
evening.  This  was  followed  by  speeches 
by  the  past  presidents  present,  and  others. 
There  were  eighty-three  present,  and  all 
voted  the  meeting  a  very  pleasant  affair. 
The  president  this  year  is  Robert  Cheney, 
chief  engineer  of  the  Stock  Exchange  Build- 
ing. The  Secretary  and  Treasurer  is  Wm. 
T>.  Mahn,  of  Walsh  Packing  Co. 


BOSTON — Current  prices  per  gross  ton  f.o.b.  New 
York  loading  ports: 

Anthracite 

Company 
Coal 

Egg $7  80®  7  95 

Stove 7  95@8    15 

Chestnut 8.05@8  35 

Bituminous 

Cambrias 
and 
Clearfields       Somersets 

F.o.b.  mines,  net  tons $2   I5(S,2.75  $2.75(d!3  25 

Philadelphia,  gross  tons. ...    4  27c«!4.9<     5.95(!i5.50 

New  York,  groaa  tons, 4,62C"j5.29     5,29(u5.85 

Alongside    Boston    (water 

coal),  gro.ss  tons 6.10®6,85     6.90@7  55 

Pocahontas  and  New  River  are  quoted  at  $4  70 
@5.25  f.o.b.  Norfolk  and  Newport  News,  Va.,  for 
spot  coal,  and  $7.2D(3!8.60  alongside  Boston,  these 
prices  being  on  a  gross  ton  basis. 

NEW  YORK— Current  quotations.  White  Ash 
per  gross  tons,  fob.  Tidewater,  at  the  lower  ports* 
are  as  follows: 

Company  Company 

Mine     Cireular  Mine     Circular 

Broken   $6.05       $7  90        Pea ".90         5.65 

Egg...      5  95         7  80        Buck- 
Stove..      6.20         8  05  wheat      3.40         5.15' 
Chest-                                     Rice...      2  75         4.50 
nut...     6.30         8.15        Barley.     2.25         4.00 

Bituminous 

Spot  Contract 

South  Forks $2.90®  $3.25  $2.95  @  $3.50 

Cambria    County 

(good  grades) 2.75®    2  95      2  95  @ 

Clearfield  County. . .    2.50®     2  75      2.80® 

Reynoldsville 2.50®     2.75       2  75  @ 

Quemahoning 2.65®    2  85       2.95® 

Somerset  County 

(best  grades) 2.50®    2  75       2.95® 

Somerset  County 

(poorer grades)....    2  00  @     2  35       2.50® 
Western  Maryland .  .    2  25  @     2  50       2.50® 

Fairmont 2  00  @     2  25       2  35  @ 

Latrobe 2.10®    2.25       2  25® 

Grecnsburg 2  25  @     2.35       2  35  @ 

Westmoreland 2.60®    2.75       2.60® 

Westmoreland     run- 

of-mine 2.35®    2.60       2  35  @  2.65 

Quotations  at  the  upper  ports  for  both  bituminous 
and  anthracite  are  5c.  higher  on  account  of  the 
difference  in  freight  rates,  and  are  exclusive  of  the 
3%  war  freight  tax.     i 

PHILADELPHIA— The  price  per  gross  ton  f.o.b. 
cars  at  mines  for  line  shipment  and  f.o.b.  Port 
Richmond  for  tide  are  as  fellows: 


3  25 
2.95 
2  95 
3.  10 

3.10 


2  60 
2  75 


Broken 
Egg. . . 

Stove 6.30 

Nut 6  40 

Pea 5.00 


Line  Tide 
$5.95  $7  80 
6  05     7  90 


15 
8  25 
6.60 


Buckwheat 

Rice 

Boiler 2.50 

Barley 2.25 

Culm 1 .  25 


Line     Tide 

$3.40  $4.45 

2.75     3  65 


3  50 
3  15 
2.15 


CHICAGO — Current   prices   per   ton   for  Illinois 
and  Indiana  coal  are  as  follows: 

Illinois 

Southern  Northern 

Williamson,  Saline  and       Illinois  Illinois 

Williamson  Counties      F.o.b.  Mines  F.o.b.  Mines 

Prepared  sizes $2.55®$2.75  $3.25 

Mine-run 2.35®  2.50  3.00 

Screenings 1 .  85®   2  20  2.75 

BIRMINGHAM — Current  prices  per  net  ton  f.o.b. 
mines  are  as  follows: 


Slack  and 

Mine-Run 

Prepared 

Screenings 

Big  seam 

$2.45 

$2.75 

$2  40 

Black  Creek  and 

Cahaba 

3.45 

3.75 

3.05 

Jagger    -    Pratt 
Corona 

2.85 

3.05 

2.45 

Blacksmith 

5.25 

Domestic   quoations,   slightly    increased,    are   as 
follows: 

Lump  and  Nut 

Black  Creek  and  Cahaba 3. 95®$4. 60 

Corona 3  50 

Jagger 3.50 

Montvallo 5.00 

ST.  LOUIS — The  prevailing  circular  per  net  ton 
f.o.b.  mines  is  as  follows: 


Mt.  Olive 

and 
Staunton 


Standard 


Franklin  County 
Prepared  sizes,  lump, 

egg,  Nos.    I  and  2 

nut   $2  75     

Williamson  County 
Prepared  sizes,  lump, 

egg,  nut $2   55       $2.55         $2  00W2  25 

Mine-run 2.35         2.20  l.60®1.75 

Screenings 2.20         2.05  I.I5®I.30 

3-in.  lump 2.30 

2-in.lump I.75@l.90 

Williamson-Franklin  rate  to  St    Louis  is  $1.07; 
hoter  rates  92>c 


TROrOSKD    WORK 

N.  II.,  Nashua — The  Nashua  Manufac- 
turing Co.  will  in.stall  a  steam  heating  plant 
in  the  7  story,  122  x  560  ft.  factory  which 
it  plans  to  build.  Total  estimated  cost, 
$750,000.  Lockwood-Greene  &  Co.,  101 
Park  Ave.,  New   Vork  City,  Bngr. 

Mass.,  Springfield — The  National  Equip- 
ment Co.,  GG2  North  Main  St.,  has  awarded 
the  contract  for  the  construction  of  a  3 
story.  100  x  372  ft.  factory,  to  A.  E. 
Stephens  Co.,  128  Chestnut  St.  A  steam 
heating  system  and  electric  power  will  be 
installed  in  same.  Total  estimated  cost. 
$100,000. 

Conn.,  Bridgeport — The  Columbia  Grapho- 
phone  Co,  Barnum  Ave.,  will  install  a 
steam  heating  plant  and  electric  power  in 
the  6  story,  80  x  240  ft.  factory  which  it 
plans  to  build.  Total  estimated  cost, 
$200,000. 

Conn.,  Oreenwieh — R.  A,  Cowles,  c/o  P.  F 
French  Co.,  Arch.,  299  Madison  Ave.,  New 
York  City,  will  install  a  steam  heating 
plant  in  thei  12  or  15  story  hotel  which  it 
plans  to  build  on  Boston  Rd.  and  Green- 
wich Ave.     Total  estimated  cost,  $1,000,000. 

N.  Y.,  Brooklyn — The  Avondale  Building 
Co.,  c/o  Shampan  &  Shampan,  Arch.,  50 
Court  St.,  will  install  a  steam  heating 
plant  in  the  theatre  which  it  plans  to  build 
on  Coney  Island  Ave.  and  East  12th  St. 
Total   estimated   cost,   $250,000. 

N.  Y.,  Brooklyn — The  Bureau  of  Yards 
&  Docks,  Navy  Department,  Washington, 
D.  C,  will  receive  bids  until  June  11  for 
building  an  extension  to  the  heating  plant 
and  distribution  system  at  the  Naval  Hos- 
pital here.  Estimated  cost,  $830,000.  Speci- 
fication  No.   3891. 

N.  Y.,  Brooklyn — B.  A.  Cushman  Sons, 
Inc.,  49  Manhattan  St..  New  York  City, 
will  install  a  steam  heating  plant  in  the 
3  story,  140  x  200  ft.  bakery  which  they 
plan  to  build  on  Atlantic  and  Troy  Ave. 
Total  estimated  cost,  $100, noo.  L.  S.  Beards- 
ley,  40  West  32nd  St.,  New  York  City, 
Engr. 

N.  Y.,  Brooklyn — Parshelsky  Bros.,  John- 
son Ave.,  will  install  a  steam  heating  plant 
in  the  1  story,  200  x  200  ft.  factory  which  It 
plans  to  build  on  Morgan  and  Montrose 
Ave.  Total  estimated  cost,  $150,000.  L. 
Allmendinger,  20  Palmetto  St.,  Arch. 

N.  Y..  Cohoes — The  Board  of  Education 
received  bids  for  installing  heating  plant  in 
the  high  school,  from  C.  Dwver,  18  Chucta- 
nunda  St..  Amsterdam,  $29,253.  Tooker  & 
Marsh,  101  Park  Ave.,  New  York  (Tlity, 
Engr.      Noted  Jan.   14. 

N.  Y..  New  York — J.  Eichler  Brewing  Co,. 
3582  3rd  Ave.,  has  had  plans  prepared  by 
A.  G.  Koenlg.  Engr.,  405  Lexington  Ave., 
for  altering  its  3  story,  62  x  .S4  ft.  iC3 
plant  on  169th  St.  near  3rd  Ave.  Esti- 
mated  cost,   $37,000. 

N.  Y.,  New  York — D.  L.  Elliman  &  Co.. 
15-17  East  49th  St.,  will  install  a  steam 
heating  plant  in  the  10  story.  34  x  100 
ft.  office  building  which  it  plans  to  build 
on  49th  St.,  between  5th  and  Madison  Ave. 
Total  estimated  cost,  $150,000.  Cross  & 
Cross,   681   5th  Ave.,   Engr. 

N.  Y..  New  York — The  W.  Fox  Film 
Corp..  126  West  46th  St.,  will  install  a 
steam  heating  plant  in  the  3  story,  100  x 
190  ft.  studio  which  it  plans  to  build  on 
10th  Ave.,  between  .'.5th  and  56th  St.  Total 
k?stimated  cost  $1,000,000.  Owni^r  Kvill 
build  by  day  labor  under  the  supervision 
of  A.  Allen,  128  Broadway,  New  York  City, 
Representative. 

N.  Y..  New  York— The  League  of  Politi- 
cal Education,  15  West  44th  St.,  will  install 
a  steam  heating  plant  in  the  5  story,  100 
X  125  ft.  institute  which  it  plans  to  build 
on  43rd  St.  and  Broadway.  Total  estimated 
cost,  $150,000.  McKimm.  Mead  &  White, 
101   Park  Ave.,   Arch. 

N.  Y.,  New  York — F.  W.  Schweirs  & 
Sons,  52  Vanderbilt  Ave.,  will  install  a 
steam  heating  plant  in  the  3  story,  100  x 
100  ft.  warehouse  which  it  plans  to  build 
on  nth  Ave.  and  4  8th  St.  Total  estimated 
cost,  $100,000.  R.  T.  Lyons,  Inc.,  52  Van- 
derbilt Ave.,  Arch. 

N.  Y.,  New  York — The  Springfield  Tire 
Co..  200  West  ."^Tth  St.,  will  install  a  steam 
heating  plant  in  the  4  story,  100  x  115  ft. 
warehouse  and  1  story,  60  x  100  ft.  service 
station  which  it  plans  to  build  on  10th 
Ave.  and  54th  St.  Total  estimated  cost, 
$100,000.  E.  Necarsulmer,  507  5th  Ave., 
Arch. 
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N.  v..  nnUmnnr* — Tho  Board  of  R<liiea- 

llOII     l«     liMilMlIK      lililH     Inr      IIIHlllllllIK      .<     IKIW 

hi'iklliiK  iinti  VfiiilliilliiK  HVHlt'iii  III  III!'  Miiplo 
SI    mtiool.      ICfltlinntcd  cost,   $16,000 

N.   J.,   Jrmr)    <"ll,v — Tlio    noanl    of   Com- 

lltlllllldill'rH    lllllllN    to     lllXt:ill     II     HliMIIII     hi'iltlllK 

pinni.  Ill  (■oiifii'i'ttiii)  with  InillilliiK  III!  ailill- 
llon  to  thr  lio.splial  on  liiilitwiii  Ave,  iiiiil 
MontKonu'ry  .St.  Totiil  cHtlniaU'il  co«t, 
$900.(1(1(1.  K  Sutton.  80  UrOiulwiiy.  New 
York   City.    ICncr. 

renii.,  NhcnuiKlniUi — Tho  city  la  hiivin*; 
plans  prcpariMl  by  Cannoll.  Si'clyi-  &  Klrm- 
iii(r.  I'lncrs.,  2('l  I.o.-umI  St..  llarrl«l)UiK.  for 
Iniprovliiir  till'  wall  iworks  .syslcni.  to  In- 
cludi-  pimiplii^'  .si.iiion  puiiipH.  niolor.  etc. 
I>.  T.   ISlov.r.  Clly   IOiikp. 

!.«..  New  Orlrnn*  Thi>  American  SuRiir 
TvcflnliiK  Co.  \.\2  Nortli  Pi-tcrs  St..  plans 
to  n>nio<U'l  lt«  powor  plant  anil  In.Mlall  now 
dynamos  and   machinery. 

Ohio,  rirvrliind— W.  Vretm.Tn.  413  Kn- 
trlneors  HUIk  .  will  Install  a  steam  healinR 
plant  in  the  2  story.  9r.  x  120  ft.  commer- 
cial building  and  thealri>  which  it  plans  to 
huild  on  West  117th  St.  and  Lorain  Ave. 
Total  estimated  cost.  $12.'i.OOO.  Wliltworth 
&   Johnson,    413    Engineers    BldR.,    Arch. 

Ohio,  Kent — The  Kent  Hotel  Co  h.as  ' 
awarded  the  contract  for  the  constniction 
of  a  .•?  slorv  hotel,  to  the  Crowell-Iaiiidoff 
Little  Co..  5716  Ruclid  Ave.  Cleveland. 
A  steam  heatinp  plant  will  be  installed  In 
same.     Total  estimated  cost.  Jl.SO.OOO. 

Ind.,  Perrysville — The  Perrysville  Stove 
Works  is  in  the  market  for  ,'i  motor  for 
machine  shop,  blower  for  cupelo  and  trav- 
eling crane,   etc. 

Mich.,  Marquette — The  City  Commis- 
sioners will  receive  bids  until  June  16  for 
the  construction  of  a  lipht  and  power  plant. 
T.  W.  Orblson.  Appleton,  Engr. 

Mich.,  Royal  Oak — The  Board  of  Educa- 
tion. Peter  Smith  Bldg..  Detroit,  will  In- 
stall a  steam  boiler,  pump  and  accessories 
in  the  school  which  it  plans  to  build  on 
Berkley  Ave.  C.  A.  Dunton,  Pres.  Van 
Leven,  Schilling  &  Keough,  1115  Union 
Trust  Bldg.,  Detroit.  Arch. 

111.,  ChicnBo — The  Independence  State 
Bank.  121.i  South  Kedzie  St..  has  awarded 
the  contract  for  the  construction  of  a  3 
story.  66  x  US  ft.  bank  on  12th  St.  and 
Kedzie  Ave.,  to  R.  Sollit  &  Sons  Con- 
struction Co.,  5  South  Wabash  Ave.  A 
steam  heating  plant  will  be  installed  in 
same.     Total  estimated  cost,   $125,000. 

ni.,  Chicago — J.  L.  Kraft  Bros.  Cheese 
Co.,  359  River  St..  will  install  a  steam 
heating  plant  in  the  6-story,  120  x  275  ft. 
factory  which  it  plans  to  build  on  Oak  and 
Crosby  St.  Total  estimated  cost,  $500,000. 
.\rchitect  not  selected. 

lU.,  ChicaRo. — The  National  Tea  Co., 
2715  West  North  Ave.,  will  install  a  steam 
heating  plant  in  the  6-story.  120  x  125  ft 
warehouse  which  it  plans  to  build  on  Oak 
and  Crosby  St.  Total  estimated  cost.  $275,- 
100.  J.  B.  Bohm  &  Son,  13S  North  La 
Salle  St.,  Arch. 


WU.,  Hheboyrian — The  Wadham  Oil  Co., 
.I.'iii  Clliiloii  St.,  IH  In  ihe  niurket  for  Hovitni) 
imiiipH  and  .'•  i-eiitririiKiil  K'ui  tiinkN  to  l)i 
InMtalli'd  In  the  2-Hlury.  00  x  l.'id  ft.  wiiro- 
linuxe  which  It  pliiiiH  to  build  on  .MIchlK'in 
Ave  I.elHer  &  IlolHt,  I0.'>  WullH  St.,  Mil- 
waukee.   .\rrh. 

WU.,  Hhehoycan — C.  A.  Ilonold.  821 
PeiinHylviinla  Ave.,  will  receive  bids  until 
June  15  for  lh<-  construction  of  a  Id  x  '.lO 
ft.  HtoruKe  battery  and  elucLricul  Htatlon. 
Kstlmuled  cost,  $20,000.  EnKlnuor  not  80- 
loctod. 

Minn.,  Albert  Lea — C.  J.  Dudley,  City 
Clk..  will  soon  award  tho  contract  for  build- 
Inn  a  1.5011,000  gal.  reservoir,  125,000  gitl. 
lank  and  lower,  both  KOO  gal.  per  minute, 
centrifugal  pump  direct  conected  to  a  15 
h.p.  steam  turbine,  piping,  valves  and  water 
mains,  etc.  Estimated  cost.  $50,000.  J.  H. 
A.  Brahlz,  506  (Chamber  of  Commerce 
nidg.,  St.  Paul,  Engr.  Former  bids  re- 
jected. 

Minn.,  nibbInK — The  Oliver  Mining  Co., 
Wolvin  Hldg.,  Dululh.  will  install  a  steian 
heating  plant  with  mechanical  ventilating 
system  In  the  3  story,  45  X  150  ft.  ho.Mpital 
i\liieh  it  plans  to  build  on  4th  Ave.  and 
.Me.saba  St.     Total  estimated  cost.   $250,000. 

Kan.,  HuyH — The  state,  c/o  J.  A.  Kim- 
l>all.  State  House.  Topeka,  will  receive  bids 
until  June  10  for  one  250  hp.  auto  hori- 
zontal side  crank  engine,  276  rp.m.,  100 
lb.  pressure.  4  valve  or  uniform  type,  with 
one  150  k.v.a,.  200  v.  SO  cycle,  3  phase 
d.c.  generator;  two  25  k.w.  and  two  15 
kw.,  220  to  110  volts  transformers;  also  an 
auto  lubricating  system.  R,  o.  Gamble. 
Topeka.   .\rch. 

Kan.,  Kansas  City — The  city  will  receive 
bids  until  June  18  for  one  10,000  or  one 
6.000  k.w.  turbo  generating  unit  .  iwo  600 
hp.  water  tube  boilers  and  auto  stokers; 
1  turbine  driven  boiler  feed  pump ;  and 
1  brick  and  concrete  transformer  house ; 
1  sub-station  complete  poles,  coffers  and 
material  for  new  lines.  A.  H.  Strickland, 
Purch.  Agt.     W.   Barclay,  City  Engr. 

Kan.,  OsweKo — The  city  voted  $50,000 
Innds  for  the  construction  of  a  light  and 
power  plant.  Plans  include  the  installation 
of  oil  burning  engines  of  sufficient  capacity 
to  take  care  of  the  growth  of  the  town 
for  many  years.     Noted   March   25. 

N.  D.,  Leeds — The  city  plans  to  build  a 
500.000  g.al.  steel  tank  on  a  100  ft.  steel 
tower,  a  lOO.OOO  gal.  reservoir  and  settling 
basin  :  brick  pump  house  and  also  the  in- 
stallation of  a  100  gal.  per  minute  pump 
with   engine,    etc.      Estimated   cost,    $35,000. 

Mo..  St.  Loui8 — The  Argonne  Realty  Co., 
2407  North  Broadway,  will  install  a  steam 
heating  plant  in  the  5  story,  62  x  219  ft. 
hotel  which  it  plans  to  build  at  3664  Wash- 
ington  St.      Total   estimated   cost,    $250,000. 

Mo.,  St.  Loois — The  Maxwelton  Amuse- 
ment Co.,  c/o  the  Lindell  Theatre.  Grand 
and  Herbert  St.,  plan  to  convert  the  mer- 
cantile building  into  a  theatre  and  install 
air  cooling  and  ventilating  system  in  same. 
Total  estimated  cost,  $110,000.  W.  Gold- 
man. Pres. 


Mo.,  Ht.  Loalu — H.  M.  MulHicun,  Cornniln- 
Hloiier  of  School  llullillliKH.  Utii  lUlil  LoeUHl 
.St..  In  receiving  I>I<In  for  furnlHhInK  <uid  In- 
HtlllllllK  :•  eliM-lrIc  Ki'llenilor  UllllH  III  HI. 
LoiiIh  high  mi'IioiiIh  .  3  iinltH  to  be  3-phiise, 
iiliiTiiiiiInK  current  inoior  drive,  120  lip.  ui 
40  rallng;  2  iiiilln  to  lie  3  pliaMe,  iilternat' 
Ing  current  motor  drive,  I  on  hp.  ul  4o  nil - 
Ing  :  inotiirH  to  Ix'  3  pliiiHe,  fi(l  c-yclo,  222 
voli  wound  rotor  wllh  Mllp  rltigH  liaviiiK  (• 
.synelironoUH  speed  of  !IO(l  r.p.in  and  loaded 
eatiaclly  Hpeed  of  KH5  r.p  ni.  Itidllng  to  be 
of  endleHH  iitid  high  griule  double  oak 
tanned  leiillier  with  :i  short  lap  of  iiol 
less  than  12  In.  wide  I'lilleys  to  be  r<5giilii- 
tlon  Kockwood  papir  pulleys,  heavy  <liity. 
2  minute  Htarlliig  drum.  I'oncruto  fouiidu.- 
lioiiH  and  Iron  ralllngn  reiiulred  for  etu:li 
motor.  liaseM  to  be  not  less  than  18  Inches 
In   thickness. 

ful.,  Anaheim— R  B.  Merrltt.  City  Clk  . 
will  soon  award  tho  contract  for  furnish- 
ing a  1350  fu  12-ln.  and  300  fu  4-ln.  c.l. 
water  pipe ;  also  a  deep  well  pump  and 
motor. 

Cal.,  Inglrwond — Tho  city  vote<l  $217,000 
bonds  for  the  construe  Ion  of  a  wate.r^vork^ 
system.  Plans  Include  the  installation  of 
wells,  pumps,  stand  pipe,  reservoir  and  dis- 
tribution system,  or  (he  purchase  of  pump- 
ing plant  and  distribution  system  of  the 
Inglewood  Water  Co.  and  extending  and 
Improving  same.  Olmsted  &  Olllelen,  1113 
Hollingsworth  Bldg.,  Los  Angeles,  Kngra. 
Noted   April    1. 

P.  K.  I..  North  wiltHhlre — The  Depart- 
ment of  Public  Works.  Ottawa.  Ont,  will 
soon  award  the  contract  for  the  construc- 
tion of  a  pump  house,  vocational  building, 
etc.,  at  the  Dalton  Sanitorium  here.  R.  C. 
Desrochers,   Secy. 

Ont.,  Larder  Lake — The  Associated  Gold 
Fields  Mining  Co..  Toronto,  plans  to  build 
a  10,000  hp.  hyiiro-electric  power  plant 
here.  A.  J.  Moore,  Barnes  St.,  Gouvemeur, 
N.  Y.,  Supt 

CONTRACT    AWARDED 

Conn.,  Waterbury — The  American  Brass 
Co.,  Grand  and  Meadow  St,  has  awarded 
the  contract  for  the  construction  of  a  1 
story  power  house  on  Washington  Ave., 
to  H.  R.  Kent  Co..  141  Broadway,  New 
York  City.     Estimated  cost,  $60,000. 

N.  Y.,  Watertown — The  Reebes  Island 
Power  Corp.  will  build  a  new  7000  hp.  elec- 
tric generating  plant.  Estimated  cost,  from 
$30,000  to  $50,000.  Work  will  be  done  by 
day  labor. 

Penn.,  Hershey — The  Hershey  Chocolate 
Co.  will  build  a  4,000  hp.  power  plant  Work 
will  be  done  by  day  labor. 

Ohio,  Cleveland — The  Jordan  Motor  Co., 
1010  East  152nd  St.,  has  awarded  the  con- 
tract for  the  construction  of  a  1  story. 
40  X  60  ft.  power  plant  to  the  Hunkin-Con- 
key  Co.,  601  Century  Bldg.  Estimated  cost, 
$40,000. 

Mo.,   St.   LoniB — Swift   &   Co.,    866   South 

Vandeventer  St.,  has  awarded  the  contract 
for  the  construction  of  a  1  story,  50  x  165 
ft.  boiler  house  at  746  South  Vandeventer 
St..  to  the  Collins  P.ros..  536  Pialto  Bldg., 
Kansas  Citv.  Estimated  cost,  $19,000. 
Noted  April  22. 
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SAFETY  FIRST  IN   THE  POWER   PLANT 

By  WALDO  WEAVER 

Considerable  attention  should  be  given  to  safety  in  the  power  plant,  as  one  accident  usually 
costs  many  times  more  than  lavish  expenditures  for  the  purpose  of  preventing  such  accidents. 

Economy  in  design  or  in  repairs  is  too  often  responsible  for  very  serious  disasters,  which  dis- 
asters are  afterward  referred  to  as  unfortunate. 

Power-plant  designers  and  operators  should  always  keep  in  mind  that  the  best  is  none  too 
good. 


BOILER  ROOM 


1.  Make  it  a  rule  that  firemen  or  water  tenders  shall  not  indulge 
in  lengthy  conversations,  as  such  cause  them  to  forget  their 
duties. 

2.  Chains  attached  to  quick-closing  gage-glass  valves  should 
be  of  such  length  that  firemen  must  reach  above  their  heads 
to  pull  them  shut.  On  one  occasion  a  man  was  observed  in  the 
act  of  pulling  the  valves  shut  while  talking  to  the  fireman.  He 
unconsciously  had  used  the  chain  as  a  rest. 

3.  Impress  upon  firemen  and  water  tenders  that  they  must 
blow  water  columns  when  coming  on  duty.  This  old  rule  is 
too  often  disregarded  in  large  plants. 

4.  Boiler  cleaners  and  repairmen  should  be  given  strict  orders 
that  they  must  never  enter  a  boiler  without  first  telling  the 
fireman  in  charge  and  see  to  it  that  blowoff  valves  and  feed 
valves  are  shut  tight. 

5.  In  large  plants  no  person  should  be  allowed  to  crawl  into  a 
furnace  or  boiler  without  first  advising  the  chief  fireman. 

6.  When  boilers  are  dropped  for  cleaning  and  repairs,  both 
steam-nozzle  valves  should  be  closed  tight.  Plug  valves  on 
feed-water  lines  should  also  be  closed,  as  firemen  or  water  tenders 
have  opened  the  feed  valves  on  dead  boi'ers  by  mistake. 

7.  Provide  stationary  steel  ladders  on  both  sides  of  all  boilers, 
preferably  one  at  the  front  and  one  at  the  back.  Exit  to  the 
boiler-house  roof  should  also  be  provided. 

8.  Never  permit  ash  handlers  to  crawl  into  ashpits.  If  the 
design  used  makes  this  necessary,  change  the  design.  Conveyors 
adapted  to  the  layout  usually  save  their  first  cost  in  the  first  year 

9.  Boiler-room  basements  in  large  plants  should  be  provided 
with  several  avenues  of  escape  in  case  a  tube  or  a  steam  pipe 
should  burst.   The  men  should  be  taught  to  use  all  exits. 

10.  Stairways  should  be  properly  illuminated,  so  as  to  prevent 
stumbling. 

11.  Electric  hand  lanterns  should  be  hung  at  suitable  locatio  s 
for  use  when  the  lights  go  out.  Large  sizes  should  be  provided 
30  that  employees  will  not  take  ihem  home. 

12.  Doors  to  furnaces  should  be  provided  with  safety  automatic 
latches.  This  should  be  applied  to  underfeed-stoker  doors,  as 
nien  have  been  painfully  burned  while  dumping  fires.  Neglect- 
ing to  close  damper  in  duct  to  overfeed  element  will  cause  this 
Various  makes  of  stokers  should  be  so  eauipped  as  to  prevent 
coals  and  fire  from  being  blown  out  at  tne  front  when  a  tube 
lets  go. 

3.  B  ckel  conveyors  should  be  properly  protected.  Cross- 
over platforms  with  guard  rails  should  be  installed.  Workmen 
should  be  cautioned  against  crawling  over  conveyors. 

14.  Boiler-room  employees  should  be  cautioned  agairvt  step- 
ping into  water,  as  it  may  be  scalding  hot. 

15.  Kidding,  goosing  and  playing  tricks  should  be  absolutely, 
prohibited.  Costly  litigation  has  resulted  from  injuries  incurred 
while  playing. 

16.  Damper  counterweights  should  be  hung  close  to  the  floor, 
to  keep  workmen  from  being  struck  by  a  falling  weight. 

17.  Adequate  sewers  should  be  installed  and  should   be   kept 

18.  Large  plants  should  employ  a  power-house  inspector  to 
give  special  attention  to  safety  first  in  the  power  plant. 


ENGINE  AND  PUMP  ROOMS 


1.  Engine  or  turbin< 
that  they  may  be  do 
that  can  be  opened  oi 
are  packed  too  hard, 
as  certain  mak< 


;    throttle    valves  should    turn  easily, 
sed  quickly  in  case  of  emergency.    Valv 
closed  only  by  a  bar  or  a  monkey  wren 
Valves  should  not  be  opened  with  a  spi 
have  a  tendency  to  lock  in  an  open 


position.     It  is  advisable  to  teach  op>erators  to  close  all 
one  turn  after  opening  to  prevent  such  a  possibility. 


alves 


speed  devices  should  be 
eek. 


2.  Emergency  engine  and  turbine  i 
inspected  and  used  at  least  once  eac 

3.  Many  wrecks  could  be  averted  by  making  periodical  in- 
spections. Strange  knocks  and  noises  in  engines  should  be 
followed  up  immediately. 

4.  Hourly  and  half-hourly  patrols  of  operators  in  filling  in  logs 
are  instrumental  in  preventing  hot  bearings,  accidents,  etc. 

5.  Steam  headers  are  too  often  neglected.  Experts  should  be 
called  in  if  necessary  to  overcome  dangerous  vibration. 

6.  Foot  valves  of  pumps  are  generally  neglected.  These  should 
be  inspected,  cleaned  and  repaired  at  least  once  each  year. 

7.  Centrifugal  boiler-feed  pumps  fail  at  the  critical  mornent 
because  they  have  not  been  inspected,  cleaned  and  repaired. 

8.  Centrifugal  fire  pumps  have  been  known  to  be  shut  down  or 
wrecked  because  the  oil  cooler  was  allowed  to  fill  up  with  mud. 


causing  the  oil  to  get  hot  and  fo 
and  wrecked  blading. 


Lit.  resulting  in  hot  bearings 


bee  a 
beei 


cs,  turbines  and  pumps  have  be^ 
elief    valves   were   not   installed 
in  disuse  so  long  that  they  failed 


kvrecked  and  ruined 
because  they  had 
ction  when  the 


ed.    Relief  valv 


i  to  endanger 


hould  not  discharge  in  such 


10.    Stea 
When  install 


>  often  Ic 


,ted  in  out-of-the-way  places. 

;llars,  bright  lamps  should  be 

ihould  be  blown  out  daily 

■ty  days.    The  packing 

ips  should   be  removed 

^   \early,    as  renditions 


When  installed  m  basements  or  cellars 
located  directly  over  tiietn  Traps  shi 
and  inspected  not  less  than  once  in  nii 
of  the  trunnion  stuffing-boxes  of  tilt  t 
and  new  packing  applied  once  or  twi 
may  demand. 

II.  Overflows  and  ball  floats  should  be  inspected,  cleaned  and 
repaired  when  the  feed-water  heater  is  cleaned,  os  heaters  have 
been  blown  up  due  to  b.coniing  filled  with  water  and  setting  up 
water-hammer. 


12.  Air  compressors  should  not  be  over-lubricuted,  as 
oil  has  caused  very  disastrous  explosions.  The  aii  intake  should 
be  screened  and  the  air  supply  taken  from  a  point  where  it  will 
be  free  from  dust.  Where  concrete  or  brick  diets  are  used  for 
intakes,  they  have  been  known  to  crack,  crumble  and  fall  down, 
due  to  vibration.  Intercoolers  and  aftercoolers  should  be 
inspected  and  washed  at  proper  periods. 


13.   T 

eng' 


ich  care  cannot  be  giv 
neers  and  switchboard  operatoi 
ided  both  in  front  and  back  of  : 


to  protectmg  OF>eratmg 
Rubber  mats  should  be 
chboards.  Cable  joints, 
splices  and  connections  at  generators,  motors,  etc  .  should  be 
heavily  covered  to  prevent  shock.  In  this  connection  it  is  best 
lo  teach  operators  to  let  alone  those  things  back  of  the  board 
which  they  do  not  thoroughly  understand. 
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HIS  .six  hundred  -  toil  re- 
riijr«'nitinjr  capacity  plant, 
operated  by  the  Quarter- 
master Corps  of  the  A.  E.  F., 
is  located  in  the  departure 
yard  of  the  American  Docks 
at  Ba.'^sens,  near  Bordeaux, 
France.  Construction  began 
June  1,  1918,  and  the  first 
refrigerating  machine  was 
put  into  operation  Oct.  29, 
1918.  On  Nov.  8  the  first 
carload  of  beef  was  unloaded 
into  the  plant.  Thus  in  the 
incredibly  short  space  of  five 
months  there  had  been  erect- 
ed one  of  the  most  modern 
cold-storage  plants  in  exist- 
ence with  material  which, 
excepting  for  the  cork  used 
in  the  insulation  of  the  rooms,  had  all  been  transport- 
ed from  the  United  States  to  France.  It  has  a  total  ca- 
pacity of  six  thousand  tons  of  beef  quarters  or  ten 
thousand  tons  of  box  meats;  24,000  head  of  carcass 
beef  could  be  stored  in  its  rooms,  sutficient  to  feed  an 
army  of  one  million  men  for  sixteen  days.  Most  of  the 
meat  shipped  to  this  plant  is  carcass  beef  wrapped  in 
cheesecloth  and  then  covered  with  burlap.  Recently, 
however,  boneless  beef  boxed  is  being  received.  The 
beef  is  boned  and  boxed  in  the  packing  plants  in  the 
Cnited  States  and  labeled  "Hinds"  and  "Fores."  Twenty 
per  cent,  of  the  carcass  is  bone,  and  by  packing  beef  in 
this  manner  a  similar  saving  in  cargo  space  is  effected. 
The  direct-expansion  system  of  refrigeration  is  used 
throughout  the  plant.  The  refrigerant  is  ammonia.  The 
plant  proper  consists  of  two  main  buildings,  one  con- 
taining the  coolers  or  storage  rooms  and  the  other  the 
mechanical  equipment. 

The  storage  building  is  704  ft.  in  length  and  112  ft.  in 
width.  It  is  divided  into  four  separate  rooms  with 
loading  dock  surrounding  the  north  and  south  sides  and 
east  end  of  the  building.  A  corridor  8  ft.  wide,  with  an 
insulated  w'all  separating  it  from  the  main  rooms,  ex- 
tends the  entire  length  of  both  sides.  The  construction 
is  of  wood  excepting  the  cork  used  for  the  insulation. 
The  ceiling  is  12  ft.  high,  and  a  thoroughly  ventilated 
loft  forms  the  roof  of  the  building.  Approximately  six 
inches  of  cork  insulation  is  used  throughout.  The  floor 
has  a  layer  of  concrete  5  in.  thick  on  top  of  the  insula- 
tion. Suspended  from  the  roof  in  each  room  is  approxi- 
mately 70,500  ft.  of  2-in.  pipe,  divided  into  eleven  sets  of 
coils,  each  coil  connected  into  a  common  header.  Installed 
in  each  corridor  is  22,600  ft.  of  2-in.  pipe,  divided  into 
four  sets  of  coils  connected  into  the  room  header.  Two 
separate  li-in.  lines  cross-connected  take  care  of  the 
liquid-amm.onia  supply.  All  section  headers  connect  into 
two  cross-connected  6-in.  lines  running  directly  through 
two  accumulators  to  the  ice  machines.  All  ammonia 
lines  are  covered  where  necessary  with  sectional  molded 
Nonpareil  cork  insulation.     The  joints  are  hermetically 


.sealed  with  special  cement.  Suitable  provision  is  made 
for  expansion  of  all  lines  throughout  the  plant. 

The  engine  room  is  150  ft.  long,  53  ft.  wide  and  26 
ft.  high.  It  is  constructed  of  structural  steel  frame- 
work with  outside  wood  sheathing.  The  boiler  room  ia 
adjacent  to  the  engine  room,  with  a  fire  wall  between. 

There  are  four  225-hp.  return-tubular  horizontal  wa- 
ter-tube boilers  connected  in  batteries  of  two  each  with 
one  smoke-stack  57  in.  in  diameter  and  85  ft.  high  for 
each  battery.  Each  boiler  has  110  4-in.  tubes.  The 
grates  are  of  the  hand-shaking  type  with  an  area  of  49 
sq.ft.  The  boilers  are  designed  for  a  working  pres- 
sure of  150  lb.,  and  are  fitted  with  mechanical  flue 
blowers,  automatic  shutoff  steam  valves,  blowoff  valves 
and  blowoff"  cocks.  The  boiler-feed  system  consists  of 
two  duplex  steam  pumps  and  one  2*-in.  steam  injector, 
all  cross-connected  to  pump  through  two  individual  feed 
lines.  An  8-in.  steam  header  is  connected  to  the  ice 
machines  by  a  6-in.  line  fitted  with  steam  .separators  and 
suitable  traps.  Draft  gages,  pyrometer  and  Orsat  flue 
gas  testing  apparatus  form  part  of  the  boiler-room 
equipment.  The  feed-water  heater  is  of  the  open  type 
and  has  a  capacity  of  1200  horsepower. 

The  engine-room  equipment  consists  of  three  Vilter 
ammonia  compressors  each  of  200  tons  refrigerating  ca- 
pacity, at  15  lb.  suction  pressure  and  185  lb.  condenser 
pressure,  driven  by  cross-compound  condensing  stearn 
engines.  Steam  and  exhaust  piping  are  so  connected  that 
either  cylinder  can  be  operated  independent  of  the  other. 
All  machines  are  equipped  with  gravity  oiling  system 
and  steam  cylinders  with  force-feed  lubricators.  Steam 
and  ammonia  rods  and  valve  stems  are  packed  with  me- 
tallic packing  throughout. 

Baromi:tric-Type  Steam  Condenser 

The  steam  condenser  is  of  the  barometric  type  with  a 
condensing  capacity  of  20,000  lb.  of  steam  per  hour.  Con- 
densing water  is  drawn  from  a  storage  tank  on  the  en- 
gine-room roof,  which  collects  the  water  flowing  over  the 
ammonia  condensers.  This  water  is  pumped  from  the 
condenser  by  a  reciprocating  steam  pump  having  a  ca- 
pacity of  15,000  gal.  per  min.,  drawing  from  a  150,000- 
gal.  capacity  concrete  reservoir.  The  surplus  water 
from  the  ammonia  condensers  not  u.sed  in  the  steam 
condenser  is  circulated  through  a  separate  cooling  sys- 
tem on  top  of  the  reservoir,  effecting  a  large  saving 
in  the  water  consumed.  The  main  water  supply  to  the 
plant  is  pumped  from  an  artesian  well  in  the  immediate 
vicinity.  *In  addition  to  this  a  12-in.  line  can  be  opened 
from  the  pumping  station  at  the  Gironde  River,  a  dis- 
tance of  approximately  6000  ft.  from  the  plant.  In  ad- 
dition to  the  reciprocating  steam  pump  a  2000-gal.  per 
min.  steam-turbine  driven  centrifugal  pump  suitably 
connected  is  held  in  reserve.  A  steam-driven  recip- 
rocating air  pump  withdraws  the  air  and  vapor  from 
the  steam  conden.sers. 

An  atmospheric-type  ammonia  condenser  erected  on 
the  roof  of  the  engine  room  consists  of  four  banks  of 
five  coils  each,  20  ft.  long,  24  pipes  high,  of  2-in. 
wrought-iron  pipe.     Each  coil  is  provided  with  a  purge 
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valve  and  each  bank  with  inlet  and  outlet  valve.  Two 
banks  of  five  coils  each  are  connected  to  a  common 
header.  Each  bank  is  supported  with  cast-iron  stands. 
The  cooling  water  is  distributed  from  galvanized  iron 
troughs. 

There  are  three  24-in.  diameter  by  15-ft,  long  liquid 
ammonia  receivers  installed  on  the  engine-room  roof 
below  the  ammonia  condensers,  and  a  600-ton  capacity 


purpose  of  trapping  liquid  ammonia  which  might  got 
through  into  the  compressors  and  precooling  the  liquid 
after  leaving  the  receivers  on  its  way  to  the  expansion 
coils.  Any  liquid  that  is  not  evaporated  in  the  precool- 
ing of  the  ammonia  is  returned  to  the  ammonia  re- 
ceivers by  a  steam-driven  reciprocating  pump. 

One  9  X  0-in.  pump-out  compressor,  driven  by  a  10  .x 
11-in.  steam  engine  enables  any  part  of  the  system  to 


VIEWS  OF  REFRIGERATING  PLANT  NO.  1.  A.  E.  F.,  XEAK  Ui  tUI  iKAlJX,    FIlAXCl.: 
Top.    left:    Beef   storage  house,   power  plant    in   the   right    background.      JlicUile.    left;    View    of    tlie    compressor    room       Bottom 
left:  Another  view  showmg  a  line  of  compressors.     Top,  right:   Exterior  of  compressor  plant,  showing  cooling  tower      Middle   right- 
Pistons,    motors,    pulleys  and  other   spare   parts.      Bottom,    right:    The   refrigerating   company   and   camp     near   the   plant      ' 


ammonia  purifier  is  installed  in  the  engine  room.  This 
consists  of  a  cylindrical  tank  with  internal  steam  coils. 
All  discharge  lines  are  equipped  with  suitable  oil  sepa- 
rators, which  connect  into  the  aforesaid  purifier.  In- 
stalled in  the  main  suction  lines  with  suitable  bypasses 
are  two  ammonia  accumulators.    These  serve  the  double 


be  pumped  out  without  affecting  the  operation  of  the 
main  ice  machines.  This  is  accomplished  through  suit- 
able pump-out  lines  connecting  all  parts  of  the  high-  and 
low-pressure  system. 

A  duplicate  system  of  lighting  is  in  use,  one  source 
being  supplied  by  the  French  central  station,  alternat- 
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iiiK'-iiiiTcnt  system,  tho  otht-r  from  ii  direct -current 
Konerator  operating  in  the  plant.  I'revious  to  the  in- 
stallation of  the  liirecl-ciirrent  e<|uipment  much  trouble 
and  inconvenience  were  experienced  throuRh  the  inter- 
ruption of  the  central-station  service,  caused  by  the  bi^ 
cranes  at  the  American  Dock.s  l)li)\vinK'  the  fu.ses  on  the 
"French"  switchboard. 

Where  necessary,  all  steam  lines  throughout  the  plant 
are  insulated  with  Sf)  per  cent.  maKnewia  steam-pipe 
covering. 

Spare  parts  are  on  hand  for  all  enjrine-room  equip- 
ment, indudinjr  ice-machine  crankshaft,  steam  and  am- 
monia pistons,  cylinder  heads  and  connect  inx-roda. 

In  the  vicinity  of  the  engine  room  a  machine  shop, 
equipped  with  all  necessary  iron  and  woodworking  tools, 
is  in  operation.  Close  by  is  the  blacksmith  shop  and 
oil-storai;re  house,  each  separated  from  the  other  build 
ings  for  tire  protection.  An  efficient  tire-tighting  sys- 
tem is  available  throughout  the  plant. 

The  railroad-trackage  system  consists  or  tive  spur 
tracks,  running  from  and  forming  a  loop  with  the  main 
American  line.  One  track  runs  directly  in  front  of  the 
coal-storage  bin  at  the  boiler  room,  one  by  the  south  side 

DIMENSION'S   OK   EQUIPMENT 

Steam   boiler.s  ' 84  in.  dia.  x  18  ft.  Iouk 

(  Steam  10  in.  x  11  in. 
Pump  out    machine     { 

[  Ammonia     9  in.  x    9  Jn. 

I  Steam    i2  in.  X  42  in.  X  J2  ft 

Ice  niucliineti     . 

I  .\iiimoiiia    16  in.  x  32  in. 

Terry  steam  turbine   90  hp  .  1800  r.p.m. 

Boiler-feed   pumps,   outside-pacVted  duplex  .  12  x    7  x  10  in. 

Vacuum   pumps,    steam    driven    6|i  x  14  x    6  In. 

Liquid  ammonia,  simplex,  steam-driven   ...  10  x  4i  x  10  in. 

of  the  engine  room,  one  by  the  north  beef-loading  dock, 
and  two  by  the  south  beef-loading  dock.  It  is  possible  to 
load  eighteen  American  refrigerator  cars  at  each  dock 
at  the  same  time,  while  trackage  facilities  permit  of  the 
storing  of  one  hundred  cars. 

It  might  be  mentioned  that  during  a  period  of  nine 
hours  85  men  handled  a  total  of  1,600,000  lb.  of  beef.  It 
is  believed  this  record  has  never  been  equalled. 

The  camp  in  connection  with  this  plant  shelters  200 
men  under  canvas  and  has  barrack-building  housing  for 
103  men.  Running  hot  and  cold  water  is  supplied  for 
kitchens  and  washrooms  of  the  camp. 


Drainage  is  effected  by  an  clficient  sewerage  system. 
Where  necessary  grease  traps  or  catch  basins  have  been 
installed.  An  intercommunicating  telephone  system  is 
in  .service  in  addition  to  the  main  outside  lines. 

The  storage  rooms  are  held  at  10  (leg.  F.  lOngine  and 
boiler-room  crews  work  8-hour  watches.  Steam  and  am- 
monia cylinders  on  the  ice  machines  are  indicated  regu- 
larly. Ammonia  suction,  steam  condenser,  and  all  low- 
pressure  gages  have  a  permanent  connection  to  a  mer- 
cury column.  The  sump  in  tunnel  pit  is  drained  by  auto- 
matic  steam   siphon    (all   exhaust   pipes    In   a   tunnel). 

LIST   OK    KIHE-KIUHTINO    EQUIPMENT 

1  1600    Kal.    per    niiti.     Worlhington    Are    pump 
2000  ft.  of  fire  ho8(- 

4  Portable    hose   reeln 

13  Kire  axes. 

30  Pyrene    extlnguisherB 

40  Klre  buckets. 

3  60  G«l    chemical  extingulsherM 

P'eed  water  is  maintained,  with  auxiliaries  operating, 
around  208  deg.  to  210  deg.  F.  No  scale  deposits  in  the 
steam  boiler — in  feed-water  heater  only,  which  is 
cleaned  out  regularly.  Every  pound  of  coal  consumed  in 
the  boilers  is  weighed.  The  temperature  of  artesian- 
well  water  is  70  deg.  F.,  all  the  year  round  (used  in 
plant).  Ice-machine  operation  is  regulated  by  thermom- 
eter readings  taken  from  suction  and  discharge  lines. 
The  ice  machines  are  fitted  with  revolution  counters. 
Temperature  and  all  other  data  readings  are  taken  every 
hour. 

It  is  of  interest  to  note  the  thoroughly  American 
fashion  in  which  beef  is  handled.  All  beef  taken  into 
this  plant  has  been  shipped  from  the  United  States, 
crossing  the  ocean  in  American-built  refrigerated  ships, 
which  arrive  at  the  American  docks  at  Bassens.  From 
here  the  beef  is  transferred  to  this  plant  in  American 
cars  over  the  rails  of  the  American  railroad.  Later,  it 
is  distributed  throughout  France  and  the  American-oc- 
cupied territory  of  Germany  in  American  refrigerator 
cars. 

Since  Nov.  7,  1918,  there  have  been  taken  into  the 
plant  68,000,000  lb.  of  packinghouse  products,  and  ship- 
ped out  to  various  organizations  in  the  A.  E.  F.,  59,000,- 
000  pounds. 


Flume  of  Tennessee  Pov/er  Company  on  the  Ocoee  River,  Eastern  Tennessee 


The  lluiiir  .shown  is  used  to  convey  water  diverted  from  the  Ocoee  River  to  a  point  on  the  hill  site  below  where  a  fall  of  254 
tt.  is  obtained.  This  flume  is  14  ft.  2  in.  wide  by  10  ft.  9  in.  deep,  inside  dimensions,  and  has  a  capacity  of  1200  cu.ft.  per  sec. 
The  water  passing  through  this  flume  is  now  used  by  two  lO.Oim-hp.  turbines.  Power  is  transmitted  to  Chattanooga.  KnoxvUle. 
Xashville  and  other  cities  in  eastern  Tennessee.  The  engineering  and  construction  work  was  done  by  The  .1  O.  White  Engineering 
Corporation,   New    York,   to   whom  Poirrr  is  indebted  for  the  photograph. 


June  17,  1919 


POWER 


923 


A  Simple  Method  of  Determining 
Power-Factor  Correction 


By  RALPH  KELLY 


Power  factor  is  a  feature  in  power-plant  oper- 
ation that  is  of  ever-increasing  importance  to  the 
operating  engineer.  Therefore  a  simple  method 
(if  determining  the  power  factor  of  a  combina- 
tion of  loads  each  having  different  potver  factor 
should  pri'Ve  of  interet<t. 


THE  problem  of  correcting  the  power  factor  of  a 
power  line  of  known  characteristics  can  be  solved 
by  the  vector  addition  of  straight  lines  and  graph- 
ically represented  by  combining  the  different  induc- 
tive and  corrective  kilovolt-ampere  (kv.-a.)  loads.  This 
method  is  easily  comprehended  and  consists  in  the  actual 
plotting  of  the  various  kv.-a.  loads  in  their  logical  se- 
quence, with  their  correct  values  and  direction. 

The  fundamental  graphic  representation  of  a  given 
load  of  1000  kv.-a.  at  80  per  cent,  power  factor  for 
value  and  direction  is  shown  by  the  line  OA  in  Fig.  1, 
which  is  proportional  to  the  kv.-a.  The  angle  of  the 
line  OA  with  Oh'  is  such  that  the  cosine  of  the  angle 
AOB  is  0.80,  which  fulfills  the  requirements  of  80  per 
cent,  power  factor. 

The  most  convenient  way  of  determining  the  direc- 
tion of  any  kv.-a.  load  to  correctly  conform  to  its  power 
factor  is  by  the  use  of  a  "unit  circle,"  or  a  circle  whose 
radius  is  unity;  XY  in  Fig.  1  is  a  quadrant  of  such  a 
circle.  The  pi'ojection  of  any  radius  on  the  horizontal 
center  line  is  accordingly  the  cosine  of  the  angle  be- 


0 

FIG.    1.      VECTOR    DIAGKA.M 

OF  X  SINGLE  LOAD  ON 

A    SYSTEM 


ilG.    :;        \Ei'ToK    IHAUHA.M 

t)F    TWCJ     LOADS    ().\ 

A    SYSTEM 


tween  the  radius  and  center  line,  such  as  the  projection 
of  the  radius  DC  on  the  center  line  OB.  In  other  words, 
if  the  radius  OC  is  drawn  at  an  angle  to  the  center  line 
OB.  the  cosine  of  which  equals  0.80,  then  the  projection 
of  the  radius  OC  on  OB— that  is,  0/>»— equals  0.80  the 
length  of  OC. 

Thus  to  graphically  represent  a  load  with  a  given 
power  factor  it  is  only  necessary  to  plot  the  power 
factor  from  the  center  0  on  the  horizontal  center  line 
of  the  unit  circle;  then  project  upward  to  the  circle. 
The  line  through  the  origin  O  and  the  intersection  of 
the  upward  projection  with  the  circle  is  correct  for  di- 
rection of  the  kv.-a.  line.  The  kv.-a.  is  represented  by 
the  length  of  that  line  in  suitable  units.  Lines  which 
have  a  direction  above  the  reference  line  OB  repre.sent 
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inductive  loads,  and  lines  which  have  direction  below 
OB  represent  corrective  loads.  Accordingly,  loads  which 
have  the  direction  OB  represent  kilovolt-amperes  at 
unity  power  factor,  or  kilowatts;  while  vertical  lines 
represent  reactive  kilovolt-amperes  either  inductive  or 
corrective,  depending  on  whether  their  direction  is 
above  or  below  OB. 

A  typical  power  line  consists  of  a  number  of  kv.-a. 
loads  at  various  power  factors,  but  these  may  be  com- 
bined in  a  total  load 
and  power  factor 
equivalent  to  the  re- 
sultant of  the  indi- 
vidual loads  similar 
to  that  of  Fig.  1. 
The  resultant  load  on 
a  power  line  is  found 
by  obtaining  the  vec- 
tor sum  of  these  in- 
dividual loads.  For 
example,  assume 
that  a  line  has  an 
inductive      load     of 

1000  kv.-a.  at  80  per  cent,  power  factor,  as  in  Fig.  1. 
and  another  inductive  load  of  600  kv.-a.  at  60  per  cent, 
power  factor.  The  vector  addition  of  these  loads  is 
shown  in  Fig.  2.  To  do  this,  first,  with  O  as  a  center 
draw  the  quadrant  XY  with  any  convenient  radius  and 
call  the  length  of  this  radius  unity.  Next  lay  off  on  OB, 
from  0,  lengths  equal  to  the  power  factors  of  the  loads. 
In  this  case  OE  =  0.60,  and  OD  =  0.80  part  of  OB. 
equal  to  the  power  factors  of  the  600-kv.-a.  and  the  1000- 
kv.a.  loads  respectively.  Next  at  D  and  E  draw  vertical 
lines  upward ;  these  will  intersect  the  quadrant  at  C  and 
/■'  respectively.  Lines  drawn  fi-om  O  through  C  and  F 
will  give  the  correct  direction  of  the  1000-  and  600 
kv.-a.  load  lines  respectively.  Lay  off  0.4  equal  to  the 
lUOO-kv.-a.  load,  then  from  .4  draw  AG  parallel  to  the 
600-kv.-a.  load  line  OF  and  make  AG  equal  to  the  600 
kv.-a.  load.  If  0.4  represents  to  .scale  1000  kv.-a.,  then 
AG,  which  represents  to  scale  600  kv.-a.,  will  be  0.6  of 
OA.  Then  draw  OG,  and  this  line  will  represent  to 
scale  the  resultant  kv.-a.  load  un  the  system,  and  the 
projection  of  OH  on  OB  will  give  the  resultant  power 
factor.  The  resultant  of  these  two  loads  in  the  line  is 
OG.  which  has  a  value  of  1585  kv.-a.  and  intersects  the 
unit  circle  at  a  point  whose  horizontal  projection  on 
OB  is  0.74.  In  a  similar  manner  any  number  of  differ- 
ent loads  with  varying  power  factors,  either  inductive 
or  corrective,  may  be  combined  to  obtain  the  resultant 
load  and  power  factor  on  a  line. 

Consider  next  the  correction  of  a  power  line  of  low 
inductive  power  factor  by  the  addition  of  a  synchronous 
condenser,  by  assuming  that  it  is  desired  to  correct  the 
power  factor  of  the  line  represented  in  Fig.  2  by  OG, 
and  to  find  the  effect  of  the  addition  of  a  540-kv.-a. 
.synchronous  condenser  on  the  characteristics  of  the  line. 
The  line  OG  in  Fig.  3  is  the  same  in  value  and  direc- 
tion as  in  Fig.  2,  and  to  this  Hne  is  added  to  scale  the 
540-kv.-a.  condenser  load,  at  0  per  cent,  leading  power 
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factor,  ill  its  rirht  direction,  which  is  vertically  down 
ward.  The  kilowatt  loss  of  the  .synchronous  conden.scr 
is  nejrlected,  as  it  is  small  in  proportion  to  the  total 
kv.-a.,  therefore  it  hut  slinhtly  alTects  the  result.  The 
vector  sum  of  the  inductive  load  ()(l  and  the  condenser 
load  (iA  is  the  line  OA.  which  has  a  measured  value  of 
1290  kv.-a.  and  inter.sects  the  unit  circle  at  a  point  (' 
such  that  its  power  factor  is  90  per  cent.  In  a  similar 
manner  the  effei-t  of  addinjr  any  synchronous  condenser 
to  any  power  line  may  be  determined. 

In  correctiuir  the  line  power  factor  where  it  is  de- 
sired to  find  the  condenser  kv.-a.  required  to  correct  a 
power  line  of  given  characteristics  to  a  given  higher 
power  factor,  this  is  obtained  in  a  manner  similar  to 

& ssoak     r         ^       ? 
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the  calculation  in  Fig.  3.  For  e.vample;  to  find  the  con- 
denser kv.-a.  capacity  required  to  correct  the  1585-kv.-a. 
load  at  74  per  cent,  inductive  power  factor,  Fig.  2,  to 
90  per  cent,  power  factor.  The  given  load  is  drawn  with 
its  correct  value  and  direction,  and  then  a  line  OE,  Fig. 
3,  is  drawn  such  that  its  angle  with  OB  has  a  cosine  of 
0.90.  The  vertical  distance  between  G  and  the  line  OE 
drawTi  to  the  correct  scale  is  the  condenser  kv.-a.  that 
is  required  to  be  added  to  OG  to  correct  the  line  power 
factor  to  90  per  cent.,  which  in  this  problem  is  540 
kv.-a.  Similarly,  the  condenser  kv.-a.  required  to  cor- 
rect any  resultant  load  at  any  inductive  power  factor  to 
any  higher  power  factor  can  readily  be  determined. 

Another  common  problem  in  connection  with  power- 
factor  correction  is  that  of  calculating  the  effect  of  add- 
ing to  an  inductive  line  a  synchronous  motor-generator 
set  operating  at  leading  power  factor.  This  is  shown 
in  Fig.  4,  and  the  result  is  obtained  by  the  vector  ad- 
dition of  the  two  loads.  A  power  line  with  the  character- 
istics of  OG  in  Fig.  2  is  selected,  and  to  that  line  is 
connected  a  500-kw.  synchronous  motor-generator  set 
which  operates  at  80  per  cent,  leading  power  factor. 
In  this  case  the  loss  of  the  set  is  that  of  two  machines 
and  should  be  considered  for  reasonable  accuracy.  A 
value  of  10  per  cent,  for  the  motor-generator  set  losses 
is  a  sufficiently  accurate  figure  for  a  set  of  this  type. 
The  kilowatt  input  of  this  machine  will  be  500  -f  (10 
per  cent,  of  500)  =  550  kilowatts.  To  determine  the 
kv.-a.  input  at  80  per  cent,  leading  power  factor  and  90 
per  cent,  efficiency,  draw  GR.  Fig.  4,  making  it  equal  to 
any  convenient  unit  radius.  Then  with  GR  as  a  radius 
draw  the  quadrant  RS  and  taking  GE  equal  to  0.80  cor- 
riBsponding  to  the  80  per  cent,  power  factor  of  the  mo- 
tor-generator set,  drop  a  vertical  line  from  E  inter- 
secting the  quadrant  at  A'.  A  line  drawn  from  G 
through  K  will  represent  the  correct  direction  of  the 
kv.-a.  line  of  the  motor-generator  set  at  80  per  cent, 
power  factor.  To  determine  the  kv.-a.  length  of  this 
line,  lay  off  on  OR,  OF  representing  to  scale  the  550-kw. 


load  on  the  motor-generator  set,  and  from  F  drop  a 
vertical  line.  This  will  intersect  the  line  CK  at  A,  mak- 
ing (lA  e<iual,  to  scale,  the  kv.-a.  load  of  the  motor-gen- 
erator set  at  HO  per  cent,  power  factor.  OA  will  now 
give  the  resultant  kv.-a.  load  on  the  system.  A  vertical 
dropped  from  the  intersection  of  OA  with  XY  will  give 
01)  e(|ualing  0.9:55  |)art  of  OY  the  pf)wer  factor  of  the 
resultant  load  OA.  The  resultant  kv.-a.  OA,  Fig.  4,  is 
e(|ual  to  18.S5  at  93.5  per  cent,  power  factor  and  rep- 
resents the  line  characteristics  due  to  the  addition  of 
the  leading  power  factor  motor-generator  .set.  The  ef- 
fect of  the  addition  of  any  synchronous  motor-generator 
set  to  a  power  line  may  be  calculated  in  a  similar  man- 
ner. 

These  cases  cover  practically  all  the  conditions  likely 
to  o<cur  in  ordinary  practice.  A  problem  may  be  com- 
plicated by  a  combination  of  these  conditions,  but  it  can 
be  quickly  and  readily  solved  by  the  vector  addition  of 
the  various  loads  with  their  right  direction  and  mag- 
nitude. Care  must  be  taken,  however,  that  they  are 
combined  in  their  logical  sequence  as  they  occur  along 
the  line. 

The  foregoing  procedure  to  solve  power-factor  prob- 
lems is  simple  in  operation  and  has  the  advantage  over 
any  system  of  tables  or  curves  which  may  attain  sim- 
ilar results  in  that  it  graphically  represents  the  line  con- 
ditions and  minimizes  the  possibility  of  error. 


Royer  Flow  Indicator 


Realizing  the  need  of  a  simple  and  inexpensive  in- 
strument that  will  indicate  flow  in  steam,  gas,  oil, 
water  or  air  lines  and  will  be  used  generally  in  much 
the  same  way  that  a  pressure  gage  is  now  employed, 
L.  D.  Royer,  of  the  Ford  Motor  Co.,  has  perfected  and 
applied  for  letters  patent  on  such  a  meter.  He  has  em- 
ployed it  to  such  good  advantage  in  the  measurement 
of  lubricating  oil  to  the  bearings  of  turbines  and  reduc- 
tion gears  in  the  "Eagle"  patrol  boats  built  by  the 
company  and  in  the  measurement  of  steam,  water  and 
producer  gas  in  the  Highland  Park  plant,  that  the 
Sloan-Striker  Co.,  Detroit,  has  taken  over  the  device  for 
general  distribution. 

The  instrument  is  a  simple  adaptation  of  the  pitot 
tube,  with  an  inverted  U-tube  measuring  the  differen- 
tial between  the  dynamic  and  static  heads;  that  is,  giv- 
ing directly  the  velocity  head.  Knowing  this,  it  is  easy 
to  compute  the  quantity  flowing  and  prepare  a  chart 
covering  the  range  of  service  in  w'hich  the  meter  is  to 
be  employed.  Such  a  chart  is  supplied  with  the  meter, 
based  on  the  internal  diameter  of  the  pipe  to  which  it 
is  to  be  attached  and  on  the  temperature  and  pressure 
of  the  medium  to  be  measured.  The  scale  is  divided 
into  tenths  and  may  be  calibrated  into  gallons  per 
minuie,  cubic  feet  per  minute,  pounds  per  hour,  or  any 
unit  desired.  In  the  case  of  gas  or  steam  a  second  chart 
is  furnished  to  correct  for  variations  from  the  tempera- 
ture or  pressure  at  which  the  meter  is  expected  to 
operate. 

Reference  to  the  illustration  will  show  that  the  dy- 
namic, or  impact,  tube  points  up.  It  has  one  opening  and 
this  by  means  of  the  10-point  method  is  located  at  the 
mean  velocity  point.  In  small  pipes  where  this  method 
would  be  impractical,  the  opening  is  located  at  the  center 
of  the  pipe  and  the  proper  correction  factor  applied. 
The  correction  is  incorporated  in  the  chart.  The  static 
tube  is  concentric  with  the  dynamic  tube.     With  gas. 
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kerosene  is  used  as  the  measuring  fluid,  for  other 
mediums,  water  or  mercury,  depending  upon  the  velocity. 
For  low  velocities  the  instrument  is  inverted  and  the 
differential  read  in  inches  of  water.  When  it  is  desired 
to  place  the  instrument  on  a  gageboard  or  within  read- 
ing distance  from  the  floor,  the  nozzle  is  located  at  the 
required  point  in  the  pipe  line  and  connection  to  the 
meter  is  made  by  two  small  copper  tubes. 

There  has  been  no  attempt  to  make  the  instrument 
universally  applicable  to  all  sizes  of  pipe,  as  it  was  de- 
sired to  avoid  complication.  It  is  designed  specifically 
for  the  diameter  of  pipe  on  which  it  is  to  be  used  and  for 
the  prevailing  conditions  of  temperature  and  pressure. 
It  is  not  intended  to  replace  the  recording  meter,  but  may 
be  used  to  supplement  it.  The  meter  should  prove  valua- 
ble in  discovering  losses  originating  from  leaks  or  in 
testing  work.  It  should  be  useful  in  the  cooling-water 
line  to  the  condenser,  to  measure  water  for  the  boilers  or 
for  manufacturing  processes,  to  divide  the  steam,  water 
or  air  services  in  a  plant,  to  indicate  oil  flow  to  a  tur- 
bine, and  a  variety  of  similar  uses. 

For  testing  work  where  different  pipe  diameters,  me- 
diuni.s  and  conditions  would  be  encountered,  a  portable 
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instrument  has  been  designed.  It  is  similar  to  thi« 
stationary  type,  but  is  provided  with  tubes  of  varying 
length  for  pipes  of  different  diameter,  has  universal  con- 
nections, a  leveling  adjustment  and  is  packed  in  a  suit- 
able carrying  case.  Charts  are  not  provided  with  this 
instrument,  but  the  necessary  formulas  and  instruc- 
tions are  given  for  computing  the  quantity  of  flow  of  all 
of  the  various  mediums  previously  mentioned. 


Weber  Subterranean  Pump 

The  Weber  subterranean  pump,  manufactured  by  the 
Weber  Subterranean  Pump  Co.,  50  E.  42d  St.,  New 
York  City,  operates  with  compressed  air,  but  is  not  an 
air  lift,  the  pump  being  of  the  displacement  type.  In 
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this  pump  air  is  introduced  to  the  upper 
surface  of  the  water  in  a  working 
chamber,  displacing  or  depressing  it 
downward  and  thus  forcing  it  out  and 
upward  through  a  vertical  discharge 
pipe.  The  pump  shown  in  the  illustra- 
tion is  known  as  the  internal  exhaust 
type.  The  exhaust  air  has  an  effect  sim- 
ilar to  that  of  the  air  in  the  air  lift,  but 
there  is  no  slippage  loss.  Two  ball  check 
valves  prevent  the  water  from  falling 
back  into  the  well.  They  also  enable  the 
pump  to  deliver  all  the  water  admitted 
over  long  horizontal  distances  with  a 
high  vertical  lift  to  an  overhead  tank. 
In  operation  the  working  chamber  is 
submerged  and  water  is  admitted  through  the  lower,  or 
intake,  valve.  When  air  is  applied,  it  depresses  the  liquid 
level  in  the  intake  chamber  and  displaces  all  the  en- 
trained water  until  the  liquid  level  is  depressed  to 
the  level  of  the  discharge  outlet.  The  pressure  at  this 
point  slightly  overbalances  the  hydrostatic  head  of 
the  discharge  column,  and  then,  by  virtue  of  its  buoy- 
ancy, the  air  ascends  the  discharge  pipe  and  carries 
a  large  percentage  of  water  with  it.  At  the  same  time 
the  air  pressure  in  the  chamber  drops,  due  to  the 
sudden  discharge,  to  a  point  lower  than  the  hydro- 
static head  in  the  well,  or  the  head  due  to  submergence. 
The  excess  of  water  pressure  partly  refills  the  intake 
chamber  or  the  filling  continues  until  the  air  pressure 
exceeds  the  water  pressure  and  discharges  again  take 
place.  In  practice  these  discharges  occur  so  rapidly 
Ihat  the  stream  shows  but  the  slightest  intermission  in 
a  well-designed  installation. 

The  intake  chamber  is  from  four  to  ten  feet  long 
and  the  discharge-pipe  diameter  increases  as  it 
approaches  the  ground  level,  so  that  the  velocity  of 
the  discharge  is  reduced  and  part  of  the  extensive 
energy  is  recovered,  due  to  the  gradually  increasing 
area.  The  cages  and  ball  valves  are  made  of  bronze, 
the  balls  are  hollow  and  so  balanced  that  the  center 
of  gravity  is  at  the  center  of  the  ball.  In  addition, 
the  balls  seat  (luickly  as  they  are  balanced  by  the  water 
when  on  the  seat. 

The  drop-tube  type  of  pump,  shown  in  the  illustra- 
tion, is  designed  for  wells  that  are  partly  cased  or 
for  sand  wells  in  which  the  casing  is  frequently  not 
air-light. 
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BUMPED  or  dished  heads  of  Imiler  drums,  tank.s 
;i:ul  simihir  vos.sels,  and  the  l)iiinped  or  di.shed 
hi'ads  of  pi.stoiis,  rylindei-  head.s,  etc.,  have  Uiree 
important  dimension.s:  The  diameter  of  the  bump  or 
di.sh,  the  radius  of  the  spherical  surface  of  the  hump, 
and  the  height  (or  depth)  of  the  bump.  These  three 
dimensions  are  related,  as  will  be 
seen  from  Fig.  1,  and  the  relation 
is  given  by  the  formula, 

d 


is  probable  that  the  charts  will  give  the  desired  reHults 
to  as  great  a  degree  of  accuracy  as  is  consistent  with 
the  information  available. 

The  ch.irt  shown  in  Fig.  2  gives  the  relation  of  the 
three  dimensions  R,  h  and  d  of  a  bumped  head,  any 
one  of  which  may  be  found  from  the  chart  if  the  other 


(R-  hV  + 


R' 


in   which 

d  ^^  Diameter  of  the  vessel; 
h  =^  Height  of  the  bump ; 
R=^  Radius  of  the  spherical  surface. 
From  further  inspection  of  Fig.  1 
it  will  be  evident  that  for  given 
values  of  d  and  R  there  are  two 
possible  values  of  /(,  one  of  these 
corresponding  to  the  smaller  seg- 
ment of  the  sphere,  the  other  to 
the  larger  segment.  In  the  case 
of  bumped  heads  we  are  concerned 
only  with  the  smaller  of  these  two 
segments;  that  is,  the  one  which  is 
less  than  half  of  the  sphere  of  which 
it  is  a  part.  The  volume  of  such 
a  portion  of  a  sphere  is  given  by  the 
formula, 


V 


'-(«-!) 


in   which    V    represents    the   volune 

and  the  other  symbols  have  the  same 

meaning  as  before.     The  values   of 

d,  h  and  R  must  be  expressed  in  the 

same  units — either  inches  or  feet — 

and  the  volume  V  will  then  be  found 

in  either  cubic  inches  or  cubic  feet. 
To  reduce  the  labor  of  computation,  the  accompanv- 

ing  alignment  charts  may  be  used  to  secure  the  results 

with  a  degree  of  accuracy  sufficient  for  most  practical 

Applications.      The    limitations    of    such    computations 

should  be  borne  in 
mind.  All  the  quan- 
tities involved  are 
subject  to  errors  of 
measurement ;  the 
bump  may  not  be  a 
perfectly  spherical 
surface;  and,  there 
is  usually  a  round 
corner  or  fillet  at  the 
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junction  of  the  bumped  head  with  the  cylindrical  por- 
tion of  the  vessel.  There  is  no  simple  means  of  cor- 
recting for  the  volume  of  this  fillet,  and  unless  its 
radius  is  unusually  large,  it  can  safely  be  neglected  in 
most  practical  work.     In  view  of  these  limitations   it 
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tv.'o  are  known.  For  example,  suppose  that  in  a  cer- 
tain bumped  head  the  diameter  d  of  the  segment  is 
34.6  in.  and  the  height  h  is  10  in.  Locate  34.6  on  the 
right-hand  scale  and  10  on  the  diagonal  scale  and 
through  these  two  points  draw  a  .straight  line,  continu- 
ing it  to  the  left-hand  scale,  v/hich  it  will  cut  at  20. 
Then  20  in.  is  the  radius  R  of  the  spherical  surface. 

If  the  values  of  R  and  d  are  assumed — as  20  in.  and 
34.6  in.,  for  example — the  point  20  is  located  on  the 
left-hand  scale  and  the  point  34.6  on  the  right-hand 
scale  and  the  two  are  joined  by  a  straight  line  as 
shown.  This  line  v/ill  cut  the  diagonal  at  two  points, 
at  which  the  values  10  and  30  will  be  found,  indicating 
that  the  height  of  the  segment  has  two  values ;  namely, 
10  in.  and  30  in.  There  is  nothing  strange  in  this,  for 
10  in.  represents  the  height  of  the  smaller  segment 
and  30  in.  the  height  of  the  larger  segment,  or  the  re- 
mainder of  the  sphere.  Further,  the  sum  of  these  two 
values  mu.'^t  equal  the  diameter  of  the  sphere,  that  is, 
must  equal  twice  the  radius  of  the  sphere,  and  in  the 
example  given,  30  -)-  10  =  40  =  2  X  20.     As  a  further 
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example  suppose  that  R  equals  30  in.  and  d  equals  60  in. 
Then  there  is  only  one  value  of  k  apparent  on  the  chart; 
namel.v,  30  in.  In  thi.s  case,  the  bun:p  is  exactly  half 
of  the  sphnre,  so  that  the  two  segments  both  have  the 
same  height,  which  equals  the  radius  of  the  sphere. 

After  the  radius  of  the  spherical  surface  and  the 
lieight  of  the  seg;tient  have  been  determined,  the  volume 
(if  the  bumped  head  may  easily  be  found  by  using  the 
chart  shown  in  Fig.  3.  On  the  right-hand  scale  is  lo- 
cated the  value  of  the  radius  of  the  sphere  and  on  the 
diagonal  the  value  corresponding  to  the  height  of  the 
.segment,  and  through  the  two  points  a  straight  line  is 
drawn  and  continued  to  the  scale  at  the  left,  which  it 
will  cut  at  a  point  indicating  the  volume  of  the  bump. 

Suppose,  for  example,  that  a  bumped  head  has  a 
radius  of  curvature  of  48  in.  and  that  the  height  of  the 
segment  is  12  in.  and  let  it  be  required  to  find  the 
volume.  On  the  right-hand  scale  locate  the  value  48 
and  on  the  diagonal  the  value  12  and  through  these  two 
points  draw  a  straight  line,  continuing  it  to  the  left 
until  it  strikes  the  left-hand  scale.  The  point  at  which 
it  cuts  the  left-hand  scale  corresponds  to  20,500  cu.in., 
which  is  the  volume  of  the  bump. 

In  the  chart  in  Fig.  3  it  should  be  noted  that  for 
given  values  of  R  and  h  there  is  only  one  value  of  the 
volume,  T.  This  is  as  it  should  be,  since  for  given 
values  of  R  and  h  there  is  only  one  possible  segment  of 
p.  sphere.     It  will  be  further  noted  that  for  given  values 


expression   for  the  volume.     The  larger  value   is  what 
the  mathematician  would  term  an  imaginary  quantity 
which   for  practical  purposes   has   no  significance. 
The  charts  may  be  used  for  the  solution  of  problems 
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OTTSIDE   MEASUREMENTS   FOR   FINDING   R.A.DHJS 
OF  CURVATURE  OF   BUMf'ED  HEAD 
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of  R  and  F— as,  for  example,  11.7  in.  and  4700  cu.in. 
(2.7  cu.ft.)  respective'y — there  may  be  two  values  of 
the  height  /? ;  namely,  15  in.  and  30  in.  P'urther  ex- 
amination of  these  values  will  show  that  the  larger  is 
impossible.  In  the  example  it  is  obviously  impossible  to 
have  a  segment  of  radius  11.7  in.  which  has  a  height  of 
30  in.  since  this  height  is  greater  than  the  diameter 
(twice  the  radius)  of  the  sphere.  This  apparent  double 
value  of  /(  arises  from  the  mathematical  form  of  the 


FIG.    :,.      INSIDE    ME.VSUREMENTS    FOR    FINDING    RADII'S 
OF  CURVATURE  OF  BUMPED  HEAD 

in  either  direction.  That  is,  it  is  easy  to  find  the  volume 
of  a  bumped  head  of  given  dimensions,  or  to  find  the 
dimensions  of  a  bumped  head  of  given  volume.  If  the 
radius  of  the  spherical  surface  of  the  bump  is  unknowm, 
the  height  and  diameter  can  be  meas- 
ured and  the  radius  found  from  Fig. 
2.  Since  there  is  usually  a  round 
corner  at  the  base  of  the  bump,  it 
is  necessarj^  to  determine  the  radius 
of  the  sphere  from  measurements 
taken  entirely  on  the  spherical  sur- 
face, as  shown  in  Fig.  4,  using  two 
steel  scales.  Radius  r  is  half  of  the 
diameter  of  the  portion  of  the  bump 
measured,  and  the  distance  h  is  the 
height  of  the  same  portion.  Doub- 
ling ?■  gives  the  diameter  to  be  used 
in  the  chart,  Fig.  2,  together  with 
the  height  h.  In  finding  the  volume, 
use  the  actual  total  height  of  the 
entire  bump,  and  not  the  smaller 
height  measured  in  this  way  for  the 
determination  of  the  radius  of  the 
sphere.  It  is  well  to  remember  that 
the  volume  desired  is  usually  the 
inside  volume  of  the  head,  so  that  the 
thickness  of  the  metal  should  be  de- 
ducted from  the  value  of  R  when  the 
measurements  are  taken  as  shown 
in  Fig.  4. 

If  the  inside  of  the  head  is  ac- 
cessible, the  measurements  can  be 
taken  as  shown  in  Fig.  5,  and  used 
in  the  same  way.  In  the  methods  of 
both  Fig.  4  and  Fig.  5  it  is  not  necessary  that  the 
steel  scales  be  held  perpendicular  to  the  center  line  of 
the  cylindrical  portion  of  the  vessel,  so  long  as  all  the 
points  of  contact  are  on  the  spherical  portion  of  the 
bump.  The  charts  are  designed  for  use  in  connection 
with  the  bumped  or  dished  heads  of  drums  and  tanks 
and  will  not  give  satisfactory  results  in  figuring  the 
dimensions  or  volum.es  of  small  bumps,  such  as  pistons 
or  cylinder  heads  of  small  internal-combustion  engines. 
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Preparing  Coal  Samples  for  Analysis 


II K  STATE  inatitution.s  of  IllinoiH  boupht 
loal  on  thi-  li.t.u.  l>;i.sis  previous  to  the 
war.  It  was  tested  in  the  chemica!  lab- 
orntorv  of  the  University  of  Illinois  and 
for  eijrhteen  institutions  a  saving  in  the 
fuel  hill  of  $20,000  per  .vear  was  elTected 
at  an  expense  for  testin^r  of  $1500.  Bu.v- 
inp  coal  on  specificaMon  will  he  resumed 
^\©  after  .lul.v  1  of  the  present  year,  and  the 
University  will  test  the  samples  as  in  the  past. 

Fine  roal  that  will  run  throujrh  a  1-in.  .scrern  has 
twice  as  much  ash  as  lump  coal,  and  as  the  fine  coal  and 
duKt  sejrrejratc  it  is  a  delicate  matter  to  take  a  pood  rep- 
resentative sample.  A  definite  system  insuring  uniform- 
ity is  desirable,  and  generally  it  proves  more  satis- 
factory to  eliminate  as  much  as  possible  the  human 
element.    With  these  thoughts  in  view  Prof.  S.  W.  Parr, 


To  obtain  each  sample  of  approximately  200  lb.,  about 
one-half  shovelful  in  every  ten  should  be  thrown  into 
the  receptacle.  The  samples  arc  best  selected  by  shovel- 
ing from  the  bottom  of  the  car,  because  the  top  coal  rolls 
down  and  mixes  with  the  bottom  coal  in  a  fairly  even 
manner.  Great  care,  however,  should  be  taken  to  select 
the  proper  proportions  of  coarse  and  fine  coal  from  top 
to  bottom  and  lengthwise  of  the  entire  mass.  Where 
practicable,  the  two  receptacles  should  be  placed  for 
filling,  one  on  either  side  of  the  car.  In  the  process  of 
unloading  they  should  be  moved  along  the  entire  length 
of  the  car  in  order  to  insure  the  collection  of  the  sam- 
ple from  all  parts  of  the  load. 

It  should  be  noted  that  dust  determinations  are  no! 
nece.s.'iary  on  run-of-mine  and  lump  coal.  For  obtaining 
the  percentage  of  dust  in  screenings  or  slack,  one  of  the 
200-lb.  samples  should  be  thoroughly  mixed  by  shovel- 
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FIG.    1.      ILLUSTRATIONS   OF  THE   EQUIPMENT   REQUIREP   FOR  COAL.  SAMPLINCJ 


of  the  University  of  Illinois,  distributed  at  a  recent 
meeting  of  the  chief  engineers  of  Illinois  state  institu- 
tions at  Dunning  a  set  of  instructions  directing  how 
the  samples  might  best  be  taken.  The  instructions  are 
thorough  and  should  be  of  benefit  to  all  plants  buying 
coal  on  the  same  basis.  For  this  reason  they  are  pre- 
sented herewith.  Illustrations  of  the  different  kinds 
of  equipment  required  are  shown  in  Fig.  1. 

Screenings  and  Slack  Coal 

The  gross  samples  (for  use  with  the  Sturtevant  auto- 
matic sample  grinder)  shall  be  taken  in  two  divisions, 
each  of  approximately  200  lb.,  making  400  lb.  in  all. 
These  samples  shall  be  taken  from  the  car  in  the  pro- 
cess of  unloading  and  shall  be  placed  in  a  clean  recep- 
tacle, such  as  a  garbage  can  with  a  tightly  fitting  lid. 


ing,  as  in  the  manner  of  mixing  concrete.  It  shall 
then  he  spread  out  evenly  on  a  concrete  floor  and 
quartered  with  a  straight-edge. 

One-quarter  (about  50  lb.)  shall  be  selected  and 
placed  in  a  weighed  bushel  basket  and  the  weight  of 
the  coal  carefully  recorded  on  the  ticket  accompanying 
the  sample.  It  shall  then  be  passed  through  a  ^-in. 
screen  into  a  second  weighed  basket  and  the  weight  of 
the  material  passing  through  shall  be  noted  on  the 
ticket.  Do  not  mix  again  with  the  main  sample,  but 
reject  the  entire  quarter  after  screening  these  factors 
for  determining  the  percentage  of  dust. 

The  remaining  three-quarters  of  the  sample  shall  be 
combined  with  the  other  division  of  200  lb.,  making  a 
total  weight  of  the  combined  lots  of  approximately  350 
lb.,  and  this  gross  amount  without  further  mixing  is 
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run  through  the  sample  grinder.  The  sample  obtained 
from  the  mill,  which  will  now  be  about  35  lb.,  shall  be 
again  put  through  the  mill,  which  will  deliver  a  sample 
of  about  3.5  lb.  The  mill  should  be  set  to  deliver  ma- 
terial ground  to  pass  through  a  sieve  of  i-in.  mesh. 

Collect  this  last  sample  of  three  or  four  pounds  di- 
rectly in  one  of  the  shipping  cans,  using  the  large 
funnel  to  avoid  loss.  Put  in  a  ticket  having  the  date, 
ear  number,  net  weight  of  coal  in  the  car  and  the  dust 


From 


(Name   of  institution) 

Kind  of  coal 

Car  initials 

Net  weight 

W.  i^ht  taken  for  eompositc* 

Weight  of  quarter  taken  for  dust 

Weight  of  dust  in  quarter  taken 

*  Di>iie  the  net  weight  by  2  and  pla 
the  quotient. 


(When  taken) 


I  decimal  point  after  the  first  figure  of 


(Name  of  institution) 


(When  composited) 


FK;     -1.      FORM    NUMBER   ONE 

factors;  that  is,  the  net  weight  of  the  quarter  taken 
and  the  net  weight  of  the  dust.  This  ticket,  known  as 
Form  No.  1.  is  shown  in  Fig.  2.  Screw  the  cap  firmly 
in  place  and  retain  in  a  cool  room  until  the  requisite 
number  for  composition  has  been  taken.  Wrap  elec- 
trician's tape  around  the  skirt  of  the  cap  to  guard 
against  moisture  loss. 

When  ten  of  the  small  samples  have  been  collected  (or 
five  where  composites  are  made  up  of  five  carloads) 
proceed  as  follows: 

Divide  the  net  weight  of  coal  in  the  load,  as  shown 
on  the  ticket,  by  2,  place  a  decimal  point  after  the  first 
figure  of  the  quotient,  and  the  result  will  represent  the 


Date  of 
Unloading 

Car 

Initials 

1        Weight 

Taken  for 
Car         '  Composite, 
Number     1      Pounds 

Weight  of 
Quarter 
Taken 

for  Dust, 
Pounds 

Weight  of 
Dust  in 
Quarter 
Pounds 

1                         ' 

1 

1 

FIG.    3.      FORM    NUMBER   TWO 

number  of  pounds  and  tenths  of  a  pound  to  be  taken 
from  the  can.  Example:  Net  weight  of  coal  =  50,000 
lb.;  50,000  -f-  2  =  25,000;  and  pointing  off  as  directed 
gives  2.5.  Therefore,  2.5  lb.  is  taken  for  the  composite. 
Take  the  several  cans  in  order  and  empty  the  first 
one  entirely  into  a  6-qt.  milk  can  having  the  usual 
rounded  top  and  telescoping  lid.  Put  on  the  lid  and 
shake  well  by  turning  the  can  completely  over  at  least 
ten  times,  and  weighing  into  the  counterpoised  scoop 
or  pan  of  a  scales,  the  weight  used  being  found  from 
the  division  by  2,  as  previously  directed.    Weigh  to  the 


nearest  tenth  and  empty  the  scoop  into  a  metai  bushei 
basket.  Continue  in  like  manner  for  each  one  of  th? 
ten,  or  five,  cans. 

The  metal  basket  will  now  hold  the  gross  co-nposite 
in  the  proper  proportion  from  each  car,  and  should  con- 
sist of  from  30  to  40  lb.,  or  proportionately  less  if  five 
cars  are  being  sampled.  After  thoroughly  cleaning  the 
.sample  grinder,  pass  the  gross  com.posite  through  the 
mill  (previous  mixing  is  not  necessary)  and  collect  the 
sample  directly  in  one  of  the  cans.  Fill  out  a  ticket  like 
that  shown  in  Fig.  3,  known  as  Form  No.  2,  and  put 
it  in  the  can;  screw  on  the  cover  and  wrap  the  base  of 
the  screw  cap  with  electrician's  tape  as  a  further  pre- 
caution against  loss  of  moisture.  The  final  sample 
should  then  be  sent  at  once  to  the  laboratory. 

For  duplicate  samples  to  be  retained,  pass  the  gross 
composite  a  second  or  third  time  through   the  sample 


FIGS.    4    AND   5.      FLATTENI.NtJ    THE   HEAP   OF   G(_1AI,    .VNP 
THEN    CJUAKTERIXG    THE    PILE 

grinder  and  collect  the  small  samples  directly  in  a  can. 
Add  a  ticket  that  will  show  the  date,  car  number,  etc. 
Seal  as  in  the  case  of  the  first  can  and  retain  until 
after  settlement. 

The  gross  sample  (for  use  with  the  Sturtevant  auto- 
matic sample  grinder)  shall  be  400  lb.  For  convenience 
in  handling  it  may  be  taken  in  lots  of  200  lb.  each. 

The  greatest  care  should  be  taken  to  get  a  correct 
proportion  of  coarse  and  fine  coal.  To  obtain  an  even 
distribution  of  coarse  and  fine  coal,  it  is  necessary  to 
select  portions  from  all  parts  of  the  car.  Do  not  pick 
out  the  bright  pieces  of  coal.  Do  not  select  pieces  of 
slate  or  stony  material  that  are  not  distributed  through- 
out the  car  in  the  same  proportion  as  it  occurs  in  the 
400-lb.  sample. 

The  400-lb.  sample  shall  be  put  through  the  sample 
grinder  immediately.  The  resulting  40-Ib.  sample  shall 
be  again  run  through  the  mill  and  the  4-lb.  sample 
placed  in  the  sample  can  with  the  ticket  correctly  filled 
out,  giving  date,  net  weight  of  car  of  coal,  car  number 
and  initials.  The  lid  shall  be  firmly  screwed  on  and 
sealed  with  electrician's  tape.  The  sample  shall  be  re- 
tained until  the  proper  number  for  the  composite  is 
obtained. 

For  the  composite,  follow  the  sam.e  directions  as  were 
given  for  screenings  and  slack  coal.  It  should  be  noted, 
however,  that  if  five  cans  are  used  they  will  give  a  gross 
composite  of  only  15  or  20  lb.,  and  on  passing  this 
through  the  sample  grinder  once  a  sample  of  1.5  to  2 
lb.  will  result.  It  is  directed,  therefore,  that  the  gross 
composite  of  15  to  20  lb.  be  passed  through  the  mill 
twice,  collecting  in  the  same  shipping  can  the  sample 
delivered  from  each  of  the  two  grindings.     Add  the 
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li(k»^fs  with  thr  iiiM-r.-saty  data,  sral  and  ^Inp  as  di 
rprte<1.  It  is  not  noceHHary  In  dpiorinmo  Ihc  iicnpiitajr*' 
of  dust  in  nin-of-niinc  samples  or  lump  coal,  niiplicalc 
samples  lo  l>o  lelainod  for  rcforpnce.  should  bo  ohtaincd 
l)y  passinjr  fhrmirh  f*io  jTrinder  until  the  proper  amount 
lias  been  colleeted.  If  it  is  desired  to  make  a  composite 
of  ten  samples  of  coal,  the  procedure  jtiven  for  acreen- 
injrs  and  slack  coal  shall  be  followed 

Rl)N-OK-MlNF.  ANIl  DOMKSTIC  LUMP  COAL  SAMPLES 
WiTIlOl'T  Sampi.k  Grinhkr 

It  is  always  recommended  that  a  sample  grinder  be 
used  when  possible,  but  when  such  e(|uipment  is  not 
available  the  followinjr  procedure  is  recommended:  The 
pross  sample  shall  weigh  400  lb.  For  convenience  in 
handlinp.  it  may  be  taken  in  lots  of  200  lb.  each.  The 
greatest  care  should  be  taken  to  get  a  correct  proportion 
of  coarse  and  fine  coal.  To  obtain  an  even  distribution 
of  coarse  and  fine  coal  it  is  necessary,  to  select  portions 
from  all  parts  of  the  car.  Do  not  pick  out  the  bright 
pieces  of  coal.  Do  not  select  pieces  of  slate  or  stony 
material  which  are  not  distributed  throughout  the  car 
in  the  same  proportion  as  it  occurs  in  the  400-lb.  sample. 

The  sample  of  400  lb.  is  placed  on  a  dean  conrretr 
platform  about  15  ft.  in  diameter.  This  platform  .should 
be  protected  from  rain  and  sun.  Do  not  use  a  warm 
boiler-room  floor.  The  coal  is  spread  out  and  quickly 
reduced  with  a  tamper  to  1-in.  size.  Retain  all  the 
sample  on  the  sampling  platform.  It  is  next  mixed 
thoroughly  as  in  mixing  concrete  and  then  collected  into 
a  cone-shaped  pile  by  shoveling  the  coal  from  the  outer 
margin  of  the  pile  onto  the  center  of  the  heap.  In  this 
way  the  coarse  and  fine  pieces  are  evenly  distributed. 

A  broom  handle  is  then  inserted  into  the  cone  from 


I  he  Inp  to  the  Moor  aiul  by  holding  the  brootn  at  a 
sharp  angle  to  the  Moor  a  circle  is  described  in  the 
coal,  as  shown  in  Kig.  4,  gradually  working  to  the 
outer  edge  of  the  pile.  Hy  this  means  the  coal  is  spread 
out  evenly  into  a  circular  pile  about  fi  in.  deep.  With  a 
board  or  straight-edge  the  pile  is  divided  at  right 
angles  through  the  middle  into  (|uarterH,  as  shown 
in  Fig.  ."j. 

Opposite  quarters  are  rejected,  being  careful  that 
this  includes  ihe  dust  that  cannot  be  taken  up  with  a 
shovel.  This  dust  should  be  swept  away  with  a  broom. 
This  operation  of  mixing,  coning  and  (|uartering  shall 
be  repeated  two  times,  which  will  reduce  the  sample  to 
about  no  lb.  At  this  point  the  sample  shall  be  tamped 
to  I-in.  size.  It  shall  again  be  thoroughly  mixed  and 
(luartered  and  opposite  quarters  rejected  until  a  sample 
of  about  8  11).  is  obtained.  This  shall  be  mixed  and 
divided  into  two  parts,  each  being  immediately  placed  in 
a  sample  can  along  with  a  ticket  of  Form  No.  1  showing 
the  date,  car  number,  car  initials  and  net  weight  of 
coal.  The  tops  of  the  cans  are  screwed  on  and  sealed 
with  electrician's  tape  and  one  sample  mailed  to  the 
laboratory,  the  other  sample  being  saved  for  reference. 
If  a  composite  is  to  be  made,  it  is  necessary  to  retain 
but  one  4-lb.  sample. 

A  gross  sample  of  400  lb.  shall  be  taken  in  exactly 
the  same  way  as  described  for  use  with  the  Sturtevant 
automatic  grinder.  After  50  lb.  of  the  sample  has  been 
taken  out  for  determining  the  percentage  of  duflF,  the 
remaming  350  lb.  is  tamped  and  quartered  down  to 
two  4-Ib.  samples,  as  described  in  taking  samples  of  run- 
of-mine  coal.  If  a  duff  sample  is  not  to  be  taken,  the 
entire  400  lb.  is  treated  exactly  as  directed  for  prepar- 
ing samples  of  run-of-mine  coal. 


American  Engineering  Standards  Association 


.4  statement  issued  hy  the  association  outlining 
the  scope  of  its  proposed  activities  end  stating 
its  reasons  why  such  an  association  is  necessary. 


IN  MANY  lines  of  engineering  much  excellent  stan- 
dardization work  had  been  done  before  the  war;  the 
war  emphasized  its  importance  and  showed  clearly 
the  need  of  cooperation  to  prevent  the  confusion  caused 
by  the  promulgation  of  overlapping  standards  by  inde- 
pendent bodies.  During  the  war  the  Government  De- 
partments coordinated  these  efforts  in  certain  lines  and 
greatly  assisted  in  unifying  them.  The  American  In- 
stitute of  Electrical  Engineers,  American  Institute  of 
Mining  and  Metallurgical  Engineers,  American  Society 
of  Civil  Engineers,  American  Society  of  Mechanical 
Engineers  and  American  Society  for  Testing  Materials, 
recognizing  the  value  of  what  had  been  done,  invited 
the  Government  Departments  of  War,  Nav>'  and  Com- 
merce to  appoint  representatives  to  act  with  them  to 
continue  this  work.  The  body  so  formed  is  the  Ameri- 
can Engineering  Standards  Committee.  It  has  re- 
quired considerable  time  to  definitely  formulate  its  ob- 
jects, and  to  arrange  methods  for  accomplishing  them 
that  would  be  effective  without  in  any  way  interfering 
with  the  many  organizations  that  have  been  doing  such 
excellent  work  in  this  line. 

The   American    Engineering    Standards    Committee 


has  just  completed  and  adopted  a  revision  of  its  Consti- 
tution which  has  been  sent  to  the  Governing  Boards  of 
all  the  Departments  and  societies  represented  on  the 
committee  with  a  request  for  its  ratification. 

The  new  Constitution  changes  the  name  to  American 
Engineering  Standards  Association,  the  change  from 
'Committee"  to  "Association"  more  fittingly  indicating 
the  wide  scope  of  the  interests  involved. 

The  objects  of  the  Association  are  stated  as  follows: 

1.  To  unify  and  simplify  the  methods  of  arriving  at 
engineering  standards,  to  secure  cooperation  between 
various  organizations  and  to  prevent  duplication  of 
.standardization  work; 

2.  To  promulgate  rules  for  the  development  and 
adoption  of  .standards; 

.3.  To  receive  and  pass  upon  recommendations  for 
standards  submitted  as  provided  in  the  Rules  of  Pro 
cedure,  but  not  to  initiate,  define  or  develop  the  details 
of  any  particular  standard  ; 

4.  To  act  as  a  means  of  intercommunication  between 
organizations  and  individuals  interested  in  the  prob- 
lems of  standardization ; 

5.  To  give  an  international  status  to  approved  Ameri- 
can engineering  .standards : 

6.  To  cooperate  with  similar  organizations  in  other 
countries  and  to  promote  international  standardization. 

Means  are  provided  for  increasing  the  number  of 
representatives  in  the  Association  by  invitation  or  on 
request.      Several    important    organizations    interested 
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-in    stanrlardizatinn    will    be    inviteH    to    appoint     repre 
sentatives  as  soon  as  the  necessary  power  is  obtaineH 

The  routine  work  of  the  Association  will  he  conducted 
by  its  Secretan'  under  the  direction  of  a  Board  of  Di- 
rectors. This  board  will  have  power  to  deal  with  all 
of  the  affairs  of  the  Association  except  the  final  ap- 
proval of  the  standards  submitted  to  it. 

Any  organization  may  request  the  Association  to  ap- 
prove standards  which  it  has  formulated,  or  to  approve 
committees  that  it  has  appointed,  and  by  so  doinp  be- 
comes a  Sponsor  Society.  Such  a  request  is  entirely 
at  the  option  of  the  organization  that  has  formulated 
or  expects  to  formulate  the  standard.  At  the  request 
of  the  Sponsor,  approval  of  the  standards  is  given 
when  they  are  the  substantially  unanimous  conclusions 
of  a  committee  made  up  as  follows : 

(a)  Sectional  Committees  dealing  with  standards  of 
a  commercial  character  (specifications,  shop  practices, 
etc.),  shall  be  made  up  of  representatives  of  producers, 
consumers  and  general  interests,  no  one  of  these  in- 
terests to  form  a  majority.  General  interests  include 
independent  engineers,  pducatons.  and  persons  who 
are  neither  consumers  nor  producers. 

(b>  Sectional  Committees  dealing  with  standards  of 
a  scientifi.c  or  non-commercial  character  shall  consist  of 
persons  specially  qualifi.ed,  without  regard  to  their 
affiliations. 

It  is  anticipated  that  in  nearly  all  cases  the  approval 
of  standards  and  committees  by  the  Association  will  bp 
requested.  In  case  it  is  considered  advisable,  the  As- 
sociation is  authorized  to  call  a  meeting  of  those  who 
would  be  interested  in  the  formulation  of  a  new  stand- 
ard or  the  revision  of  an  old  one,  to  select  one  or  more 
Sponsor  Societies.  The  Sponsor  Society  or  Societies 
will  appoint  a  Sectional  Committee  to  formulate  or 
revise  the  standard.  This  Sectional  Committee  will 
report  to  the  Sponsor  when  its  work  is  completed.  The 
Sponsor  may  then  request  the  Association  to  approve. 
The  Association  deals  only  with  the  Sponsor  and  acts 
only  at  its  request.  Provision  is  made  in  all  publications 
that  a  standard  must  be  referred  to  as  that  of  the 
Sponsor,  using  whatever  title  the  Sponsor  has  given  it. 
followed  by  the  statement  "approved  by  the  American 
Engineering  Standards  Association."  T,lie  approval 
may  be  given  in  one  of  threa  ways  as — Recommended 
Practice,  Tentative  Standard,  or  Standard,  the  expec- 
tation being  that  nothing  will  be  approved  as  Standard 
until  it  has  shown  that  it  is  generally  acceptable. 

The  Association  thus  acts  only  to  bring  together  those 
interested  in  a  common  object,  and  when  they  have 
completed  their  work,  will  at  their  reque.st,  certify  that 
it  has  been  done  in  such  a  manner  as  to  justify  its 
adoption.  Nothing  revolutionary  is  proposed,  it  is 
merely  an  extension  of  present  practice.  The  Execu- 
tive Committee  of  the  American  Society  for  Testing 
Materials  now  pa.sses  on  the  composition  of  com.mittees, 
ascertains  that  their  conclusions  are  substantially 
unanimous,  and.  if  so,  reports  them  to  the  society  for 
acceptance  or  rejection.  The  Association  does  the  same 
for  groups  of  organizations.  Its  Board  of  Directors 
performs  the  same  functions  as  the  Executive  Commit- 
tee of  the  American  Society  for  Testing  Materials,  and 
the  Association  as  a  whole  accepts  or  rejects.  It  neither 
selects  Sponsors  nor  Sectional  Committees;  it  does  not 
consider  the  subject  matter  of  a  standard,  nor  the  pro- 
cedure under  which  it  is  arrived  at,  except  that  it  re- 
quires sufficient  information  from  the  Spon.sor  to  show 
that  the  conclusions  are  substantially  unanimous  and 


that  the  Sectional  (Committer  is  balanced  and  repre- 
sentative. It  requires  that  in  all  publications  the  Spon 
sor  shall  he  given  full  credit. 

In  addition  to  this  work  in  assisting  in  the  selectioi. 
of  committees  and  certifying  that  their  work  has  been 
done  under  proper  conditions,  the  As.sociation  will  act 
as  a  bureau  of  information  regarding  standardization. 
It  will  collect  information  regarding  existing  standards 
and  as  to  the  bodies  that  have  formulated  and  adopted 
them.  This  will  enable  it  to  promptly  give  necessarA- 
information  to  those  who  select  a  committee  to  formu- 
late a  new  standard  or  revise  an  old  one.  It  will  al.so 
enable  it  to  furnish  information  desired  by  the  working 
committees  regarding  what  has  been  or  is  being  done 
on  similar  or  related  lines.  It  will  establish  relations 
with  similar  bodies  in  other  countries  and  can  do  much 
to  promote  the  acceptance  of  International  Standards. 
It  is  possible  to  secure  international  acceptance  of 
American  Standards  more  easily  through  such  a  body 
than  in  any  other  way. 

Will  Avoid  Duplication  of  Work 

With  these  fundamental  restrictions  of  its  activities 
it  may  be  asked  whether  there  is  sufficient  reason  for 
the  existence  of  the  Association.  This  naturally  has 
been  carefully  considered  and  it  is  the  unanim.ous  con- 
flnsion  of  the  comm.ittee  and  of  all  of  those  who  have 
been  consulted  who  have  been  active  in  standardization 
work,  that  such  an  organization  is  urgently  needed. 
In  the  past  there  have  been  many  occasions  when  two 
Of  more  organizations  have  formulated  standards  for 
sub.stantially  the  same  thing.  Ofter  these  differences 
have  been  very  slight,  but  neither  has  bef?n  quite  ar 
ceptable  to  the  other  party.  In  the  majority  of  such 
cases  if  these  organizations  had  been  brought  together 
at  the  start  they  could  have  agreed  on  a  standard  that 
would  have  been  satisfactory  to  both.  The  American 
Engineering  Standards  Association  will  furnish  a 
means  by  which  any  organization  intending  to  define  a 
standard  can  readily  acertain  what  others  are  inter- 
ested, and  should  be  consulted  in  regard  to  it.  At  pres- 
ent there  is  no  such  means.  There  is  nowhere  anything 
approaching  a  complete  li.st  of  the  organizations  doing 
standardization  work,  much  less  any  list  of  the  stand- 
ards proposed  or  in  preparation.  The  enormous  advant- 
age of  having  any  standard  generally  accepted,  and  the 
much  greater  probability  of  accomplishing  this  if  it  is 
prepared  under  definite  conditions  that  have  proved 
effective  in  the  past,  will,  it  is  believed,  cause  most  of 
the  organizations  engaged  in  such  work  to  ask  and  re- 
ceive the  assistance  of  the  American  Engineering 
Standards  Association.  It  provides  definite  machinery 
for  securing  co-operation  and  preventing  duplication  of 
work.  It  establishes  definite  rules  securing  the  abso- 
lute autonomy  of  any  group  engaged  in  the  development 
of  standards  and  insures  that  this  group  shall  receive 
full  credit  for  its  work. 

With  the  assurances  o/  cooperation  that  the  Ameri- 
can Engineering  Standards  Committee  has  already 
received,  we  believe  that  there  is  no  question  of  the  ad- 
visability of  forming  the  more  broadly  representative 
Association.  Several  organizations  have  already  pre- 
sented requests  for  the  approval  of  existing  standard,-' 
and  we  are  informed  that  many  others  only  await  the 
notification  of  the  Committee  that  it  is  fully  organized. 

It  has  been  impossible  to  make  any  public  statement 
of  the  Committee's  plans  until  they  had  been  definitely 
formulated.    This,  we  feel,  has  now  been  accomplished. 
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Grarity  hot-water  heating  systcttis  arc  discuascd. 
Tells  of  troubles  caused  by  two  small  pipe  lines 
atid  with  radiators  uettimj  either  too  much  water 
or  too  little.  Several  methods  of  controlling  the 
flow   of    water   to    the    radiators    arc    taken    up. 


THKRK  are  a  laipe  number  of  hot-water  heating 
systems  in  use  at  the  present  time,  although 
they  are  not  as  numerous  as  steam  systems.  The 
operating  engineer,  being  required  to  operate  the  equip- 
ment found  in  the  building,  must  be  familiar  with  the 
general  principles  governing  its  operation  or  some  day 
he  will  run  up  against  a  proposition  that  will  be  too 
much  for  him.  With  properly  designed  gravity  hot- 
water  systems  little  attention  is  required  in  operation. 
If  the  pipes  are  too  small,  the  trouble  is  fundamental, 
but  other  difficulties,  more  frequently  met  with,  consist 
of  some  radiators  getting  too  much  flow  and  others  not 
enough. 

It  is  a  law  of  hot-water  circulation  that  the  higher 
the  riser  the  more  rapid  will  be  the  movement  of  water 
therein  and   the  larger   the   amount  of  radiation   that 


There  are  several  methods  of  controlling  the  flow 
of  water  to  a  radiator,  the  siinplosl,  although  somewhat 
expensive,  way  iieing  to  place  a  lock  shield  valve  on 
the  return  end  of  each  radiator  so  as  to  restrict  the 
circulation  in  the  favored  radiators  and  to  force  the 
water  into  the  less-favored  ones,  Fig.  5.  The  reason 
water  does  not  flow  through  a  given  radiator  is  that 
the  friction  is  excessive  and  the  flow  takes  the  easier 
path  through  the  lines  where  the  resistance  is  le.ss. 
Therefore,  if  the  resistance  is  increased  in  the  easier- 
flowing  lines  until  it  equals  that  in  the  le.ss-favored 
pipes,  there  will  be  an  equal  flow  in  all  the  lines. 
Of  course,  if  the  circulating  pipe  is  too  small  for  the 
work  it  is  intended  to  do,  there  is  little  gained  in 
closing  down  the  other  radiators,  for  the  resistance  of 
the  system  will  then  build  up  to  such  an  extent  that 
the  circulation  will  be  disturbed  if  not  entirely  stopped. 
There  are  other  methods  of  controlling  the  flow  to 
hot-water  radiators,  such  as  the  u.se  of  a  distributing 
fitting  like  that  illustrated  in  Fig.  1,  or  making  the 
riser  connection  in  the  manner  shown  in  Fig.  2,  arrang- 
ing the  connection  so  that  the  radiator  with  the  sluggish 
circulation  is  taken  ofif  at  the  top  of  the  tee  and  the 
radiator  getting  too  much  water  is  connected  to  the 
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may  be  supplied  from  a  riser  of  a  given  size.  This 
rule  holds  for  a  building  of  ordinary  height,  say  up  to 
six  or  eight  stories.  Just  how  much  this  increase  can 
be  made,  in  actual  practice,  is  a  subject  on  which  there 
is  considerable  difference  of  opinion,  and  in  fact,  tables 
of  pipe-riser  capacities  for  buildings  over  three  stories 
high  are  exceedingly  rare.  Extending  one  of  the  best 
"three-story"  tables  to  include  eight  stories  makes  the 
riser  capacities  as  follows: 

SIZE  OF  PIPE 

i-In.  I-In.  I}-In  I}-In.  2-In. 

Story  Square  Feet  of  Radiation 

Bisement  ceiling  40  70  110  180  300 

First 50  80  117  195  375 

Second 60  90  135  210  450 

Third 70  100  147  230  500 

Fourth 80  110  170  245  575 

Fifth 90  120  187  260  650 

Sixth 100  130  205  275  700 

Seventh 110  140  222  295  775 

Eighth 120  150  240  310  850 

One  job  was  put  in  with  pipe  sizes  as  shown  in  the 
table  and  it  worked  perfectly,  the  only  question  being 
whether  the  risers  of  increased  height  could  not  pos- 
sibly be  reduced  still   farther. 


side;  and  since  hot  water  always  tends  to  rise,  it  will 
favor  the  higher  connection.  This  is  forcibly  illustrated 
in  cases  where  radiators  are  tapped  directly  off  the 
horizontal  main  and  not  off  a  riser.  Therefore  the 
radiators  at  the  farther  end  of  the  line,  which  would 
normally  have  a  poor  flow  (owing  to  the  added  friction 
of  the  increased  length  of  run),  should  be  taken  off  the 
top  of  the  main  whenever  possible,  as  shown  in  Fig.  3, 
and  those  nearest  the  boiler  should  be  tapped  off  the 
side  of  the  main,  as  shown  in  Fig.  4,  because  these 
radiators  will  circulate  without  trouble.  For  radiators 
set  in  an  intermediate  position  between  the  nearest 
and  farthest  ones,  a  connection  such  as  shown  in  Fig.  5 
will  be  the  right  one  to  use.  In  fact,  any  radiator  will 
have  its  circulation  assisted  by  being  connected  to  the 
top  of  the  main  or  hindered  by  being  connected  to  the 
side  or  bottom.  A  gravity  hot-water  system  will  be 
helped  in  its  circulation  by  the  use  of  some  of  the  so- 
called  "accelerators,"  of  which  there  are  many  on  the 
market.  They  operate  on  a  somewhat  contradictory 
principle  of  introducing  a  certain  amount  of  resistance, 
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thereby  increasing  the  pressure  and  consequently  the 
temperature  to  which  the  water  can  be  heated  without 
having  it  boil.  This  temperature  rise  is  often  sufficient 
to  cause  a  good  circulation  in  a  poorly  designed  plant, 
since  the  water  movement  is  dependent  on  the  difference 
in  temperature  of  the  water  in  supply  and  return  lines. 

Gravity  hot-water  heating  systems  are  two-pipe,  up- 
feed  or  downfeed.  There  have  been  a  few  so  called 
one-pipe  systems  installed  where  a  single  main  is  used. 
The  hot  supply  water  is  supposed  to  flow  along  the 
upper  part  of  this  pipe  and  is  tapped  off  at  the  top, 
while  the  return  water  flows  in  the  opposite  direction 
in  the  lower  part  of  the  pipe.  This  system,  however, 
is  not  a  good  one  to  use. 

With  the  two-pipe  system  an  upfeed  may  be  used 
as  illustrated  in  Fig.  7  or  a  downfeed  arrangement  aa 
shown  in  Fig.  8.  The  dovrnfeed  circulation  is  un- 
doubtedly superior  to  the  upfeed,  but  is  slightly  more 
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contraction  of  the  cooling  water.  Such  tanks  arc 
usually  provided  with  a  fresh-water  .'^upply  governed 
by  a  ball-cock  and  also  have  an  unrestricted  overflow  to 
take  care  of  any  surplu.'^  water  that  may  be  in  the  sys- 
tem from  any  cause.  The  expansion  tank 
should  be  large  enough  to  accommodate 
the  increase  and  decrease  in  the  volume 
of  water  contained  in  the  system  due  to 
the  expansion  and  contraction  caused 
by  heating  and  cooling  the  liquid.  This 
cubic    capacity    may    be    approximated 
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expensive  and  attic  space  for  the  supply  main  is  neces- 
sary. No  gravity  system  will  circulate  if  there  are 
high  points  in  which  the  air  is  allowed  to  collect.  For 
this  reason  all  radiators  on  an  upfeed  system  must  have 
air-vent  valves  because  the  tops  of  the  radiators  con- 
stitute high  points  on  the  line. 
On  the  other  hand,  in  the 
downfeed  system,  if  top  inlet 
radiators  are  used,  all  the  air 
will  collect  in  the  supply  main 
because  this  forms  the  highe.st 
part  of  the  system ;  but  if  bot- 
tom inlet  radiators  are  used, 
they  form  additional  high 
points  and  must  be  vented, 
a.s  in  the  case  of  the  upfeed 
system.  To  avoid  air  troubles 
in  the  piping  the  slope  of  the 
lines  should  be  continuously 
upward  to  the  highest  point, 
where  there  should  be  an  air  '''^ 
vent,  and  then  continuoush' 
dowmward  to  the  lowest  point 
in  the  piping.    Dips  and  pock-  ],.|,;     s 

cts  must  be  avoided. 

Another  fact  that  must  not  be  forgotten  is  that  water 
expands  and  contracts  with  a  variation  of  the  tempera- 
ture; so  that  some  provision  for  this  expansion  must  be 
made  in  every  system.  The  most  common  method  of 
caring  for  this  is  to  place  a  small  tank  at  the  highest 
part  of  the  system  so  that  the  water  in  the  system 
can  back  up  through  the  "expansion  pipe"  (which 
is  run  from  the  bottom  of  the  tank  down  to,  and  is 
connected  with,  the  main  return  line)  and  into  the  tank 
when  it  is  heated  and  expanded,  and  when  the  water 
in  the  system  is  cooled  the  water  stored  in  the  tank 
will  flow  back  into  the  system  and  make  up  for  the 


apacity  of 

tank  in  gallons  and  R  the  amount  of  radiator  surface  in 
the  system. 

This  formula  is  developed  on  the  assumptions  that  a 
square  foot  of  radiating  surface  holds  approximately 
one  pint  of  water,  that  the  piping  for  a  hot-water 
system  usually  contains  an  amount  of  water  equal  t" 
that  in  the  radiator,  or  about  half  of  the  water  in  t^ 
system,  and  that  water  heated  from  32  to  212  de  '. 
increases  about  one-twentieth  in  its  volume.  Therefor 
every  square  foot  of  radiation  has  one  pint  of  wate> 
and  the  piping  contains  another,  making  two  pints,  a/;(i 
the  capacity  of  the  expansion  tank  is  usually  taken  ai^ 
double  the  computed  expansion  to  be  cared  for.  It 
follows  that  the  tank  capacity  is  really  based  on  four 
pints  capacity  per  square  foot  of  radiation.  If  the 
water  expands  one-twentieth  of  its  volume,  the  cubical 
contents  of  the  expansion  tank  will  be  one-twentieth  of 


TWO-PIPF-;     DOWN-FEED    .VRRANORMENT 

four  pints,  or  one-fifth   pint,   for  each   s(iiiarp   foot   "f 
radiation;  and  as  there  are  eight  pints  to  a  gallon,  this 

is  expressed  in  gallons  by  i  ^  8  =    .„  gal.  per  sq.ft.. 

or  1  gal.  for  each  40  sq.ft.  of  radiation. 

One  of  the  things  to  be  watched  for  in  operating  a 
hot-water  system  is  to  avoid  having  radiators  freeze 
up  when  shut  off.  A  simple  expedient  to  prevent  such 
trouble  consists  of  drilling  a  small  hole  about  one-eighth 
inch  in  diameter  in  the  wedge  or  disk  of  the  control 
valve  so  as  to  permit  the  circulation  of  a  little  water 
through   the  radiator  even  when   the  valve   is   closed. 
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Sus|HMision    ainl   (ioiicrrlc   S(*llin<«^   of  Boilers 
al  {\\v  Kohrii  (fail*  IMaiiU  Iti'ooklyn 


A  OoiUi  iixnii  is  nuulr  in  a  voiicrttf  Imildiiiji 
severnt  iirars  old,  it'iih  a  600-tov  coal  bunker 
aboi'r  the  boiUir.  The  hoiln  seltinns  arc  «/ 
cinder  concrete  with  firebrick  linimj  in  the  fur- 
nace. The  boiler  and  bunker  mipport  coliinnis, 
siibjccUd  to  the  heat  of  the  fiiniarc,  are  of 
reinforced  cinrn  ti . 

TlIK  enKJiieers  of  this  company,  which  owns  and 
operates  that  interesting  group  of  concrete  build 
injrs  near  the  Brooklyn  end  of  the  old  bridge, 
excited  interest  some  years  ago  by  the  use  of  cinder  con- 
crete (I  cement,  5  cinder,  no  sand)  for  boiler  settings, 
going  so  far  as  to  use  no  firebrick  lining  for  the  hand- 
fired  furnaces.  Now  comes  another  interesting  setting 
for  new  boileis.  and  designed  by  the  Gair  engineers. 
As  shown  in  Figs.  1  and  2.  the  boilers  are  of  the 
return-tubular  (Dillon)  type,  each  00  in.  diameter,  18 
ft.  long,  the  weight  of  each  empty,  without  breeching 
or  steam  pipes,  being  43,000  lb.;  with  water  at  the 
usual  level  the  total  weight  of  each  is  71,300  iiounds. 
An  unusual  feature  of  the  setting  is  that  the  build- 
ing columns,  also  the  boiler-support  columns,  are 
practically  in  the  furnaces  and  will  be  exposed  to  the 
temperatures  therein.  Reference  to  Fig.  1  shows  that 
the  columns  for  supporting  the  boilers  are  each  made 


up  of  an  S-in.  wrought-iron  pipe,  four  'l-in.  square 
rods  for  reinforcement,  and  concrete,  the  outside  dimen- 
sit)ns  of  each  column  being  ](>  x  1(>  in.  There  is  no 
air  circulation  through  the  pipe,  it  being  filled  with 
concrete.  The  bunker  column  and  the  boiler-support 
column  are  side  by  side  and  appear  as  one  from  the 
lop  of  the  boiler  down.  These  columns  are  co>^red  on 
the  sides,  where  they  are  exposed  to  the  heat,  with  a 
l2'-in.  l)rick  wall;  4  in.  of  this  is  firebrick;  air  space 
between  the  colunm  and  the  wall  is  provided.  The 
coal  bunker,  with  capacity  for  000  tons,  also  is  sup- 
jforted  by  these  columns.  There  is  one  16  x  16-in. 
column,  made  of  a  2:  2) :  5  mixture  of  cement,  sand  and 
broken  stone,  on  each  side  and  at  each  end  of  each 
boiler.  The  girder,  of  1 :  2:  4  mixture  of  the  same  mate- 
rials as  the  columns,  stretching  across  two  columns,  is 
12  X  14  in.  The  hanger  rods  for  the  boilers  fasten  to 
15-in.  I-beam  plates  supported  by  the  16  x  16-in.  col- 
umn.   This  is  shown  well  in  the  front  elevation.  Fig.  2. 

The  furnace  walls  are  of  cinder  concrete  to  a  height 
of  five  feet  above  the  floor,  lined  on  the  sides  with 
firebrick.  The  remainder  of  the  walls  is  made  of  build- 
ing brick  and  firebrick.  The  space  between  the  rear 
columns  and  rear  walls,  also  the  rear  walls,  are  lined 
with  cinder  concrete  (see  Figs.  1  and  2).  The  furnaces 
will  be  fired  by  McKensie  stokers. 

In  this  most  unusual  installation,  where  a  boiler 
room  has  been  made  in  a  building  erected  several  years 


FIG.   1.     SHOWS  CONCRETE  BOILER  SETTINGS,  SUPPORT  COLTTMNS  AND  GIRDERS.  ROBERT  GAIR  POWER  PLANT 
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ago.  the  load  supported  by  the  outer  columns  shown  is  weight  of  flues,  which  rest  on  top  of  the  girders.  The 
22i  tons  (45,000  lb.)  per  column;  the  load  on  the  col-  weight  of  the  coal  stored  in  the  600-ton  bunker  is 
umns  between  boilers  is  45  tons    (90,000  lb.)    per  col-      roughly  52.5  lb.  per  cu.ft.,  or  .S8  cu.ft.  per  ton.     The 


'-beam  Plate 
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FRONT     ELEVATION 
FIG.   2.     CONCRETE  BOILER  SETTIXO   OF  U.NUJSUAL   INTER  K.ST.   ROBERT  GAIR  POWER  PLANT 


umn.      The  weight  suspended  from   each   girder   is   45 
Ions  between  supports  and  90  tons  per  boiler,  including 


floor  of  the  boiler  room  is  of  reinforced  concrete,  5  in. 
thick,  giving  12  ft.  headroom  from  the  basement  floor. 


Water  Injection  in  Semi-Diesel  Engines 


By  H.  F.  shepherd 


Some  of  the  old  theories  as  to  the  action  of  ivater 
injected  into  the  cylinders  of  semi-Diesel  engines 
are  exploded  and  the  advantages  and  disadvan- 
tages of  the  practice  are  discussed 


CONSIDERABLE  discussion  has  arisen  over  the 
use  or  non-use  of  water  injection  in  semi-Diesel 
engines.  The  various  arguments  advanced,  to- 
gether with  the  writer's  conclusions  after  ten  years  of 
careful  observation  in  the  design  and  operation  of  both 
types,  may  be  summed  up  in  the  following  statements: 
The  chemical  theory  that  the  water  injected  will  dis- 
.sociate  at  the  high  temperature  of  combustion  and  its 
nascent  oxygen  will  combine  with  and  consume  all  free 
carbon  is  not  strictly  true.  A  badly  designed  water- 
injection  engine  will  carbon.  A  well-designed  engine 
of  either  type  will  not.  Some  such  action  may  occur, 
but  it  is  not  essential.  In  the  absence  of  other  tem- 
perature control,  water  feed  will  serve  the  same'  end 
and  that  is  its  main  function. 

It  is  sometimes  urged  that  water  feed  will  reduce  the 
high-pressure  end  of  the  cycle  in  the  production  of 
superheated  steam  that  will  expand,  delivering  the  power 
at  a  more  favorable  crank  angle.  This  is  a  pretty 
mechanical  theory  but  bad  thermodynamics.  Each  pound 
of  water  evaporated  during  combu-stion  will  absorb  as 
latent  heat  the  energy  of,  roughly,  half  a  pound  of 
oil  and  in  that  state  the  heat  is  beyond  redemption 
for  work  during  the  cycle. 


Properly,  the  water  fed  must  all  be  absorbed  during 
the  scavenging  period,  taking  its  heat  from  the  mixed 
charge  and  the  walls  of  the  cylinder,  piston  head  and 
vaporizer.  This  heat  would  normally  go  to  the  jackets. 
It  is  readilj'  accounted  for  in  the  low  jacket  loss  and 
high  exhaust  loss  of  the  water-injection  engine,  the 
total  of  both  losses  being  equal  for  well-designed  and 
otherwise  similar  engines  of  either  type,  the  fuel  econ- 
omies being  similar  as  well.  Careful  indicator  work 
will  check  proper  construction  in  this  detail.  The  com- 
pression line  of  the  full-load  card  with  full  water  feed 
should  superimpose  on  that  of  the  no-load  card  with 
no  water  feed.  If  lower,  liquid  is  present  during 
compression,  its  latent  heat  absorbing  the  adiabatic 
heat  of  that  operation.  It  piiould  be  clearly  understood 
that  the  quantity  of  water  necessary  to  operation  may 
be  controlled  by  design  so  as  to  meet  the  foregoing  con- 
dition, in  which  event  it  is  not  possible  to  feed  a  harmful 
excess  without  a  shutdown   due  to  overcooling. 

It  is  urged  that  water  feed  will  destroy  lubrication 
and  will  combine  with  the  sulphur  in  the  fuel  to  produce 
sulphurous  acid,  which  will  work  destruction.  These  are 
possibilities  easily  realized  with  bad  design.  If  the 
water  is  thoroughly  carbureted  or  atomized  into  the 
entering  stream  of  air  and  if  it  is  at  once  vaporized 
by  contact  with  hot  gases  and  hot  metals,  it  pas.ses 
through  the  cycle  as  steam  and  is  no  more  harmful  than 
.«team  mechanically ;  nor  can  it  form  an  active  acid 
except  in  the  exhaust  pipe  after  condensation.  If  it 
is  badly  handled  or  if  the  engine  requires  an  excessive 
amount   of  water,   and  most  certainly   if  the  water   is 
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mtiixliicoil  throiijfli  n  ilrillctl  port   in  the  lyliiuU-r  horr. 
I'poiU'il  mill  soalt'il  l>y  j)istoii  travj-l,  thi-ri'  will  lii>  damiiK*' 

Some  desijriu'rs  chiitn  to  use  wiitor  to  loiitrol  the  time 
of  ijriiilion,  and  it  is  necessary  to  that  end  with  enjfities 
of  had  desitrn.  The  t'lrinK'  time  slioiild  i)e  under  control 
of  the  fuel-injection  apparatus.  Water  should  not  l)e 
used  to  damp  out  dangerous  prenuiture  explosions.  If 
well  designed,  the  enjrine  will  require  most  water  with 
heavy,  slow-hurninfr  fuels,  owin>r  to  the  ki'i'"'*''"  heatinjr 
of  the  walls  under  after-burniu}?.  If  badly  designed, 
a  (treat  excess  of  water  may  be  recjuired  to  prevent 
the  lighter  fuels  of  low  flash  from  causinj?  violent 
premature  explosions.  This  latter  condition  arises  with 
injection  apparatus  that  is  structurally  incapable  of 
deliverin>r  the  fuel  over  a  sufficiently  short  anjfle — not 
more  than  30  dejr.  and  preferably  as  short  as  15  de^-  of 
crank  travel — or  one  in  which  the  delivery,  due  to  air 
or  elastic  action  of  fluid  or  tubing,  is  not  coincident 
with  the  mechanical  movement  of  the  fuel  pump.  These 
elastic  displacements  are  small,  but  so  also  is  the  fuel 
charge,  especially  with  small  engines  at  light  loads. 

The  same  conditions  may  also  arise  due  to  "lay-overs" 
of  unconsumed  liquid  fuel  from  the  previous  cycle.  If 
liquid  fuel  escapes  at  the  exhaust  some  of  this  action  ia 
certain ;  moreover,  much  of  the  cylinder  wear  ascribed 
to  the  use  of  water  has  been  due  to  this  very  action, 
[f  the  cylinder  walls  are  awash  with  light  fuel,  the 
cylinder  oil  is  cut,  reducing  its  viscosity  and  effectually 
destroying  its  value  as  a  lubricant.  No  liquid  fuel  will 
reach  the  cylinder  walls  or  exhaust  witli  a  proper  in 
jection  system  and  a  well-designed  combustion  chamber. 

It  is  sometimes  stated  that  the  dissolved  solids  in 
the  water  will  precipitate  and  cause  abrasion.  It  is 
the  writer's  experience  that  with  water  fit  for  boiler 
use,  carrying  not  more  than  six  hundred  parts  per 
million  of  solids,  such  action  is  negligible.  The  most 
careful  observation  of  carefully  designed  engines  has 
failed  to  establish  any  marked  limits.  Sea  water,  water 
of  pronounced  brackish  taste,  turbid  water,  mine  pump- 
age,  etc.,  are  of  course  out  of  the  question. 

This  about  covers  the  propaganda  on  the  subject.  It 
has  often  seemed  to  the  writer  that  the  really  important 
facts  in  the  ca.se  have  been  entirely  obscured  in  talk. 
It  has  been  stated  that  water  injection  brings  about 
no  thermal  gain  and  that  while  it  need  not  be  an  evil, 
under  improper  application  it  may  be.  The  writer  em- 
ploys both  systems  commercially  and  owns  but  one  true 
reason  for  the  use  of  water  injection ;  namely,  it  is 
possible  to  build  large  single-cylinder  engines  or  engines 
of  high  power  with  fewer  and  larger  cylinders  without 
cooled  pistons  by   its  use. 

The  untrained  operator  has  not  distinguished  himself 
notably  in  the  operation  of  multicylinder  oil  engines. 
The  multicylinder  gas  or  gasoline  engine  a.spirates  its 
charges  from  a  single  mixer  or  carburetor.  In  the  semi- 
Diesel  a  separate  fuel  pump  is  required  foi-  each  cylinder 
and  each  control  mechanism  must  be  adjusted  so  that 
its  cylinder  takes  a  due  proportion  of  the  load.  Some 
means  of  adjustment  is  necessary  in  order  to  compensate 
for  wear,  but  unfortunately  such  provisions  serve 
equally  well  as  means  of  misadjustment. 

The  semi-Diesel  engine  has  a  large  overload  capacity. 
It  is  rated  at  the  point  of  best  economy,  which  often 
is  but  two-thirds  of  its  maximum  capacity.  Use  of 
this  excess  in  any  one  cylinder  of  a  multicylinder  engine 
may  bring  about  de.structive  heating  and  abrasive  car- 
bon deposits,  and  such  a  condition  will  follow  inad- 
vertently faulty  adjustment.     Judgment   is  required  to 


balance  it  multicylinder  oil  engine,  and  there  is  not 
much  of  this  particular  kind  of  judgment  uvailable  a^ 
vet.    Time  and  education  may  alter  the  situation. 

In  justice  to  tlie  numy  builders  of  semi-Diesel  engines 
employing  water  injection  it  may  be  added  that  water 
injection  has  .several  minor  advantages  that  are  worthy 
of  consideration.  Its  use  provides  a  cooler  full-load 
air  charge  and  adds  about  25  per  cent,  to  the  engine 
rating.  It  :ilso  compensates  in  a  large  degree  for  over- 
heating due  to  back  pressure  or  unfavorable  exhaust 
systems.  These  latter  are  not  necessarily  the  result  of 
ignorance,  but  sometimes  arise  out  of  local  conditions. 
It  also  permits  the  use  of  high  continuous  overloads 
without  destructive  overheating.  Such  overloads  should 
not  be  provided,  but  when  encountered  due  to  a  low 
estimate  or  to  growth,  this  capacity  is  no  mean  advan- 
tage even  at  the  inevitable  loss  in  economy. 

Stokers  Place<l  Under  Mud  Drum 

In  that  section  of  the  Lake  Shore  station  of  the 
Cleveland  (Ohio)  FMectric  Illuminating  Co.,  known  as 
the  1918  addition,  a  new  furnace  design  has  been 
worked  out,  says  the  Electrical  World.  Its  essential 
features  are  shown  in  cross-section  herewith.  The 
chain-grate  stokers,  instead  of  being  placed  in  the 
usual  way  under  the  front  of  the  boiler,  are  installed 
at  the  rear  under  the  mud  drum.     An   igniting  arch 
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extends  under  the  mud  drum,  which  sits  rather  high, 
its  center  line  being  15  ft.  8  in.  above  the  floor  line. 
The  boiler  baffling  is  of  the  type  known  as  "four-pass 
baffling."  The  gases,  in  passing  through  a  boiler  so 
arranged,  enter  the  first  bank  of  tubes  at  the  top 
instead  of  the  bottom.  This  puts  the  uptake  also  at 
the  rear  of  the  boiler  and  permits  the  gases,  after  pass- 
ing througfi  the  two  banks  of  economizers,  to  be  taken 
oft'  in  a  single  centrally  located  flue.  The  table  gives 
further  interesting  data: 

.Stirling,  »atof-tube.  class  M-2j 

Green,  chain-grate,  type  L 

6,864 

Uft.  loup  by  12  ft.  w-ide 

156 

I  to  44 

3,000 

Cubic  iee.l  of  furnace,  volume  per  square  feet  of  grate  area  IM 

It  will  be  observed  that  the  furnace  volume  is  higher 
than  in  many  older  installations.  This  is  in  line  with 
the  modern  tendency  of  boiler-setting  design. 


Type  of  boilers  

TjT>e   of  stokers 

boilerrating  in  square  feet  of  heating  surface 

size  of  stokers  

Grate  area  in  ..<quare  leet      

Ratio  of  area  to  heating  surface 

Content  of  furnace  in  cubic  feet 
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Power  House  and  Dam,  Georgia-Carolina  Power  Company 


The  lop  view  sliows  the  concrete  spillway  dam  2000  ft.  long  and  approximately  35  ft.  high  across  the  Savannah  River  near 
Augusta,  Ga.  To  permit  of  navigation,  a  lock  30  ft.  x  150  ft.  in  the  clear  had  to  be  constructed  near  the  power  house  at  the 
i.eorgia  end  of  the  dam.  The  power  liouse  has  an  installed  capacity  of  15. ."(OO  hp.,  ultimate  capacity  31,000  hp.  The  englneerfng 
and  construction  work   was  performed  by   the  J.   G.   White  Engineering  Corporation.  New   York. 
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The  ElcMlrical  SliuU  Course — Fiulors  Eiilcriiii>: 

Into  IJrake  Tests 


l)frfloi>s  till'  thfonj  of  xevvral  tup*'!*  "f  brakes 
itiid  jutinfs  out  the  prrcitHtioiui  that  must  be  ob- 
setred  to  sfciire  correct  values  of  the  forces  con- 
irriied   front    *hc    reailiuus   of    the   scales. 

IT  WAS  shown  III  Ihf  pri'ci'iiiiin  lesson  that  an  ar- 
ranKeineiit  smh  as  that  illiistiated  in  Fi}?.  1  could 
be  used  to  make  a  brake  test  on  a  motor,  but  that  it 
would  re'iuire  iritiial  Miaiiipulatioii  of  the  weight  at 
W  .  A  MKxlitied  form  of  the  test  was  referred  to;  such 
a  one  uses  the  arrangement  illustrated  in  Fi^-  2,  which 
is  one  of  the  forms  of  brakes  described  in  a  previous 
lesson.  With  the  pulley  at  rest  the  tension  of  the  stiap 
will  be  the  same  at  both  ends  when  the  nut  c  is  tightened. 
Consequently,  when  the  beam  scale  d  is  in  equilibrium, 
it  will  record  the  same  pull  m^  does  the  spring  balance 
t.  When  the  pulley  is  rotated  in  the  direction  of  the 
arrow  .4,  however,  it  tends  to  pull  down  on  the  strap  at 
a  and  to  push  up  at  e.  The  result  is  that  the  counter- 
poise /  will  have  to  be  set  farther  out  on  the  beam  d  to 
keep  it  in  equilibrium  and  will  thus  indicate  the  pull 
at  a  due  to  the  combination  of  the  pull  at  e  and  the 
pull  due  to  the  friction  between  the  belt  and  the  pulley. 
The  pull  at  e  corresponds  to  that  of  W,  in  Fig.  1, 
whereas  the  pull  at  a  corresponds  to  that  of  W„  and 
their  difference,  W,  —  W.,  is  the  force  with  which  the 
motor  pulley  is  trying  to  drag  the  strap  around. 

The  load  on  the  motor  is  controlled  by  means  of  the 
nut  c,  Fig.  2.  Tightening  it  increases  the  tension  on 
ihe  strap  and  consequently  increases  the  friction  be- 
tween it  and  the  pulley,  whereas  loosening  it  has  the 
t.pposite  effect.     When  the  nut  is  tightened,  the  scale  e 


cu.ssed  provides  a  convenient  means  of  obtaining  the 
output  of  a  motor  and  hence  of  determining  itH  effi- 
ciency. The  details  of  the  manner  in  which  such  a  test 
is  performed  will  be  j)re.sented,  but  before  doing  .so  i! 
will  lie  well  to  give  consideration  to  that  method  of 
testing  which  employs  the  prony  brake  and  investigate 
in  what  manner  its  theory  of  operation  differs  from 
that  of  the  one  just  discus.sed. 

For  this  purpose  we  can  select  any  one  of  the  form.-< 
already  lie-'^criiu'd ;  the  same  theory  applies  to  all.    Sup 


FIG.     1,      TWO- WEIGHT 
SCHEME    OF    BK.VKE 


2.      BRAKE  USING  TWO   SCAI^S  FOR 

MEASURIXO    OUTPUT  OF   MOTOR 


will  show  a  greater  reading  and  likewise  the  counter- 
poise /  will  have  to  be  moved  until  it  also  indicates  a 
greater  reading,  if  d  is  to  be  kept  in  equilibrium.  That 
is,  tightening  c  causes  an  increase  in  the  readings  of 
both  e  and  /,  and  hence  it  might  appear  that  the  load  on 
the  motor  is  not  increased.  However,  it  will  be  found 
that  the  reading  of  d  increases  more  rapidly  than  that 
of  e,  causing  their  difference  to  be  greater,  and  conse- 
quently causing  an  increase  in  the  load  on  the  motor. 
It  is  evident  from  the  foregoing  that  the  method  dis- 
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FIG.   ■X.      I'HON'Y  BRAKE  FOR  TESTING  MOTOR 

pose,  therefore,  that  we  choo.se  the  one  illustrated  in 
Fig.  3.  As  in  the  preceding  case,  tightening  the  nut  c 
increa.ses  the  friction  between  the  strap  a  and  the  pulley 
h,  and  by  means  of  it  the  drag  on  the  pulley  can  there- 
fore be  regulated. 

The  force  dragging  at  the  surface  of  the  pulley  can- 
not be  determined  directly  in  the  case  of  the  prony 
brake,  since  no  scales  are  connected  to  the  strap  as 
there  are  in  Fig.  2.  But  the  force  pushing 
down  at  g  can  be  measured  by  means  of  a 
scale  such  as  d,  and  this  force,  which  we  will 
call  /,  is  due  to  the  force  with  which  the  pulley 
is  trying  to  drag  the  strap  with  it.  If  we  let 
F  represent  the  force  at  the  face  of  the  pulley, 
we  have  that,  F  is  to  /  as  the  distance  /  is  to 
the  distance  r;  that  is,  as  the  length  of  the 
aiTi!  h  is  to  the  radius  of  the  pulley.  Express- 
ing this  relation  in  .symbols,  we  have,  F  :  f  = 

/X  I 
I  :  r,  from  which  we  get  that  F  =:     -  -  .   Since 

/  can  be  determined  by  means  of  the  scale  d, 
and  I  and  r  can  be  measured,  it  follows  that  F, 
the  force  at  the  face  of  the  pulley,  can  be  com- 
puted, after  which  the  output  of  the  motor  can 
be  calculated  in  exactly  the  same  manner  as  in 
the  ca.se  of  the  other  test,  by  substituting  the 
value  of  F  in  the  formula  P  ^  ^  X  ^  X 
S  X  F,  in  which  D,  the  diameter  of  the  pulley,  is 
equal  to  2  X    '"■     Writing  2   X  r  for  D  would  give 

f  'K   I 
usP  =  zX2X'-XSX  —7—'   i"  which  the 

two  ?-'s  would  cancel  out,  leaving  P  =  2  X  '^  X  S 
X  /  X  ^  from  which  it  is  evident  that  the  diameter 
of  the  pulley  does  not  have  to  be  determined  when  the 
prony-brake  method  is  used. 

In  applying  any  of  the  methods  that  have  been  di.<- 
cussed,  certain  precautions  must  be  observed  regarding 


June  17,  1919 


POWER 


939 


the  direction  in  which  the  forces  are  made  to  act  on 
the  scales.  In  the  case  of  the  spring  balance  the  pull 
must  always  be  in  line  with  the  scale,  and  in  the  case 
of; the  beam  and  platform  scales  it  must  be  directly 
dowTiward;  that  is,  in  a  vertical  direction.  Thus,  in 
Fig.  4  the  belt  at  a  might  have  the  direction  shown  and 
yet  the  correct  results  would  be  obtained  if  the  .spring 
balance  I  were  in  line  with  it  as  it  is  represented.  If, 
however,  the  balance  were  not  free  to  .swing,  and  in 
consequence  occupied  a  position  such  as  that  illustrated 
in  Fig.  5,  the  results  obtained  would  be  in  error.  Like- 
wise, if  the  pull  'on  the  beam  or  the  pressure  on  the 
platform  scale  were  at  an  angle,  as  indicated  in  Figs. 
6  and  7,  respectively,  instead  of  straight  down,  the 
results  obtained  would  be  incorrect. 

The  principle  underlying  the  foregoing  can  probably 
be  most  readily  demonstrated  by  considering  the  ex- 
treme cases ;  namely,  when  the  pull  or  thrust  is  at  right 
angles  to  the  scale,  as  illustrated  in  Figs.  8  and  9.  Thus, 
in  Fig.  8,  tightening  the  nut  c  would  not  put  any  tension 


point  of  contact  g  —  indicated  by  a;  —  can  be  de- 
termined. In  that  case  the  length  x  would  be  used  in 
place  of  f.  However,  as  the  brake  is  tilted  more  and 
more,  x  becomes  shorter  and  shorter  until  it  reaches 
zero,  when  the  brake  occupies  the  position  shown  in 
Fig.  9.  Long  before  reaching  the  zero  position,  the 
distance  x  would  be  so  short  that  any  slight  error  in 
measuring  it  would  mean  a  large  percentage  of  error 
in  the  results.  Moreover,  the  shorter  x  becomes  the 
greater  would  the  pressure  f  at  g  become  for  the  same 
pull  F  of  the  pulley,  because  F  :  f  =^  I  :  r.  This  would 
require  a  large  scale,  whereas  a  small  one  will  serve  the 
purpose  if  advantage  is  taken  of  a  greater  length  of  arm, 
as  in  the  position  of  Fig.  3.  This  position  would  be 
the  one  chosen  s'nce  then  the  known  value  of  I  can  be 
used  instead  of  measuring  x,  as  in  Fig.  7,  which  is 
always  a  matter  of  more  or  less  inconvenience.  The 
foregoing  brings  out  the  important  point  that  the  dis- 
tance between  the  center  of  the  shaft  o  and  the  point 
of  contact  g  must  always  be  measured  as  the  horizontal 


FIGS.   4  TO  9.     PRONY  BRAKES  OPERATING  IN  DIFFERENT  POSITIONS 


on  the  strap,  and  whatever  pull  there  might  be  on  the 
strap  at  a  due  to  the  revolving  pulley,  would  be  exerted 
sidewise  on  the- beam -asd  would  therefore  have  no 
tendency  to  pull  the- end'w^down ward.  Since  it  is  neces- 
sary that  a  force  act 'downward  at  m  before  it  can  be 
counterbalanced  by  the  weight  /,  it  is  evident  that  no 
reading  would  be  obtained  on  the  beam  no  matter  how 
large  a  force  might  be  straining  at  the  belt.  In  Fig.  9 
the  contact  edge  g  is  shovra  pushing  against  a  block 
n  that  is  supposed  to  be  fastened  to  the  platform  of  the 
scale  to  prevent  the  entire  brake  from  whirling  around, 
which  it  would  otherwise  be  free  to  do.  The  force  act- 
ing at  g  would  have  no  tendency  to  push  the  platform 
of  the  scale  downward  and,  therefore,  there  would  be 
no  weight  indicated  on  the  scale  other  than  that  of  the 
block  n. 

As  a  matter  of  fact  a  position  of  the  prony  brake 
such  as  that  shown  in  Fig.  7  could  be  used  if  th«  hori- 
zontal distance  between  the  center  of  the  shaft  and  the 


distance  between  perpendiculars  through  o  and  g  (as  .r), 
and  not  as  the  direct  distance  between  them. 

The  problem  of  the  preceding  lesson  stated  that  a 
5-hp.  motor  which  is  being  tested  by  the  method  indi- 
cated in  Fig.  1  has  a  pulley  diameter  of  8  in.  and  runs 
at  a  speed  of  1200  r.p.m.  at  full  load.  It  was  required 
to  determine  the  value  of  the  weight  W.,  necessary  to 
impose  full  load  on  the  motor  if  the  weight  of  W,  is 
100  lb.  Since  it  is  a  5-hp.  motor,  its  full  load  would  be 
5  hp.,  and  since  there  are  33,000  foot-pounds  per  min- 
ute in  one  horsepower  its  full  load  would  be  expressed 
by  5  X  33.000  =  165,000  ft.-lb.  per  min.  This  num- 
ber of  foot-pounds  per  minute  would  therefore  be  its 
output.  From  the  preceding  lesson  we  know  that  P  = 
7t  X  -t)  X  <S  X  ^  foot-pounds  per  minute,  where  P  is  the 
output  of  the  driven  pulley,  D  its  diameter  in  feet,  S 
its  speed  in  r.p.m.,  and  F  the  force  in  pounds  that  op- 
poses its  rotation.  In  our  problem  P  is  165,000  ft.-lb. 
per  min.,  D  is  S  in.   (-vhich  in  feet  is  equal  to  8  X  -^s. 
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js'ivinjr  i  ft.),  S  i.s  11200  r.p.m.,  uiul  /■'  i.s  equal  lo 
(H',  —  W,),  of  which  W,  is  known  to  be  100  lb.  and  W, 
is  to  be  found,  tfivin^  us  F  ( 100  —  W,)  ;   i;  is  of 

course  equal  to  3.1410.  Substituting  in  the  foretrointf 
expression  wo  have,  ir,r).000  -^  :}.141G  X  it  X  1200  X 
I  100  —  ir.),  whi<-h  reduces  to  1().'"j,000  r  2513  X 
OOO  —  W,).     We  tiierefore  have  that  lOO  —  W,  — 

^SlF  ~  ^^•^^'  ^''*^'"  ^^^''"^  ^^'  ^  100  —  65.66  = 
;>  1.31  pounds. 

A  motor  is  tested  by  means  of  a  prony  brake  as  in 
Fig.  3.  When  the  force  acting  on  the  scale  is  17  lb., 
the  speed  of  the  motor  is  1500  r.p.m.  If  the  length  ol 
the  arm  /  is  20  in.,  what  horsepower  is  the  machine  de- 
livering? 

Arc  Lamp  Used  as  a  Synchronoscope 

By  W.  H.  MooRt: 

A  number  of  years  ago  I  was  employed  in  one  of  the 
old  lighting  plants  where  the  load  was  growing  faster 
than  the  plant  and  where  the  new  apparatus  was  placed 
alongside   of   some   antediluvian   masterpieces   and   the 
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RELATIVE  LOCATIONS   OF  ARC   LAMP.   MAN  AND  ENGINE 
DURING  SYNCHRONIZING 

whole  collection  made  an  outfit  that  was  both  unique 
and  terrible. 

One  evening  when  the  load  was  coming  on  the  switch 
board  operator  was  synchronizing  an  engine-driven  al- 
ternator to  go  in  on  the  bus  and  I  happened  to  be  look- 
ing at  the  flywheel  of  the  engine,  which  was  in  the 
bright  light  of  an  inclosed  arc  lamp  hanging  close  by. 
I  noticed  a  shadow  that  seemed  to  be  moving  first  with 
the  rotation  of  the  flywheel,  then  against  the  rotation 
and  then  finally  stood  still.  When  the  shadow  stopped, 
the  operator  closed  the  switch  and  the  machine  was  in. 
This  was  before  the  synchronoscope  was  in  general  use 
in  small  plants,  so  w-e  had  to  depend  on  lamps. 

From  the  foregoing  experience  it  was  concluded  that 
the  spokes  of  the  flywheel  acted  as  a  sort  of  synchrono- 
scope.    To  prove  it,  the  machine  was  taken  off  the  bus 


We  have  become  so  used  to  hearing  that  "Service  is 
the  greatest  thing  in  the  world,"  that  there  is  grave 
danger  we  may  become  calloused  to  its  real  meaning  and 
spirit.  The  American  people  delight  in  catch  phrases, 
many  of  which  are  wonderfully  expressive;  neverthe- 
less, we  must  beware  of  "glittering  generalities."  Serv- 
ice— service?  What  is  service?  Lawyers,  scientists, 
clergymen,  and  laymen  have  endeavored  to  explain,  but 
when  all  is  said  and  done  it  is  simply  doing  something 
for  somebody  which  needs  to  be  done.  Into  service 
rendered  on  a  commercial  basis  must  go  the  integrity  of 
the  men  behind  the  transforming  machinery;  the  ap- 
plication of  correct  scientific  principles;  the  assembling 
and  skillful  preparation  of  machinery  and  complicated 
systems  of  delivery;  reliability,  and  efficiency.  Serv- 
ice is  the  greatest  thing  in  the  world  when  it  embodies 
that  spirit  of  its  promoters  which  continually  looks  for- 
ward to  improvement  and  progress. 


In  Power  for  Apr.  22  appeared  an  article  dealing  with 
various  clinker  grinders,  their  design  and  operation. 
The  caption  of  Fig.  8  of  that  article  was:  "Common- 
wealth Edison  Co.,  Chicago,  Westinghouse  Type  Clinker 
Grinder."  The  wording  is  such  as  to  infer  that  this 
grinder  was  installed  in  one  of  this  company's  sta- 
tions.   The  view  represents  a  study  only. 


uiid  then  put  in  again  and  with  the  Hame  rcHult.  We 
found  that  when  the  shadow  was  goinjr  with  the 
rotation  the  engine  was  running  too  slowly,  when 
the  machine  was  going  against  the  rotation  the 
engine  was  going  too  fast,  and  when  the  shadow  j 
stood  still  the  engine  was  running  at  synchro- 
nous speed.  We  also  found  that  synchronous  speed  did 
not  always  mean  that  the  generator  was  in  synchronism 
with  the  system.  After  we  had  made  a  few  bid  "shots," 
we  decided  that  the  latter  was  the  truth.  However,  v/e 
found  that  the  idea  of  using  the  shadow  worked  out  very 
well,  owing  to  the  fact  that  the  man  at  the  engine  could 
not  see  the  lamps  at  the  switchboard,  and  after  it  was 
found  just  how  far  we  could  go  with  the  shadow,  puttin.'{ 
that  particular  machine  in  was  much  easier  tha  i  before. 

Some  time  later  I  had  occasion  to  make  good  use  of 
the  shadow  idea  after  taking  a  position  in  a  litrhtinr 
plant  where  there  was  a  Diesel  engine  in  an  annex  to 
the  main  engine  room.  The  engineer  could  not  see  the 
switchboard,  and  it  took  three  men  to  synchronize  the 
generator — one  man  at  the  .switchboard,  one  at  the 
Diesel-engine  governor  and  the  third  standing  where  he 
could  see  the  synchronoscope  and  signal  the  engineer  to 
run  the  engine  faster  or  slower.  At  the  time  I  arrived 
they  were  considering  installing  an  additional  synchron- 
oscope in  the  Diesel  room.  Instead  of  this  an  arc  lamp 
was  hung  near  the  engine  and  where  the  light  would 
fall  directly  on  the  polepieces  of  the  generator;  a  white 
stripe  was  painted  on  each  polepiece.  and  the  governor 
was  manipulated  according  to  the  direction  the  shadow 
was  moving. 

The  Diesel  engine  was  direct-connected  to  a  revolv- 
ing-field alternator.  The  flywheel  was  on  the  right-hand 
end  of  the  engine,  as  in  the  figure,  as  was  also  the 
governor.  The  angle  of  the  two  lines  can  be  found  only 
by  experiment.  The  rays  from  the  lamp  should  strike 
the  moving  fields  at  the  top  a  little  back  of  the  center 
line  for  the  best  results.  We  took  dowm  and  rehung 
the  lamp  a  number  of  times  before  we  found  the  prope: 
position. 
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Fires  in  Turbo-Alternators 

DURING  the  first  part  of  1918  Powzr  published  a 
number  of  articles  on  fires  in  turbo-generators. 
Up  to  that  time  there  had  been  little  said  on  this 
subject,  but  the  discussion  brought  out  the  fact  that 
many  fires  had  occurred  in  machines  of  this  type. 
During  1917  at  least  one  electric-manufacturing  com- 
pany carried  on  a  series  of  tests  to  determine  the  best 
methods  of  extinguishing  these  fires,  and  as  a  result 
of  these  tests  it  was  apparent  that  steam,  if  supplied 
in  sufficient  quantities,  was  one  of  the  most  effective 
means.  The  subcommittee  on  generators  of  the  Com- 
mittee on  Electrical  Apparatus,  for  the  year  1918-19, 
of  the  National  Electric  Light  Association,  made  a 
special  study  of  the  problem  of  extinguishing  and 
preventing  fires  in  turbo-alternators,  and  an  abstract 
of  its  report  appears  on  page  950  of  this  issue.  The 
seriousness  of  this  problem  is  clearly  brought  out  in  the 
report  by  the  statement  that  thirty  operating  companies 
in  this  country  have  had  a  total  of  no  less  than  eighty- 
one  fires  in  turbo-generators  within  the  last  three  or 
four  years. 

There  is  little  doubt  that  the  condition  brought  about 
by  the  war  had  very  serious  effects  in  causing  fires  in 
generators.  The  heavy  loads  carried  by  these  machines 
during  this  period  and  the  inability  to  take  the  units  out 
of  service  for  proper  cleaning  and  inspection,  brought 
about  by  the  heavy  demands  for  power,  v/ere  the  direct 
cause  of  many  of  the  fires.  Even  though  the  cooling 
air  may  be  washed,  it  is  impossible  to  prevent  some  dirt 
and  oil  from  being  carried  into  the  machine.  Since 
approximately  the  generator's  own  weight  of  air  passes 
through  it  each  hour  the  machine  is  in  operation,  it  is 
evident  that  even  if  each  cubic  foot  of  cooling  air 
contains  only  a  minute  quantity  of  dirt  and  oil,  in  a 
month's  run  considerable  of  this  material  will  find  its 
way  into  the  machine.  If  this  mixture  of  dirt  and 
oil  is  ignited  by  a  fan  accidentally  rubbing  on  one  of 
the  end  bells  or  by  static  discharge  at  some  point 
within  the  machine,  it  will  soon  be  fanned  into  an 
intense  heat  by  the  volume  of  air  passing  through  the 
machine,  which  will  destroy  even  the  mica  insulation 
on  the  coils  if  the  fire  is  not  immediately  extinguished. 
As  pointed  out  in  the  committee's  report,  the  inspection 
and  cleaning  of  turbo-generators  at  more  frequent  in- 
tervals would  seem  to  be  very  desirable  and  to  have 
a  direct  bearing  on  the  liability  of  fires  from  sources 
external  to  the  windings. 

It  has  been  general  practice  to  connect  the  generator 
to  the  busbars  without  any  automatic  protection  because 
of  the  fear  of  erroneous  operation.  This  practice  has 
no  doubt  caused  many  disastrous  fires  in  generators. 
When  a  breakdown  occurs  between  coils  or  between  the 
winding  and  grounds,  unless  the  machine  is  almost 
instantaneously  disconnected  from  the  line  and  the  field 
opened,  not  only  the  coils  and  insulation  but  the  stator 
core  will  be  destroyed.  Experience  with  balanced-relay 
protection  in  this  respect  seems  to  indicate  that  where 
this  protection  is  provided  to  di'^connect  the  generator 


from  the  line  when  trouble  occurs  in  the  machine,  the 
extent  of  the  damage  from  fires  may  be  greatly  reduced. 
As  pointed  out  in  the  report,  this  practice  seems  sound 
and  manufacturers  are  urged  to  standardize  upon  the 
bringing  out  of  both  ends  of  all  phase  windings  to  the 
generator's  terminal  board  on  all  units  of  five  thousand- 
kilowatt  capacity  and  larger,  and  also  on  smaller  sizes 
where  no  appreciable  increase  in  the  selling  cost  of 
the  unit  will  result,  so  that  balanced  relays  may  be  in- 
stalled. 

Although,  as  previou.  ly  pointed  out,  in  the  early  de- 
velopment work  of  specially  provided  fire-fighting  equip- 
ment for  turbo-alternators  the  trend  was  toward  the 
use  of  steam  to  extinguish  the  fires,  at  the  present  time 
the  weight  of  opinion  and  practice  is  in  favor  of  the 
use  of  water,  there  being  a  feeling  on  the  part  of  many 
that  there  is  danger  of  steam  having  a  detrimental 
effect,  due  to  high  temperature,  on  the  insulation  of 
the  machine.  Owing  to  the  lack  of  sufficient  informa- 
tion at  the  present  time,  with  the  use  of  either  steam 
or  water  for  extinguishing  these  fires,  it  would  appear 
that  only  the  result  of  future  experience  can  decide 
which  is  more  advantageous.  However,  the  committee  is 
to  be  congratulated ;  it  has  done  a  real  constructive 
work  for  the  industry  in  correlating  reliable  infor- 
mation upon  a  subject  concerning  which  little  material 
was  available  previous  to  the  time  that  this  rep^  rt  was 
submitted. 

Do  We  Want  a  Standards 
Association? 

During  the  war,  committees  from  the  four  national 
professional  engineering  societies.  Civil,  Mechanical, 
Mining  and  Electrical,  and  the  American  Society  for 
Testing  Materials  working  in  connection  with  repre- 
sentatives of  the  departments  of  War,  Navy  and  Com- 
merce, founded  what  has  been  known  as  the  American 
Engineering  Standards  Committee. 

This  committee,  originally  and  intentionally,  and  still, 
a  joint  committee  of  the  professional  societies,  cooperat- 
ing with  the  Government  but  with  its  personnel  and 
activities  controlled  by  the  societies  which  created  and 
support  it,  has,  with  a  growing  sense  of  its  opportu- 
nities and  possibilities,  revised  its  constitution,  chang- 
ing its  name  from  the  American  Engineering  Standards 
Committee  to  the  American  Engineering  Standards 
Association,  and  providing  for  the  admission  of  repre- 
sentatives of  other  societies  and  interests  to  member- 
ship. A  statement  of  its  purpose,  furnished  to  the  press 
by  the  secretary,  will  be  found  elsewhere  in  this  issue. 

The  unification,  correlation  and  supervision  of  the 
making  of  standards  might  perhaps  to  advantage  be 
done  by  a  national  body  of  high-minded  disinterested 
experts.  It  is  not  apparent  that  the  best  way  to  get 
such  a  body  would  be  to  invite  representation  from  all 
sorts  of  interests  and  organizations,  commercial  as  well 
as  scientific,  at  five  hundred  dollars  per  annum  per  rep- 
resentative.    A  body  which  produces  a  standard  need 
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not  submit  it  for  the  indorHomcnt  of  the  As.sociHtioii 
unle.s.s  it  chooses  to  lio  ,xo.  Tlie  umoutit  of  pri'.HtiKO  that 
an  iiKstrumiMit  lik'.»  tho  Hoilcr  Cotio  of  the  Ainurican 
Society  of  Mechaiiical  Knjfineer.s  would  k"'"  ''>'  its  ac- 
ceptance, approval  or  indorsement  h.v  such  a  national 
Association  would  depend  upon  the  character  and  work 
of  that  Association.  The  failure  of  the  A-ssociation  to 
approve  a  code  or  standard  mi^ht,  in  the  hands  of  a 
clever  lobbyist  or  manipulator,  be  made  (juite  effective 
as  a  deterrent  to  its  acceptance  by  lefrislntive  l)odies  or 
the  public;  and  it  may  not  be  didicult  to  block  the  ac- 
ceptance of  a  code  which,  as  some  codes  do,  places  re- 
strictions upon  and  occasioned  inconvenience  to  a  par- 
ticular interest  or  industry  in  an  Association  to  partici- 
pation in  the  decisions  of  which  the  representatives  of 
this  and  sympathetic  industries  are  admitted  at  so  much 
per  head. 

The  plan  evolved  by  the  committee  for  its  own  re- 
orpanization  is  being  subinitted  to  the  councils  and 
boards  of  management  of  the  founder  societies,  and  it 
will  be  interesting  to  see  what  light  their  discussion 
may  throw  upon  the  project. 

Simple  Method  of  Determining 
Power-Factor  Correction 

WHAT  is  the  combined  power  factor  of  two  or  more 
loads  having  different  power  factors?  is  a  question 
that  is  too  frequently  considered,  by  operating  men, 
as  something  for  mathematicians  to  puzzle  over  and 
not  for  those  with  a  limited  mathematical  training. 
Quite  the  contrary;  the  problem  can  be  solved  on  the 
drawing  board  with  nothing  more  than  ordinary  draw- 
ing tools,  the  resultant  power  factor  and  load  being 
measured  directly  from  a  simple  diagram.  In  an  article 
"A  Simple  Method  of  Determining  Power  Factor  Cor- 
rection," on  page  923  of  this  issue,  Ralph  Kelly  gives 
a  method  of  determining  the  power  factor  of  a  system 
having  a  known  power  factor  after  another  load  has 
been  added  to  it  also  of  known  power  factor,  by  the 
simple  addition  of  straight  lines  to  represent  the  loads 
in  their  proper  inductive  or  corrective  relation,  after 
which  the  resultant  load  and  power  factor  may  be  meas- 
ured with  a  scale  directly  from  the  diagram.  The 
examples  given,  on  the  application  of  this  method,  cover 
a  sufficiently  broad  scope  to  make  it  easily  applicable 
to  almost  every  practical  problem  of  power-factor  cor- 
rection. 

Power-factor  correction  has  come  to  be  one  of  the 
most  discussed  elements  in  the  generation  and  applica- 
tion of  electrical  power.  Many  of  the  central-station 
companies  are  making  surveys  of  their  power  systems 
with  the  object  in  view  of  taking  steps  to  improve 
the  power  factor  wherever  possible.  Large  industrial 
plants  are  also  beginning  to  give  serious  consideration 
to  the  subject,  consequently  the  operating  engineer  may 
well  prepare  himself  to  answer  such  questions  as.  What 
will  the  power  factor  of  a  given  load  be  by  adding  a 
synchronous  motor  to  carry  a  given  mechanical  load  and 
operate  at  a  certain  leading  power  factor?  Such  prob- 
lems, as  shown  by  Mr.  Kelly,  can  be  easily  and  quickly 
solved  by  the  addition  of  straight  lines  to  represent 
the  loads  in  their  proper  relation. 

Of  course,  a  knowledge  of  trigonometry  is  required 
to  make  the  exact  calculations,  but  if  care  is  exercised 
in  laying  out  the  problem  on  the  drawing  board,  the 
values  measured  will  be  only  a  fraction  of  one  percent, 
out  with  the  figures  that  would  be  obtained  by  calcula- 
tion, which  is  close  enough  for  all  practical  purposes. 


Concrete  for  Roller  Setlin^fl 

Dl'iJINd  ncciit  yens  boiler  .settings  have  received 
more  attention  in  the  matter  of  design  and  mate- 
rials than  had  previously  been  given  to  them  since 
the  days  of  Watt.  For  other  than  most  rare  caseu 
concrete  has  not  been  used  for  this  purpose.  There  is 
no  question  about  the  cheapness  of  this  material;  but 
little  is  known  of  its  behavior  when  subject  to  loads 
and  at  temperatures  produced  in  boiler  furnaces.  The 
average  engineer  is  afraid  of  it  under  such  conditions. 

The  engineers  of  the  Robert  Gair  Company,  of  Brook- 
lyn, have  used  concrete  extensively  for  buildings.  The 
familiar  group  of  concrete  buildings  at  the  Brooklyn 
end  of  the  old  bridge  belong  to  this  company.  For  the 
boilers  in  the  old  boiler  room  reinforced  concrete  was 
used  for  the  settings,  and  cinder  concrete,  containing 
no  sand,  was  used  as  lining  for  the  furnaces.  The 
boilers  are  hand-fired  and  have  been  in  service  about 
eight  years,  no  material  change  from  concrete  h?iving 
been  made.  So  the.se  engineers  have  had  unusual  experi- 
ence with  concrete  for  boilers  and  boiler  houses. 

Lately,  considerable  additional  boiler  capacity  was 
required,  and  a  place  for  the  new  boilers  was  made  in 
one  of  the  concrete  buildings  erected  several  years  ago. 
The  boilers  are  large,  of  the  horizontal-tubular  type, 
stoker-fired,  and  they,  too,  will  have  concrete  settings, 
supported  by  reinforced-concrete  columns  which  will  be 
subjected  to  the  heat  of  the  furnace.  The  particulars 
of  the  settings,  with  weights,  loads,  and  concrete  mix- 
tures, are  described  elsewhere  in  this  irssue.  Most 
men  will  regard  these  settings  as  daring,  and  many 
will  consider  them  positively  dangerous.  But  the  Gair 
engineers  are  confident  of  their  safety  and  ei'durance. 
If  reinforced  concrete  can  be  made  safe  for  boiler 
settings,  it  will  appreciably  lower  construction  costs, 
and  likely  would  be  widely  used  for  the  purpose.  In 
view  of  the  Gair  settings  discussion  of  the  subject  seems 
opportune. 


In  a  paper  before  the  recent  spring  meeting  of  the 
American  Society  of  Mechanical  Engineers  the  author 
gave  performance  data  on  three  large  power  plants  in 
Arizona.  The  reason  for  the  poor  showing  made  by  one 
station  during  a  short  period  was  that  the  chief  engi- 
neer was  ill  and  absent.  The  personnel  is  well  organ- 
ized too,  yet  the  plant  suffered  appreciably  when  the 
chief  was  not  there  to  coordinate  things.  The  inci- 
dent furnishes  a  lesson  for  many  chiefs  and  managers. 


According  to  reports  of  the  Federal  Board  for  Voca- 
tional Education,  several  disabled  soldiers  have  elected 
a  course  in  boilermaking.  A  rather  strenuous  occupa- 
tion for  a  wounded  man,  but  it  proves  that  they  are 
not  looking  for  sinecures. 


Engineers  long  ago  discovered  that  keys  were  the 
proper  things  to  fasten  loose  cranks.  Government 
officials  might  profitably  take  a  cue  from  the  engine 
room  in  these  days  of  I.  W.  W.  and  Bolsheviki. 


Considering  the  way   it   eats   steam,   the  man  who 
named  the  simplest  form   of  steam   engine   was  more 

accurate  than  he  suspected  when  he  called  it  the  d 

slide-valve  engine. 


All  the  brine  tanks  in  the  country  will  be  inadequate 
to  contain  the  tears  that  vdll  be  spilled  on  the  night  of 
June  thirtieth. 
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Trespondence  - 


SECTION     THROUGH     VALVE 


Trap  Valve  Troublesome 

Considerable  trouble  was  experienced  with  a  tilting 
trap  which  was  arranged  to  handle  the  condensate  from 
the  separators  on  four  2700-kw.  units.  A  study  of  the 
illustration  will  make  the  operation  clear  to  anyone 
not  familiar  with  the  type  of  automatic  valve  used  on 
this  trap.   Owing  to  the  erosive  action  of  the  impurities 

conveyed  through 
the  trap  by  the  con- 
densed steam,  it  was 
impossible  to  keep 
the  automatic  valve 
in  an  operative  con- 
dition for  more  than 
a  few  weeks  at  a 
time.  The  trap  would 
tilt  until  it  lifted  the 
small  pilot  valve,  but 
then  it  would  stick, 
even  with  the  most 
careful  adjustment 
of  the  valve-stem 
packing  and  trun- 
nion nuts.  When  the 
tilting  chamber  was 
filled  with  water,  its 
weight  was  insufficient  to  overcome  the  pressure  on  the 
main  valve  and  open  it.  Often  the  pilot-valve  stem  was 
bent  or  broken  by  the  excessive  strain.  The  trouble 
was  frequently  remedied  by  renewing  the  main  valve 
and  sleeve,  and  then  the  trap  functioned  properly,  but 
in  a  few  weeks  conditions  were  just  as  bad  as  ever. 

After  the  valve  and  sleeve  had  been  renewed  several 
times,  I  determined  to  find  some  less  expensive  method 
of  obtaining  service  from  this  trap.  I  enlarged  the 
main-valve  passage  about  50  per  cent.,  and  also  the 
smaller  passages  B  B  a  like  amount,  reasoning  that  the 
original  cross-sectional  area  of  these  passages  was  not 
sufficient  to  pass  all  the  leakage  from  between  the  main 
valve  and  the  sleeve. 

This  same  valve  has  been  in  service  for  several  months 
operating  at  all  times,  often  under  the  most  adverse 
conditions,  and  so  far  has  given  no  evidence  of  further 
deterioration.  Robert  W.  Riordan. 

Brooklyn,  N.  Y. 

Armature-Coil  Leads  Were  Broken 

Motor  troubles  that  cause  sparking  of  the  brushes, 
heating  or  slow  starting,  generally  affect  also  the  speed, 
and  in  such  cases  about  the  first  test  that  a  trouble 
man  makes  is  a  speed  test.  Unfortunately,  many  mo- 
tors' name-plates  give  only  the  full-load  speed  of  the 
armature,  and  unless  some  idea  is  had  as  to  what 
the  no-load  speed  should  be,  the  speed  test  may  sug- 
gest very  little  unless  there  is  means  of  loading  the 
motor  and  of  measuring  the  load. 

In  a  certain  instance  a  600-volt  30-hp.  motor  gave 
slight  evidence  of  sparking  when  tested  in  the  repair 


shop.  The  no-load  speed  was  measured  and  appeared 
to  be  about  what  was  to  be  expected,  there  being  no 
way  of  putting  a  load  on  the  machine.  Nothing  wrong 
could  be  found  with  the  field  coils  or  with  the  brushes, 
and  the  motor  was  sent  to  its  destination,  where  its 
duty  was  to  drive  a  stone  crusher,  and  a  shopman  was 
sent  with  it  to  observe  operation  under  load  condi- 
tions. There  was  no  ammeter  for  indicating  the  cur- 
rent taken  by  the  motor,  and  the  only  device  available 
for  estimating  the  line  voltage  was  a  test  circuit  of 
five  lamps  connected  in  series,  which  showed  by  their 
brilliancy  that  the  voltage  was  about  correct. 

As  soon  as  the  load  was  put  on  the  machine,  the 
sparking  became  worse  and  after  about  an  hour's  oper- 
ation the  armature  began  to  smoke.  The  armature  was 
removed  and  returned  to  the  shop,  where  inspection 
disclosed  that  21  coil  leads  were  broken  off  at  the 
commutator.  Overloads  combined  with  excessive  vibra- 
tion had  produced  this  condition,  and  while  the  no-load 
speed  apparently  had  not  been  materially  affected,  the 
heavier  current  of  overloads  caused  the  defect  to 
manifest  itself  by  the  excessive  sparking  in  a  very 
positive  manner.  E.  C.  Parham. 

Brooklyn,  N.  Y. 

Used  Two  Piston-Valve  Rings 

In  a  plant  in  which  I  worked  some  time  ago  there  was, 
among  others,  a  piston-valve  engine.  One  day  about 
two  hours  before  the  peak  load  was  due,  the  valve 
rod  broke.  We  quickly  removed  the  valve  to  replace  the 
rod  with  a  new  one  and  found  that  two  rings  were 


USED  DOUBLE  VALVE  RINGS 

broken  on  the  valve,  one  narrow  and  the  other  a  Vv'ide 
one.  We  had  several  narrow  rings  in  stock  but  no  wide 
ones. 

We  needed  the  engine  badly,  and  so  the  chief  finally 
thought  of  the  plan  of  taking  two  of  the  narrow  rings 
and  fitting  them  in  the  place  of  the  wide  one.  This  was 
done  after  some  filing.  The  engine  was  then  started 
and  ran  that  way  until  we  secured  the  proper  rings  for 
it.  D.  G.  Simmons. 

Hudson,  N.  Y. 
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^\nH  D<»os  llu'  IMt'Ur  l{«acl? 

The  follow  iiij;  is  kivi'm  ;i.s  :iii  oxpiaii.il  ion  to  Charli's  A. 
Armstrong's  <iuostion  in  May  20  issue  of  Power,  "What 
Does  the  Meter  Head?"  with  the  dial  pointers  located  as 
\n  the  fijjure.  Consider  the  extreme  ri^ht-hand  dial. 
It  tells  three  thinjjs  in  tJiis  ease:  (1)  Since  one  com- 
plete revolution  etiiials  1000  watt-hours,  each  division 
is  100  watt-hours,  therefore  the  last  two  fijrures  in  this 
number  are  00.  (2)  The  pointer  has  passed  0  but  has 
not  reached  0;  therefore  the  last  three  fifrures  are  '.)00. 
(3)  Since  the  pointer  has  not  reached  0,  the  pointer 
on  the  next  dial  cannot  have  reached  the  figure  it  is 
nearest,  althoujrh  we  do  not  know  what  it  is  yet. 

Consider  the  next  dial.  The  pointer  is  nearest  0; 
but  we  already  know  it  has  not  reached  0,  so  the  figure 


AVATT-HOrK    METER    DIAL 

must  be  9,  making  the  last  four  figures  9900.  Since 
this  pointer  has  not  reached  0,  it  follows  that  the  next 
dial  pointer  has  not  reached  the  figure  it  is  nearest.  An 
inspection  shows  that  the  third  dial  pointer  is  near  1, 
but  as  we  know  it  cannot  have  reached  1,  the  figure 
taken  is  0,  making  the  last  five  figures  09900. 

The  third  dial  pointer,  having  passed  0,  tells  us  that 
the  fourth  dial  pointer  has  just  passed  some  number. 
An  inspection  of  the  fourth  dial  informed  us  that  it  is 
0,  making  the  last  six  figures  009900.  Since  the  fourth 
dial  has  passed  0,  it  follows  that  the  fifth  dial  pointer 
must  be  just  past  a  number.  Referring  to  the  fifth 
dial,  this  number  is  found  to  be  1,  making  the  reading 
1,009,900  watt-hours,  or  1009.9  k.lowatt-hours.  About 
40  watt-hours  more  on  the  dials  would  make  the  reading 
1,010,000  watt-hours,  or  1010  kilowatt-hours,  and  an 
experienced  meter  reader  would  undoubtedly  read  this 
amount,  if  this  reading  were  encountered  in  the  daily 
routine.  In  fact,  in  commercial  work  the  lowest,  or 
1000,  dial  would  be  disregarded  entirely. 

Rainbow  Lake,  N.  Y.  Victor  H.  Todd. 


I  was  interested  to  find  when  I  had  noted  the  reading 
in  the  meter-reading  problem,  in  Power,  May  20,  that 
when  I  called  the  attention  of  two  people  who  are  read- 
ing meters  every  month,  they  read  this  setting  incor- 
rectly; namely,  1,010,900.  It  was  amusing  in  the  case 
of  one  of  them  because  he  thought  it  was  my  own 
meter  reading  and  that  I  had  caught  him,  since  he  saw 
his  mistake  as  soon  as  I  showed  him  the  error. 

A  meter  with  such  a  recording  arrangement,  whether 
used  for  water,  gas  or  electricity,  should  always  be  read 
backward.  For  example,  in  the  reading  under  considera- 
tion, the  1000  dial  shows  9  without  question;  the  next 
dial  (10,000')  must  also  indicate  9  until  the  1000  dial 
hand  completes  its  revolution,  by  reaching  zero.  Fol- 
lowing the  same  reasoning,  the  middle  dial  will  not  read 
1  until  the  10,000  dial  hand  has  completed  its  rotation 
to  the  zero  point.  Then  again,  the  1,000,000  dial  hand 
is  0  instead  of  9,  since  the  middle  hand  has  passed  the 


zero;    and   lastly,    the   first   index    reads    1    because  the 
1,000.000  dial  hand  has  passed  the  zero.     Therefore,  the 
correct   reading   is    1,009,900  watt-hours,    if   the   meter 
reads  direct  without  u  constant.      H.  S.  I)l(  KKRSON, 
Holla,  Mo.       Professor  of  Mechanical  Kngineering, 

I'niversity    of    Missouri,    School    of 

Mines  and  Metallurgy. 


The  correct  answer  to  Mr.  Armstrong's  meter  reading 
proi)lcm  is  1,009,!)()0  watt-hours. 

The  simplest  proof  that  this  is  correct  is  to  assume 
that  the  meter  dial  hands  move  forward  until  the  dial 
hand  to  the  extreme  right  is  at  0.  Then  there  is  no 
question  but  that  the  correct  reading  would  be  1,Q10,000 
watt-hours.  This  being  the  case,  the  dial  as  pictured 
must  be  one  unit  less  than  this.  W.  L.  DURAND. 

Brooklyn,  N.  Y. 


With  regard  to  the  meter-reading  problem  presented 
by  Mr.  Amstrong  in  the  May  20  issue,  which  refers  to 
the  article  "How  To  Correctly  Read  a  Watt-Hour 
Meter,"  by  Victor  H.  Todd,  in  Mar.  25  issue,  I  believe 
the  disagreement  between  Mr.  Armstrong's  associates 
is  due  to  the  statement  by  Mr.  Todd  on  page  448,  that 
in  reading  the  five-dial  watt-hour  meter  .shown  in  Fig.ll 
of  his  article,  the  right-hand  dial  may  be  neglected. 

If  this  right-hand  dial  is  to  be  neglected  and  the 
meter  read  as  though  it  had  but  four  dials,  it  should 
not  be  permitted  to  influence  the  reading  of  the  remain- 
ing four  dials  and  the  second  right-hand  dial  should 
be  read  to  the  nearest  figure.  Therefore  Fig.  11  of  the 
original  article  should  have  been  read  as  1189  instead 
of  1188  kilowatt-hours  as  stated,  and  Mr.  Armstrong's 
meter  should  read  as  1010  kilowatt-hours.  However, 
if  the  right-hand  dial  is  to  be  considered  in  reading  the 
meter  it  must  be  remembered  that  its  indications  are  in 
fractions  of  a  kilowatt  and  it  may  therefore  be  neglected 
if  its  reading  is  less  than  5,  but  the  second  right-hand 
dial  should  be  read  to  the  highest  number  between  which 
the  pointer  stands,  if  the  reading  of  the  first  dial  is 
5  or  more.    This  may  be  what  Mr.  Todd  had  in  mind. 

Of  course,  where  there  is  a  multiplier  involved,  the 
right-hand  dial  could  not  be  neglected  in  any  case.  It 
may  even  be  desirable  to  subdivide  the  divisions  on 
this  dial  where  the  multiplier  is  large.  For  instance, 
Mr.  Armstrong's  meter  might  be  read  100,997  with  a 
multiplier  of  100  and  1,009,970  with  a  multiplier  of 
1000,  and  so  on.  George  E.  Lyons. 

Woodhaven,  N.  Y. 


On  page  792  of  the  May  20  issue  there  is  shown  a 
meter  dial  to  be  read.  The  average  meter  reader,  I 
think,  would  read  this  meter  1010  kilowatt-hours,  while 
it  reads  only  about  1009.97  when  considering  the  hands 
exactly  as  they  are. 

By  disregarding  the  right-hand  dial  for  a  moment 
and  then  reading  this  meter  it  will  be  more  easily  seen 
what  the  true  reading  is.  ALBION  C.  Barker. 

Mechanic  Falls,  Me. 


I  give  the  reading  of  the  watt-hour  meter  dials  in 
Charles  A.  Armstrong's  problem  in  Power,  May  20,  as 
1,0099+.  Since  the  extreme  right-hand  dial  has  not 
completed  its  revolution  until  this  hand  reaches  0,  it  is 
obvious  that  the  second  dial  cannot  have  reached  a 
figure,  regardless  of  the  position  of  the  hand  with  re- 
gard to  the  figure.     Following  out  this  line  of  reason- 
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ing,  the  third  dial  cannot  have  reached  the  fig:ure  1 
until  the  second  dial  has  completed  its  revolution.  The 
fourth  dial  has  completed  its  revolution,  since  the  third 
dial  has  completed  a  revolution,  so  the  fifth  dial  has 
reached  a  figure  regardless  of  the  position  of  the  hand, 
which  in  this  case  happens  to  be  1  and  is  correct. 

It  must  be  remembered  that  it  is  practically  impos- 
sible to  construct  and  mesh  a  number  of  gears  such  as 
are  used  in  vi'att-hour  meters  without  a  small  amount 
of  back-lash,  which  accounts  for  the  hands  being  slightly 
misplaced.  It  is  a  good  idea  for  a  meter  reader  to  have 
the  last  two  preceding  readings  of  the  meter  to  compare 
so  as  to  avoid  mistakes,  although  I  can  see  no  reason 
for  errors  if  care  is  exercised. 

Five  of  my  men  reading  the  dial  given  by  Mr.  Arm- 
strong, gave  the  following  readings:  09,109;  10,109; 
10,009;  and  10,100  respectively  as  off-hand  readings, 
showing  the  need  of  stopping  to  think  over  the  positions 
of  the  hands  before  reading. 

The  first,  or  lowest,  dial  on  a  meter  is  always  driven 
by  the  measuring;  mechanism  and  must  therefore  be  in 
perfect  mesh  and  as  a  result  should  always  be  correct 
r.o  matter  what  its  position ;  the  other  hands  are  driven 
by  gears  from  the  first  hand  and  have  more  or  less  back- 
lash ar.d  may  be  a  little  farther  ahead  or  behind  the 
figure  than  the  correct  reading  calls  for. 

Ringwood  Manor,  N.  J.       Allan  A.  Blanchard. 


[To  say  the  least,  the  interest  shown  by  Poxoer  readers 
in  the  problem,  "What  Does  the  Meter  Read?"  is  very 
gratifying.  To  date  31  answers  have  been  submitted. 
It  is  impossible,  much  as  it  may  be  regretted,  to  give 
the  space  necessary  to  publish  all  the  discussion  sub- 
mitted. The  foregoing  were  selected  to  represent  in 
a  general  way  the  opinion  expressed  in  the  large  number 
of  letters  received.  The  following  are  the  names  of 
other  contributors:  Henry  Mulford,  Patchogue,  N.  Y. ; 
R.  A.  Cultra,  Cambridge,  Mass.;  E.  A.  Fischer,  New- 
ark, N.  J.;  George  L.  Rougier,  Mittineague,  Mass.; 
Theodore  Haight,  New  York  City;  Charles  D.  White, 
Port  Clinton,  Ohio;  W.  F.  Hubbell,  Traverse  City, 
Mich. ;  C.  H.  Adams,  Coatesville,  Penn. ;  John  E.  Ketchen, 
Simsbury,  Conn.;  D.  Fliegelman,  Bridgeport,  Conn.;  C. 
L.  Follmer,  Saranac  Lake,  N.  Y. ;  E.  H.  Quinter,  Miners- 
ville,  Penn. ;  Thomas  M.  Gray,  Bayonne,  N.  J. ;  Patrick 
Molloy,  New  York  City;  Walter  Carr,  Elwood,  Ind. ; 
M.  T.  Wadkins,  Springfield,  111.;  D.  H.  Reynolds,  Min- 
neapolis, Minn.;  R.  Manly  Orr,  Vctncouver,  B.  C,  Cana- 
da; Harry  A.  Klein,  Jr.,  Monroe,  N.  Y. ;  E.  A.  Brovra, 
Rochester,  N.  Y. ;  Joseph  Dalke,  Chicago,  111. ;  Joe  Smith, 
Castlegate,  Utah;  Charles  E.  Schrock,  Chicago,  111.; 
Lambert  E.  Reznor,  Greenville,  Penn.;  Frank  L. 
Schlick,  Montour  Falls,  N.  Y.  The  opinion  has 
been  expressed  in  some  of  the  discussion,  not  published, 
that  one  or  more  of  the  dial  hands  were  misplaced. 
However,  it  would  be  quite  difficult  to  place  the  hands 
more  accurately  than  they  are,  if  for  no  other  reason 
than  the  slight  looseness  present  in  all  meter-gear 
trains. — Editor.] 

Evidence  of  Leaky  Condenser  Tubes 

In  answer  to  the  question,  "How  does  leakage  of 
tubes  in  a  surface  condenser  become  known?"  in  the 
issue  of  Mar.  25,  page  467,  it  is  stated  that  there  will 
be  loss  of  vacuum  from  air  leakage  into  the  condenser 
and  an  excessive  delivery  of  water  to  the  hotwell. 


There  can,  however,  be  quite  a  fair  leakage  without 
the  vacuum  being  affected,  and  at  the  same  time  the 
excess  or  extra  water  may  easily  escape  notice.  There 
is  always  a  certain  amount  of  makeup  water  required, 
and  in  the  average  plant  a  lot  of  water  is  wasted  through 
the  overflowing  of  the  feed-water  heater. 

If  the  circulating  water  is  salt,  a  small  leak  can 
readily  be  detected  by  drawing  about  a  pint  of  water 
from  the  hotwell  and  adding  a  drop  of  silver  nitrate 
solution,  about  1  in  20.  If  there  is  a  small  leak,  the 
water  will  become  milky  when  the  solution  is  added.  A 
little  experience  will  teach  one  how  serious  the  leakage 
i'?.  The  average  air  pump  can  handle  a  little  air  leakage 
from  tubes,  and  the  condensate  pump  can  take  care  of 
a  little  extra  water  Avithout  the  vacuum  suffering. 

I  was  in  charge  of  a  plant  in  which  one  of  the  units 
was  second-hand.  The  condenser  was  not  in  a  very 
satisfactory  condition.  On  one  occasion  leaky  tubes 
yielded  so  much  extra  water  that  the  condensate  pump 
could  not  get  rid  of  all  of  it.  Another  machine,  oper- 
ating jet  condensing,  was  cut  in  on  the  bus  and  given 
1000  kw.  from  the  other  unit. 

Even  at  that  no  makeup  water  was  required,  and  a 
vacuum  of  fully  29  in.  was  easily  obtained  on  the  leaky 
condenser,  using  the  mercury  column.  The  vacuum  was 
reduced,  however,  to  see  what  effect  that  would  have 
on  the  excess  water.  Luckily,  the  circulating  water 
was  fresh.  J.  B.  Tait. 

New  Westminster,  B.  C,  Canada. 


Removing  A  Tight  Pin 

Frequently,  a  pin  becomes  rusted  or  broken  off  in  a 
shaft  or  other  piece  of  metal  in  which  it  has  been 
driven.     One  way  to  remove  it  without  damaging  the 


TM'O  WAYS  OF  REMOVING  A  TIGHT   PIN 

hole  in  which  it  is  driven  is  shown  in  the  illustration. 
A  small  hole  is  drilled  through  the  pin  or  through  the 
piece  of  material  directly  opposite  the  end  of  the  pin. 
Oil  is  then  put  into  the  hole  so  as  to  fill  it  to  about  one- 
half  the  length  of  the  drilled  hole  and  a  tight-fitting  pin 
is  inserted  in  the  hole.  When  this  pin  is  struck  a 
severe  blow,  a  pressure  is  exerted  upon  the  pin  to  be 
removed  sufficient  to  force  it  out.  This  method  will 
be  found  effective.  ^        W.  W.  Parker. 

Guantanamo,  Cuba. 
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Wash's   DiK'   lo   1.,4'akv   Boiler   Srlliii«;s 

Tho  Hitiili-  \>y  Harvey  C.  Hays  on  \)i\y.r  I'Jl  i>f  tlie 
Jnn.  28  issue  has  heoii  read  with  coiisideraljle  interest. 
Puttinjr  on  asbestos  p.iste  two  inches  thiik  nud  follow- 
ing it  up  with  canvas  and  paint  is  a  pood  deal  of  a  job 
and  should  be  done  only  by  experts  in  handliiiK'  Huch  ma- 
terial, and  that  would  moan  considerable  expense.  If 
the  work  is  not  done  in  an  expert  manner  I  doubt  if  the 
canvas  w«)uld  be  sullkiently  incorporated  with  the  ce- 
ment and  the  cement  suHicicntlv  incorporated  with  the 
brickwork  to  remain  in  place  any  great  lenjrth  of  time. 
Covering  a  large  flat  surface  in  this  way  is  one  thing, 
and  covering  the  same  area  interspersed  with  access 
doors  or  openings  of  any  kind  is  quite  another  thing, 
in  practical  application  and  bondage. 

My  purpose,  however,  is  not  to  criticize  Mr.  Hays,  for 
he  may  have  had  experience  in  the  class  of  covering  that 
he  suggests.  What  I  have  to  say  i.s  more  of  a  supple- 
ment to  what  he  has  brought  out  in  regard  to  cham- 
bered boiler  settings  versus  solid-wall  boiler  settings, 
and  I  trust  that  the  discussion  of  the  subject  may  cause 
some  of  the  advocates  of  chambered  walls  to  sit  up 
and  consider. 

I  was  present,  with  others  at  a  steam  plant  con- 
sisting of  several  horizontal  fire-tube  boilers,  in  com- 
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pany  with  a  constructing  engineer  of  note  who  had 
built  this  plant  a  few  years  previously.  The  chief  en- 
gineer of  the  plant  remarked  that  of  the  several  boil- 
ers, the  settings  around  half  of  them  were  chambered 
and  it  was  assumed  that  the  work  had  been  done  in  a 
proper  manner,  yet  there  was  a  marked  difference  in 
the  steaming  capacity  of  the  boilers.  The  other  half 
of  the  installation,  of  precisely  the  same  make  and  ca- 
pacity, were  set  in  solid-wall  construction.  Up  to  this 
time  no  information  had  been  given  as  to  which  boilers 
had  proved  to  be  the  better  steamers  or  which  had  set- 
tings with  chambered  walls. 

In  the  course  of  the  conversation  the  chief  asked  one 
of  his  visitors  if  there  was  anything,  in  his  opinion,  to 
indicate  which  settings  were  of  solid-wall  construction 
and  which  were  the  chambered  walls.  The  man  replied 
that  in  his  opinion  the  cracked  settings  were  of  the 
solid  construction  and  gave  the  reasons  for  his  con- 
clusion, but  added  that  that  was  not  saying  that  those 
boilers  were  not  just  as  good  steamers  as  the  boilers 
without  cracked  settings,  because  if,  as  ho  had  been  told, 
all  the  boilers  had  been  in  service  the  same  number  of 
years  and  yet  showed  such  marked  difference  in  the 
condition  of  the  outer  \yalls,  he  was  of  the  opinion  that 
the  air-chambered  walls  had  simply  fooled  the  engineer 
into  assuming  that  his  setting  was  ne  plus  ultra,  and 
naturally  he  thought  these  boilers  should  steam  the  best 


when  in  reality  they  did  not ;  and  he  .said  it  ■<tiik^.\M7.7.\\\\y 
h  i  ni 

When  it  was  further  explained  (hat  the  inner  walls 
of  the  chambered  settings  were  doubtl^Hs  much  more 
seriously  craiked  than  was  .-ipparent  on  the  solid-wall 
.settings  and  were  leaking  more  air,  it  seemed  apparent 
why  these  boiU-rs  were  the  poorest  steamers.  I  do  not 
a.ssunie,  however,  that  this  opinion  in  the  matter  of  solid 
bricking  up  boilers  will  universally  prevail;  because 
there  are  men  who  have  such  settled  conviction  that  an 
air-chambered  setting  is  right  that  they  will  adhere 
to  it  on  the  same  basis  that  a  sick  man  takes  a  dose 
of  medicine — doesn't  like  it,  but  thinks  it  mus^  be  ef- 
ficacious, yet  docs  not  know  why. 

There  is  one  other  matter  which  I  wish  to  add  as  a 
supplement  to  the  letter  of  Mr.  Hays  on  the  subject 
of  air-tight  cleaning-out  doors.  It  is  only  since  the 
Government  has  made  such  an  effort  to  conserve  coal 
that  particular  attention  has  been  given  to  air  leaks  of 
all  kinds  through  boiler  settings  and  especially  to  badly 
fitting  access  doors.  To  have  a  leaky  door  on  a  boiler 
setting  seems  inexcusable,  and  yet  the  majority  of  doors 
are  of  this  character.  If  doors  are  constructed  with 
metal-to-metal  faces,  whether  such  faces  have  been  ma- 
chined or  not,  it  is  safe  to  say  that  ninety-nine  out  of 
every  hundred  will  leak  air  to  some  degree,  and  I  also 
think  it  is  a  fair  statement  that  in  the  majority  of  these 
ninety-nine  cases  the  leakage  is  a  serious  one. 

This  leakage  occurs  not  only  around  the  opening  of 
the  door,  but  around  the  out.-;ide  of  the  frame,  e.^pecially 
in  door  frames  that  are  not  furnished  with  anchor 
bolts,  but  in  which  a  projecting  hooked  flange  is  pro- 
vided on  the  frame,  which,  when  the  frame  is  masoned 
in  place,  is  supposed  to  remain  tight  and  secure  against 
leaks.  I  have  seen  door  frames,  however,  so  loose  that 
a  slight  effort  would  pull  them  out.  I  have  been  build- 
ing, for  the  past  few  years,  access  and  inspection  doors 
that  are  tight  and  remain  so.  However,  during  the  late 
war  it  had  almost  resulted  in  a  labor  of  love  to  fur- 
nish them,  because  of  the  exceedingly  high  prices  of 
material  and  labor.  O.   C.  WOOLSON. 

New  York  City. 

Dividing  Box  with  Condensing  Head 

Referring  to  the  criticism  on  page  328  of  the  Mar.  4 
issue  of  Pnirev,  on  the  dividing-box  apparatus,  which 
was  designed  by  the  writer  and  a  description  of  which 
was  published  on  page  132  of  the  Jan.  28  issue,  I  will 
say  that  the  V-shaped  notches  in  the  supply  pipe  to 
the  feed-water  heaters  are  used  in  the  regular  dividing 
boxes  at  present  installed  in  several  of  the  largest 
power  plants  in  this  country. 

This  condensing  head  is  to  be  used  with  the  open 
type  of  feed-water  heaters,  and  is  designed  to  be  used 
for  efficient  installations  where  the  water  temperature 
never  falls  below  210  deg.  F.  and  is  generally  carried 
at  212  deg.,  and  sometimes  higher,  by  means  of  a 
back-pressure  valve  in  the  heater  exhaust  pipe. 

The  only  air  that  enters  the  condensing  head  from 
the  heater-vent  inlet  is  that  which  is  already  in  the 
heater ;  that  4s,  instead  of  the  air  going  out  through 
the  ordinary  heater-vent  pipe,  it  goes  out  through  the 
dividing  box. 

The  water-storage  surfaces  of  open-type  feed-water 
heaters   are   ample  to  allow   entrained   air   to   escape 

New  York  City.  Howard  C.  Thayer. 
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Improving  Soiled  Tracings  for  Blueprinting — What  is  a 
Rood  method  of  improving  the  transparency  and  smoothness 
of  drawings  and  tracings  made  on  tracing  cloth  that  have 
become  soiled  and  crumpled  from  use,  so  they  may  be  made 
more  suitable  for  blueprinting?  H.  F.  T. 

The  transparency  can  be  improved  by  lightly  rubbing  off 
the  grease  and  dirt  with  a  tuft  of  absorbent  cotton  moist- 
ened with  benzine,  gasoline  or  one  of  the  commercial 
cleansing  preparations  of  carbon-tetrachloride.  The  smooth- 
ness can  be  improved  by  ironing  the  drawing  covered  with 
a  smooth  piece  of  tracing  cloth,  observing,  however,  that 
the  sadiron  used  is  not  so  hot  as  to  render  the  glazing 
material  opaque. 


Pitting  and  Corrosion  of  Idle  Boiler — During  intervals  of 

several  weeks  at  a  time  it  is  necessary  to  keep  several 
of  our  boilers  standing  filled  with  water  to  be  ready  for 
promptly  steaming  when  requii-ed.  We  are  troubled  with 
corrosion  and  pitting  of  the  tubes.  Would  our  irregular 
use  of  the  boilers  be  the  cause?  W.  M.  L. 

When  boilers  are  left  standing  filled  with  water,  it  is 
best  to  fill  them  to  overflowing.  Otherwise  there  will  be 
more  active  corrosion  in  the  steam  spaces,  especially  at  the 
water  line.  Pitting  of  the  tubes  should  be  less  active  than 
when  the  boilers  are  in  use.  If  it  takes  place  as  fast  or 
more  rapidly  than  when  the  boilers  are  in  use,  the  trouble 
may  be  due  to  electrolysis  caused  by  improper  grounding 
of  local  electrical  circuits. 


Determining  and  Adjusting  Piston  Clearance — How  is  it 

determined  whether  an  engine  connecting-rod  is  of  correct 
length  to  give  equal  piston  clearance  at  each  end  of  the 
cylinder,  and  how  is  the  length  determined?  R.  W. 

Make  marks  on  the  guide  to  correspond  with  a  mark  on 
the  erosshead  when  the  engine  is  placed  first  on  one  center 
and  then  on  the  other.  Detach  the  connecting-rod  from  the 
erosshead  and  make  marks  on  the  guide  to  correspond  with 
the  mark  on  the  erosshead  when  the  erosshead,  piston  rod 
and  piston  have  been  moved  so  the  piston  is  in  contact 
first  with  one  head  of  the  cylinder  and  then  with  the  other. 
The  distance  apart  of  these  outside  marks  on  the  guide 
from  the  marks  made  with  the  eniiine  on  the  centers  will 
be  the  amount  of  piston  clearance  at  the  coiTesponding  ends 
of  the  stroke.  Find  the  difference  of  these  distances  with 
a  pair  of  dividers  by  laying  off  the  smaller  on  the  larger 
and  add  half  of  the  difference  to  the  smaller  measured 
toward  the  middle  of  the  stroke  and  laid  off  by  a  mark 
made  on  the  guide.  For  equal  piston  clearance  the  connect- 
ing-rod should  be  adjusted  to  such  a  length  that  the 
mark  on  the  erosshead  will  come  opposite  to  the  mark  last 
made  on  the  guide  when  the  crank  is  on  the  corresponding 
center. 


Drop  of  Pressure  in  Steam-Pipe  Line — For  operating  an 
ice  machine  our  power  plant  supplies  steam  at  120  lb.  pres- 
sure to  a  2-in.  pipe  line  600  ft.  long  in  which  there  is  a 
drop  of  pressure  of  20  to  25  lb.  per  sq.in.  Could  not  the 
loss  be  prevented  by  having  the  steam  line  discharge  into 
a  receiver,  or  should  there  be  a  larger  size  of  pipe  line? 

C.  L.  S. 

Some  of  the  pressure  drop  is  due  to  loss  of  heat  from 
radiation,  but  if  the  pipe  line  is  fairly  well  protected  with 
an  insulating  covering,  the  drop  of  pressure  in  excess  of 
5  to  10  lb.  is  mainly  due  to  the  rate  at  which  the  steam  is 
drawn  from  the  discharge  end  of  the  line.  By  discharging 
into  a  receiver  it  is  probable  that  the  steam,  as  used  by  the 
ice  machine,  could  be  supplied  at  steadier  pressure  and 
thereby  be  better  for  operation  of  the  ice  machine,  but  the 
same  quantity  of  steam  used  per  hour  would  be  discharged 


at  about  the  same  average  pressure.  Neglecting  the  some- 
what greater  loss  by  radiation  from  use  of  a  larger  pipe, 
the  same  quantity  of  steam  could  be  delivered  per  hour  with 
a  2J-in.  pipe  line  and  drop  in  pressure  of  about  9  lb.  per 
sq.in.  and  with  a  S-in.  pipe  it  would  be  about  5  lb.  per  sq.in. 
Drop  of  pressure  in  a  steam-pipe  line  is  indicative  of  a 
restraint  of  the  flow  similar  to  throttling.  The  reduction 
of  pressure  does  not  constitute  a  loss  in  the  sense  of  a 
waste  except  when  so  construed  with  reference  to  the 
manner  in  which  the  steam  is  used. 


Allowance  for  Room  Temperature  Negligible — In  using  a 
thermometer  for  obtaining  the  temperature  of  feed  water, 
what  allowance  should  be  made  for  temperature  of  the  sur- 
rounding atmosphere  ?  L.  N. 

Standard  mercury  thermometers  for  m?asuring  the  tem- 
peratures of  liquids  have  scales  graduated  on  their  glass 
stems  and  usually  are  marked  to  show  tl;e  depth  to  which 
their  bulbs  should  be  immersed  for  obtaining  readings  when 
the  stems  are  exposed  to  ordinary  room  temperatures.  When 
such  a  thermometer  is  used  in  a  different  room  temperature 
from  that  for  which  it  was  calibrated,  but  with  correct  im- 
mersion of  the  bulb,  there  will  be  an  error  due  to  variation 
of  the  relative  expansion  of  the  mercury  column  and  of  the 
graduated  stem,  but  the  error  is  so  vei-y  small  compared 
with  the  personal  errors  of  observation  that,  for  all  prac- 
tical purposes,  it  can  be  neglected. 


Adiabatic  and  Isothermal  Compression  of  Air — If  10  cu. 

ft.  of  air  at  atmospheric  pressure  and  at  the  temperature 
of  60  deg.  F.,  is  compressed  to  1  cu.ft.  without  any  loss 
of  heat,  what  will  be  the  pressure  and  the  temperature ; 
and  if  the  temperature  is  maintained  constant,  what  will 
be  the  pressure?  D.  D. 

When  there  is  no  transmission  of  heat  from  or  into  the 
air  during  expansion  or  compression  the  operation  is  said 
to  be  adiabatic.  The  formulas  giving  the  relations  of  pres- 
sures, volumes  and  temperatures  for  adiabatic  compression 
of  air  or  other  sensibly  perfect  gases  are, 


14.7 


in  which  p^  =  initial  absolute  pressure,  p.,  =  final  pressure. 
Wj  =  initial  volume,  v.,  =  final  volume,  T^  =  initial  absolute 
temperature  and  7",  =  final  absolute  temperature. 

Having  p^  —  one  atmosphere  or  14.7  lb.  absolute,  v^  = 
10  cu.ft.,  and  v^  =  1  cu.ft.,  by  substitution  equation  (a) 
becomes 

Ij)  or  log  p^  =  log  14.7  +   (1.405  X  log  10) 

=  2.572317, 
from  which  p^  =  373.5  lb.  absolute,  or  358.8  lb.  per  sq.in. 
gage. 

Having  7',  =  60  -f  460  =  520  deg.  absolute,  and  the 
given  value  of  v,  and  v^,  by  substitution  equation  (b)  be- 
comes 

5^  =  (y)       .  °r  log  T^  =  log  520  +   (0.41  X  log  10) 
=  3.126003, 
from  which  T^  =   1336.6  deg.  absolute,  or  876.6  deg.  F. 

If  the  air  during  compression  is  kept  at  a  con<^tant  tem- 
perature, the  operation  is  said  to  ba  isothennai,  and  the 
formula  giving  the  relations  of  volumes  and  pressures  is 
(c)  Pj  ^2  =  p,  v^,  and  substituting  the  given  values  equa- 
tion  (c)   becomes 

p,  X  1  =  14.7  X  10,  or  p,  =  147  lb.  absolute  =  132.3 
lb.  per  sq.in.  gage. 


[Correspondents  should  sign  their  communications  giving 
full  names  and  post  office  addresses. — Editor.] 
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Tentative  Co(l(^  for  llie  l{r<i:iilation  of 
Uerrij^c^ralioii  IMaiits 


FOLLOWING  is  the  Code  voci-ntly  iidoptcd  by  the  Ameri- 
can Society  of  Refrijreratinjr  Knjfineers: 

SKCriON   1 
This  act  shall  rpply  to  eviry  lefriKeriUinp  machine  em- 
ploying ammonia,  carbon  dioxide,  ethyl  diloride,  or  sulpliur 
dioxide   as   a    refrigerant.     The    following   definitions   shall 
npply  in  the  interpretation  of  this  act: 

(a)  A  "rcfrijreratin>r  machine"  is  a  mechanical  device, 
including  its  source  of  energy  in  so  far  as  its  affects  its 
c-afcty  of  Operation,  for  abstracting  heat  for  a  useful  pur- 
pose from  a  body  at  one  temperature  and  transfen-ing  it  to 
another  at  a  higher  temperature. 

(b)  The  term  "large"  is  intended  to  designate  machines 
of  3  tons  capacity  or  over,  or  containing  100  lb.  of  refriger- 
ant or  over,  and  the  term  "small"  is  intended  to  designate 
machines  of  under  3  tons  capacity,  or  containing  less  than 
100  lb.  of  refrigerant.  (Note:  Such  machines,  together  with 
the  various  and  alternate  safety  means  prescribed  in  these 
regulations,  are  illustrated  in  Figs.  1  and  2.) 

(c)  A  "pressure  imposing  element"  is  that  part  of  a 
refrigerating  machine,  such  as  a  "compressor,"  or  "ab- 
sorber" and  "generator,"  into  which  the  refrigerant  flows 
under  low,  and  is  discharged  under  high,  pressure. 

(d)  A  "safety  valve"  is  a  mechanical  device  for  automati- 
cally relieving  pressure  in  excess  of  that  for  which  it  is 
set. 

(e)  An  "automatic  bypass  valve"  is  a  mechanical  device 
for  automatically  relieving  excessive  pressure  on  the  dis- 
charge side  of  the  pi-essure-imposing  element  to  the  suction 
side  of  that  element. 

(f)  A  "liquid  receiver"  is  a  container,  connected  between 
the  condenser  and  the  evaporator,  for  the  storage  of  liquid 
refrigerant  pending  its  employment  for  the  production  of 
refrigeration  in  the  evaporator. 

(g)  A  "cylinder"  is  a  container  for  the  shipment  of  a 
refrigerant. 

(h)  The  "capacity"  of  a  refrigerating  machine  is  its 
builder's  standard  rating  in  tons  of  refrigeration  per  24 
hours. 

(i)  The  terms  of  "main  suction"  and  "main  discharge" 
valves  are  intended  to  designate  the  stop-valves  located  in 
the  suction  and  discharge  lines,  respectively,  adjacent  to 
the  pressure-imposing  element. 

SECTION  2 

Every  "large"  refrigerating  machine  shall  be  equipped 
with  one  or  more  automatic  safety  valves  of  proper  size, 
connected  to  the  discharge  line  between  the  pressure-im- 
posing element  or  elements  and  the  main  discharge  stop- 
valve,  set  to  relieve  excessive  pressure  and  sealed.  The 
sizes  and  pressures  at  which  such  valves  are  to  be  set 
shall  be  as  follows: 


For  machines  of  from 


3  to    25  tons  capacity  use  1,     J-in.  valve 

26  to     60  tons  capacity  use  1,     j-in.  valve 

61  to  100  tons  capacity  use  I,  I  -in.  valve 

101  to  175  tons  capacity  use  1,  !  1-in.  valve 

176  to  250  tons  capacity  use  I,  I  S-in.  valve 

251  to  450  tons  capacity  use  I,  2  -in.  valve 

45 1  to  900  tons  capacity  use  2,  2  -in.  valve 


{ammonia,  set  valves  to  open  at  not  over    300  lb. 

carbon  dioxide,  set  valves  to  open  at  not  over  1800  lb. 

ethyl  chloride,  set  valves  to  open  at  not  over       60  lb. 

sulphur  dioxide,  set  valves  to  open  at  not  over     1 50  lb. 

SECTION  3 
Every  refrigerating  machine  shall  be  equipped  with  one 
or  more  automatic  bypass  valves  of  proper  size,  connected 
between  the  pressure-imposing  element  or  elements  and  the 
main  discharge  stop-valve,  set  to  relieve  excessive  pressures 
to  the  suction  side  of  the  machine.  It  is  recommended  that 
such  bypass  valves  be  of  the  same  size  as  the  safety  valves 
prescribed  in  Section  2. 

[  ammonia,  set  valves  to  open  at    250  lb. 

T?—  ~„„i.;„™  „„,„i„,-;„„  J  earbon  dioxide,  set  valves  to  open  at  1500  lb. 
For  machmes  emplo>Tng     {  „thyi  chloride,      set  valves  to  open  at      50  lb. 

I  sulphur  dioxide,  set  valves  to  open  at     1 20  lb. 


SECTION  4 
(a)  Every  liquid  receiver  shall  have  been  subjected  to  a 
combined  hydrostatic  and  hammer,  or  other  approved  form 
of  vibratory,  test  i)rior  to  its  being  put  into  service.  The 
hydrostatic  pressure,  according  to  the  refrigerant  employed, 
shall  be  as  follows: 


For  machlncB  employing 


ammonia^  test  preMure  nhdl  b«     500  lb. 

carbon  dioxidr,  tent  priHuurc  nhall  be  3000  lb. 

I'lhyl  c|]|.,rid<',  ti-Kt  prcMurr- chiill  be     150  1b. 

sulphur  dioxi<le,  lot  pn  Murc  ahull  Iw    250  lb. 


(b)  Every  liquid  receiver  of  machines  containing  25  lb. 
of  refrigerant  or  over  and  having  a  stop-valve  or  check- 
valve,  or  both,  between  the  condenser  and  such  receiver, 
shall  be  equipped  with  a  J-in.  automatic  safety  valve  set  to 
discharge  to  the  atmosphere.  There  shall  be  no  stop-valve 
or  check-valve  between  such  safety  and  the  receiver. 

For  f  nnmionia,  sit  valves  to  open  at  not  over     350  lb.  pressurel 

machines  I  curboii  dioxide,    wt  valves  to  open  at  not  over  2000  lb.  prciwure  | 

employ-  1  ethyl  chloride,      set  valves  to  open  at  not  over     100  lb.  presxure 

ing  [  sulphur  dioxide,  set  valves  to  open  at  not  over    200  lb.  pretsurc| 

SECTION  5 
Every  refrigerating  machine  containing  25  lb.  of  refriger- 
ant or  over,  shall  be  equipped  with  emergency  means  for 
discharging  the  refrigerant   in   case   of  fire. 

(a)  in  the  case  of  "small"  machines  containing  25  lb.  of 
refrigerant  or  over,  such  emergency  means  may  comprise 
two  J-in.  automatic  safety  valves,  one  connected  by  an 
emergency  line  to  the  discharge  line  from  the  pressure- 
imposing  element  at  a  point  between  the  main  discharge 
stop-valve  and  the  condenser,  and  the  other,  by  a  similar 
emergency  line,  to  the  suction  line  between  the  evaporator 
and  the  main  suction  stop-valve.  Such  valve  shall  be  set  at 
the  same  pressure  as  the  safety  valves  prescribed  for  "large" 
machines  in  Section  2.  Check-valves  may  be  installed  to 
prevent  water  from  entering  the  machine  in  case  the  re- 
frigerant ammonia  is  to  be  discharged  into  water,  but  there 
■hall  be  no  other  valve  in  the  emergency  discharge  lines. 

(b)  In  the  case  of  "large"  machines,  such  emergency 
means  shall  comprise  hand-operated  valves  similarly  con- 
nected, and  located  on  the  public  thoroughfare  side  of  the 
building  wall,  or  in  a  vestibule  having  glass  panel  doors 
which. will  provide  easy  access  from  the  street.  The  valves 
shall  be  located  at  a  height  of  not  more  than  five  feet 
above  the  street  or  vestibule  floor  level  and  shall  be  pro- 
tected by  a  suitable  locked  box  to  be  opened  by  the  mem- 
bers of  the  Fire  Department  only,  by  means  of  a  "Fire 
Department  inner  box  key,"  provided  however,  (1)  that  th« 
emergency  lines  to  such  hand  valves  may  be  equipped  with 
check  valves,  pressure  gages  and  auxiliary  stop-valves,  to 
be  used  for  repair  purposes  only,  and  (2)  that  such  locked 
box  may,  at  the  discretion  of  the  Fire  Department,  be 
equipped  with  an  auxiliary  locked  door  to  be  opened  only 
by  such  person  or  persons  as  may  be  duly  authorized  by 
the  Fire  Department  to  make  repairs.  Such  auxiliary  stop- 
valves  shall  be  located  on  the  inside  of  the  building  as  near 
as  possible  to  the  emergency  device  and  shall  be  sealed 
open.  The  closing  of  such  valves  except  for,  and  during, 
repairs  shall  constitute  a  violation  of  these  regulations. 

Except  as  above  provided  the  Fire  Department  shall  have 
sole  access  to,  and  use  of,  the  emergency  means  and  pro- 
tecting box,  which  shall  be  plainly  indicated  by  a  suitable 
sign,  reading  "For  Fire-Department  Use  Only."  The  high- 
pressure  emergency  valve  shall  be  labeled  "High-Pressure 
Ammonia,"  and  the  low-pressure  valve,  "Low-Pressure  Am- 
monia." Where  another  refrigerant  than  ammonia  is  used, 
the  name  of  that  refrigerant  shall  be  used  in  place  of 
"ammonia."  In  case  the  refrigerant,  ammonia,  is  to  be 
discharged  into  the  sewer,  as  provided  in  Section  7,  para- 
graph (c),  there  shall  also  be  within  the  box  the  sign 
"Do  Not  Open  Valves  Until  Water  Is  Flowing  Into  The 
Mixer." 

The  Fire  Department  shall  make  necessary  inspections 
and  repairs  of  valves,  emergency  means  and  mixer. 
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SECTION  6 
In  the  case  of  "small"  machines  in  which  there  are  no 
check-  01'  stop-valves  set,  or  capable  of  being  set,  to  prevent 
the  flow  of  refrigerant  to  the  high-pressure  side  of  the 
machine,  the  discharge  line  safety  valve  prescribed  in  Sec- 
tion 5,  paragraph  (a),  will  satisfy  the  requirements  of 
Sections   4  and   5. 

SECTION  7 
The  refrigerant   passed  by   the  automatic   safety   valves 
and  the  automatic  or  hand-operated  emergency  valves  pre- 


final  discharge  shall  be  such  as  not  to  impose  a  pressure  of 
more  than  10  lb.  on  the  discharge  side  of  the  valve.  Such 
piping  shall  in  no  case  have  any  connection  with  any  pipe 
constituting  a  part  of  either  a  steam  or  plumbing  system, 
or  any  means  whereby  the  gases  discharged  might  become 
ignited.  No  piping,  stack  or  other  conduit  subject  to 
serious  corrosion  or  possible  obstruction  shall  be  employed. 
Outlets  from  diffusers  shall  in  no  case  be  less  than  six 
feet  from  any  wall  in  which  there  is  an  opening,  or  less 
than  ten  feet  above  the  roof.  In  the  case  of  carbon  dioxide 
Ihe  diffuser  may  be  omitted. 


FIG.    1.      REFRIGERATING   SYSTEM.    SHOWI.XG   VERTICAL, 
MIXER 

scribed  in  Sections  2  and  5  shall  be  discharged  to  the 
atmosphere  or  into  water  through  one  or  more  of  the  fol- 
lowing means: 

(a)  When  discharged  into  the  atmosphere  the  refriger- 
ants, ammonia,  carbon  dioxide,  ethyl  chloride  or  sulphur 
dioxide,  shall  be  conducted  by  continuous  piping  to  an  out- 
let turned  upward  and  equipped  with  a  suitable  diffuser 
designed  to  mix  the  gas  with  air  without  materially  re- 
stricting its  flow.    The  piping  from  safety  valve  to  point  of 


FIG.  2.   CONNECTION.S  FOR  PLANTS  UNDER  THREE 
TONS  CAPACITY 

(b)  Discharge  of  the  refrigerants,  ammonia,  carbon 
dioxide,  ethyl  chloride  or  sulphur  dioxide,  to  the  atmosphere 
may  also  be  effected  through  a  ventilating  stack,  provided 
(1)  that  its  inside  diameter  is  not  less  than  twelve  times 
that  of  the  refrigerant  discharge  outlet  and  (2)  that  the 
first  possible  outlet  satisfies  the  requirements  of  paragraph 
(a)  of  this  section,  except  that  no  diffuser  is  required. 

(c)  The  refrigerant,  ammonia,  may  be  discharged  into 
a  tank  of  water,  provided   that  th«  tank   always   contains 
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ono  KiilloM  (if  fn-sh  water,  not  ust-d  for  any  otlirr  purpose, 
for  every  pound  of  anuiioiua  contjiineii  in  the  niaeliine,  and 
provided,  however,  that  in  no  eiiso  shiiil  the  tank  eontuin 
less  than  twent.N-(i\e  Kollons  of  water. 

(d)  The  refrijiiTant.  ammonia,  pas.sed  by  the  hand-oper- 
ated enicrtrency  valves,  may  be  discliarKcd  into  the  newer 
after  nuxinj?  with  water  in  a  suitable  vertical  mixer  con- 
structeil  and  connected  in  accordance  with  Ki^.  1  und 
provided  with  a  stamlard  Fire  Department  Siamese  con- 
nection through  which  the  Fire  Department  shall  supply 
tiie  necessary  water  under  the  proper  pressure. 

The  tank  shall  be  substantially  constructed  with  a  hinged 
cover,  or  if  it  is  of  the  inclosed  type,  it  shall  have  an  inlet 
and  a  vent  hole  at  the  top.  No  horizontal  dinn-nsion  of  the 
tank  shall  be  (i'"c«tP»'  than  one-half  the  hei^rht.  The  dis- 
chariri"  pipe  or  pipes  from  the  valves  shall  be  so  attached 
as  to  discharge  the  refrigerant  at  the  center  of  the  bottom. 
The  tank  shall  be  securely  supported  and  braced  as  firmly 
a.s  any  other  part  of  the  system.  There  shall  be  a  valve 
at  the  bottom  of  the  tank  for  draining  it. 

SECTION'  8 
In  such  refrigerating  plants  as  shall  be  designated  by  the 
Fire  Commissioner,  suitable  helmets  or  respirators  shall  be 
kept,  fit  and  available  for  the  immediate  use  of  responsible 
attendants  who  shall  be  trained  in  their  use. 


SECTION  9 
In  nil  refrijfcrnting-mHchinery  roomii  in  which  ammonia 
or  ethyl  chloride  is  used  there  shall  be  no  flames,  arc 
lights,  gas  jets,  or  any  apparatus  employing  (lume,  except 
internal  combustion  engines  with  hot  surface  ignition,  which 
may  be  started  in  the  usual  manner. 

SKCTION    10 

All  rooms  for  refrigerating  machines  containing  25  lb. 
or  over  of  refrigerant  shall  have  a  direct  exit  to  the  open 
air  or  to  a  room  or  hall  from  which  gases  can  be  excluded 
by  self-closing  doors. 

Vortical  and  horizontal  ojienings  that  permit  the  passage 
of  gases  to  other  i)arts  of  the  building,  which  are  not  a  part 
of  the  refri'reraling  plant,  shall  be  sealed  or  provided  with 
self-closing  doors. 

All  refrigerating-machinery  rooms  shall  be  provided  with 
adequate  ventilation  to  the  open  air,  either  direct  or  by 
means  of  a  suitable  duct  or  ducts.  Where  mechanical  sys- 
tems of  ventilation  are  employed,  control  of  such  systems 
shall  be  located  at  a  point  easily  accessible  in  case  of  fire. 

SECTION  11 
Cylinders  containing  spare  refrigerant  shall  be  stored  in 
a   cool,   well-ventilated   place,   as    remote   as   possible    from 
danger  by  fire. 


Fires  in  Turbo-Alternators 


CONSIDERABLE  attention  has  lately  been  and  is  now 
being  given  by  member  companies  to  the  matter  of 
fires  originating  within  the  generator  shell  of  turbo- 
generators of  the  inclosed  type  with  the  object  of  (a) 
determining  means  of  minimizing  the  occurrence  of  such 
fires,  (b)  limiting  the  extent  of  the  damage  to  as  small 
a  section  of  the  generator  as  possible,  (c)  providing  fire- 
fighting  equipment  which  can  be  applied  quickly  where  it 
will  be  most  effective. 

In  response  to  a  questionnaire  sent  early  in  Alarch  to 
64  companies  operating  generators  of  comparatively  large 
size,  replies  were  received  from  30.  The  information  re- 
ceived, recording  experience  of  companies  along  the  lines 
indicated,  has  been  tabulated,  compared  and  carefully 
studied  and  summed  up  as  follows: 

The  total  number  of  fires  referred  to  by  the  30  com- 
panies returning  the  questionnaire  was  81,  their  occur- 
rence being  within  the  past  three  or  four  years.  Twenty - 
one  fires,  about  equally  divided  between  25-  and  60-cycle 
units,  were  specifically  described,  occurring  in  units  rang- 
ing from  3300-  to  35,000-kw.  capacity  and  2300  to  13,200 
volts. 

The  various  fires  have  been  attributed  to  many  causes — 
about  one-third  of  the  number  reported  appear  to  be  due 
to  short-circuits  between  conductors  and  a  greater  num- 
ber to  grounds,  while  the  remainder  are  divided  among 
mechanical  causes,  eddy  currents,  corona  and  moisture 
from  faulty  operation  or  from  freezing  of  air  washing  ap- 
paratus, condensation,  etc. 

The  inspection  and  cleaning  of  turbo-generators  at 
more  frequent  intervals  would  seem  to  be  very  desirable 
and  to  have  a  direct  bearing  on  the  liability  to  fires  from 
sources  external  to  the  winding.  Every  precaution  should 
be  taken  to  limit  the  amount  of  dirt  and  oil  which  may 
enter  the  generator,  and  many  companies,  particularly  on 
the  larger  units,  have  standardized  the  installation  of  air 
washers.  Even  with  the  best  possible  condition  of  cooling 
air,  however,  it  is  evident  that  dirt  will  lodge  within  the 
generator,  and  if  a  certain  amount  of  oil  vapor  is  also 
carried  into  the  machine,  the  coil  surfaces  and  other  parts 
may  become  coated  with  grease.  Good  practice,  therefore, 
would  seem  to  indicate  that  machines  should  be  opened  up 
periodically  for  thorough  cleaning  and  possibly  for  paint- 
ing.    There  seems  to  be  a  wide  difference  in  the  practice 

•Abstract  from  the  report  of  the  subcommittee  on  generators, 
presented  in  the  report  of  the  Committee  on  Electrical  Apparatis. 
at  the  National  Electric  Light  Association  Convention,  held  in 
Atlantic   City,   May   19-22.    1919. 


of  member  companies  with  regard  to  the  frequency  at  which 
such  inspections  and  cleanings  are  made.  It  would  pay  to 
give  attention  to  the  matter  of  cleaning  at  least  once  a  year. 

One  company  feels  that  additional  insulation  on  the 
armature  coils  of  generators  is  as  satisfactory  a  method 
of  reducing  the  fire  hazard  as  any  that  has  so  far  been 
suggested.  It  is  thought  that  this  has  a  distinct  advantage, 
and  in  some  units  it  can  be  obtained  for  such  a  small  in- 
crease in  price  that  it  may  be  the  cheapest  of  all  methods 
of  reducing  fire  hazard.  On  two  35,000-kw.  units  for  initial 
operation  at  6600  volts,  arranged  for  future  operation  at 
11,000  volts,  the  manufacturer  has  guaranteed  a  high- 
potential  te-.t  on  individual  coils  of  40,000  volts  and  on  the 
complete  machine  of  34,000  volts. 

The  grounding  of  the  neutral  of  three-phase  systems 
solidly  or  through  resistance  is  rapidly  becoming  standard 
practice  on  both  25-  and  60-cycle  systems  throughout  the 
country.  Of  the  thirty  companies  replying,  21  favored  this 
method  of  operation,  5  preferred  operating  with  solid 
ground  and  16  preferred  operating  through  resistance;  3 
companies  opposed  the  grounding  of  the  neutral.  The 
consensus  of  opinion  seems  to  be  that  grounding  is  very 
desirable  and,  in  addition  to  ether  advantages,  has  a  con- 
siderable effect  on  the  reduction  of  generator  fires  occurring 
external  to  the  insulation  of  the  copper  conductors. 

It  is  also  rapidly  becoming  standard  practice,  particu- 
larly on  larger  units,  for  the  manufacturer  to  bring  out 
both  ends  of  each  phase  winding  to  the  generator  terminal 
boards,  so  as  to  permit  the  installation  of  current  trans- 
formers between  the  terminals  of  the  phase  windings  and 
the  neutral  of  the  coils  to  operate  a  balanced  relay.  These 
current  transformers  can  be  connected  differentially  with 
respect  to  instrument  current  transformers  in  the  leads 
between  the  main  oil  switch  and  generator,  so  that  in  the 
event  of  a  fault  in  the  generator  or  its  leads  the  balanced 
relay  will  immediately  open  the  main  oil  switch,  the  neutral 
switch,  if  closed,  and  after  a  slight  delay  the  field  switch. 
Twenty-four  of  the  thirty  companies  reporting  approve  the 
installation  of  balanced-relay  protection  and  have  adopted 
it  as  standard  practice  on  all  new-generator  installations 
and  on  older  generators  where  the  expense  involved  is  not 
too  great. 

In  1912  one  company  installed  balanced-relay  protection 
on  tie-line  cables  between  two  near-by  generating  stations, 
and  their  operation  was  so  successful  as  to  lead  to  a  will 
ingness  for  trial  installation  of  balanced  relays  on  a  gene- 
rator being  installed  in  1914.  From  that  time  on  this 
equipment  has  proved  very  satisfactory  and  has  been  ex- 
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tended  to  all  new  machines  on  that  system.  It  is  now 
being  rapidly  adopted  by  other  operating  companies.  The 
best  evidence  of  the  value  of  this  protection  is  furnished 
in  the  reports  of  generator  failures  on  which  this  protec- 
tion was  employed. 

On  a  25,000-kw.  unit  there  have  been  three  armature-coil 
failures  in  the  last  three  years,  on  all  of  which  occasions 
the  balanced  relay  operated,  and  on  two  occasions  the 
damage  was  confined  to  the  coil  where  the  breakdown  oc- 
curred. A  slight  amount  of  damage  occurred  to  the  lamina- 
tions in  one  of  these  instances,  not  sufficiently  severe,  how- 
ever, to  necessitate  restacking.  At  the  time  of  the  third  fail- 
ure mentioned,  the  field  switch  failed  to  open,  owing  to  de- 
fective operation,  the  iron  and  the  coils  of  the  upper  half  and 
the  insulation  on  the  end  connection  at  one  end  of  the  lower 
half  were  badly  damaged.  It  was  necessary  to  restack 
the  iron  and  to  rewind  the  upper  half  of  the  armature  and 
to  reinsulate  the  field  completely.  There  is  every  reason 
to  believe  that,  had  the  field  switch  opened  properly,  the 
damage  would  have  been  confined  to  the  coil  where  the 
breakdown  occurred,  thus  very  greatly  reducing  the  cost 
of  repairs. 

Another  company  installed  balanced-relay  protection  on 
the  leads  of  four  15,000-kv.-a.  generators 
in  1913,  and  after  some  cases  of  success- 
ful operation  of  such  relays  on  generator- 
cable  trouble,  it  decided  in  1916  to  extend 
the  protection  to  the  generator  windings 
as  well  on  all  new  units.  Several  in- 
stances of  successful  operation  during 
trouble  on  both  generator  windings  and 
leads  have  occurred  since,  testifying  to 
the  value  and  reliability  of  this  protec- 
tion. 

In  the  methods  thus  far  adopted 
for  extinguishing  electrical  fires,  water, 
steam  and  carbon  tetrachloride  have  been 
used.  Water  and  steam  are  looked  on  at 
present  with  favor. 

Up  to  th(?  time  of  the  installation  of 
permanent  fire  extinguishing  apparatus 
for  generators,  water,  because  of  its 
greater  availability  over  steam,  has  been 
the  principal  medium  for  extinguishing, 
where  Pyrene  was  ineffective.  Experi- 
ence has  demonstrated,  however,  that  it 
is  extremely  difficult  to  put  out  a  fire  in 


ings  the  usual  practice  is  to  provide  pipe  rings,  which  are 
fastened  at  each  end  of  the  generator  inside  of  the  end  bells. 
Perforations  are  located  in  these  pipes  so  as  to  throw  a 
fine  spray  of  water  over  the  entire  winding  and  over  the 
air  gap  between  the  armature  and  field.  The  pipe  rings 
are  then  connected  together  into  a  reliable  source  of  water 
supply  under  the  desired  pressure.  The  figure  shows  the 
general  arrangement  of  this  type  of  installation.  The 
natural  ventilation  of  the  machine  helps  to  spread  the 
water  over  the  entire  winding.  For  the  ready  application 
of  steam  to  the  generator  windings  two  methods  have  been 
used:  (1)  Steam  pipe  arranged  inside  the  end  bells,  per- 
forated so  that  numerous  jets  will  impinge  directly  on  the 
end  portion  of  the  windings  and  into  the  air  gap  in  prac- 
tically the  same  way  water  is  used;  (2)  location  of  a  per- 
forated steam  pipe  in  the  air  inlet  of  the  generator. 

In  both  of  these  cases  the  steam  supply  is  obtained  from 
the  branch-system  mains  supplying  the  auxiliaries  of  the 
unit  protected.  The  second  plan  has  been  adopted  by  some 
companies  because  of  a  fear  that  the  steam  may  have  a 
deteriorating  effect  on  the  insulation  when  it  impinges  di- 
rectly on  the  end  turns  as  in  the  first  plan.  In  applying 
steam  it  is  the  rule  of  one  company  that  the  valve  be  opened 
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the  generator  before  extensive   damage    location  of  water  pipes  for  extinguishing  fires  in  generators 
has    occurred    without    applying    water 


directly  at  the  seat  of  the  trouble.  In  many  cases  reported 
it  has  been  necessary  to  remove  the  end  bells  and  direct  the 
water  stream  on  the  windings. 

With  the  advent,  however,  of  permanently  installed  fire- 
extinguishing  provisions  in  generators,  the  use  of  steam 
has  received  very  serious  consideration,  and  there  is  at  the 
present  time  a  wide  difference  in  opinion  as  to  the  relative 
merits  of  water  and  steam  for  this  purpose.  Of  the  30 
companies  reporting,  the  use  of  water  is  definitely  favored 
by  9  and  opposed  by  8,  and  the  use  of  steam  favored  by  7 
and  opposed  by  12;  18  generators  of  4  companies  are  now 
provided  with  permanent  steam  equipment,  as  against  9 
units  of  3  companies  with  water  equipment. 

The  principle  of  operating  in  using  steam  differs  from 
that  in  using  water  primarily  in  that  displacement  of  air 
in  the  generator  by  steam  is  very  largely  depended  upon 
to  sm.other  the  fire.  It  is  extremely  important,  however, 
in  using  steam  to  shut  off  the  supply  of  air  to  the  generator 
as  completely  and  promptly  as  possible,  and  some  means 
of  facilitating  this  operation  should  be  provided.  It  would 
seem  that  the  air  damper  could  be  placed  more  effectively 
in  the  outlet  rather  than  the  inlet  wherever  the  design  per- 
mitted. The  wetting  of  the  generator  windings  from  con- 
densed steam  may  also  be  helpful.  In  using  water,  the 
idea  is  to  wet  the  windings  as  far  as  possible,  this  being 
aided  by  the  natural  ventilation  of  the  machine. 

The  possibilities  of  liquid  carbon  dioxidt  or  other  non- 
combustible  gases  or  liquids  have  also  been  liscussed,  but 
no  advocates  of  these  materials  have  been  found 

For  the  ready  application  of  water  to  the  generator  wind- 


for  two-minute  intervals,  additional  applications  being  given 
only  if  the  fire  continues. 

Some  few  fires  have  occurred  from  mechanical  causes 
alone,  such  as  fan  rubbing  against  end  bells,  producing 
red-hot  surfaces.  These  have  led  to  an  installation  of  glass 
windows  in  generator  end  bells  by  at  least  one  company 
for  indication  of  such  trouble.  The  advisability  of  using 
similar  windows  at  the  side  of  the  base  is  worthy  of  con- 
sideration. 

Before  proceeding  to  fight  any  generator  fire,  it  is,  of 
course,  absolutely  essential  that  the  unit  be  disconnected 
from  the  line  and  the  field  opened.  With  balanced-relay 
protection,  this  is  done  automatically  when  fires  involve  a 
breakdown  from  the  copper  conductors  on  a  grounded 
system. 

It  will  be  necessary  after  application  of  water  to  the 
generator's  windings  to  dry  them  out  before  placing  in 
operation  again.  Experiences  have  demonstrated  that  elec- 
trical generators  may  be  sprayed  with  water  for  some  time 
with  no  serious  damage  resulting,  if  they  are  thoroughly 
dried  out  before  being  again  placed  in  commission. 

Some  companies  opposed  to  the  use  of  steam  have  ex- 
pressed fear  regarding  the  possibility  of  detrimental  effects 
of  high  temperature  on  the  insulation,  particularly  where 
steam  is  applied  for  a  long  period  of  time  or  where  it 
impinges  directly  m  the  windings.  The  destruction  of  the 
japanning  on  the  core  laminations  by  the  high  temperatui-e 
is  also  feared.  The  Duquesne  Light  Co.,  however,  has  had 
several  fii-es  since  installing  perforated  steam  pipes  in  the 
air  inlet  of  its  machines  and  reports  satisfactory  results. 
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.Nearly  all  of  those  fires  wore  started  external  to  the  wind- 
ing ami  wore  oxlinKuishod  with  one  lwo-miiiut«'  applica- 
tion of  steam.  On  all  but  two  occasions  the  Kenerator  was 
rcatored  to  service  without  lieinjf  dried  out,  havinjf  been 
out  of  service  only  from  three  to  four  hours,  and  in  one 
other  instance  the  ilryinv;  out  was  done  simply  by  rotating; 
the  machine  for  about  seven  hours  without  short-circuitin>c 
the  windin^M  or  excitintr  the  field.  One  fire,  starting  from 
a  grounil,  developed  into  a  short-circuit,  but  on  only  a  few 
coils  was  the  insulation  burned  sufficiently  to  necessitate 
it*placinK  them.  This  machine  was  entirely  rewound,  how- 
ever, as  it  had  been  through  a  previous  fire  and  was  not 
in  the  best  of  shape.  It  appears,  however,  that  the  eciuip- 
ment  instalU'd  by  tliis  company  has  not,  as  yet,  had  an 
opportunity  to  demonstrate  satisfacU)rily  its  ability  to 
handle  severe  fires,  and  until  more  experience  data  with 
such  fires  are  available  no  definite  conclusions  should  be 
dra%vn. 

In  one  instance  it  was  reported  by  a  Western  company 
that  steam  used  for  fishtintr  a  fire  destroyed  the  japanning 
of  the  lamination  and  therefore  made  necessary  the  entire 
dismantling  of  the  generator  armature.  ■  Yet  the  same  com- 
pany has  shown  its  faith  in  steam  for  this  purpose  by  in- 
stalling this  means  of  fire  extinguishing  in  its  generator 
installations. 

The  Public  Service  Company  of  New  jersey  recently  ap- 
plied steam  unsuccessfully  to  a  very  severe  fire.  No  com- 
panies using  a  water  system  have,  as  yet,  had  occasion  to  try 
it,  so  that  all  arguments  in  its  favor  are  merely  opinions 
or  deductions. 

The  conclusion  is  reached  that  according  to  the  informa- 


tion received  several  serious  generator  fires  have  occurred 
iri  turbine-driven  units  of  various  sizes,  voltages,  speeds, 
fre<iuencies  and  manufacture.  These  fires  have  originated 
within  the  generator  shell  from  a  variety  of  causes  and 
have  been  in  many  instances  very  dilTlcult  to  extinguish 
before  extensive  damage  has  been  done. 

In  order  to  lessen  the  probability  of  the  occurrence  of 
such  fires,  it  is  suggested  that  constant  consideration  be 
given  to  the  cleanliness  of  generators. 

In  order  to  minimize  the  extent  of  damage  from  fires,  it 
has  been  found  advisable  in  many  cases  to  install  balanced- 
relay  protection  on  turbo-generators,  to  automatically  dis- 
connect the  unit  from  the  line  and  open  the  field.  This 
practice  seems  sound  and  manufacturers  are  urged  to 
standardize  upon  the  bringing  out  of  both  ends  of  all  pha.sc 
windings  to  generator  terminal  boards  on  all  units  of  5000- 
kw.  capacity  and  larger,  and  also  on  smaller  sizes  where 
no  appreciable  increase  in  the  .selling  price  of  the  unit  will 
result. 

The  practice  of  installing  some  form  of  permanent  fire- 
extinguishing  equipment  is  gaining  considerable  headway 
and  is  being  adopted  by  many  companies.  The  substance 
to  be  used  should  be  water  or  steam,  the  weight  of  opinion 
and  practice,  to  date,  being  in  favor  of  water,  although 
actual  experience  with  specially  provided  equipment  has 
been  obtained  thus  far  only  with  the  use  of  steam,  and  that 
by  the  Duquesne  Light  Co.  to  its  entire  satisfaction. 

Operators  who  have  installed  or  who  shortly  will  install 
any  regular  means  of  extinguishing  fires  are  urged  to  kesp 
a  careful  record  of  all  circumstances  of  their  experience  for 
the  benefit  of  the  industry. 


Central-Station  Heating  in  Detroit 


By  J.  H.  WALKERt 


Discusses  the  general  problem  of  the  utilization 
of  the  heat  ordinarily  discharged  to  the  condens- 
ing water  in  a  central  electric  generating  station. 
The  impossibilitij  of  its  complete  utilization  for 
the  purpose  of  heating  buildiyigs  and  the  difficul- 
ties ni  the  tcay  of  even  its  partial  utilization  are 
pointed  out,  icith  particular  reference  to  condi- 
tions existing  in  Detroit.  The  development  of  the 
central  heating  system  of  the  Detroit  Edison 
Company  is  traced,  showing  how  the  use  of  ex- 
haust steam  for  heating  tvas  abandoned  in  favor 
of  live  steam. 


THE  heat  carried  away  by  the  condensing  water  in  the 
central  electric  stations  of  the  United  States,  equiva- 
lent to  about  60  per  cent,  of  the  total  fuel  burned  by 
them,  is  one  of  the  more  obvious,  although  not  by  any 
means  the  greatest,  wastes  of  the  country's  resources.  Like 
many  other  similar  losses  this  one  exists,  not  because  its 
reduction  is  theoretically  impossible,  but  because  it  is  sel- 
dom commercially  practicable. 

This  great  quantity  of  heat,  rejected  at  low  temperature 
from  the  generating  units,  may  be  considered  as  a 
byproduct  of  electricity  supply  and  as  such  its  rate  of 
production  will  depend  upon  the  rate  of  production  of 
electricity,  the  primary  product.  The  complete  utilization 
of  any  byproduct  becomes  possible  only  when  an  outlet 
for  it  exists  or  can  be  created.  Moreover,  since  neither 
electrical  energy  nor  heat  can  be  stored  to  any  great 
extent,  it  is  necessary  for  the  complete  recovery  of  this 
byproduct  that  the  demand  for  it  be  equivalent,  hour  by 
hour,  and  day  by  day,  to  the  rate  of  electricity  supply. 
The  warming  of  the  interior  of  buildings  is  of  course  a 
natural  means  of  utilizing  this  heat,  but  the  great  diversity 
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in  the  rate  of  use  of  the  two  commodities  renders  'mpos- 
sible  even  an  approximately  complete  realization  of  the 
theoretical  economy.  The  lack  of  agreement  in  their  use 
from  week  to  week  throughout  the  year  is  illustrated  in 
Fig.  1,  in  which  the  1918  lead  curves  for  electrical  and 
heating  service  in  Detroit  are  plotted  to  a  percentage 
scale  with  the  maximum  point  on  each  curve  taken  as 
100  per  cent. 

Another  important  obstacle  to  the  full  use  of  this  by- 
product heat  through  the  warming  of  buildings  is  due  to 
the  great  development  of  the  central  electric  stations, 
which  in  many  industrial  centers  in  the  United  States  have 
so  increased  in  size  that  the  amount  of  exhaust  heat  which 
would  be  available  as  a  byproduct  is  greatly  in  excess  of 
that  which  it  would  be  commercially  feasible  to  distribute 
for  the  heating  of  buildings.  For  example,  in  1918  the 
central  electric-generating  stations  in  Detroit  produced 
approximately  774,000,000  kw.-hr.  of  electricity.  The 
exhaust  steam  that  would  have  been  available  if  dis- 
charged at  pressures  above  atmosphere  and  which  could 
have  been  utilized  for  heating,  considering  the  vnnter 
months  only,  would  have  amounted  to  over  9,000,000,000 
lb.  This  is  five  times  the  quantity  actually  distributed  in 
the  existing  central  heating  system  of  the  city,  which  en- 
tirely covers  the  only  portion  of  the  city  in  which  the 
heating  load  is  sufficiently  dense  to  render  the  laying  of 
distribution  mains  commercially  justifiable.  For  because 
of  the  great  investment  costs  the  distribution  of  heat  by 
the  medium  of  steam  is  feasible  only  in  the  districts  of 
relatively  great  density  of  load,  which  in  most  of  our  cities, 
comprise  only  the  business  district  and  the  very  best  resi- 
dence districts.  Nor  are  the  economies  to  be  gained  by 
using  byproduct  heat  sufficient  to  enlarge  this  area  appre- 
ciably. The  central  heating  business  in  the  average  Ameri- 
can city  could  keep  pace  with  the  electricity-supply  business 
only  if  the  density  of  population  were  far  greater  than  is 
compatible  with  present  standards  of  living. 

Assuming  that  a  central  heating  load  exists  and  is  to  be 
supplied  by  the  electric  company,  there  are  in  general  three 
methods  by  which  this  can  be  done: 

1.     The  heating  load  can  be  observed  from  a  condensing 
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generating  station  so  designed  that  steam  is  available  for 
heatinf?  at  pressures  above  atmosphere  after  partial  expan- 
sion in  the  electric-generating  units,  the  remainder  of  the 
steam  used  for  current  generation  being  fully  expanded  and 
condensed  at  high  vacuum. 

2.  Separate  heating  plants  may  be  built  in  locations 
near  the  heating  load  and  equipped  with  noncondensing 
generating  units  which  will  generate  current  only  to  the 
extent  of  the  requirements  for  exhaust  steam  for  heating. 


15      20      25      30      35      40 
Weeks  ofThe  Year 

FIG.    1.      LOAD    CURVES    OF    ELECTRIC    AND    STEAM 
HEATING   PLANTS 

the  remainder  of  the  electricity  being  produced  in  a  con- 
densing station. 

3.  The  heating  system  may  be  supplied  entirely  with 
live  steam  from  boiler  plants  located  near  the  center  of 
the  heating  load. 

It  may  so  happen  that  the  natural  location  for  the  main 
generating  station  serving  a  city  is  near  the  heating  load, 
and  if  this  is  the  case,  the  first  method  is  preferable.  Often, 
however,  a  consideration  of  land  values  or  of  railroad  con- 
nections requires  that  the  main  condensing  station  be  lo- 
cated at  such  a  distance  from  the  heating  load  as  to 
preclude  the  possibility  of  transmitting  steam  from  it. 
This  is  the  case  in  Detroit.  The  Delray  plant  and  the 
Connors  Creek  plant,  the  two  main  generating  stations 
operated  by  the  Detroit  Edison  Co.j  are  respectively  Sk 
and  41  miles  from  the  heating  district.  A  condensing 
plant,  located  on  high-priced  land  near  the  heating  district 
and  with  inconvenient  railroad  connections  or  none,  would 
be  necessary  if  this  first  method  were  to  be  used.  To 
such  a  plant,  built  for  electricity  supply  and  consequently, 
for  reasons  previously  stated,  burning  more  coal  than  a 
plant  built  solely  for  heating,  this  matter  of  proper  rail- 
road facilities  is  particularly  important.  Here  again  enters 
the  matter  of  the  transmission  of  steam,  for  the  size  of  the 
pipes  required  to  transmit  a  given  quantity  of  steam  over 
a  given  distance  decreases  as  the  density  of  the  steam  and 
the  amount  of  pressure  drop  along  the  pipe  increase.  The 
most  economical  method  from  the  standpoint  of  investment 
costs  would  be  to  extract  steam  from  the  high-pressure 
stages  of  the  tui'bine;  but  the  amount  of  electricity  which 
could  be  generated  per  pound  of  steam  would  be  reduced. 

DEVELOPMENT  OF  CENTRAL  HEATING  IN   DETROIT 

The  immediate  motive  which,  in  1903,  led  to  the  establish- 
ment of  the  central  heating  industry  in  Detroit  was  the 
possibility  of  obtaining  a  high  thermal  efficiency  in  the 
generation  of  electricity  through  the  utilization  of  the 
exhaust  steam,  but  the  actual  over-all  economy  of  the 
plant  was  not  as  great  as  had  been  anticipated. 

A  year  later  the  construction  of  a  central  heating  plant 
was  begun  in  the  business  district  of  the  city.  This  second 
project  was  undertaken,  not  as  a  means  of  disposing  of  ex- 
haust steam,  but  for  the  express  purpose  of  supplying  the 
demand  for  central  heating  service  among  the  owners  of 


downtown  buildings  who  were  considering  shutting  down 
their  plants  and  purchasing  electric  service.  The  dovratown 
plant  was  built  primarily  as  a  heating  plant,  and  though 
provision  was  made  for  electric  genei-ating  units,  they  were 
never  installed  and  the  heating  mains  were  supplied  with 
steam  from  the  boilers  through  reducing  valves. 

With  the  development  of  the  large  condensing  generating 
stations  the  generation  of  current  in  the  heating  plants 
grew  le"s  and  less  attractive,  and  when  a  third  heating 
plant  became  necessary  because  of  in';reasing  demand  for 
steam  heat,  no  provision  was  made  for  electric  generators. 
The  same  practice  was  followed  when,  in  1916,  the  original 
exhaust-steam  plant  was  rebuilt;  and  when  the  steam- 
distribution  system  of  another  company  which  had  been 
engaged  in  the  generation  of  electricity  and  the  distribution 
of  exhaust  steam  in  the  business  district  was  purchased  by 
the  Detroit  Edison  Co.,  the  new  plant  which  was  built  to 
supply  this  district  was  also  designed  as  a  heating  plant 
only.  The  entire  combined  distribution  system  is  now  being 
supplied  with  live  steam  from  the  boilers  through  reducing 
valves. 

Since  there  are  no  generating  units  exhausting  into  the 
heating  system,  the  pressure  carried  on  it  is  not  limited 
by  considerations  of  back  pressure.  On  those  sections  of 
the  system  formerly  supplied  with  exhaust  steam  at  from 
2  to  5  lb.  pressure,  the  pressure  now  maintained  ranges 
from  5  to  15  lb.  and  is  being  increased  from  year  to  year, 
toward  the  upper  limit  permitted  by  the  strength  of  the 
pipes.  The  pressure  on  the  section  originally  designed  as 
a  live-steam  system  is  about  30  lb.  Because  of  the  in- 
creased capacity  of  the  distribution  system  at  higher  pres- 
sures, due  to  the  greater  density  of  the  steam  and  the 
greater  allowable  pressure  drop,  these  higher  distribution 
pressures  are  desirable. 

Reasons  for  Using  Live  Steam  in  Detroit 

The  supplying  of  live  steam  to  the  heating  system  and 
the  abandonment  of  the  generation  of  current  in  the  heating 
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plants  is  commercially  justifiable,  even  though  such  current 
would  be  generated  at  a  high  thermal  efficiency.  The  un- 
derlying reason  for  this  is  that  there  exist  certain  unfavor- 
able conditions  which  outweigh  the  thermal  advantage  and 
make  the  total  cost  of  such  current  higher  than  the  gen- 
erating cost  at  the  large  and  efficient  main  generating 
stations. 

In  consideration  the  cost  of  generating  current,  when  the 
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ht'ut  in  tlu-  t'xhaiist  is  jvi-nviTod,  it  sh(iiii<l  he  honu-  in 
iiiind  nt  the  oiit.si-t  thnt  thi-  aiiiount  of  coiil  <-(ii)Huini->l, 
thuuirh  small,  is  not  by  any  nii-ans  nt>K'liKil)ii'  as  conipanMl 
to  that  consunu'd  in  a  contlfn.'<in>:  .ntntion.  For  i-ach  kilo 
watt-hour  so  jr»'">''"'»to(l,  thiTo  would  bi-  extracted  from 
the  sti-ani,  if  the  conversion  were  100  per  cent,  ellirient,  it.s 
heat  equivalent,  3415  B.t.u.  Tnkinjr  into  aei-ount  nu-chani- 
eal  and  eleotrieal  losses  in  the  ^reneratin^r  unit  and  the 
.osses  involved  in  jri'"»'''ntin>i:  steam  from  the  coal,  the 
actual  number  of  lieat  units  devoted  to  the  generation  of 
•ilectricity  is  not  less  than  .')700  B.t.u.  per  kw.-hr.  This  is 
n  per  cent,  of  the  corresponding   figure  for  the  Connors 
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FIG.   3.     UNDERGROUND  STKAM   LINK  CONSTRUCTION 

Creek  plant  (a  condensing  station)  which  in  1918  generated 
its  total  output  at  an  average  of  20,900  B.t.u.  in  the  coal 
per  kw.-hr.  of  output.  So  that  at  the  outset  the  additional 
fuel  that  would  have  to  be  burned  in  the  heating  plants  if 
current  were  generated,  would  be  over  one-quarter  of  the 
amount  required  to  produce  the  equivalent  amount  of  cur- 
rent at  the  Connors  Creek  plant. 

One  of  the  principal  elements  of  cost,  which  militates 
against  current  generation  in  the  heating  plants,  is  the 
attendant  labor,  which,  because  of  the  low  load  factor  and 
small  size  of  any  generating  units  that  might  be  installed 
there,  makes  the  cost  of  this  item  per  kilowatt-hour  gen- 
erated much  higher  than  in  the  large  stations  where  the 
size  of  the  units  and  the  load  factor  are  much  greater. 

But  the  deciding  factors  are  the  investment  charges.  The 
change  of  policy  involving  the  final  abandonment  of  ex- 
haust-steam heating  was  made  in  1916,  with  the  rebuilding 
of  the  Willis  Ave.  heating  plant,  the  original  exhaust-steam 
plant.  At  this  time  the  electrical  load  in  Detroit  was  in- 
creasing i-apidly  and  several  new  turbine-generator  units 
were  being  purchased.  At  the  Willis  Ave.  heating  plant 
the  existing  and  future  exhaust-steam  requirements  would 
have  called  for  a  generating  unit  of  about  2000  kw.  ca- 
pacity. The  unit  purchased  at  the  time  for  the  Connors 
Creek  plant  was  the  45,000-kw.  machine  which  has  since 
been  put  into  service.  Would  the  existence  of  small  gen- 
erating units  in  the  heating  plants,  aggregating  altogether 
possibly  4000  kw.,  actually  reduce  the  number  of  machines 
in  the  Connors  Creek  plant  at  that  time  or  at  any  future 
time,  if  the  latter  were  to  increase  in  steps  of  this  magni- 
tude? Segardless  of  theoretical  considerations,  as  a  mat- 
ter of  fact  it  actually  would  not  have  done  so  and  it  became 
clearly  evident,  therefore,  that  any  investment  in  generat- 
ing units  in  the  heating  plants  must  be  reckoned  as  addi- 
tional investment,  and  the  cost  of  any  electricity  generated 
by  them  must  include  the  fixed  charges  on  that  investment 
and  could  not  be  credited  with  having  saved  any  investment 
elsewhere.  The  relatively  insignificant  proportion  of  the 
total  system  lead  which  could  be  borne  by  a  unit  in  the 
Willis  Ave.  plant  is  strikingly  illustrated  in  Fig.  2. 

In  accordance  with  the  considerations  that  have  been 
mentioned,  the  proposed  turbo-generator  installation  should 
be  charged  with  its  operating  and  maintenance  costs  in- 
cluding,  labor,    supplies,   and    the   fuel    equivalent   of   the 


••riergy  produced.  It  Mhould  also  he  char^:«•d  with  the  fixed 
charges  on  the  unit  itself  and  on  the  buihiing  space  occu- 
pied. Based  on  the  fairly  stable  pre-war  prices  existing  in 
1!»1(>,  these  items  might  be  conservatively  estimated  an 
follovs,  neglecting  the  disadvantage  due  to  the  luck  of 
coordination  between  steam  and  electrical  loads. 

ClmpKCN  AKiitiiHt   <;fii«Tatlinf   Call — OpuruUon  and   MalnU'naiiC4' . 
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Klxi'il    (°hiiarK<'S    ( Addltliiiial    Iti-inN   Only): 

iOOO-kw     lurbo-KciUTiitor    at    $1!>    per   kw $,10,000 

InHtallatlon   cosl.   wirliiK   hikI   pIplriK 4,000 

UiilldlnR    ;ind    foundations 10,000 

144,000 

Deprfcial  Ion  at  4   per  cent 1,760 

Return  on  Investment  at  6i  per  cent 2,860 

Total   charge   against    turbine 111,627 

The  turbo-generator  must  of  course  be  credited  with  the 
cost  of  generating  an  equivalent  amount  of  energy  at  the 
main  plant,  of  transmitting  it  to  the  heating-plant  dis- 
trict and  of  converting  it  to  direct  current,  since  these  costs 
would  be  incurred  if  the  turbo-generator  were  not  installed. 

The  production  cost  of  electric  current  generated  by  a 
central  station  consists  of  two  parts,  the  demand  or  "readi- 
ness to  serve"  component  and  the  "energy"  component. 
The  former  may  be  defined  as  that  portion  of  the  total  pro- 
duction cost  that  would  be  incurred  if  no  electricity  were 
actually  delivered,  but  if  the  plant  were  merely  held  in 
readiness  to  deliver  the  loads  actually  sustained;  in  other 
words,  with  steam  pressure  up,  turbines  and  auxiliaries  in 
motion,  a  sufficient  number  of  boilers  banked  and  the  oper- 
ating crew  on  duty.  The  energy  component  may  be  con- 
sidered as  that  part  of  the  total  cost  which  is  directly  pro- 
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portional  to  the  amount  of  energy  delivered.  Although  the 
exact  separation  of  these  components  is  impossible,  the 
distinction  between  them  is  none  the  less  real  and  is  one 
that  is  generally  recognized. 

In  the  present  case  the  heating-plant  generating  unit  can 
be  credited  only  with  energy  component,  since  it  is  not  to 
be  considered  as  ha\ing  reduced  the  size  or  number  of  units 
in  the  main  generating  plant.  The  energy  component  may 
fairly  be  considered  as  including  7.5  per  cent,  of  the  fuel 
cost,  50  per  cent,  of  the  cost  of  maintenance  of  plant  equip- 
ment and  that  part  of  the  labor  such  as  coal  handling  which 
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would  be  generated  at  Connors   Creek  7,500,000   kilowatt- 
hours. 

The  credit  which  can  be  allowed  to  the  heating  plant  for 
the  current  which  it  would  generate  would  then  be  as  fol- 
lows: 

Fuel— 4112  tons  at  $2.38 ^^'IS^ 

Wages    2°5 

Maintenance     '"  ' 

Total   credit   allowable    $10,688 

This  credit  of  $10,(588  compared  with  the  larger  figure  of 
$11,627  which  is  to  be  charged  against  the  heating-plant 
unit,  thus  indicates  that  the  generating  of  current  in  the 
heating  plant  would  not  be  justified. 

The  foregoing  study,  however,  is  based  only  upon  condi- 
tions in  the  plant  itself,  and  no  mention  has  been  made 
of  the  effect  upon  the  distribution  system  when  exhaust 
steam  is  distributed. 

The  method  of  live-steam  operation  was  adopted  in  De- 
troit before  the  recent  great  advance  in  the  price  of  coal. 
The  present  price  of  coal  makes  exhaust-steam  operation 
appear  somewhat  more  favorable  and  it  is  of  course  con- 
ceivable that  at  some  future  date  a  high  coal  price  may 
compel  a  change  of  policy.  But  with  the  cost  of  under- 
ground lines  also  increasing,  the  saving  in  distribution 
investment  will  probably  continue  to  be  sufficient  to  justify 
a  continuation  of  the  present  methods. 

The  four  boiler  plants  in  Detroit  which  supply  steam  to 
the  heating  system  are  equipped  with  water-tube  boilers 
and  underfeed  stokers  and  are  of  modern  design  through- 
out. The  Congress  St.  plant,  the  newest  of  the  four,  is  de- 
signed to  eventually  contain  four  1300-hp.  boilers  and  two 
2600-hp.  boilers  of  the  "W"  type.  In  the  effort  to  reduce 
the  amount  of  attendance  labor  at  this  plant,  the  auxiliaries 
are  located  for  the  most  part  on  the  boiler-room  floor  so 
as  to  be  within  convenient  reach  of  the  few  men  constitut- 
ing the  operating  crew.  Coal  is  hauled  from  bunkers  at 
the  railroad  sidings  to  the  plant  in  drop-bottom  buckets  of 
5  tons  capacity,  which  are  lifted  by  a  crane  and  emptied 
into  overhead  hoppers  from  which  the  coal  is  distributed 
by    belt   conveyors    to    the    boiler    bunkers.      Ash-handling 
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equipment  is  practically  nil,  the  boilers  being  set  at  suffi- 
cient elevation  to  allow  wagons  to  be  driven  beneath  the 
hoppers. 

Because  of  the  fact  that  only  a  relatively  small  amount 
of  condensation  is  returned  to  the  plants,  careful  tx'eatment 
of  the  raw  water  is  necessary.  The  feed  water  flows 
through  live-steam  purifiers,  operating  at  boiler  pressure, 
in  which  the  scale-forming  materials  are  precipitated.  In 
addition,  sodium  carbonate  is  fed  in  automatically  graduat- 
ed amounts  to  reduce  the  slight  amount  of  hard  scale-form- 
ing material  that  finds  its  wa;y  into  the  boiler.  Although 
Detroit  water  is  not  a  bad  boiler  water,  these  precautions 
are  necessary  because  of  the  large  percentage  of  makeup 
water  and  the  rather  h'gh  rates  of  steaming  at  which  the 
boilers  are  soyictimes  driven. 

Steam  is  generated  at  a  pres3ura  of  130  lb.  gage.     This 


pressure  is  chosen  in  order  to  provide  for  considerable  pres- 
sure drops  in  the  outgoing  feeders  as  calculated  for  pres- 
ent conditions.  It  may  be  raised  to  160  lb.  at  some  future 
date.  The  outgoing  steam  lines  leave  the  plant  through  a 
tunnel  shaft. 

The  popularity  of  the  heating  service  in  Detroit  has  led 
to  its  development  on  an  extensive  scale.  The  present  dis- 
tribution system  covers  an  area  of  about  two  miles  long  and 
half  a  mile  wide,  which  includes  the  entire  central  shop- 
ping, business  and  financial  districts  and  a  small  portion 
of  the  residence  district.  About  2,700,000  sq.ft.  of  radia- 
tion, besides  numerous  water  heaters  and  cooking  fixtures. 
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are  served.  The  distribution  system  contains  about  20 
mile.",  of  underground  mains  and  2  miles  of  tunnels.  The 
four  boiler  plants  that  supply  steam  to  the  system  contain 
17,470  rated  boiler  hp.,  and  they  delivered  in  1918  nearly 
two   million   pounds   of   steam   to   the   system. 

The  distribution  mains,  though  originally  built  in  three 
distinct  sections,  are  now  a  practically  continuous  network 
and  the  plants  are  so  much  interconnected  that  the  load 
can  readily  be  shifted  from  one  to  another.  In  spring  and 
early  autumn  two  of  the  four  plants  serve  the  entire  area. 

Because  of  the  great  increase  in  connected  load  the  trans- 
mission capacity  of  the  distribution  network,  most  of  which 
was  installed  several  years  ago,  is  now  quite  inadequate. 
To  have  raised  the  pressure  throughout  the  system  would 
have  increased  its  capacity,  but  the  system  pressure  was 
permanently  limited  by  the  fact  that  most  of  the  under- 
ground fittings  are  of  a  low-pressure  pattern,  and  tem- 
porarily by  the  fact  that  in  those  sections  of  the  system 
formerly  supplied  with  exhaust  steam  the  customers'  in- 
stallations are  not  provided  with  reducing  valves.  Instead 
of  attempting  to  change  these  conditions,  which  would  have 
involved  the  reconstruction  of  much  of  the  distribution  net- 
work, the  less  expensive  plan  was  adopted  of  running  feed- 
ers from  the  plants  to  various  centers  of  distribution. 

The  velocity  of  the  steam  flow  in  feeders  at  times  of 
heavy  load  is  very  high.  Velocities  as  great  at  75,000  ft. 
per  min.  have  been  measured.  This  high  velocity  does  not 
appear  to  be  at  all  obectionable,  however,  there  being  no 
apparent  erosion  of  the  pipe  and  no  hammer,  or  objection- 
able vibration. 

The  distribution  ma'ns  range  in  size  from  20  in.  near  the 
stations  to  4  in.  at  the  outskirts  of  the  system.  The 
original  underground  ]iipes  were  laid  in  a  segmental  wood 
casing  bound  with  wire.  This  construction  has  been  fairly 
successful  under  favorable  soil  conditions,  but  the  concrete 
conduit  shown  in  Fig.  3  has  been  found  to  be  superior  in 
many  respects  and  has.  been  used  exclusively  for  several 
years  in  all  new  construction. 

In  the  heart  of  the  business  district  the  pipes  are  in  tun- 
nels, of  which  there  arc;  about  two  miles,  lying  from  25  to 
40  ft.  below  the  street  level.  In  cross-section  they  are  simi- 
lar to  a  horseshoe  and  are  built  of  brick,  with  concrete 
floors.  For  the  most  part  they  are  about  6  ft.  in  height 
and  6  ft.  wide.  The  tunnels  are  ventilated  by  suction  fans 
which  draw  a  small  amount  of  air  through  them  continu- 
ously and  a  much  larger  amount  when  it  becomes  necessary 
for  men  to  woi'k  in  the  tunnels.  The  temperatui'e  ranges 
between  90  and  130  deg.  F. 
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In  his  work  throughout  the  country  in  bi'hiilf  of  (lischarKCfl 
.^.•rviio  men,  Col.  Arthur  Woods,  Ajtsislimt  to  thf  Socro- 
liiry  of  War  in  char^'o  of  ruuliiivc  tniploynu'nt  for  di-niobil- 
izi'd  soldiers,  sailors  and  niarinos,  has  k-arniMl  tliat  in  many 
.si-itions  poopli-  Ki'nt'rally  do  not  know  just  what  the  Gov- 
ernment is  (loinjr  to  enable  men  disabled  in  the  lino  of  duty 
to  reestablish  themselves  in  civil  life. 

Inasmuch  as  tl»e  Govyrnment  took  these  men  out  of  civil 
life  and  placed  them  in  camps  and  in  the  trenches  where 
their  di.sabilities  were  incurred,  the  obligation  upon  the 
Covernment  to  reestalilish  them  in  civil  life  is  dear.  And 
it  should  be  understood  tiuit  those  injured  in  France  are 
not  the  only  ones  entitled  to  assistance,  for  all  disabled 
service  rien,  whether  injured  in  the  United  States  or  abroad 
are  provided  for  ecjually. 

For  reestablishing'  the  disabled  in  civil  life,  the  au- 
thorized aprency  of  tlio  Government  is  the  Federal  Board 
for  Vocational  Education,  which  is  charged  by  CooRress 
with  the  "vocational  trainin>j  of  disabled  .soldiers  and  the 
placement  of  rehabilitated  persons  in  suitable  and  painful 
occupations,"  after  their  dischartre  from  the   Army. 

In  some  larpe  cities  crippled  men  in  uniform  are  seen 
on  the  street  enpapcd  in  "panhandling"  kindly  disposed 
persons.  It  has  been  found  that  in  nearly  every  case  these 
men  were  just  plain  ordinary  fakers  in  the  puise  of  sol- 
diers, who  took  this  method  of  enlistinp  unmerited  sympathy 
from  the  public.  There  is  no  excuse  for  these  fakers.  No 
man  disabled  in  the  service  need  enpape  in  any  sort  of 
holdup  pame  in  the  streets  nor  need  he  enpape  in  any  oc- 
cupation whatever  which  is  not  becominp  to  him.  Anyone 
seeinp  men  in  uniform  so  cnpaped  should  inform  them  of 
provision  made  for  their  traininp  and  placement  by  the 
Government.  If  any  man,  after  beinp  informed  what  his 
opportunities  are,  continues  hiy  pame,  a  favor  will  be  done 
the  preat  body  of  self-respcctinp  disabled  men  who  are 
tryinp  to  make  somethinp  of  themselves  if  every  case  of 
this  character  is  reported  to  the  nearest  branch  office  of 
the  Federal  Board  for  Vocational  Education. 

If  any  disabled  service  man  who  is  considered  by  the 
Bureau  of  War  Risk  Insurance  to  be  as  much  as  10  per 
cent,  disabled  will  get  in  touch  with  the  Federal  Board  for 
Vocational  Education,  Washington,  or  with  any  one  of  its 
fourteen  branch  offices  (locations  given  below),  the  Federal 
Board  will  place  them  in  educational  institutions,  when 
education  is  necessary  and  feasible,  where  suitable  trades 
or  occupations  will  be  taught  them  according  to  their  in- 
dividual experience,  capacities  and  preferences.  A  disabled 
man  so  incapacitated  that  he  cannot  take  up  his  old  occu- 
pation will  be  allowed  to  choose  any  occupation  or  trade 
that  he  thinks  he  would  like  to  follow,  subject,  of  course, 
to  approval  by  the  Federal  Board,  which  is  interested  only 
to  be  assured  that  t'.ie  man  is  fitted  to  pursue  the  occupa- 
tion or  trade  elected. 

District  ,  ^-j. 

No.  States  Covered  Office 

1  Maine     New   llamshirr,   Vermont,     Hoom     433,    Trcniont     Buildint', 

Miissaehusetts.  Rhode  Island  Boston.  Mass 

2  Connecticut,  New  Vork,  New  Room    711,     281    Broadway,    New 

J.rsey  York  City 

3  I  Pennsylvania,  Delaware  1 000  Pcnn  Square  Building.  Phila- 
'  (lelphia.Penn. 

4.  District    of   Colun.bia.    Mar>land,     606    F   St.,    N.  W.,  Washington, 

Virginia,  West  Virginia  D.  C. 

5.  North    Carolina.    South    Carolina,     ^       „      „    .,,.         _,      ,      „ 

Georgia,  Florida,  Tennessee  Candler  Building,  Atlanta.  t.:i 

6  Mabama,     Mississippi,     Louisiana     822  Maison  Blanche  Annex,  New- 

Orleans,  La. 

7  Ohio,  Indiana,  Kentucky  906  Mcrr ant ile  Library  Building, 

Cincinnati,  Ohio 

8  Michigan,  niinois.  Wisconsin  1600    The    Westminster,    H  0    S. 

Dearborn  St..  Chicago,  III. 
-f        Iowa,  Nebraska,  Kansas,  Missouri     517  Chemical  Building,  St.  Louis, 

Mo. 
10         Minnesota,   North  Dakota,   South     Room     742,     Metropolitan    Bank 

'    Dakota  Building.  Minneapolis,  Minn. 

1 1 .        Wyonnng.  Colorado.  New  Mexico.     ^^^__ ^^^  ^^  _  ^^^^^^  ^^^^ 

1 2  California,  Nevada,  Arizona  Room  997,  Monadnock  Building, 

San  Francisco,  Calif. 

13  Montana,    Idaho,    Oregon,    Wash-     Room      539.     Central     Building, 

ington  Seattle,  W  ash. 

14  Arkansas,  Oklahoma,  Texas  810  Western  Indemnity  Building, 

1000  Main  St.,  Dallas.  Tex. 

While  in  training  a  man  receives  an  amount  equal  at 
least  to  the  base  pay  received  during  his  last  month's  serv- 
ice in  the  Army,  Navy  or  Marine  Corps,  but  in  no  case 


does  he  receive  less  than  Ifi.'i  per  month  if  a  Hinple  man, 
or  less  than  ITTi  per  month  if  livinp  with  his  dependents, 
or  less  than  SCi.'i  per  monlh  for  himself  if  livinp  apart  from 
his  dependents— in  addition  to  allowances  to  his  dependents 
if  married  and  livinp  apart  from  his  wife  durinp  the  period 
of  traininp.  In  all  cases  the  wife  receives  $15  and  each 
minor  child  $10  per  nmnth.  These  payments  are  made  to 
enable  the  man  t<i  support  himself  while  in  traininp,  an'l 
arc  in  lieu  of  subsistence,  etc. 

Under  the  arranpement  first  mentioned,  if  a  man  who 
served  as  a  private  at  $.'{0  per  monlh  wishe.s  to  take  train- 
inp, waiving  cl;iim  to  subsistence,  dothinp,  etc.,  he  will, 
if  sinple  or  livinp  apart  from  his  dependents  durinp  train- 
inp, be  allowed  an  additional  $.'55  per  month  by  the  Federa' 
Board,  thus  brinpinp  his  income  up  to  the  minimum  of 
$65  per  month.  Should  the  man  have  been  a  noncommis- 
sioned officer  durinp  his  last  month's  service  and  have  re- 
ceived as  hiph  as  $81  per  month,  he  will  then  continue 
to  receive  such  pay  and  it  will,  of  course,  not  be  necessary 
in  this  case  for  the  Federal  Board  to  allow  him  anythinp 
additional.  In  the  case  of  officers,  it  will  be  apparent,  no 
allowance  will  be  forthcoming  from  the  Federal  Board. 
Men  who  have  been  blinded  in  battle  or  who  have  lost  both 
arms  or  botn  leps,  or  who  as  a  result  of  injuries  incurred 
arc  permanently  and  totally  disabled,  it  may  be  noted,  come 
under  a  special  provision  which  allows  them  $100  per 
month  additional. 

Many  crippled  soldiers  were  discharped  without  being 
informed  of  the  provisions  made  for  them  through  the 
agency  of  the  Federal  Board,  because  they  were  released 
from  service  before  the  machinery  for  reaching  them  was 
in  effect.  Any  person  coming  in  contact  with  such  disabled 
men  will  be  doing  a  patriotic  duty  by  directing  them  to 
write  to  the  Federal  Board  at  Washington  or  to  one  of  the 
Board's  fourteen  branch  offices,  or,  better  yet,  to  appear 
in  person  at  one  of  these  offices  if  they  can. 

How  the  Business  Press  Serves  Industry 

In  an  address  before  the  Pan  American  Commercial  Con- 
ference at  Washington,  D.  C,  June  6,  A.  C.  Pearson,  presi- 
dent of  the  Business  Publishers'  Association,  gives  some 
interesting  facts  concerning  the  mission  of  the  business 
paper.  He  has  divided  the  publications  into  two  general 
groups;  namely,  trade  papers,  which  have  to  do  with  the 
sale  and  distribution  of  merchandise,  and  technical  papers, 
such  as  engineering  publications,  which  devote  themselves 
to  one  particular  science  or  profession.  An  abstract  of  Mr. 
Pearson's  address  follows: 

The  outstanding  feature  of  a  business  paper  is  that  it 
confines  itself  to  business  subjects  and  handles  only  those 
subjects  which  apply  to  its  own  trade  or  industry.  The 
subscribers  to  business  papers  are  interested  in  both  the 
editorials  and  advertisements  since  they  take  these  publi- 
cations for  the  serious  purpose  of  getting  information  and 
assistance  in  their  particular  occupation  and  all  the  con- 
tents bear  directly  on  their  business  or  profession. 

Experts  on  world  commerce  have  stated  that  they  could 
tell  the  progress  of  a  nation  in  any  line  by  inspecting  its 
business  papers  in  that  particular  line,  and  any  country 
wishing  to  progress  in  a  particular  industry  might  well 
invest  a  large  sum  in  the  improvement  of  its  publications 
in  that  particular  industry. 

To  get  a  commercial  understanding  and  to  promote  the 
interchange  of  trade,  it  is  necessary  to  read  the  same  pub- 
lications and  adopt  the  same  general  business  practices. 
It  is  most  encouraging,  therefore,  that  large  numbers  of 
the  leading  business  papers  in  the  United  States  are  pro- 
ducing foreign  editions  and  that  many  leading  Latin  Ameri- 
can publications  are  getting  editorial  information  and 
extensive  advertising  from  the  United  States. 

The  business  paper's  first  service  to  commercial  intelli- 
gence is  in  its  news  of  the  markets,  of  the  merchandise  de- 
velopments of  the  trade,  or  of  the  scientific  progress.  Its 
second  service  is  that  of  advice  and  criticism.  One  promi- 
nent trade  publication  has  as  its  motto,  "What  To  Buy 
and  How  To  Sell  It."  It  devotes  as  much  time  and  atten- 
tion to  the  subject  of  selling  merchandise  as  it  does  to  the 
markets  and  the  changes  which  will  affect  the  price  or 
desirability  of  merchandise. 

A  third  great  service  rendered  by  the  business  publica- 
tion is  the  advertising  which  it  brings  to  the  subscriber.    In 
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this  is  included  the  best  offerings  in  the  briefest  possible 
form  of  the  merits  and  talking  points  of  the  merchandise 
which  that  particular  subscriber  is  interested  in. 

The  leading  business  papers  go  into  all  the  problems  and 
the  needs  of  their  industry.  They  are  the  leading  agitators 
for  progress  and  frequently  the  unsparing  critics  of  trade 
abuses.  They  take  a  leadership  in  advocating  necessary 
legislation  for  the  improvement  of  industry  and  are  leaders 
in  all  broad,  helpful  and  patriotic  movements. 

For  example,  the  "MADE  IN  U.  S.  A."  campaign  was 
originated  by  a  business  paper.  The  great  prosperity  cam- 
paign now  running  is  the  result  of  the  cooperation  among 
some  leading  business  men  and  business  papers.  The  pres- 
ent Webb-Pomerene  bill,  which  promises  so  much  for  foreign 
trade  in  the  United  States,  was  made  possible  largely  by 
the  cooperation  and  agitation  of  the  business  press.  The 
fact  that  the  Unted  States  Government  secured  its  adver- 
tising free  during  the  war,  instead  of  paying  out  millions 
of  dollars  to  publications,  was  due  to  the  fact  that  three 
hundred  business  papers  came  forward  and  volunteered 
their  space  without  charge  to  the  Government  for  the  dura- 
tion of  the  war. 

Since  efficient  service  is  based  first  on  proper  informa- 
tion, it  will  .be  necessary  that  the  business  papers  make  a 
thorough  study  of  foreign  conditions  and  that  they  equip 
themselves  to  show  editorially  the  changing  market  re- 
quirements of  the  different  countries  to  which  their  manu- 
facturers wish  to  appeal.  This  rule  applies  to  the  Latin 
American  publications  in  the  same  way  that  it  applies  to 
those  of  the  United  States. 

The  success  of  the  trade  between  our  respective  countries 
will  depend  on  the  knowledge  we  have  of  the  markets  and 
requirements  of  our  customers,  wherever  they  may  be. 
This  information  can  be  given  primarily  by  Hie  business 
press,  and  there  is  every  indication  that  these  publications 
are  thoroughly  alive  to  the  responsibility  which  they  owe 
their  industry  as  well  as  their  country. 


Illinois  N.  A.  S.  E.  State  Convention 

In  Decatur,  June  4-6,  the  Illinois  State  Association  of 
the  N.  A.  S.  E.  held  its  fifteenth  annual  meeting.  There  was 
a  good  attendance,  exhibits  were  numerous,  and  at  the 
meetings  the  enthusiasm  needed  to  build  up  the  various 
locals  of  the  state  was  in  evidence.  The  opening  session 
was  held  Wednesday  afternoon,  with  the  local  president, 
Frank  Velton,  in  the  chair.  Mayor  Borchers  welcomed  the 
engineers  and  John  McGrath,  past  national  president,  re- 
sponded. The  mayor  had  made  a  plea  for  all  to  show 
their  Americanism  in  these  disturbing  times.  He  was 
assured  that  the  engineers  had  done  so  and  would  continue. 
Last  year  their  strong  effort  had  been  on  conservation.  In 
the  reconstruction  period  now  on  they  would  be  called  upon 
to  meet  the  changes  in  the  profession. 

Porter  J.  Millikin,  president  of  the  Association  of  Com- 
merce, dwelt  upon  community  cooperation  and  the  necessity 
for  each  one  to  do  his  part  for  the  public  good,  to  be  part 
and  parcel  of  the  community  in  which  he  lives,  to  vote  and 
to  instill  in  the  foreigner  the  true  American  spirit.  Na- 
tional Secretary  Raven  added  to  the  previous  theme  that 
doing  one's  work  in  the  most  efficient  way  possible  is  also 
one  of  the  requirements  of  good  citizenship.  For  36  years 
the  association  had  stood  for  education. 

"Closer  Relations  Between  the  Engineer  and  Manager  of 
the  Plant"  was  a  topic  on  which  John  Lane  gave  an  interest- 
ing discourse.  The  engineer  who  is  successful  in  these 
days  gives  much  of  his  attention  to  the  human  side  of 
engineering.  He  is  liberal  to  those  under  him,  knows  the 
value  of  a  smile  and  has  become  a  student  of  psychology. 
The  shortest  path  to  success  is  to  make  a  study  of  the 
manager,  establish  a  good  understanding,  gain  his  con- 
fidence, and  present  results  obtained  in  the  plant  in  the 
simple  form  understood  by  the  manager.  He  wishes  to 
know  the  amount  of  service  he  is  getting  and  what  it  costs 
hnii.  Technical  data  and  details  will  serve  as  a  reference 
to  the  engineer  when  he  is  asked  to  explain  the  reasons 
why.  To  operate  the  plant  successfully  it  is  essential  to 
make  a  close  study  of  the  manufacturing  end  of  the  estab- 
lishment. The  engineer  cannot  give  best  results  without 
knowing  what  the  plant  services  are  used  for  and  the  re- 
quirements, and  he  should  know  costs  in  terms  of  the 
manufactured  product. 


John  F.  Alt,  state  president,  was  introduced,  the  conven- 
tion officially  opened,  and  the  usual  committees  appointed. 

On  Wednesday  evening  the  employers  of  engineers  had 
been  invited  to  learn  what  the  association  was  doing  and 
to  look  over  the  numerous  exhibits.  The  program  was 
partly  impromptu,  but  under  the  general  guidance  of  Fred 
Raven  was  a  marked  success.  President  Alt  and  W.  H. 
Jennings,  chairman  of  the  local  committee,  spoke  briefly. 
Charles  Fiske  said  a  few  words  in  behalf  of  the  exhibitors 
and  Charles  Cullen  expressed  his  optimism  over  indications 
of  an  exceptionally  good  convention  next  fall.  W.  E. 
Harris,  state  deputy,  said  that  in  addition  to  the  educational 
efforts  the  fraternal  spirit  so  plainly  in  evidence  contrib- 
uted to  the  success  of  tho  organization. 

Being  in  particularly  good  voice,  Fred  Hickey  rendered 
several  choice  selections.  Joe  O'Connell  voiced  his  approval 
of  inviting  manufacturers  to  the  meeting  so  that  they  would 
become  acquainted  with  the  character  of  the  engineer's  work 
and  recognize  his  ability  and  loyalty.  It  is  a  short  cut  to 
a  better  understanding  that  will  eventually  result  in  better 
salaries. 

Alfred  Johnson  asked  for  a  better  hearing  for  the  com- 
mercial engineer.  He  is  a  specialist  in  his  line.  In  going 
from  plant  to  plant  he  picks  up  the  best  ideas  from  each 
and  where  properly  received  is  always  ready  to  impart  use- 
ful information.  Mr.  Parker,  of  Elgin,  said  that  closer 
relations  between  the  engineer  and  the  salesman  would 
result  in  mutual  benefits.  PJen  full  of  enthusiasm  are 
needed  in  the  various  locals,  and  with  them  the  member- 
ship could  be  greatly  increased. 

The  Sessions  of  Thursday  and  Friday 

Thursday  morning's  session  was  devoted  mostly  to  rou- 
tine business.  The  legislative  committee  reported  that  a 
new  license  bill  had  been  prepared,  had  passed  the  House 
and  had  been  brought  up  once  in  the  Senate,  but  had  been 
deferred  for  the  time  being.  Reasons  for  the  veto  of  the 
previous  bill  by  the  governor  had  been  taken  into  con- 
sideration, and  it  was  felt  that  the  present  bill  would  pass. 

A  report  of  the  state  deputy,  W.  E.  Harris,  showed  a 
loss  of  8  per  cent,  in  membership.  There  are  18  cities  in 
the  state  in  which  the  organization  is  not  represented.  In 
these  cities  there  are  over  600  engineers,  so  that  there  is 
a  fine  opportunity  to  establish  locals  and  boost  the  mem- 
bership. The  deputy  offered  a  resolution  which  was  passed 
later,  suggesting  that  the  state  association  follow  the 
national  body  in  presenting  flags  to  the  two  locals  in  the 
state  making  the  largest  net  gain  in  membership,  based  on 
percentage,   during  the   year. 

Thursday  afternoon  those  interested  visited  the  plant  of 
the  McLaughlin  Coal  Reduction  Co.,  makers  of  atomized 
coal  and  the  equipment  to  burn  it  for  household  and  power- 
plant  use.  Thursday  evening  was  devoted  to  socia'  enter- 
tainment under  the  auspices  of  the  exhibitors.  There  were 
dancing  and  refreshments,  and  to  lend  variety,  two  interest- 
ing talks,  one  by  W.  J.  Nealey  on  "Benefits  of  Education  to 
the  Engineer,"  and  the  other  by  A.  W.  Cash  on  "Reducing 
and  Regulating  Valves." 

A  visit  to  the  Staley  starch  works  was  made  Friday 
morning,  and  the  afternoon  was  devoted  to  the  last  busi- 
ness session  of  the  convention.  It  was  voted  to  pay  part 
of  the  expenses  of  the  delegates  to  the  state  convention. 
For  next  year  the  sum  of  $300  was  appropriated  for  this 
purpose,  the  rate  per  mile  to  be  decided  later.  Peoria  was 
chosen  as  the  next  convention  city  and  the  following  officers 
were  elected:  President,  V.  J.  Bastian,  No.  28,  of  Chicago; 
vice  president,  R.  J.  Mahood,  No.  6,  of  Peoria;  secretary- 
treasurer,  W.  E.  Hill,  No.  17,  of  Moline;  state  deputy, 
W.  E.  Harris,  No.  1,  of  Chicago. 

The  exhibits  were  good  and  more  numerous  than  usual. 


Correction 

In  the  article  published  on  page  809  of  the  May  27  issue 
of  Power,  describing  the  superheater  manufactured  by  the 
Locomotive  Superheater  Co.,  the  address  was  given  as 
Woolworth  Building,  New  York  City.  This  should  have 
been  30  Church  St.,  New  York  City. 
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Produclion  of  Kh'rlrir  Power  for 
February,   1919 

This  GcoloRicnl  Survey  rt-poit,  prupariMl  by  W.  B.  Heroy, 

is  basi'd  on  lotuin.s  ri'i-iMvc<l  from  .'{150  olpctric  power 
l)li»nts  ciik'iiK'i'J  in  public  service,  incluiliiiK  central  stations, 
electric  railways  and  certain  other  plants,  the  output  of 
which  contributes  to  the  i>ublic  suppl.v.  The  returns  re- 
ceived represent  about  Sfi  per  cent,  of  the  total  K»'ut'>""tinK 
capacity.  For  plants  that  did  not  make  returns  or  that 
were  unnblc  to  furnish  the  daUi  requested,  estimates  of 
output  were  made  from  available  information.  The  output 
for  the  month  nvernjres  110.000,000  kw.-br.  per  day,  of 
which  39  per  cent,  was  produced  by  water  power. 

TUOUSANDS  (»|-  KII.()WATT-ll()l'l{S  I'KODl  (i:!) 
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When  the  nrminticc  wnn  sismcd,  the  War  Department 
had  liftein  million  regulation  hand  Rrenadcs  ready  to  be 
thrown  into  the  (Jermaii  trenches,  du^r<lutK  and  machine 
fjun  nests.  As  they  were  no  longer  neefled  for  that  pur 
pose,  the  Treasury  Department  secured  them  for  ammuni- 
tion in  the  campaign  for  national  financial  preparedness. 
They  will  be  u.se(l  to  clean  out  the  entrencliments  of  the 
national  enemies  of  waste  and  careless  spendinif  and  will 
be  handled  by  the  army  of  American  schoolchildren.  Each 
urenade  coinplele,  except  for  the  fuse  and  explosive  charRe, 
will  be  turneri  intr)  a  savinjjs  l)!ink  for  dimes  and  pennies. 
Under  a  distribution  plan  approved  by  the  Treasury  De- 
partment one  of  these  banks  would  he  Riven  to  every  school- 
boy and  schooljrirl  under  ten  years  old  who  can  show  one 
War  SaviriKs  Stamp  earned  during  vacation,  when  school 
reopens  next  fall  and  tell  how  it  was  earned.  Every  boy 
and  pirl  over  ten  who  earns  two  War  Savings  Stamps  and 
who  shows  them  together  with  an  account  of  how  they 
were  earned,  would  win  one  of  these  prizes.  The  distribu- 
tion of  the  grenade  banks  will  be  under  the  control  of  the 
Savings  Directors  of  the  twelve  Federal  Reserve  Districts. 


Charles  M.  Schwab,  in  an  address  before  the  Pan  Ameri- 
can Commercial  Conference  at  Washington,  D.  C,  spoke 
of  the  extensive  plans  he  has  made  for  the  development  of 
the  steel  industry  in  Chile.  Mr.  Schwab  says  that  we  must 
depend  upon  our  friends  in  the  South  for  the  raw  materials 
to  make  the  East  the  successful  steel-manufacturing  cen- 
ter of  the  United  States.  He  has  recently  opened  in  Chile 
on  the  west  coast  of  South  America  the  largest  docks  and 
shipping  facilities  in  South  America  and  has  now  under 
construction  and  under  way,  just  started,  twenty  of  the 
largest  cargo  ships  that  have  ever  been  built,  to  carry 
twenty  thousand  tons  of  iron  ore  in  each  cargo,  to  ply 
between  the  west  coast  of  South  America  and  the  Eastern 
ports  of  the  United  States. 


Personals 


Chnrles  G.  Sherman,  formerly  maiiascr 
of  the  Atlanta  (Ga.)  branch  of  the  Main 
Reltinp  Co..  is  now  connected  with  the  Im- 
perial Belting  Co..   Chicago,   111. 

1,.  L.  Ciersteiiberiter.  formerly  sales  man- 
ager of  the  Main  Heltinpr  Co.  at  Philadel- 
phia, has  been  made  assistant  general  sales 
manager  of  the  Imperial  Belting  Co.,  Chi- 
cago.  111. 

Frank  Duemler,  of  Badenhausen  Co.,  has 
been  transferred  from  the  office  of  chief 
power-plant  engineer  at  Cornwells  Shops, 
to  a  position  in  the  service  and  sales  de- 
partment of  the  company. 

Fred  B.  Orosse  has  been  released  from 
service  in  the  army  and  is  back  at  his  regu- 
lar job  as  advertising  manager  of  the  Plant 
ICngineering  and  Kquipment  Co.  at  its  new 
offices,    192   Broadway,    New    York   City. 

H.  L.  Garbutt.  for  the  last  six  years 
manager  of  the  line  material  section  of  the 
AVestinghousp  Electric  and  Manufacturing 
Co.,  East  Pittsburgh,  has  been  appointed 
manager  of  the  supply  division  of  the  San 
Francisco  office. 

J.  W.  McCabe,  who  until  recently  was 
district  manager  of  sales  for  the  Chicago 
Pneumatic  Tool  Co.,  at  Buffalo,  has  been 
appointed  special  representative  for  the 
company's  foreign  trade  department  and 
will  depart  shortly  for  an  extended  trip 
throughout  the  Orient.  Philippine  Islands 
and  Australia.  W.  H.  White  has  been  ap- 
pointed acting  district  manager  of  sales  at 
Buffalo  to  take  charge  of  that  territory  dur- 
ing Mr.   McCabe's  absence. 

K.  \.  Hitchcock  has  recently  become  con- 
nected with  the  Bailey  Meter  Co..  of  Cleve- 
land. Ohio,  as  vice  president.  He  will  su- 
pervise the  training  of  technical  graduates 
for  the  company's  service  and  sales  de- 
partments. During  the  last  six  years  he 
has  been  connected  with  the  E.  W.  Clark 
&  Co.  Management  Corp.  as  advisory,  con- 
sulting and  power  sales  engineer.  Previous 
to  that  time  he  was  professor  of  experi- 
mental engineering  at  Ohio  State  Univer- 
sity. 

W.  G.  Balph  has  been  appointed  man- 
ager of  the  safety  switch  section  of  the 
\Vestinghouse    lirantz    factory,     Brooklyn, 


N.  Y.  As  head  of  this  section  Mr.  Balph 
will  have  entire  responsibility  for  the  sale 
of  all  Krantz  products,  and  in  addition  will 
have  charge  of  the  extension  and  develop- 
ment of  this  line  to  meet  the  needs  of  the 
country  for  safety  switches.  Prior  to 
working  as  salesman  in  the  New  York 
office.  Mr.  Balph  was  head  of  the  fan  motor 
division  at  East  Pittsburgh,  Penn. 


Engineering  Affairs  [ 


The  Connecticut  State  Association  of  Sta- 
tionary KnRineers  will  hold  a  convention  in 
Speedwell  Hall.  Waterbury,  June  27-28.  An 
entertainment  and  dance  will  be  given  on 
the   evening  of  June   27. 

Phoenix    Association    No.   24,   N.    A.   S.  E., 

New  York  Citv.  will  hold  a  Victory  outing 
on  Sunday.  June  29.  at  American  Park. 
College  Point.  L.  I.  This  outing,  the  first 
the  association  has  held  in  the  last  two 
years,  promises  to  be  the  most  enjoyable 
ever. 

The    Hartford    Branch   of  the    Conneetieut 

Section  of  the  American  Society  of  Me- 
chanical Engineers  held  its  last  meeting  for 
the  season  in  the  lecture  room  of  the  Hert- 
ford Electric  Light  Co.'s  building  on 
Thursday  evening.  .lune  5.  Hiram  Percy 
Maxim,  "inventor  of  the  Maxim  silencer, 
lectured  on  "Sound."  illustrated  by  a  series 
of  remarkable  slides  showing  photographs 
of  sotmd  waves  and  how  they  could  be  re- 
flected, refracted,  etc.  Demonstrations  were 
given  of  the  silencer  upon  small-calilier 
and  high-powered  arms.  The  lecture  was 
followed  bv  a  smoker  at  which  Jack  Ar- 
mour, of  "Po\ypr,"  and  George  A.  Orrok, 
consulting  engineer,  entertained.  The  follow- 
ing officers  were  elected  for  the  ensuing 
year:  H  P.  Maxim,  chairman:  S.  P.  Jeter, 
vice  chairman  ;  AV.  C.  Beekley,  secretary- 
trea.surer  :  C.  S.  Blake.  F.  K.  Howard,  M.  D. 
Church,  W.  P.  Eales  and  It.  S.  Brown,  ex- 
ecutive committee. 

National     Electric    Lieht    Association — R. 

H.  Ballard,  the  president-elect,  has  ap- 
proved a  plan  for  the  four  vice  presidents' 
active  participation  in  the  real  work  of  the 
association,  thereby  decentralizing  the  bur- 
den of  responsibility  upon  the  president, 
whose  residence  is  on  the  Pacific  coast. 
President     Ballard     will     specially     devote 


himself  to  matters  of  a  general  executive 
character.  Martin  J.  Insull,  first  vice 
president,  will  be  executive  vice  president 
and  will  preside  over  all  meetings  of  the 
executive  committee  in  case  of  the  presi- 
dent's absence.  M.  R.  Bump,  second  vice 
president,  will  supervise  the  work  of  the 
technical  and  hydr'-  -olectric  section.  Frank 
W.  Smith,  third  vice  president,  will  super- 
vise the  accounting  section  and  work  at 
association  headquarters.  W,  H.  Johnson, 
fourth  vice  i)resident,  will  supervise  the  ac- 
tivities of  the  commercial  and  electric- 
vehicle  sections  and  work  on  the  enlarge- 
ment and  development  of  company  sections. 


i 


Miscellaneous  News 


The  Virginia  State  Corporation  Commis- 
sion has  refused  to  grant  the  North.^rn 
Virginia  Power  Co.  permission  to  increase 
its  rates  for  electric  lighting  and  power 
purposes  in  Virginia.  This  means  that 
the  company  will  have  to  continue  supply- 
ing its  customers  there  with  electricity  at 
the  rates  that  have  been  ir  force  for  some 
time  past,  and  that  all  contracts  for  light- 
ing and  power  will  remain  in  force  as  at 
present. 

The  Fourth  .Annual  Summer  School 
Course  in  Industrial  Management  will  be 
given  at  the  Pennsylvania  State  College. 
State  College,  Penn.,  Aug.  11-23.  Major 
Hugo  Diemer,  formerly  professor  of  indus- 
trial engineering  at  the  college  and  now 
superintendent  of  personnel  with  the  Win- 
chester Repeating  Arms  Co.,  will  conduct 
the  course.  Registration  day  will  be  on 
Aug.  9.  at  which  time  a  fee  of  $25  is  pay- 
able for   the  t\vo  weeks'   session. 

The   New   Greenbrier    Power   Plant  of  the 

Virginian-Western  Power  Co.  at  Ronce- 
vcrte  is  practically  fini.'ihed  and  will  shortly 
be  placed  in  service.  The  capacity  of  the 
new  plant  is  api)roximately  4000  hp.  The 
building  is  of  sufficient  size  to  accommo- 
date practically  double  its  present  capacity. 
The  station  will  double  the  capacity  of  the 
Virginian-Western  Power  Co.  system.  The 
plant  was  designed  by  the  J.  G.  White  En- 
gineering Corp.  of  New  York,  and  con- 
structed by  them.  The  work  was  carried 
on  in  the  name  of  the  Greenbrier  Power 
Co..  which  company  is  owned  and  con- 
trolled bv  the  Virginia-Western  Power  Co., 
of  Clifton  Forge. 
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I  Business  Items  [ 

UlimtMlllllllllllllniHiiiinmniiimimmiMiiiiMiimiiiiiiiinmii'iiiilt"""""""""* 

The  Barney  Ventilating  Fan  Works  (Al- 
bert B.  Franklin.  Inc.)  has  moved  its  offices 
and  factory  to  25-27  Haverhill  St.,  Boston, 
Mass. 

The  Adapt!  Co.,  of  Cleveland,  has  changed 
the  location  of  its  Chicago  branch  office  to 
210  Madison  Terminal  Building,  corner  of 
South  Clinton  and  Madison  Avenues,  with 
J.  H.  Dutton  in  charge. 

The  Ohio  Brass  Co.,  Mansfield,  Ohio,  an- 
nounces that  A.  J.  Kehoe  is  now  salesman 
in  the  central  territory,  and  P.  A.  Green 
has  been  appointed  assistant  sales  agent 
in   the   home   office. 

The  Betson  Plastic  Fire  Brick  Co.,  Inc., 
was  recently  organized  at  Rome,  N.  Y., 
with  Frank  J.  Jewell,  of  the  firm  of  Adams 
&  Jewell,  as  president  and  secretary,  and 
Nelson  Adams  vice-president  and  treasurer. 

Plant  Engineering  and  Equipment  Co., 
Inc.,  has  opened  a  branch  office  in  the 
Cox  Building,  Atlanta,  Ga.,  to  take  care 
oi  business  in  the  states  of  South  Caro- 
lina, Georgia  and  Florida,  with  John  A. 
Culver  as  manager. 

The  Poole  Engineering  &  Machine  Co. 
has  moved  its  general  sales  office  from  Bal- 
timore, Md.,  to  50  Church  St..  New  York 
City.  W.  C.  Tyler,  formerly  district  man- 
ager at  New  York,  has  been  appointed  gen- 
eral sales  manager  in  charge  of  all  com- 
pany sales. 

Wm.  B.  Scaife  &  Sons  Co.,  of  Pittsburgh, 
announces  the  opening  on  July  1,  of  a  Chi- 
cago sales  and  engineering  office  at  38 
South  Dearborn  St.,  with  Charles  F. 
O'Hagan,  formerly  chief  engineer  of  the 
company  at  Pittsburgh,  as  resident  engi- 
neer and  manager. 

The  Homestead  (Penn.)  Valve  Manu- 
facturing Co.'s  Midwestern  sales  repre- 
sentatives held  a  regional  convention  at 
the  Sherman  Hotel,  Chicago,  May  30-31. 
Addresses  bearing  on  the  company's  poli- 
cies and  products  and  along  general  adver- 
tising sales  lines  were  made  by  various 
speakers. 

The  Buffalo  Forge  Co.  announces  that 
Lieut.  C.  C.  Cheyney,  who  has  had  charge 
of  the  mechanical  repair  shops  at  the 
Naval  Aviation  Station,  Pensacola.  Fla.. 
has  been  released  from  the  service  and  has 
returned  to  take  charge  of  its  Chicago  of- 
fice and  store.  Captain  H.  H.  Downes. 
upon  receiving  his  discharge  from  the  army, 
will  take  charge  of  the  company's  inter- 
ests  in  the   St.   Louis   territory. 

Ophuls,  Hill  &  McCreery,  Inc.,  have  been 
retained  as  architects  and  engineers  in  the 
design  and  construction  of  a  fish-freezing 
plant  for  the  French  government  on  the 
Isle  of  St.  Pierre,  off  the  coast  of  New- 
foundland. This  will  bo  the  largest  fish- 
freezing  plant  on  the  Atlantic  coast.  The 
building  will  be  of  concrete.  The  contract 
has  been  let  to  the  Turner  Construction 
Co.  Specifications  for  the  mechanical,  elec- 
trical and  refrigerating  apparatus  are  be- 
ing prepared  and  will  be  issued  June  21. 
The  whole  proposition  is  to  cost  between 
$600,000   and   $700,000. 


THE    COAL   MARKET 


Trade  Catalogs 


Sprague  Electric  Dynamometers.  Sprague 
Electric  Works  of  General  Electric  Co.. 
New  York  City.  Bulletin  No.  48701-A,  su- 
perseding Bulletin  No.   48701. 

The  Massachusetts  Blower  Co.,  Water- 
town,  Mass.,  has  issued  Bulletin  51,  which 
presents  in  a  condensed  form  the  more 
general  data  on  the  company's  products.  A 
copy  may  be  had  free  upon  request. 

The   Combustion   Engineering   Corp.,   New 

York  City,  has  just  issued  a  new  folder 
describing  an  improvement  in  the  dumping 
arrangement  of  the  Type  "E"  stoker  which 
makes  for  greater  efficiency  and  labor  sav- 
ing in  the  boiler  room. 

The  .las.  A.  Brady  Foundry  Co.,  of  Chi- 
cago, has  issued  the  fourth  edition  of  the 
Brady  Steam  Jet  Ash  Conveyor  bulletin. 
This  36-page  catalog  illustrates  and  de- 
scribes the  conveyor  in  detail  and  shows  a 
number  of  recent   installations. 

The    Defender    Automatic    Regulator    Co., 

St.  Louis,  Mo.,  has  just  published  a  new 
general  catalog  No.  11,  illustrating  and  de- 
.scribing  the  largest  assortment  of  combus- 
tion appliances  and  boiler  room  economy 
instruments  offered  by  any   one  house. 


'  BOSTON — Current  pricefi  per  groes  ton  f.o.b.  New 
York  loading  porte: 

Anthracite 

Company 
Coal 

Egg J7   80(0)7  95 

Stove 7   95®  8    15 

Chestnut 8.05@8  35 

Bituminous 

Cambrias 
and 
Clearfields       Somersets 

F.o.b.  mines,  net  tons J2    I5ts  2  75   $2  75(«  3   25 

Philadelphia,  gross  tons. . .      4  27Ca>4  95      5  95(a5.50 

New  York,  gross  tons  4  62@5.29     5.29(ii5.85 

Alongside    Boston    (water 

coal),  gross  tons 6.10(^6.83     6.90(^7.55 

PB'ocahontas  and  New  River  are  quoted  at  $4  70 
@5.25  f.o.b.  Norfolk  and  Newport  News,  Va.,  for 
spot  coal,  and  $7. 20@8.60  alongside  Boston,  those 
prices  being  on  a  gross  ton  basis. 

NEW  YORK — Current  quotations.  White  Ash, 
per  gross  tons,  f.o.b.  Tidewater,  at  the  lower  ports* 
are  as  follows: 

Company  Company 

Mine     Circular  Mine     Circular 

Broken   $6.05       $7.90        Pea 4   90         6  65 

Egg...      5  95         7.80        Buck- 
Stove..      6.2a':   8.05  wheat      3  40         5   15 
Chest-                                         Rice.    .      2   75  4   50 
nut...      6.30          8.15         Barley.      2   25  4  00 

Bituminous 

Spot  Contract 

South  Forks $2.90®  $3   25   $2  95   @  $3   50 

Cambria    County 

(good  grades) 2   75  @ 

Clearfield  County ...    2.50® 

Reynoldsvillc 2.  50  @ 

Quemahoning 2.65® 

Somerset  County 

(best  grades) 2.  50  @ 

Somerset  County 

(poorer  grades).    ..    2.00® 
Western  Maryland. .    2.23® 

Fairmont 2.00® 

Latrobe 2.  10  @ 

Greensburg 2.25® 

Westmoreland 2.  60  @ 

Westmoreland     run- 

of-mine 2.35® 

Quotations  at  the  upper  ports  for  both  bituminous 
and  anthracite  are  5c.  higher  on  account  of  the 
difference  in  freight  rates,  and  are  exclusive  of  the 
3%  war  freight  tax.     . 

PHILADELPHIA— The  price  per  gross  ton  fob. 
cars  at  mines  for  line  shipment  and  f.o.b.  Port 
Richmond  for  tide  arc  as  follows: 

Line     Tide  Line     Tide 

Broken $5  95   $7  80     Buckwheat  .. .$3.  40  $4  45 

Egg 6  05     7  90     Rice    2   75      3  65 

Stove 6  30     R   15     Boiler 2  50     3  50 


2  75 
2  75 
2  85 


2  95® 
2.80® 
2  75® 
2.95® 


3  25 
2.95 

2  95 

3  10 


75       2  95®     3 


2  33 
2  50 
2  25 
2.25 
2  35 
2  75 

2.60 


2.50® 
2.50® 
2  35® 
2  25® 

2  35® 
2   60® 


2  75 
2  75 
2  50 
2.40 
2  60 
2  75 


35®   2  65 


Nut. 
Pea. 


ft   40 
5  00 


15 

8   25 
6   60 


Barky 2.25      3    15 

Culm 1.25      2.15 


CHICAGO — Current   prices   per   ton   for   Illinois 
and  Indiana  coal  are  as  follows: 

Illinois 

Southern  Northern 

Williamson,  Saline  and        Illinois  Illinois 

Williamson  Counties      Fob.  Mines   F.o.b.  Mines 

Prepared  sizes $2.55®$2.75  $3.25 

Mine-run 2   35(«    2   50  3. .00 

Screenings 1.85®   2.20  2.75 

BIRMINGHAM — Current  prices  per  net  ton  f.o.b. 
mines  are  as  follows: 

Slack  and 
Mine-Run       Prepared      Screenings 

Big  seam $2  45  $2  75  $2  40 

Black  Creek  and 

Cahaba 3   45  3   75  3   05 

Jagger    -    Pratt 

Corona 2  85  3   05  2  45 

Blacksmith 5.  25 

Domestic    quoations.    slightly     increased,     are    as 
follows: 

Lump  and  Nut 

Black  Creek  and  Cahaba 3.95@$4.60 

Corona 3.50 

Jagger 3.50         .' 

Montvallo 5 .  00         ( 

ST.  LOUIS — The  prevailing  circular  per  net  ton 
fob.  mines  is  is  follows: 

Mt.   Olive 
and 
Franklin  County  Staunton         Standard 

Prepared  sizes,  lump, 
egg,  Nos.   I  and  2 

nut   $2.75      

Williamson  County 
Prepared  sizes,  lump, 

egg.  nut $2.55        $2.55  $2  00®2.25' 

Mine-run  2.35         2.20  1 .  60®  1 .  75 

Screenings 2.20         2.05  1.I5@1.39 

3-in.  lump   2  30         ... 

2-in.  lump 1.75®  1. 90 

WiUismten-Franklin  rate  to  St    Louis  is  $1.07; 
other  rates  9Hc. 


New  Construction 


PROPOSED    WORK 

N.  Y.,  Brooki.vn — The  Pirika  Chocolate 
Co.,  Inc.,  972  Dean  St.,  will  install  a  steam 
heating  plant  in  the  3  story,  78  X  120  ft. 
factory  which  it  plans  to  build  on  Dean 
St.  and  Carlton  Ave.  Total  estimated  cost, 
$125,000.  Timmis  &  ("hapman,  315  5th 
Ave.,   New   York   City,   Engr. 

N.  Y.,  Canton — The  Board  of  Education 
will  receive  bids  for  the  installation  of  a 
heating  and  ventilating  system  in  school. 
Kstimated  cost,  $15,000.  Address  the 
Supt. 

N.  Y.,  Middletown — The  State  Hospital 
Commission,  Capitol,  Albany,  will  receive 
bids  until  July  1  to  install  a  heating  plant 
in  the  new  building  which  it  plans  to  build 
for  chronic  patients,  at  the  Middletown 
State  Homeopathic  Hospital.  L.  F.  Pilcher, 
Albany,   State  Arch. 

N.  Y.,  New  York — H.  S.  CofHn,  44  Pine 
St.,  will  install  a  steam  heating  plant  in 
the  2  storv.  99  x  iss  ft.  garage  which  it 
plans  to  build  at  3SS-394  11th  Ave.  Total 
estimated  cost.  $100,000.  G.  M.  McCabe, 
9S   5  th  Ave.,  Engr. 

N.  Y.,  Ossining — C.  F.  Rattigan.  Supt. 
of  State  Prisons,  Hall  of  Records  Bldg., 
Centre  and  Chambers  St..  New  York  City, 
will  receive  bids  until  June  24  for  the  con- 
struction of  a  25  X  27  ft.  pump  house  and 
a  heating  plant,  also  the  installation  of 
two  400  hp.  boilers  in  the  power  house  at 
the  Sing  Sing  prison  here.  L.  F  Pilcher, 
Capitol,  Albany,  State  Arch.  Noted  May  27. 

N.  Y.,  I'tica — Horrocks-Ibbotson  Co., 
54  Genessee  St  ,  has  had  plans  prepared  by 
W.  L.  Strobel,  Arch.,  Martin  Bldg.,  for  the 
construction  of  a  factory  and  office  build- 
ing on  Whitesboro  St.  A  heating  sy.stem 
and  electric  power  eciuipment  will  be  in- 
stalled in  same.  Total  estimated  cosU 
$75,000. 

N.  J.,  Cape  Ma.v — The  Bureau  of  Yards 
&  Pocks,  Navy  Department,  Washington, 
D.  C,  plans  to  build  a  pump  house  and 
install  oil  and  gasoline  piping  and  pump- 
ing system,  etc..  at  the  Section  Base  here. 
Specification   No.    3721. 

N.  ,1..  Newark — The  Board  of  Education 
will  soon  award  the  contract  for*  the  con- 
struction of  a  power  house  in  connection 
with  the  4  story.  163  x  223  ft.  vocational 
school  which  it  plans  to  build  on  Sussex 
Ave.  Total  estimated  cost,  $500, nno.  J. 
H.   &  AV.  C.   Ely,   Firemans   Bldg.,   Arch. 

Penn..  •lohnston — H.  .T  Cartin,  Secy,  of 
Bd.  of  Directors  of  the  Conemaugh  Valley 
Memorial  Hospital,  will  soon  award  the 
contract  for  the  construction  of  a  2  story 
boiler  house  on  Franklin  St.,  8th  AVard. 
Estimated  cost.  $2."i.noo.  \v_  R,  Myton, 
1204    1st   National    Bank   Bldg.,    Arch. 

Penn.,  Reading — The  Philadelphia  & 
Re.ading  R.  R.  Co.,  Reading  Terminal. 
Philadelphia,  will  soon  award  the  contract 
for  the  construction  of  a  1  story,  38  x  50 
ft.  power  house  here.  A.  E.  Owen,  Read- 
ing   Terminal,    Philadelphia,    Engr. 

Md.,  Baltimore — The  Maryland  Ice 
Cream  Co.,  1723  East  Pratt  St..  has  ac- 
quired a  4  story.  50  x  ino  ft.  building  and 
plans  to  build  an  addition  and  convert  same 
into   a  refrigerating  plant. 

D.  C,  Washington — A.  Flint.  General 
Purchasing  Officer  of  the  Panama  Canal, 
will  receive  bids  for  furnishing  condenser 
tubes  and  thimbles,  motor  generator  sets, 
starting  compensators,  transformers,  fans, 
reflectors,   fuses,  etc. 

Ohio,  Cleveland— The  Berkshire  Realty 
Co..  517  Sloane  Bldg..  will  install  a  steam 
heating  plant  in  the  11  story,  66  x  147  ft. 
mercantile  building  which  it  plans  to  build 
on  Bast  6th  St.  G.  A.  Grieble,  517  Sloan 
Bldg.,  Arch. 

Ohio,  Cleveland — The  Daisy  Hill  Co., 
Maschal  Bldg..  is  in  the  market  for  a  100 
to  150  hp.  stationary  boiler  for  greenhouse 
use. 

'  Ohio,  Cleveland — J.  M.  Halladay,  9414 
Richmond  Ave.,  will  install  a  steam  heat- 
ing plant  in  the  2  story,  75  x  200  ft.  fac- 
tory which  it  plans  to  build.  Total  esti- 
mated cost,  $150,000.  Watson  Engineer- 
ing Co.,    1101    Hippodrome    Bldg.,   Engr. 

'  Ohio.  Cleveland — The  Van  Dorn  Electric 
Tool  Co.,  2978  Woodhill  Rd.,  will  install 
a  steam  heating  plant  in  the  4  story,  50 
X  100  ft.  factory  which  it  plans  to  build. 
Total  estimated  cost.  $100,000.  W.i  J. 
Carter.    723    Illuminating    Bldg.,    Engr. 
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Ohln.  Mhirrva-  Tlw  lUiiird  of  PuIiIIp 
AfTiilr.M  liliiiiH  III  ItiHlall  iii'U'  i-lc-rtrli'  IIkIiI 
<'Mt>lp><<''i>l.  ilyimtiinx.  <'nKliH'.  I>oI1itm  iiiiiI 
ili-ttrli-    iniiiip    I"    riiliirK"-    till-    oiii'iu'lty    of 

llll'     I'XiHillIK     plitiil. 

Ml€'li.,  Ilrtriill  Tlu'  OiIktiiI  MolorH 
('•ir|i.  Itiiyi-r  i 'aiii|>li<  II  IIMk  .  IiIiiiih  In  liullil 
II  I  Mioiv.  inii  X  3BII  fl.  In-Ill  IrfiilliiK  hIi<>i> 
on  11. .11. rook  itixl  SI  .Vvil.ln  .\v.-  IOhsiIhIvii, 
Muililiv  *i  ihiiiforil.  SI'i  Miiniuollr  IIKIk-. 
Knur. 

Mlrh..  Kc«r«r — Tlir  vlUiiK«>  pliiHH  to  In- 
Hliill  an  auxiliary  piiini.  lo  \n-  iiHfil  an  n 
iHioMlcr  puinii,  In  i-oiiiiri-lloii  Willi  l.iillilltiK 
n  r.OO.itiMi  (ral.  rrmTVolr.  anil  i-xli'mlliiK  llio 
wiitiT  inaln.t      U.   A.    Munlok.    lOiiKr. 

III..  «lilriii:i>  Till'  IloanI  of  IMiiial  Ion. 
r>  Soiilh  n.arliorn  St..  will  iiiHlall  a  Hli-iim 
hrallnt;  plaiil  In  llic  :i  Hlory.  11.!'  x  L't>;t  fl. 
N.hool  whlrh  II  plans  lo  linllil  on  Went 
isih  SI  nnil  Sonlh  K.'i-lir  .\v.-  Total  <•«- 
liinati'il  I'o.st.  Jfi''".Oi>0.  J.  Ilowatt.  c/o  the 
IJiI.    of    I'Mni'alion.    Kn>;r. 

III..  CliloaKo  Till-  I'liiiiiKO  Tltli'  &  Tru.st 
Co..  r.fl  Wi'.-it  Washlnirton  St..  will  In.itJill 
•■l  strain  lu-atinK  planl  in  llir  fi  story.  70 
X  Si>  fl  ni.riMiitili-  liiiililini;  which  It  plans 
lo  hiiilil  on  Mi.hik-an  .in.l  I.:iU.'  SI  Total 
osliinali'd  cost.  Jl'nn.ono  .1.  Iliinl,  30  North 
MichiKan    Av...    Arch. 

III..  ('Iilriiicn — Tho  Gorilon-PaKe  Co.,  461 
Cht'iic  St..  will  install  a  steam  heatinK 
planl  in  tho  baki-ry  plant  which  it  plans 
lo  build  at  :>32\  PVilcral  St.  Total  estl- 
matcl  cost.  $12.-..OnO.  A.  Wollorsdorf.  138 
North   La  Salic  St.,  Arch. 

III.,  Cliiriieo — ^11.  A.  PollinKer.  4005  Irv- 
ini;  I'arU  lllvd..  has  awarded  the  contract 
for  the  construction  of  a  4  story,  45  x  130 
ft.  hotel  which  it  plans  to  huild  at  4128 
Irvinn  Park  lUdt;..  to  the  llecla  Construc- 
tion Co..  4601  North  Monticello  Ave.  A 
steam  he:>tinK  planl  will  he  installed  in 
same.      Total    estimated   cost,    $100,000. 

III.,  Chiruen — O  Kasmussen  Co.,  615 
West  Randolph  St..  will  install  a  steam 
healintr  plant  in  the  2  and  6  story  ware- 
house which  it  i>lans  lo  build  on  Oak  and 
KinKsliury  St.  Total  estimated  cost,  $400.- 
000.  .1.  I?.  Itohm  &  Son,  13S  North  I.a 
Salle   St..   Arch. 

III..  ChicaKo — The  Hilz  Hotel  Co..  c/o 
\V.  W.  AhlschlaKer.  Arch.,  Ill  West  Wash- 
ington St..  will  install  a  ste.am  heJltinK 
plant  in  the  in  story.  100  x  l.'.O  ft.  resi- 
dence hotel  which  it  plans  to  huild  on 
Konmore  au'l  Granville  St.  Total  esti- 
mated   cost,     $1,000.00(1. 

II!..  ChioaBo — W  Wrifrley,  Jr.,  Co.,  5 
North  Wabash  Ave.  has  awarded  the 
contract  for  the  construction  of  an  8 
storv,  SO  X  34  3  ft.  warehouse  on  Ashland 
.\ve..  near  3Gth  St.  to  K.  W.  Sproul  Co.. 
2001  West  39th  St.  A  steam  heatinpr  plant 
will  be  installed  in  same.  Total  estimated 
cost,   $600. non. 

III..  riiicaito  Heiehts — ^The  Chicago 
Heigrhts  Country  Club  will  install  a  steam 
heatinK  plant  in  the  6  story,  100  x  142 
ft.     cinbhnusp    which    it    plans    to    build    on 


Illlnnin  nnd  Oak  .Si  Total  e>nllmillcd  eont, 
}:iiiii,iMio.  IV  (ierhiirill,  64  WuHt  iUindulpli 
SI.,    Chlcaifi),    Arch. 

ill.,  <'nlniiiltlii'- The  city  phuiH  clocllon 
HOon  lo  Vole  on  $ll°>.IIIIO  lionilH  for  eXieiidliiK 
anil    Improving    the    electric    IIkIiI    planl. 

■  II.,  Kit-t  Moll  III-  The  city  platiH  elec- 
tion soon  lo  \ole  on  boiiilM  for  tin  con- 
Hl  ruction  of  a  new  puiiipinK  Hiallon  on 
mil  SI.  and  3ril  Ave.,  to  Include  the  In- 
Mlitllatlon  of  2  punipH  for  the  iiuiiipInK 
Hewaffe.       KMllmated    cost,    |2K.0U0. 

Minn.,  Diiluth- -The  TSoiird  of  Kdiicatlon. 
Oleiicoe  lIulldlnK.  will  inslall  a  Hieain  hial- 
iiiK  and  mechanical  venlllatliiK  HyHlem  In 
the  one  story.  1 1 .".  x  2I>"  fl.  school  which  II 
plans  lo  build  on  Minnesota  Ave.  Total 
estimated  cost.  $10(1.1100.  Croft  &  Iloerner. 
l...'ins(lale    lililK..    Knf;r. 

Minn..  Harmony —T,  S.  Ilrokken.  City 
Clk.,  will  receive  bids  until  .June  1 H  for 
the  construction  of  pump  house  anil  .'i 
10  X  10  ft.  compressed  nir  water  lank. 
Druar  &  Smith,  613-14  Globe  Uldt;  ,  St. 
Paul,   EnRT. 

Kan.,  Wirhlta — The  Hoard  of  Kducalion 
will  install  :i  steam  heatlnt;  planl  in  the 
3  story  school  which  it  plans  to  build  on 
3rd  and  Hydraulic  St.  Total  estimated 
cost,  $160.(100.  J.  L.  I.,eland,  Sec'y.  L. 
Schmidt.   121  North  Market  St,  Arch. 

Neb.,  Omalio — E.  li.  Means.  Orleans, 
will  install  a  steam  heatinK  plant  in  the 
6  story.  120  x  132  ft.  wholesale  grocery 
bdildinK  which  it  plans  to  build  on  11th 
and  Dodge  St.  Total  estimated  cost.  $150,- 
000.  J.  Latenser  &  Sons,  632  IJee  Uldg.. 
Engr. 

Mo.,  Joplin — Scottish  Rites  F.  &  A.  M. 
will  install  steam  heat,  electric  jiower. 
boilers,  motors,  etc..  in  the  2  story,  125  x 
150  ft.  cathedral  which  they  plan  to  build 
on  5th  Ave.  Total  estimated  cost.  $250.- 
000.  T.  L.  Brown,  603  North  Pearl  St., 
Secy. 

Tex..  Dallas — The  Dallas  Power  &  Light 
Co.,  Interurban  Bld^..  plans  to  build  a 
sub-station.       Estimated    cost,     $250,000. 

Tex.,  nallas — The  Federal  Reserve  Bank. 
Commerce  and  Martin  St.,  will  install  a 
ste.am  heating  plant  in  the  5  story,  bank 
which  it  plans  to  build.  Total  I'slimated 
cost.  $500,000.  Graham,  Anderson.  I'robst 
&  White,  120  Broadway,  New  York  City, 
Arch. 

N.  M..  Silver  City — The  Black  Hawk 
Mining  &  Milling  Co.  is  in  the  market  for 
general  power,  air  and  pumping  equip- 
ment. K.  D.  Lidstone,  P.  O.  Box  456, 
Silver  City,    Mgr. 

Ariz.,  Winkleman — The  Aztlan  Manu- 
facturing Co.  is  in  the  market  for  power 
equipment,  in  connection  with  tlie  100  ton 
mill  which  it  plans  to  build.  Total  esti- 
mated   cost,    $150,000.      H.   Whitcomb,    Mgr. 

Ore.,  RoseburB — The  Umpqua  Valley 
Fruit  Union  plans  to  build  a  4  story.  50 
X  ISO  ft.  packing  house  and  cold  storage 
plant.      R.   C.   ^Vood.    Mgr. 


C'»l.,  Avitlon — The  eliy  pliiiiH  iin  olec 
linn  Hoon  lo  vole  on  $HH.(iOO  bonilH  for  the 
conHl  ruction  of  a  combined  electric  UkIiI 
iiMil  walerwoikH  plant,  on  Calallna  iMlnnd. 
here. 

«-nl.,  I.un  AiiKele* — Tli(<  lloiiril  of  Public 
.Service  ('omiiilHHlon,  645  South  Olive  81.. 
will  receive  IiIiIh  until  .lune  27  for  fur- 
nlHliIng  hydraulic  equipment,  electric  Ken- 
eralorR  traiiHformerH,  iiuxlllnry  uleclrlc 
■  iiulpiiieiil  and  iippurlenanceH  for  power 
planl  No.  2  In  Ibe  ,San  I-'raiiclHqulto  Can- 
M.ii,  .NorlheaMl  of  ClialHWorlh  P.  O.  EhII- 
iiialed  coHl.  $500,000.  K.  K.  Scaltergood, 
Ch.    ICleclrlcal    lOngr.      .Noted  June  3. 

(ill.,  Ventura — The  Hoard  of  Super- 
visors  of  Ventura  County  Is  h.ivlni;  piann 
prepared  by  A.  C.  Marl  In,  Arch.,  430  Illg- 
glns  llldg..  Los  Angeli'H,  for  Ibe  conHtruc- 
llon  of  a  2  Miory  hospital,  lo  Include  power 
houHc.  etc.  A  steam  heating  syMlem  and 
boilers  will  be  InNlalled  in  s.-inie.  Total 
.sllmated    cost,    from    $150. 000    lo    $200,000. 

Que.,  Itobeval — The  Town  Council  Is  In 
Ihe  m;irket  for  1  horlzonliil  shaft  turbine, 
rioo  bp.,  head  50  ft.,  speed  600  r.p.m.  ;  one 
250  k.v.a..  allern.'ile  current  generator;  1 
exciter  and  I  switchboard.  T.  !•'.  Grenon. 
Chlcoutinii,    Engr. 

Onl.,  KridKeporl — The  School  Board  will 
install  a  niodirn  healing  and  ventilating 
plant  in  the  I'hipps  St.  School.  Estimated 
cost,  frf)in  $10,000  to  $12,000.  J.  D.  Fltz- 
glbbon,    lOngr. 

Ont.,  I.akeHlde — The  Town  Council  plans 
to  extend  Ihe  electric  plant.  J.  W.  Suther- 
land.   Town    Clk. 

Ont..  Loiiilon — The  Utilities  Bbard, 
Hydro  Offlces,  will  receive  bids  about  July 
1  for  the  construction  of  a  1  story,  40  x 
55  ft.  hydro-substation  at  North  London 
Estimated  cost.  $15,000.  E.  V.  Buchanan. 
Hydro    Offices,    I^ondon,    Arch. 

Out.,  Watford — The  ciitizens  plan  to 
vote  on  $55,000  by-law  for  the  construction 
of  a  pump  liou.se,  to  include  the  installa- 
tion of  steam  driven  pumps,  of  300  imperial 
gals.  :  standpipe,  pumping  equipment,  etc. 
W.    S.    Fuller,    Watford.   Engr. 

Alta.,  Vermilion — The  Town  Council  has 
appropriated  $16,000  for  extending  the 
electric    plant. 

CONTRACTS    AWAKDP;D 

R.  I..  Providence — The  Atlantic  Mills. 
Equitable  Hldg..  Boston,  Mass.,  has 
.Twarded  the  contract  for  the  construction 
of  a  3  story,  46  x  9S  ft.  power  house  on 
Manton  Ave.,  to  O.  D.  Purington  &  Co.. 
Industrial  Trust  Bldg.  Estimated  cost, 
$25,000. 

N.  Y.,  Wards  Island — L.  F  Pilcher,  State 
Arch.,  has  awarded  the  contract  for  in- 
stalling laundry  machinery  and  motors  at 
the  Manhattan  State  Hospital,  to  J.  Liv- 
ingston &  Co..  Inc.,  Grand  Central  Terminal, 
New   York   City.      Estimated  cost,    $11,950. 

Ont.,  teamineton — The  Imperial  To- 
bacco Co.  has  awarded  the  contract  for 
the  construction  of  a  1  story,  35  x  75  ft 
power  house  and  125  x  250  ft.  factory  on 
Eris  St.,  to  Archibald  &  Holmes,  Excelsior 
Life  Bldg.,  Toronto.  Estimated  cost. 
$80,000. 
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FOWKK  STATlUX  1-UK  f.  S.  NITKATE  PLANT  NO.    1    AT  SI1KFKIKL,D,  ALA. 


A  modern  plant  of  5000  kiv.  capacity  in  turbo- 
generators and  eight  ivater-tube  boilers  of  5016 
sq.ft.  heating  surface  each,  operating  at  200  lb. 
pi'essure  and  125  deg.  F.  The  three  main  tur- 
bines are  of  the  bleeder  type  for  furnishing 
vrocess  steam  for  the  process  of  nitrogen  fixation. 

A5000-kw.  steam  power  plant  forms  part  of  the 
l\  equipm.ent  of  the  nitrogen  fixation  plant  built 
X  JL  for  the  War  Department  at  Sheffield,  Alabama, 
for  the  production  of  ammonium  nitrate  by  The  J.  G. 
White  Engineering  Corporation.  This  power  plant  is 
not  directly  comparable  to  the  average  lighting  or  power 
station  since  a  considerable  proportion  of  the  total  steam 
produced  is  used  directly  in  the  process. 

The  building  itself  is  165  x  77  ft.,  one  end  of 
this  rectangle  being  occupied  by  the  boilers,  the  other 
end  by  the  turbines  and  electrical  equipment.  Space  in 
addition  to  the  above  area  is  occupied  by  two  radial 
brick  stacks,  a  cooling  pond,  an  adjacent  water-softening 
plant  and  a  small  extension  to  the  main  building  to 
accommodate  two  air  compressors.  Another  small 
extension  on  the  boiler-room  end  forms  the  coal-elevator 
shaft  and  also  houses  a  stairway  leading  to  the  top 
of  the  building.  In  external  design  the  building  con- 
forms with  the  other  principal  buildings  of  the  plant, 
the  walls  being  of  red  brick  with  limestone  belt  course, 
window  trim  and  cornice.  Ample  window^  space  has 
been  provided,  with  the  result  that  the  boiler  room  is 
as  cool  in  warm  weather  as  any  other  part  of  the 
building. 

Coal,  on  being  received,  is  either  unloaded  in  the 
storage  yard  by  a  locomotive  crane  or  dumped  directly 


*  Mechanical  Division.  J.   G.   Wiiite  Engineering  Corporation 


into  the  coal  pocket  at  the  boiler  room.  The  pocket 
consists  of  a  steel  hopper  10  x  12  ft.  in  plan  with  a 
reciprocating  feed  at  the  bottom  delivering  to  two 
crushers  with  rolls  28  in.  diameter  by  30  in.  long.  Each 
crusher  delivers  to  a  bucket  elevator  having  20  x  20- 
in.  buckets  spaced  36  in.  apart.  These  elevators  become 
conveyors  at  the  top  of  the  bunker  over  the  boilers  and 
distribute  the  coal,  with  a  capacity  of  100  tons  each 
per  hour.  The  bunker  is  of  the  straight-sided  hopper 
bottom  type,  built  of  concrete  in  structural  steel  fram- 
ing and  holding  500  tons  of  coal.  Ten  gates,  16  x 
16  in.  square  deliver  the  coal  to  a  weighing  larry  oper- 
ated by  two  ropes  from  the  boiler-room  floor.  This 
larry  is  moved  from  gate  to  gate  with  the  assistance 
of  a  2-hp.  motor,  as  needed,  interlocking  with  the  gate 
and  releasing  a  catch  which  otherwise  prevents  the 
gate  from  opening.  Before  passing  to  the  stoker  the 
coal  is  weighed  in  the  larry  by  the  attendant,  the  weight 
being  recorded. 

The  boiler-room  equipment  consists  of  8  Stirling 
boilers  rated  at  502  hp.  each,  built  with  brick  settings 
in  four  batteries  facing  each  other  across  an  18-ft. 
aisle  space.  High-temperature  cement  was  used  in 
the  settings  in  place  of  fireclay  wherever  the  brick 
is  exposed  directly  to  the  fire.  Each  boiler  is  designed 
for  a  working  pressure  of  200  lb.  and  has  a  heat- 
ing surface  of  5016  sq.ft.,  making  the  total  heating 
surface  40,128  sq.ft.  The  high  ratio  between  the  boiler 
heating  surface  and  kilowatts  generated  is  explained 
by  the  fact  that  a  large  proportion  of  the  steam  is  used 
in  the  chemical  process  as  already  noted.  Each  boiler 
is  equipped  with  soot  blower  and  superheater,  the 
normal  superheat  being  125  deg.  Soot,  after  being 
blo^vn  from  the  tubes,  is  collected  in  a  hopper  back  of 
the  mud  drum  and  passed  through  a  chute  to  the  ash 
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cars  below.  A  CO,  recorder  on  each  boiler  keeps  the 
fireman  constantly  informed  as  to  the  status  of  com- 
bustion. Each  row  of  boilers  is  served  by  a  separate 
smoke  flue  and  stack,  the  flue  being  rectangular  in  sec- 
tion mounted  directly  behind  the  boilers,  with  hollow 
tile  floor  and  roof  and  8-in.  brick  walls  plastered  inside 
with  cement.  The  usual  steel  breeching  connects  each 
flue  with  the  stack.  The  stacks  are  10  ft.  inside  diam- 
eter at  the  top  and  200  ft.  high  above  the  base,  or  182 
ft.  high  above  the  boiler-room  floor. 

A  five-retort  underfeed  stoker  serves  each  boiler.  The 
eight  stokers  are  operated  by  four  vertical  cylinder 
engines  placed  directly  on  the  boiler-room  floor,  where 
they  are  easily  accessible.  Each  engine  has  sufficient 
capacity  to  operate  four  stokers.  Shafting  running 
under  the  floor  transmits  the  motion  from  the  engine 
to  the  retorts  by  means  of  chain  drives.  Air  is  sup- 
plied to  the  stokers  through  a  rectangular  steel  duct 
from  four  conoidal  multiblade  stoker  fans  mounted  in 
the  basement  below  the  boilers.  These  fans  are  direct 
connected  by  flexible  couplings  to  four  steam  turbines 
and  operate  normally  at  2090  r.p.m.  The  stoker  feed 
is  controlled  by  means  of  a  device  operating  directly 
on  the  throttle  of  the  stoker  engines,  and  actuated 
by  the  pressure  in  the  windbox.  The  windbox  pres- 
sure is  again  automatically  controlled  through  a  regu- 
lating valve  by  the  steam  pressure.  A  hand-operated 
reversible  ratchet  and  worm-wheel  device  serves  to 
dump  the  ash  into  concrete-lined  ash  hoppers  below, 
from  whence  it  is  rem.oved  in  hand-pushed  side-dump 
cars,  and  distributed  over  the  low  ground  surrounding 
the  plant. 

The  capacity  of  the  stokers  is  sufficient  to  operate  the 
boilers  at  200  per  cent,  of  their  normal  rating,  though 
it  was  not  anticipated  that  such  a  high  rating  would 
have  to  be  maintained  except  in  rare  emergencies.  Since 
the  power  load  and  the  demand  for  process  steam  would 
remain  very  constant,  it  was  deemed  advisable  to  have 


sufficient  boiler  capacity  to  be  able  to  operate  at  be- 
tween 125  per  cent,  and  150  per  cent,  of  rating,  which 
is  the  point  of  highest  economy. 

Three  four-stage  centrifugal  boiler-feed  pumps  sup- 
ply the  water  to  the  boilers,  each  pump  being  direct 
connected  to  a  single-stage  steam  turbine.  Any  two 
pumps  are  amply  large  to  supply  the  total  amount  of 
feed  water,  the  piping  being  so  arranged  that  any 
pump  may  serve  any  boiler  or  group  of  boilers.  Venturi 
meters  are  installed  on  the  feed  line  with  recording 
integrating  attachments  to  measure  the  flow.  Each 
boiler  is  equipped  with  a  thermostatic  expansion-tube 
type  of  feed-water  regulator,  which  in  conjunction  with 
pump  governors  affords  complete  automatic  control  of 
the  feed-water  supply. 

The  feed  pumps  receive  their  water  from  an  open- 
type  feed-water  heater  having  lime-catching  and 
heating  surface  of  about  1000  sq.ft.  This  heater  is 
located  high  enough  to  afford  a  head  of  about  ten  feet  on 
the  suction  side  of  the  feed  pumps.  It  receives  the 
exhaust  steam  from  the  stoker  engines,  vacuum  pumps, 
circulating  pumps,  and  from  two  air  compressors.  By 
means  of  a  thermostatic  valve  operating  a  bypass  from 
a  ten-pound  exhaust  line  leading  to  the  process,  the 
required  temperature  in  the  heater  is  maintained  con- 
stant. The  heater  may  receive  its  water  from  any 
one  of  three  sources:  Directly  from  the  water  main; 
from  the  cooling  pond  through  the  circulating  pump 
line;  or,  normally,  through  the  water  softener.  All 
sources  of  water  lead  back  eventually  to  the  pumping 
station  at  Spring  Creek,  a  tributary  of  the  Tennessee 
River.  During  periods  of  settled  weather  the  water  is 
received  from  there  in  a  state  of  sufficient  clarity  for 
boiler-feed  and  cooling-water  purposes.  A  large  gravity 
filtering  plant  removes  all  sediment  from  the  water 
in  times  of  stormy  weather  before  delivering  it  to 
the   plant. 

As  the  water  contains  a  certain  amount  of  lime  and 
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i>thor  .scnlo-forminp  mnterinl.  n  wnter-Hofleninp  plant 
was  ii\.st«llt'(I  adjacent  to  the  i)owor  house,  consisting 
of  a  steel  settling  tank  21  ft.  in  diameter  t)y  42  ft. 
ti  in.  hiK'h,  together  with  mixing  and  stirrinjr  devices 
and  <iiiart/.  sand  tiller.  Water  is  received  from  the 
ammonia-process  building  where  it  has  been  warmed  in 
l>:issinvr    llnixiv'li    jipp.iratns    to    from    100    to    120    deR. 


ahout  six  hours,  then  passes  by  pravily  throuKh  a  sand 
(liter  directly  to  the  feed- water  healer.  A  lloal  valve 
on  the  seUliuK  tank  controls  the  admi-Hsion  of  water 
to  the  softener,  in  accordance  with  the  demand  of  the 
heater.  C'otnplete  (lexihility  of  piping  is  arranged  fo> 
so  that  the  .softener  may  be  bypassed,  or  water  either 
from    the   main    or    the   cooling    pond    may    be    passed 


AN  UNUSUALLY   CLEAN  AND  ROOMY  SPACE  ABOVE    THL  JJOlLER  TOPS. 

ENGINE    ROOM 


BOTTOM:   THE  STEAM   .SIDE  OF  THE 


These  few  degrees  above  the  average  temperature  of 
about  70  deg.  offer  a  certain  assistance  to  the  softening 
process  and  represent  a  slight  thermal  credit  in  the 
heat  balarice.  This  water  is  forced  to  the  top  of  the 
softener  by  one  of  two  centrifugal  pumps  direct  con- 
nected to  a  15-hp.  motor.  Here  it  is  automatically 
mixed  with  the  proper  amount  of  softening  material 
and  delivered  to  the  settling  tank,  where  it  remains 


through  it  as  well  as  the  water  from  the  process.     A 
venturi  meter  records  the  flow  through  the  softener. 

The  generating  part  of  the  plant  is  embodied  in  three 
bleeder  turbines,  one  of  1250  kv.-a.,  and  two  1875  kv.-a. 
capacity.  The  reason  for  this  divergence  in  size  is  that 
the  smaller  unit  had  already  been  purchased  by  the 
General  Chemical  Co.  to  be  used  in  a  nitrogen  fixation 
plant  of  their  own  before  the  Government  adopted  their 
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lirocc-^s  and  took  over  whatever  e(|uipmcnt  had  Imxmi 
onlored.  with  the  intention  of  u.sinj,'  it  in  the  larKcr 
plant  now  in  operation.  The.'^e  turhincs  are  intere.stin^ 
in  that  they  pos.ses.s  a  iar^e  diaphraKni  valve  operatiiu: 
in  the  main  body  of  the  .thell  whieh  automatically  re- 
leases sullk'ient  steam  at  the  10-lb.  pressure  staj^e  to 
maintain  10  lb.  in  a  line  runninj^  to  the  |)rocess  part  of 
the  plant.  The  main  body  of  the  steam  in  this  line 
consists  of  the  exhaust  from  two  low-i)ressure  air  com- 
pressors, the  boiler-feed  pumps,  the  forced-draft  fans 
j'.nd  the  exciter  (when  running*.  The  turbines  supply 
from  10  per  cent,  to  30  per  cent,  of  the  steam,  accord- 
ing to  the  number  of  units  of  the  process  in  operation. 
They  also  act  as  a  pressure  rejrulator  in  the  e.xhaust 
line,  this  beinp  the  most  important  function  of  th,' 
bleedinjr  operation.  The  jrenerators  operate  at  3600 
r.p.m.  and  deliver  at  190  volts  60  cycle  six-phase.  As 
direct  current  is  chiefly  used  in  the  plant,  most  of 
the  current  jrenerated  is  converted  ih  three  rotaries 
located  opposite  the  turbines  on  the  turbine-room  floor. 
An  air  washer  in  the  basement  with  a  capacity  of 
21,600  cu.ft.  per  minute  cleans  all  the  air  that  passes 
through  the  turbines;  a  batch-type  oil  filter,  al.so  in  the 
basement,  receives  the  oil  fiom  any  one  unit  when  shut 
down,  filters  the  oil  and  returns  it  by  means  of  a  small 
plunger  pump. 

Low-Head  Jet  Condensers 

The  condensers,  located  directly  beneath  the  turbines, 
are  of  the  low-head  jet  type.  They  receive  their  con- 
densing water  from  a  concrete  trench  connecting  di- 
rectly with  the  cooling  pond.  Each  condenser  is  pro- 
tected by  a  14-in.  atmospheric  relief  valve.  A  12-in. 
circulating  pump  removes  the  water  from  each  con- 
denser and  delivers  it  to  the  sprays  against  a  total  head 
of  not  over  35  ft.  Each  pump  is  direct-connected  to  a 
steam  turbine,  operates  at  2600  r.p.m.  and  delivers  1730 
gal.  per  minute.  The  shafts  of  the  pumps  are  extended 
to  admit  of  possible  future  motor  connection.  Three 
8  X  20  X  12-in.  horizontal  single-stage  rotative  dry 
vacuum  pumps  complete  the  condenser  equipment.  The 
fact  that  a  considerable  proportion  of  the  total  steam  is 
used  in  the  process  and  is  not  recoverable,  had  a  deter- 
mining influence  on  the  choice  of  type  of  condenser. 
Each  condenser  is  equipped  with  a  recording  ther- 
mometer. 

A  24-in.  cast-iron  pipe  conveys  the  water  from  the 
circulating  pumps  to  the  spray  pond,  a  distance  of  about 
90  ft.  The  pond  itself  is  constructed  of  w^aterproofed 
concrete  167  ft.  long  by  100  ft.  wide.  Three  lines  of 
10-in.  asphalt  protected  pipe  are  supported  over  the 
surface,  each  line  carrying  fifty  spray  nozzles. 

Four  air  compressors  are  housed  in  the  power  plant 
building,  though  not  strictly  a  part  of  the  equipment. 
Two  of  these  machines  are  horizontal  cross  compound 
two-stage,  delivering  air  at  100  lb.  pressure  at  a  dis- 
placement capacity  of  632  cu.ft.  per  minute  each.  The 
air  from  these  machines  is  used  in  the  machine  shop 
and  ammonia-process  building,  also  for  operating  boiler- 
tube  cleaners,  blowing  out  electrical  apparatus,  and 
assisting  in  the  daily  cleansing  of  the  filter  in  the  water 
softener.  The  exhaust  from  the  steam  cylinders  is 
directed  to  the  feed-water  heater.  The  other  two  ma- 
chines are  tandem  Corliss  compound,  compressing  single- 
stage  in  the  air  cylinders  and  delivering  air  at  35  lb. 
gage  pressure  with  a  displacement  capacity  of  1395 
cu.ft.  each.  This  air  is  used  entirely  in  the  process.  The 
exhaust  steam  from  these  machines  is  also  delivered  to 


thi;   iJnuesH    in    the    10-lb.   preHHur«'    lint-   previously    r.' 
ferred  to. 

Steam-llow  meters  are  installed  as  follows:  on  eac' 
turbine  lead,  on  the  line  to  the  low-pressure  compressors, 
and  on  a  6-in.   high-pressure  line  to  the  process. 

All  high-jircssure  piping  over  34  in.  in  diameter  In 
the  jmwer  plant  is  made  uj)  WMth  Van  Stone  end.s  and 
rolled  steel  llanges.  All  low  jiressure  jiipe  over  12  in. 
ill  diameter  is  likewise  made  up  with  Van  Stone  flanges. 
All  high-pressure  steam  valves  are  cast  steel  with  monel- 
metal  stems,  .seats  and  <lisks.  Magnesia  was  used  for 
all  pipe  insulation.  All  eciuipment  throughout  the  plant 
is  of  the  most  modern,  approved  type. 

[Considerable  refrigeration  capacity  is  required  for 
the  chemical  i)rocesses  in  the  nitrate-manufacturing 
buildings. — Editor.  | 

l.MI'OUTA.V'T   DATA   <>.\    POWER  PLANT  OK  THK    UNITKI>  STATES 
NITR.\TE  PLANT  NO.   I  AT  SHEITTKLI).  ALA. 
nOILKUUOOM 

Diiii(nsii>n  l>i)iUr  room  .  75  f  t.  Ioiik  by  80  ft.  wide 

Wiiltli    lirinn   iiifle,   ft 18 

No.  (if  IxiilcrH fidht;     502  hp.  carh 

•  Type   of   l>oil<Ta Stirlinu— 0-20 

Stciiin  ilruiiis,  three 42  in.  dia.  x  12  ft.  I0|  in.  Ioiik,  I->n.  plate 

.Mud  drum 48  in.  x  1 1  ft.  7|  in.  Iodk.  l-in.  plate 

Tubes 380,  31  in.  diameter 

Heatinu  ourface,  sq.ft.,  each  boiler 5,016 

(irate  Burfnee  (aetive)  8<]  ft.  jier  boiler 94. 75 

llrntiiit!  aurfare  prr  aqft.  artive  fcreat  area 153 

lleatiiiK  surface  (x-r  installed  kilowatt,  normal  capaeity  of  generators —  8 

Pressure,  lb.  per  sq.in 190 

Suix-rlieat,  deg.  V f25 

Total  steam  temperature,  deg.  F 509 

Coal  analysis  upon  which  stoker  performance  is  based,  per  cent.: 

Fixed  Carbon         Volatile  Moisture  Ash  ?i;lphur  B.t.u.  perLb. 

70  22  I  7  I  14,200 

Hoiler  settinfis.  floor  plan  dimensions 25  ft.  0  in.  x  21  ft.  I J  in.  (no  arches) 

.stokers,    type,   Westinghouse   underfeed. 5  retorts  per  boiler 

Stoker  drive — Chain  drive  from  vertical  entinea 

.■^toker  jierforniancc:    76  per  cent,  combined  boiler  and  furnace  efficiency  at  100 

per  cent    ruling. 
ForceJ-ilraft   fans:    Four  Kuffaln    Foree  No.  4J  Turbo  conoidal  tjTJe,  direct-con- 
nected to  Tirry  turbines,  2090  r  p  m.,  51  b.h.p.  each. 
Coal  handling:     Railway  cars  dump  into  hopper  service  by  bucket  elevator  to 

bunkers.    Locomotive  crane  in  yard. 

Bunkeis Steel  frame,  concrete 

Cap:ieity  of  bunker 500  tons 

Coal  to  Stokers One  weighing  Parry  serves  all  boilers 

So;>t  blowers Diamond  type 

Main  steam  valves Walworth  type 

.Automatic  stop  valves New  Bedford  type 

Blowoff  valves B.  L.  W,  type 

Size     of  steam   header 8  in. 

Feed-water  heater:   One  Hoppes  type,  horizontal,  capa'-ity  6,000  hp. 

Heater  capacity  per  rated  horsepower  capacity  of  boilers  installed,  boiler 
hp.    1.5. 

Fee.l  pumps,  three,  Alberger  type. 

Type,  centnfueal  3  lb.,  four-stage,  200  gal.  per  min.  at  2700  r.p.m.  driven  by 
Alberger-Curt  is  steam  turbines. 

Water  softener,    American,  steel  tank,   tipper  type,  25,000  gal.  per  hr.  ca- 
naeitv. 
Chimneys:    Alphonsc  Citstodis  radia!  hri :k:   Type  lO-ft.  top  diam.  by  182-ft.  high 
abov(-  b;?iler  room  floor. 

Coal  burned  prr  s( I  ft ,  minimum   cross  secti  n.il  area  at    100  per  cent,  boiler 
rating,  lb.  per  lir.  (based  on  four  boilf  rs  per  stack) 282 

CO2  Recorders:    L"ehhng  tj-pe,  two  machines  recording  gas  from  eight  boli.rs 

TURBINE  ROOM 

Three  turbines.  General  Electric,  one    1250  kv.-a.,  two    1875  kv.-a.,  Curtis, 
bleeder  t>-pe,  50  cycle,  six  phase,  190  volts 

Steam  which  may  be  extracted  from  1 875  kv.-a.  unit  at  1 0  lb.  gage  for  varying 
loads. 

Load,  Kw.  Lb.  Steam  Extracted  Flow  of  Steam  to  Condenser,  Lb. 

1875  24,000  19,900 

1875  5,000  28,500 

1405  38,000  5,850 

1405  5,000  20,750 

937  23,200  1,700 

937  5,000  14,000 

Speed 3,500r.p.m. 

Excitation 35  kw.  1 25  volts 

Ventilation One  air  washer,  capacity  21.600  cu  ft.  per  min. 

Oil-filtering  system Richardson-Phenix 

Capacity 24  gal.  per  hr.,  batch  tj-pe 

Three  synchronous  converters General  Electric  tj-pe 

Capacity Twowt  1700  kw.,  one  at  1 150  kw.  514  r.p.m. 

CONDENSERS 

Tjpe I ow  head,  jet,  Alberger  type 

Exhaust  connection Diameter,  1250  kv.-a.  turbine,  in.  30 

Exhaust  connection Diameter  1875  kv.-a.  turbine,  in.,  36 

Removal  pumps,  centrifugal Alberger  t Jiie 

Capacity,  for  1250  kv.-a.  umt 1730  gal.  per  mm. 

Cpacitv,  for  1875  kv.-a.  unit 2600  gal.  per  mm. 

Drive Alberger-Curtis  turbme  with  reducing  gear 

Pounds  of  condensing  water  to  pounds  of  steam: 

Condensed,  maximum  conilitions 43 

A'aeuin  pumps    .  .    8x20x12  in.  horizontal,  single-stage,  rotative  dry  vacuum  type 
Sp'-ay  pond,  capacity 6000  gal.  cooling  water  per  mm. 

Size  157  ft.  X  100  ft 150  nozzles 
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Improving  Operation  in  Typical  Industrial  Plant 

Boiler  Room 


By  J.  T.  BEARD,  Jr.* 


Driven  to  desperation  because  of  shutdowns 
brought  about  by  poor  coal  a  manager  decides 
to  improve  conditions  in  the  boiler  room.  It 
is  a  typical  plant  where  the  usual  causes  of 
deplorable  inefficiency  have  long  existed,  where 
the  management  refused  the  draft  gages,  scales 
and  instruments  so  many  times  asked  for  by 
the  engineer,  and  where  collapse  of  operation 
was  necessary  before  real  measures  of  relief 
would  be  permitted.  There  is  many  an  engi- 
neer who  might  ivith  good  effect  hand  the  article 
to  his  management. 


THE  plant  discussed  in  this  article  was  confronted 
with  problems  of  car  shortage  and  "tireless  coal," 
which  sometimes  ran  as  high  as  60  to  80  per  cent, 
ash.  The  fireman  could  not  hold  his  steam  and  the  plant 
had  to  shut  dowTi  frequently.  For  the  first  time  the 
manager  realized  that  he  had  a  boiler  room  and  that 
it  was  an  essential  part  of  the  plant.  The  effect  of 
this  sudden  awakening  was  that  the  manager  got  a 
little  madder,  cussed  and  discussed  the  coal  man,  the 
Fuel  Administration,  and  generally  made  life  a  little 
harder  for  the  men  around  the  plant.  He  did  not  see 
any  connection  between  his  predicament  and  those'  draft 
gages,  coal  scales  and  instruments  which  the  chief 
engineer  had  asked  for  back  in  1908. 

Manager  Realizes  the  Importance  of  Boiler  Room 

The  situation  at  the  plant  got  worse.  Frequent  shut- 
downs were  not  unusual,  and  the  decreased  production 
began  to  tell  on  the  profit  side  of  the  sheet.  He  realized 
at  last  the  vital  importance  of  the  boiler  room  and  its 
continuous  operation,  and  he  decided  that  he  must 
"right-about-face."  He  went  further.  He  retained  the 
services  of  a  firm  of  engineers,  expert  in  this  line  of 
work,  to  cooperate  with  his  chief  engineer  and  to  assist 
and  advise  in  the  economical  operation  of  the  boiler 
room.  "Economical"  is  not  quite  the  right  word,  be- 
cause he  was  not  so  much  interested  in  economy  at  this 
time.  His  nightmare  was  "shutdowns."  It  was  only 
after  receipt  of  the  Standard  Questionnaire  from  the 
Fuel  Administration  that  economy  attracted  his  atten- 
tion. 

The  plant  contained  three  250-hp.  water-tube  hori- 
zontally baflled  boilers.  They  were  equipped  with  flat 
grates  and  the  coal  was  burned  by  forced  draft.  The 
average  combined  efficiency  of  boiler  and  grate  varied 
from  48  to  51  per  cent.  This  was  not  unusual,  but 
is  a  fair  example  of  the  operating  efficiency  of  the  aver- 
age industrial-plant  boiler  room.  The  dry  flue-gas  loss 
and  the  unburned  carbon  loss  in  the  ash  were  high. 
Stack  temperatures  ran  about  600  deg.  F.  and  the 
average  CO,  in  the  flue  gases  showed  about  4  per  cent. 

•Engineer,  Fuel  Engineering  Co.   of  New   York. 


Coal  weights  and  production  figures  taken  over  a  period 
of  a  week  showed  that  approximately  one  ton  of  fin- 
ished product  was  produced  for  every  ton  of  coal  used. 
The  grates  were  of  the  pinhole  flat  type.  The  func- 
tion of  a  grate  is  twofold;  namely,  a  mechanical  means 
of  supporting  the  fuel  bed  so  that  air  may  enter  it 
from  beneath  and  pass  through  it  with  the  least  re- 
sistance to  its  flow.  The  pinhole  grate  admirably  fulfills 
the  function  of  supporting  the  coal,  but  its  7  per  cent, 
air  space  builds  up  such  a  resistance  to  the  flow  of 
air  that  the  grate  fails  in  its  purpose.  In  this  plant 
we  find  the  peculiar  situation  where  turbo-blowers  were 
trying  to  force  air  through  the  bed,  and  pinhole  grates 
with  7  per  cent,  air  space  were  trying  to  keep  it  out. 
Furthermore,  the  pinhole  opening  produces  a  nozzle 
effect  upon  the  air  passing  through  it,  so  that  as  the 
air  strikes  the  bed  it  has  reached  its  maximum  velocity 
and  tends  to  blow  fine  coal  off  the  bed  and  back  into 
the  combustion  chamber.  For  this  reason  an  apparent 
combustion  rate  of  18  lb.  per  sq.ft.  of  grate  per  hour 
may  represent  an  actual  combustion  rate  of  only  10  lb. 
This  is  what  happened  at  this  plant. 

Shaking  Type  of  Grate  Selected 
Grates  of  the  shaking  type  which  gave  30  per  cent, 
air  space  were  selected.  If  the  matter  of  the  selection 
of  grates  was  to  be  done  over  again,  there  is  no  doubt 
that  the  choice  would  be  a  grate  of  the  pyramid  type. 
The  writer  believes  that  in  this  grate  we  have  the 
nearest  approach  to  the  ideal  condition;  namely,  a 
mechanical  support  which  prevents  leakage,  30  per  cent, 
air  space  permitting  unimpeded  flow  of  air,  a  reduction 
in  velocity  instead  of  an  increase  as  the  air  reaches 
the  fuel  bed,  a  preheating  of  air  as  it  strikes  under  the 
grate  surface  and  a  consequent  cooling  and  preservin.i? 
of  the  grate,  a  lateral  deflection  of  the  air  as  it  passes 
through  the  bed  instead  of  a  straight  vertical  jet. 

It  was  surprising  to  see  that  there  were  no  uptake 
dampers  either  in  the  flue  neck  of  the  individual  boilers 
or  in  the  main  stack.  When  the  manager's  attention 
was  called  to  this,  he  innocently  remarked  that  there 
had  been  dampers  at  one  time  but  they  were  taken 
out  because  the  boiler  room  would  fill  with  gas  when 
the  automatic   regulator  closed  the  dampers. 

Damper  Regulation  and  Control 
Damper  regulation  is  dependent  upon  the  condition 
of  the  fire  bed  and  entirely  independent  of  boiler  pres- 
sure. In  a  forced-draft  installation  the  function  of 
the  damper  is  to  maintain  the  draft  over  the  fire  at 
about  — 0.05  in.  of  water.  As  holes  burn  in  the  fire 
bed,  air  rushes  through  more  readily  and  there  is  a 
tendency  to  build  up  a  pressure  over  the  fire.  If  such 
a  pressure  actually  exists,  the  flames  and  gas  are  forced 
out  into  the  boiler  room.  To  maintain  the  slight 
vacuum  desired  the  damper  is  opened  a  notch  or  two  as 
the  pressure  builds  up  in  the  furnace.  A  high  vacuum 
over  the  fire  is  undesirable  because  of  possible  inleak- 
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nKO  of  cold  air  through  the  settingH  if  the  latter 
contain  many  cracks. 

After  invostiK'ation,  it  was  decided  that  the  proper 
draft  conditions  at  this  plant  for  the  ell'icient  combus- 
tion were:  Ashpit,  1-1.2  in.  water;  furnace,  — 0.05 
in.  water.  As  the  fire  burns  and  holes  appear  in  the 
fire,  the  ashpit  pressure  will  decrease  and  there  will  be 
a  tendency  for  the  pressure  to  build  up  in  the  furnace. 
Proper  adjustment  of  the  uptake  damper  ar.d  the  blower 
must  be  made  from  time  to  time  to  obtain  the  proper 
conditions.  The  plan  of  firiiUT  little  and  often  was  also 
introduced. 

Referring  to  Fig.  1,  the  rate  of  burning  of  the  coal 
is  a  function  of  the  pressure  drop  through  the  fuel 
bed,  or  the  difTerence  between  the  ashpit  and  furnace 
pressures.  When  this  pressure  drop  is  at  its  maximum, 
as  at  A,  the  air  supplied  will  efliciently  burn  a  certain 
definite  amount  of  coal  per  square  foot  of  grate  per 


and  of  firing  little  and  often  is  obvious.  The  practice 
at  this  plant  was  to  smother  the  fire  with  500  or  600 
lb.  of  coal  at  a  time  and  then  sit  down  to  rest  for 
half  an  hour. 

The  dampers  were  restored  to  their  proper  places 
but  not  connected  to  the  automatic  regulator.  Instead, 
the  blowers  were  to  be  automatically  controlled  by 
means  of  a  balance  valve,  and  the  dampers  to  be  hand 
operated  as  the  conditiotiH  of  the  fuel  bed  demanded. 

Before  the  dampers  were  installed,  the  draft  condi- 
tions due  to  the  intermittent  operation  of  the  blower 
are  represented  in  Fig.  2.  Twenty-five  per  cent,  of  the 
time  the  blower  was  cut  off.  During  these  periods  a 
heavy  vacuum  existed,  not  only  in  the  furnace,  but  also 
in  the  ashpit,  tending  to  suck  in  cold  air  through  all 
cracks.  During  the.se  periods  the  flue-gas  tempera- 
ture fell  to  about  300  deg.  F.,  or  50  deg.  cooler  than 
the  water  in  the  boiler.     It  was  not  practical  to  cut 
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CURVE   STUDIES   IN   BETTERING   THE   PERFORMANCE   OF   AN  INDUSTRIAL  TOWER  PLANT 


hour.  If  more  coal  or  less  coal  than  this  is  fired,  the 
result  is  either  a  smothering  effect  and  incomplete 
combustion  or  a  large  excess  of  air  and  a  cooling  effect. 
As  the  fire  burns  out,  the  air  rushes  through  more 
readily  and  the  ashpit  pressure  falls  off.  At  this  time 
there  is  a  tendency  for  pressure  to  build  up  in  the 
furnace.  Such  a  condition  is  represented  at  B,  and 
the  small  pressure  drop  at  this  point  indicates  that 
the  combustion  rate  of  the  coal  has  been  materially 
decreased  and  that  the  large  volume  of  air  passing 
through  the  bed  is  seriously  cooling  the  stack  gases. 

Now  let  the  fireman  coal  up  again  at  C.  In  doing 
this  he  covers  the  holes  in  the  fire  and  a  resistance. 
to  the  air  flow  is  again  built  up,  which  is  evidenced 
by  the  increase  in  the  ashpit  pressure.  There  is 
also  a  tendency  for  the  vacuum  in  the  furnace  to  again 
be  restored,  and  it  may  be  necessary  to  adjust  the 
uptake  dampers  to  bring  this  down  again  to  a  balanced 
condition.     The  necessity  of  keeping  the  holes  covered 


one  boiler  out  of  the  line,  because  the  load  was  varied 
and  uncertain. 

After  the  dampers  were  properly  installed  and  in- 
telligently ui=ed,  conditions  were  much  improved.  The 
resulting  draft  regulation  is  showTi  in  Fig.  3.  It  was 
noticed  that  during  the  periods  when  the  blower  was 
cut  off,  the  flue-gas  temperatures  reached  a  minimum 
of  about  360  deg.  This  exclusion  of  the  cold  air 
from  the  boilers  enabled  the  furnace  to  retain  its  heat 
for  a  longer  time.  For  this  reason  the  blowers  were 
silenced  for  a  much  longer  period  and  the  fireman's 
work  was  much  easier.  In  this  way  he  accomplished 
exactly  what  he  had  tried  to  do  by  firing  five  or  six 
hundred  pounds  of  coal  at  a  time  and  then  resting. 
Besides  this,  the  coal  pile  benefited  considerably  as  will 
be  showm  later. 

It  was  interesting  to  note  the  relation  of  percentage 
of  COj  in  the  flue  gas  and  the  regulation  of  the  draft 
during  the  observations   at  this  plant.     Fig.   4  shows 
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the  results  of  one  of  the  preliminary  observations. 
With  a  low  ashpit  pressure  and  the  damper  wide  open, 
giving  a  high  vacuum  over  the  fire,  the  percentage  of 
CO,  in  the  flue  gases  was  low.  By  speeding  up  the 
blower  and  closing  the  dampers  a  few  notches,  the  same 
pressure  drop  through  the  fire  bed  was  maintained, 
insuring  the  same  combustion  rate,  while  the  CO,  was 
increased  to  a  desired  value. 

The  boiler  settings  were  made  tight. 

When  the  load  was  heavy,  the  flue-gas  temperatures 
were  about  600  deg.  and  sometimes  went  as  high  as 
700  deg.,  indicating  that  the  gases  were  being  short- 
circuited  through  the  boiler,  or  that  the  boiler  was 
dirty.  Both  conditions  happened  to  exist,  and  after 
a  good  overhauling  this  average  temperature  was  re- 
duced to   500   deg.   F. 

As  a  result  of  our  efforts  the  daily  coal  consumption 
was  reduced  from  30  tons  to  18  tons.  Such  a  large 
saving  was  possible  only  because  of  the  very  wasteful 
condition  of  the  plant  in  the  beginning.  The  combined 
efficiency  rose  from  48  to  70  per  cent.,  which  is  a  good 
standard  operating  efficiency  for  any  industrial  plant. 

More  Production  with  Less  Coal 

During  this  work  of  coal  conservation  or,  properly 
speaking,  plugging  leaks,  the  production  at  the  plant 
was  boosted  to  about  6  per  cent,  above  its  former  point. 
In  addition  the  coal  mixture  was  reduced  from  1  to  1 
to  2  to  1.  A  further  reduction  to  3  to  1  was  entirely 
successful,  but  the  management  was  forced  to  call  a 
halt  because  the  supply  of  screenings  ran  low.  The 
real  test  of  the  success  of  all  these  investigations  was 
found  in  the  office  record.  Formerly,  one  ton  of  coal 
was  required  for  every  ton  of  finished  product  turned 
out.  At  the  present  writing,  a  ton  of  finished  product 
is  being  made  for  every  five-eighths  of  a  ton  of  coal, 
and  the  investigations  are  not  yet  finished.  Fig.  5 
shows  graphically  the  relation  between  the  production 
and  coal  tonnage  of  the  plant.  It  is  interesting  to  notice 
how  the  coal  curve  is  on  the  decline.  Fig.  6  shows  that 
the  curve  of  the  ratio  of  tons  of  product  per  ton  of 
coal  is  also  on   a   similar   decline. 

The  unburned  carbon  loss  was  reduced  from  15  to 
nearly  3  per  cent.,  which  reduction  was  also  partly  due 
to  greater  care  in  cleaning  fires.  Still  there  was  room 
for  improvement.  The  CO,  remained  about  6^  per  cent, 
average.  This  coking  method  of  firing  was  found  to 
be  the  most  satisfactory  in  this  plant.  By  this  method 
the  C0_  was  boosted  to  an  average  of  8.5  per  cent., 
and  after  the  settings  had  been  made  tight  and  proper 
draft  regulation  secured  by  means  of  uptake  dampers, 
the  average   CO,  was   10   per   cent. 

Summary  of  Chances  Made 

To  sum  up,  then,  the  work  at  this  plant  involved: 

1.  Replacing  the  pinhole  grate  with  a  grate  of  proper 
design  for  the  coal  to  be  burned. 

2.  Installing  uptake  dampers  and  operating  them  by 
hand  independent  of  automatic  regulators.  The  blowers 
were  then  connected  to  the  regulator. 

3.  Installation  of  draft  gages  and  recording  flue-gas 
thermometer.  A  CO,  recorder  was  vetoed  by  the  man- 
ager, but  we  have  not  given  up  hope. 

4.  Changing  the  method  of  firing  from  the  "complete 
smothering  method"  to  the  "coking  method." 


5.  Maintaining  proper  draft  regulation  involving  a 
balanced  condition  over  the  fire. 

6.  Overhauling  boilers  and  settings  and  putting  them 
in  good  condition. 

With  regard  to  the  question  of  instruments  the  idea 
is  erroneous  that  consistent  saving  of  coal  can  be  made 
or   increased  economy  effected  without   instruments. 

New  Type  of  Reclosing  Circuit-Breaker 

The  figure  shows  an  electromagnetically  operated  cir- 
cuit-breaker built  in  3000-  and  4000-ampere  capacities. 
This  breaker  is  closed  and  held  closed  by  means  of  an 
electromagnet,  opens  automatically  in  case  of  overload, 
short-circuit  or  volt- 
age failure  and  re- 
mains open  a  defi- 
nite time  interval  re- 
gardless of  the 
cause  of  opening.  In 
case  the  breaker  is 
opened  by  a  short- 
circuit,  it  will  make 
no  attempt  to  reclose 
while  the  trouble 
exists,  but  closes  in- 
stantly upon  the 
removal  of  short- 
circuit  or  overload. 
The  main  contact 
brush  B  is  of  a  lami- 
nated -  butt  -  contact 
type.  The  studs  S 
are  of  laminated 
construction,  the 
lower  stud  being 
slotted  vertically 
and  the  upper  hori- 
zontally. The  main 
contact  brush  B  is 
protected  from  arc- 
ing by  an  auxiliary 
copper  contact  shunt  A,  and  the  final  arc  is  taken  care 
of  on  the  upper  graphalloy  contact  tips  C  and  C,.  The 
upper  arcing  tip  C  is  carried  on  a  pivoted  support 
actuated  by  a  strong  compression  spring  so  that  it  fol- 
lows out  at  a  considerable  distance  in  opening,  thereby 
insuring  good  contact  of  the  arcing  tips  until  the  brush 
and  auxiliary  contact  are  separated  from  their  respec- 
tive contacts.  The  upper  rear  arcing  tip  C  is  also 
pivoted  directly  on  its  support  so  that  it  is  free  to  align 
itself  with  the  front  contact  C,  in  all  positions.  Provi- 
sion is  made  for  adjusting  the  tension  of  the  main  brush 
by  means  of  an  eccentric  bushing  in  the  brush  support. 

This  breaker  is  built  by  the  Automatic  Reclosing  Cir- 
cuit-Breaker Co.,  Columbus,  Ohio,  and  is  particularly 
adapted  to  heavy-duty  work  such  as  is  met  with  in  steel 
mills  and  street-railway  service. 


CIRCUIT-BREAKER     IX 
POSITION 


One  of  the  greatest  forces  of  civilization  has  been  the 
utilization  of  power  to  do  necessary  and  useful  work  for 
mankind.  The  importance  and  dignity  of  generating 
and  delivering  power  service  in  a  usable  and  helpful 
manner  should  not  be  underestimated  by  those  who 
make  the  doing  of  modern  marvels  possible.  Every 
man's  work  is  needed,  and  it  must  needs  be  done  well 
or  the  quality  of  the  entire  output  is  affected. 
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/)(.vc//N  r.;  how  the  sp(ici)i(j,  aHijnminl  and  thivk- 
nens  of  brushes  man  ciiiiai  cirnitatiug  currents 
to  flow  in  thv  armature  windings  and  thereby 
develop  poor  commutation. 


IV  CiOOI)  commutation  and  cool  operation  are  to  he 
secured,  it  is  necessary  that  the  brushes  be  accu- 
rately spaced  around  the  commutator.  If  the  spacing 
is  uneciual,  it  is  impossible  to  so  shift  the  rocker  arm 
that  all  the  brushes  are  brought  into  the  best  commutat- 
ing  position  at  one  time.  When  some  of  the  brushes 
are  placed  in  the  proper  position,  those  on  another 
stud    may    be    located    ahead    of   the    neutral    position. 


of  110-10.')  5  volts,  available  to  cause  a  current  to 
How  through  the  section  of  the  armature  winding  eba. 
Now  consider  the  left-hand  side  of  the  winding.  Be- 
tween brushes  I)  and  A  there  is  110  volts  of  a  direction 
to  cause  a  current  to  flow  from  brush  A  around  to  C, 
then  to  the  left  through  the  section  of  the  winding  eda. 
The  volli'.Ke  between  points  d  and  a  is  in  the  same 
direction  as  the  volts  between  points  e  and  c,  conse- 
(juently  there  is  110  -f  5  =^  115  volts  opposed  by  only 
110  volts  in  section  d  c.  Therefore  in  the  left-hand 
section  of  the  armature  we  have  115  —  110  =  5  volts 
available  to  cause  a  current  to  flow  from  brush  A 
around  to  bru.sh  C  through  the  sections  of  the  winding 
c  c  d  a.  In  other  words,  there  exists  a  difference  of 
potential  of  5  volts  between  brushes  A  and  C  to  cause 


FIG.    1.      BRUSHES    EQUALLY    SPACED 

Brushes  on  still  other  studs  may  be  located  back  of  the 
neutral  position,  causing  poor  commutation.  Unequal 
spacing  of  the  brushes  also  puts  an  unequal  number 
of  turns  in  the  different  multiple  paths  through  the 
armature.     This  is  illustrated  in  Figs.  1  and  2. 

In  Fig.  1  the  brushes  are  equally  spaced  and  have  equal 
voltages  generated  in  the  winding  located  between  them, 
so  that  the  110  volts  generated  in  the  section  between 
brushes  A  and  B  is  opposed  by  110  volts  between 
B  and  C,  likewise  the  110  volts  generated  between  A  and 
D  is  opposed  by  110  volts  between  C  and  D.  Conse- 
quently no  current  will  flow  from  brush  A  to  brush  B, 
which  is  just  as  it  should  be;  if  there  were,  we  would 
have  current  circulating  in  the  armature  when  there 
was  no  load  on  the  machine. 

Assume  a  condition  as  in  Fig.  2  where  brush  C  is 
shown  displaced  on  the  commutator  to  a  position  e. 
In  this  position  assume  there  is  only  105  volts  gener- 
ated between  brushes  B  and  C.    This  leaves  a  difference 


FIG.  2.     BRU.'^HES  UNEQUALLY  SPACED 

a  current  to  circulate  in  the  armature  windings.  The 
resistance  opposed  to  this  unbalanced  voltage  is  very 
low,  being  merely  that  of  two  brush  contacts,  one-half 
the  armature  winding  and  the  busbar  E.  This  total 
resistance  is  so  low  that  very  small  differences  in 
potential  can  set  up  excessive  circulating  currents 
through  the  armature  and  brushes,  resulting  in  severe 
overheating  of  the  armature  and  sparking  and  glowing 
of  the  brushes.  Tests  have  shown  that  the  value  of 
this  current  may  exceed  the  full-load  current. 

With  cast-in  polepieces  it  is  not  uncommon  to  find 
the  poles  unevenly  spaced  around  the  frame,  and  the 
results  in  such  cases  are  similar  to  those  obtaining 
with  unequally  spaced  brushes.  The  fault  cannot  be 
corrected  by  matching  the  brush  spacing  to  the  inequali- 
ties in  the  pole  spacing.  It  can  be  overcome  only  by 
trimming  the  edges  of  the  pole  faces  in  such  a  way 
that  the  flux  is  given  a  symmetrical  distribution  around 
the  frame. 
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With  a  series-wound  armature  uneven  spacing  does 
not  result  in  circulating  currents  through  the  entire 
armature  winding  since  there  are  no  multiple  paths  in 
which  such  currents  can  flow.  However,  heavy  local 
currents  may  be  set  up  in  the  coil  short-circuited  by 
two  adjacent  brushes  of  the  same  polarity  and  their 
connecting  bus. 

Brush  studs  may  at  times  be  found  unequally  spaced 
when  a  machine  comes  from  the  manufacturer.  How- 
ever, this  condition  is  quite  the  exception.  One  of  the 
most  common  causes  for  inequality  in  brush  spacing 
is  found  on  machines  having  the  holders  clamped  on 
rcund  studs.  Rocking  the  holder  toward  or  away  from 
the  commutator  changes  the  point  at  which  the  brush 
bears.  Carelessness  in  setting  the  holders  at  different 
angles  to  the  commutator  may  result  in  pronounced  in- 
equality in  brush  spacing.  This  is  the  condition  illus- 
trated in  Fig.  2,  where  the  brush  studs  are  evenly 
spaced  and  the  inequality  in  brush  spacing  is  due  en- 
tirely to  the  different  angles  at  which  the  holders  are 
set. 

Brush  spacing  may  be  checked  up  by  counting  the 
number  of  bars  in  the  commutator,  dividing  by  the  num- 
ber of  poles  on  the  machine 
and  seeing  that  this  number 
of  bars  is  between  corre- 
sponding edges  of  brushes 
on  all  studs  around  the  ma- 
chine. This  method  is 
troublesome,  however, 
where  the  span  is  not  an 
integral  number  of  bars. 
A  better  method  is  to  cut 
a  strip  of  paper  or  other 
nonelastic  material  to  the 
exact  length  of  the  commutator  circumference,  mark  it 
off  in  equal  parts  corresponding  to  the  number  of  poles 
and  secure  it  around  the  commutator.  The  brushes  on 
all  studs  can  then  be  set  by  these  marks  and  equal 
spacing  insured. 

Of  equal  importance  with  brush  spacing  is  correct 
alignment  of  brushes  with  the  commutator  segments. 
Incorrect  alignment  is  illustrated  in  Fig.  3.  It  may 
be  due  to  poor  alignment  of  brush  studs,  twisted  com- 
mutator, or  brush-holders  set, at  different  angles  on  the 
same  stud.  The  effects  are  usually  two-fold.  Unless 
all  studs  on  the  machine  are  out  of  line  in  the  same 
direction  and  by  the  same  amount,  unequal  spacing  of 
the  brushes  will  exist  with  the  results  that  have  pre- 
viously been  described.  An  even  more  troublesome  re- 
sult may  be  the  increase  in  the  effective  thickness  of 


BRUSHES  OUT  OF 
ALIGNMENT 


FIGS.    4    TO    7.      ARMATTIRE-WINDING    SECTIONS 

the  brushes  on  the  same  stud.  In  the  illustration  the 
thickness  of  a  brush  is  such  as  to  span  1^  bars  of  the 
commutator  but,  due  to  the  angle  of  the  stud  to  the 
commutator  segments,  the  three  brushes  span  two  full 
bars  and  the  effect,  as  regards  commutation,  is  the  same 
as  though  a  brush  thick  enough  to  span  two  bars  were 
used.  Where  the  brush  thickness  is  originally  chosen 
as  large  as  the  commutating  characteristics  of  the  ma- 


chine will  permit,  bad  commutation  is  an  avoidable  re- 
sult of  poor  alignment. 

Assuming  all  mechanical  conditions  to  be  right  and 
a  brush  free  from  all  chattering  or  vibration,  commuta- 
tion is  determined  by  the  contact  drop  of  the  brush, 
its  characteristic  "sparking  voltage"  and  the  resultant 
voltage  in  the  aramature  coils  short-circuited  by  the 
brush.  By  "sparking  voltage"  is  meant  the  resultant 
voltage  in  the  short-circuited  coil  below  which  no  visi- 
ble sparking  occurs.  The  brush  characteristic  is  some- 
what different  from  contact  drop.  Of  two  brushes 
having  the  same  contact  drop,  one  may  spark  when 
short-circuiting  a  certain  voltage,  while  the  other  does 
not.  This  is  because  the  sparking  voltage  of  the  latter 
brush  is  higher  than  that  of  the  former. 

The  voltage  in  a  coil  undergoing  commutation  is  the 
resultant  of  several  electromotive  forces.  The  principal 
ones  are:  The  voltage  generated  in  the  armature  con- 
ductors due  to  the  interpole  flux  or  fringing  mainpole 
flux;  the  volts  generated  in  the  end  turns  of  the  arm- 
ature conductors  due  to  whatever  flux  they  may  be 
cutting;  and  that  due  to  self  and  mutual  induction, 
commonly  known  as  the  reactance  voltage.     Opposed  to 
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this  resultant  voltage  is  the  -/////'/^.--Poiepiece 
voltage  drop  across  two  con- 
tacts between  the  brushes 
and  the  commutator.  The  re- 
sistance of  the  armature 
winding  and  of  the  brush 
material  itself  is  so  small  in 
relation  to  contact  resistance 
as  to  be  negligible  in  prac- 
tically all  cases. 

Whatever  affects  the  re- 
actance voltage  of  a  machine 
is  likely  to  have  a  pronounc- 
ed effect  on  its  commutating 
characteristics.  In  Figs.  4 
and  6  are  shown  sections  of 
an  armature  winding  with 
two  coil  sides  per  slot.  Figs. 
5  and  7  show  four  coil  sides 
per  slot.  Conductors  under- 
going commutation  are  rep- 
resented by  shaded  cross- 
section.  In  the  case  of  Figs. 
4  and  6  the  brush  covers  only 
one  commutator  segment  and 
only  one  pair  of  the  conduc- 
tors is  shown  undergoing 
commutation  at  a  given  in- 
stant.    In  Figs.  5  and  7  the 

brush  covers  two  segments  and  two  pair  of  conductors 
are  undergoing  commutation  simultaneously.  The  reluc- 
tance of  the  magnetic  path  through  the  armature  core 
being  negligible  as  compared  to  that  across  the  slots, 
the  latter  alone  will  be  considered. 

In  Fig.  4  the  slot  is  one-half  as  wide  as  in  Fig.  5 
and  the  magnetic  flux  encircling  the  conductors  under- 
going commutation  will  consequently  be  twice  as  great. 
The  brush  in  both  cases  covering  one  segment,  the 
time  of  commutation  will  be  the  same.  As  a  result  of 
these  conditions  the  reactance  voltage  in  Fig.  4  will  be 
twice  that  in  Fig.  5.  In  Fig.  6  the  reluctance  of  the 
magnetic  path  is  the  same  as  in  Fig.  5,  but  there  are 
twice  as  many  conductors  carrying  current,  so  the  mag- 
netic flux  is  doubled.     In  this  case,  however,  the  brush 


FIG.    8.      FLUX   DISTRIBU- 
TION   AND    CURRENT 
CURVES 
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covers  two  fonmuitiitor  seKmonts  so  the  (inie  of  conimu- 
tatioii  is  twice  as  Ioiik'.  e(iiiali/.iiiK  the  elTect  of  the 
stronKer  nuiKiietic  flux  and  loaviiiK  the  reactance  voltaRe 
the  same  as  in  the  case  of  Kit;,  fj.  The  same  thiiiK  is 
true  in  the  case  of  Vig.  7,  where  four  coil  sides  are 
in  the  same  slot. 

AnalyzinK  in  a  similar  way  the  effects  obtained  with 
three  or  more  coils,  the  folKiwintf  general  conclusions 
may  be  drawn: 

When  the  brush  covers  only  one  commutator  segment, 
the  reactance  voltaKe  is  greater  the  narrower  the  slot. 

The  reactance  voltage  per  coil  remains  unchanged, 
regardless  of  the  thickness  of  the  brush  so  long  as  the 
number  of  conductors  simultaneously  commutaled  does 
not  exceed  the  total  number  of  conductors  per  slot,  as  in 
Figs.  5  and  7. 

The  reactance  voltage  per  coil  decreases  with  in- 
crease in  brush  width  where  the  number  of  conductors 
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FIG.  9.    brt:.sh  re.sting  on  six  segments 

simultaneously  commutated  exceeds  the  number  of  con- 
ductors per  slot,  as  in  Figs.  4  and  6. 

The  last  statement  would  seem  to  impose  no  limita- 
tion on  brush  thickness  so  long  as  the  number  of  con- 
ductors per  slot  is  kept  below  the  number  undergoing 
commutation  at  one  time.  There  are  other  limitations 
to  bru.sh  thickness,  however,  which  have  to  be  con- 
sidered. 

In  Fig.  8  is  shown  at  A  the  flux  distribution  curve 
of  a  generator  with  a  brush  of  thickness  a-h,  so 
placed  that  commutation  begins  just  as  the  coil  is  pass- 
ing through  the  point  of  zero  flux.  The  brush  thickness 
is  assumed  to  be  so  chosen  for  the  load  in  question, 
that  commutation  is  completed  just  as  the  coil  has  come 
into  a  reversing  field  of  sufficient  strength  to  have 
established  a  current  of  like  value  but  opposite  direction 
to  that  flowing  in  the  coil  before  commutation  began. 
This  represents  a  condition  of  perfect  commutation 
and  is  illustrated  at  B,  the  curve  there  shown  represent- 
ing the  current  flowing  in  the  coil  under  consideration. 

Now  assume  a  brush  of  thickness  a-c  shown  at  A 
Fig.  8,  to  be  installed  with  its  leading  edge  at  the  point 
c.  The  coil  about  to  undergo  commutation  would,  in 
this  case,  be  short-circuited  while  it  was  still  cutting  a 
flux  that  would  generate  an  electromotive  force  in  the 
same  direction  as  the  current  flowing  in  the  coil.  As 
a  result  the  current  would  increase  until  a  reversing 
flux  was  encountered,  as  shown  in  diagram  C  at  point  /. 
The  current  w-ould  not  reach  its  original  value  until 
some  time  later,  as  at  point  g,  so  that  the  actual  com- 
mutating  interval  would  be  reduced  from  the  time 
b-a  or  f-h  to  the  time  g-h  and  commutation  would 
not  be  as  good  as  was  obtained  with  the  thinner 
brush.  Should  the  thicker  brush  be  .shifted  to  the  posi- 
tion b-d,  conditions  illustrated  at  D  would  obtain.  Com- 
plete reversal  of  the  current  would  be  attained  at  the 


point  ;,  but  the  coil  would  still  be  short-circuited  and 
would  be  cutting  a  field  of  increa.sing  Htrength.  The 
J.hort-circuit  current  might  rise  to  a  very  high  value 
before  reaching  the  point  k  where  one  segment  pa.sses 
from  under  the  brush.  This  high  current  would  then 
have  to  drop  suddenly  to  the  value  /,  and  an  arc  would 
be  drawn  between  the  brush  and  the  commutator  seg- 
ment leaving  it.  The  result  is  sparking  of  greater  or 
le.ss  severity,  depending  on  the  value  the  short-circuit 
current  had  attained.  Experience  shows  that  the  brush 
thickness  should  not  exceed  one-twelfth  of  the  pole 
pitch  projected  on  the  commutator  surface. 

Another  limitation  to  brush  thickness  is  illustrated  in 
Fig.  9,  where  the  brush  B  is  shown  resting  on  six  bars 
of  the  commutator  and  short-circuting  five  coils  of  the 
armature.  It  will  be  seen  that  from  edge  to  edge  of  the 
brush  there  is  impressed  a  voltage  equal  to  the  total 
of  the  resultant  voltages  in  all  the  coils  short-circuited. 
The  resistance  of  the  coils  and  of  the  brush  material 
itself  being  negligible,  the  only  resistance  opposed  to 
this  voltage  is  that  of  two  brush  contacts.  In  order 
that  an  excessive  voltage  may  not  be  short-circuited,  a 
brush  should  not  cover  more  than  three  commutator 
segments  on  an  armature  with  a  simplex  winding.  With 
a  duplex  winding  it  is  permissible  to  cover  twice  as 
nany  segments,  other  conditions  being  equal. 

In  considering  the  effects  of  brush  thickness  and 
spacing  on  commutation,  voltages  set  up  in  the  coils 
undergoing  commutation  and  circulating  currents  estab- 
lished in  the  armature  conductors  are  the  only  points 
to  which  attention  has  been  turned.  The  other  factors 
influencing  commutation  (namely,  contact  drop  and 
sparking  voltage)  are  characteristics  dependent  on  the 
brush  composition  and  method  of  manufacture.  The 
influence  of  brush  spacing  and  thickness  on  these 
characteristics  is  so  slight  that  it  will  not  be  given 
consideration  in  this  article. 


No  nation  under  the  sun  has  the  trade  literature  avail- 
able w'hich  is  prepared  regularly  for  the  American  peo- 
ple. No  matter  what  line  of  industry,  what  branch 
of  public  service,  or  what  profession  one  may  be  engaged 
in,  there  is  a  wealth  of  high-class  authoritative  litera- 
ture which  is  up-to-the-moment.  Sometimes  workers 
and  executives  become  so  busy  with  the  near-at-hand 
details  that  they  do  not  realize  what  they  are  missing 
when  they  allow  their  trade  or  technical  publication  to 
gather  dust  or  to  remain  in  the  wrapper.  It  is  interest- 
ing to  remember  that  each  issue  of  a  modern  publication 
costs  large  sums  of  money  for  the  editorial  matter,  the 
articles  of  specialized  interest,  the  cuts,  the  illustrations, 
the  departments  of  service  and  the  market  forecastings. 
All  this  is  aside  from  the  materials  and  labor  which 
go  into  physical  makeup  and  quite  apart  from  the  ad- 
vertising pages,  which  constitute  a  world  market  place 
brought  to  your  office.  This  service  is  all  offered  on  the 
cooperative  plan  for  the  absurd  price  of  a  few  cents 
per  month  for  what  has  cost  thousands  to  produce. 
Yes,  it  does  seem  as  though  there  is  something  after  all 
for  almost  nothing!  Even  then  a  technical  publication 
will  be  of  little  value  to  its  recipient  unless  it  is  read, 
digested  and  part  of  its  experience  and  helpful  sugges- 
tions acted  upon.  Columbus  discovered  America  with 
all  its  wealth  of  mines  and  fields  and  forests  and 
streams,  but  he  died  in  chains  in  Spain  nevertheless, 
because  he  did  not  possess  what  he  had  found. 


June  24,  1919 


POWER 


973 


SYNCHRONIZING   A   MAIN   UNIT   AT   HOLTWOOD 

UNITS  Nos.  1  to  5  at  Holtwood  are  each  of  13,500 
hp.  capacity,  while  units  6,  7  and  8  are  each  of 
17,000  hp.  capacity.  Units  1  to  5  were  built  for 
53  ft.  head,  while  units  6  to  8  were  built  for  63  ft.  head. 
Units  Nos.  1  to  7  have  double  runners,  while  the  last, 
or  No.  8,  unit  has  a  single  runner. 

Normally,  all  turbines  are  started  on  hand  control. 
The  governorman  first  ascertains  that  the  hand  control 
valve  is  closed.  He  next  opens  the  two  hand-control 
balance-pipe  valves  located  on  the  hand-control  pedestal. 
He  now  opens  the  hand-control  valve  until  the  gates  are 
about  30  per  cent  or  even  40  per  cent  open,  for  a  few 
seconds,  so  as  to  accelerate  the  unit  as  quickly  as  possi- 
ble; then  he  closes  the  gates  to  approximately  5  per  cent., 
followed  by  carefully  opening  them  to  about  10  per  cent., 
the  object  being  to  get  the  unit  at  about  95  per  cent. 
speed  and  then  to  let  it  pass  to  the  normal  speed  mark, 
94  r.p.m.,  slowly,  so  that  the  operator  does  not  fail  to 
get  a  shot  in  the  least  possible  time.  While 
doing  this  he  watches  the  large  (18  in.)  illuminated-face 
synchronoscope  mounted  midway  of  the  turbine  room 
and  visible  from  all  hand  controls  from  No.  1  to  No.  8 
machine  (See  the  headpiece  at  the  top  of  the  page). 

In  the  meantime  the  switchboard  operator  orders 
the  generator  disconnectors  closed.  The  field,  even  on 
idle  machines,  is  always  adjusted  for  approximately  nor- 
mal voltage  and  is  closed  immediately  after  but  not 
before  the  machine  starts  to  revolve.  For  the  guidance 
of  the  governorman  the  synchronoscope  is  cut  in  before 
the  machine  reaches  the  normal  speed.  Should  the  oper- 
ator miss  the  first  favorable  shot,  it  requires  from  10 


Ope/ntion 
at  Holtjvood 

STARTING  AND  STOPPING 
THE    MAIN   UNITS 

By  Charles  H.  Br'omley 


Describes    the   procedure    and   precautions   iised 
in  starting  and  stopping  the  large  main  units. 
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to  20  sec.  to  restore  normal  speed,  owing  to  the  unit 
slightly  overshooting  the  normal  speed  mark.  Bad  shots 
are  not  tolerated  at  Holtwood  as  they  may  induce  se- 
vere water-hammer  in  the  governor  system  and  are  in- 
jurious to  the  generator  and  generator  leads. 

The  time  of  starting  a  machine  ordinarily  is  not  over 
a  minute.  The  record  time  of  starting  from  standstill 
to  synchronizing  on  the  board  is  26  sec.  made  on  No.  2 
machine. 

Transferring  from  Hand  Control  to  Governor  Con- 
trol— When  the  unit  is  synchronized  with  the  bus,  it  is 
transferred  from  hand  to  governor  control.  First,  the 
governor  pressure  valve  above  the  accumulator  tank  is 


FIG.    1.      CHANGING    KKU.M   HAND  TO   GOVEKNUK   CONTROL, 
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(ipoiu'il  and  tho  Kovernorman  ob.^erve.M  that  the  setliiiK  of 
the  K^vonior  corro.spoiuls  with  the  Kale  opi-iiiiiK.  Tht- 
two  haiul-coiitnil  halame  pipe  valve.s  are  now  closed 
and  the  two  Ki^nt'ralor  halanif  pipe  valve.**  ojienetl.  The 
second  valve  is  opened  ^nidually  at  first  as  slight  changes 
in  adjustnu'iit  may  he  necessary  to  the  Koveriior  if 
the  Kate  opening  changes.  The  KOvernorman  now  ob- 
serves if  the  Kovernor-control  motor  gear  is  enKa^ed. 

The  collar  jack-nut  on  the  K^vernor  spindle  is  now  run 
up  until  it  is  about  one-quarter  inch  from  the  collar. 
From  time  to  time  as  the  load  changes  appreciably,  the 
jack  will  have  to  be  moved  up  or  down;  it  is  not  permit- 
ted to  be  closer  to  the  collar  than  one-(iuarter  inch. 

The  Kovernorman  now  signals  the  operator  that  the 
unit  is  under  the  Kovernor  control. 

TransferrinK  from  Governor  Control  to  Hand  Con- 
trol— The  hand-control  valve  is  set  to  correspond  with 
the  gate   opening.      Now   the   two   balance-pipe   valves 


While  there  is  little  hazard  on  account  of  a  runaway 
Keneratyr,  etforts  are  made  to  Htop  the  machine  immedi- 
ately. Usually,  such  a  runaway  can  be  slowed  to  normal 
speed  by  operation  of  the  governor  or  by  hand  control. 
CuttinK  in  the  large  water  rheostat  on  the  runaway  ma- 
chine through  the  auxiliary  bus  and  then  closing  the 
field  switch  will  assist  in  stopping  the  runaway. 

In  case  the  governor  is  the  prime  cause  of  the  runaway 
brought  about  through  the  spindle  guide-bearing  burn- 
ing out  or  through  stripping  of  the  gears,  sticking  of  the 
regulating  valve,  etc.,  a  change  is  at  once  made  to  hand 
control.  Should  control  of  gates  be  lost,  the  unit  must 
be  slowed  down  by  closing  the  headgates.  This  can  be 
dono  rapidly  on  the  gatehouse  floor  by  releasing  the 
holding  brakes  of  the  headgates,  as  shown  in  Fig.  2. 

Should  it  happen  that  the  generator  with  bad  gate  con- 
trol cannot  be  spared,  it  is  left  on  the  auxiliary  bus  in 
parallel  with  the  ."^y-stem,  the  water  rheo.stat  being  kept 


PIG.    2.      OPERATING   THE  HEADGATES   BY   ME.A.XS   OF   MOTOR    AXD   BRAKE 


are  closed  and  the  two  hand-control  valves  are  opened. 
The  unit  is  now  on  hand-control. 

The  governor-pressure  valve  above  the  accumulator 
tank  is  closed.  The  governorman  is  seen  making  the 
transfer  in  Fig.  1. 

When  the  unit  is  on  hand-control  the  governorman 
or  his  assistant  must  be  standing  by  to  re.spond  to  the 
operator's  signal  to  care  for  the  machine  in  case  of  a 
runaway. 

Shutting  Down  the  Turbine — The'operator  drops  the 
load  on  the  machine  and  cuts  out  the  generator  oil 
switch.  He  then  gives  a  stop  signal  upon  which  the 
governorman  transfers  the  unit  from  the  governor  con- 
trol to  hand  control,  closing  the  gates  and  stopping  the 
machine  with  a  brake  if  necessary.  Use  of  the  brake 
in  stopping  the  machine  is  necessary  in  order  that  the 
main  thrust  bearings  for  the  mainshaft  may  not  run  at 
too  slow  a  speed,  thereby  failing  to  get  adequate  lubri- 
cation. 


ready  to  be  thrown  on  the  bus  so  that  sudden  loss  of 
load  will  not  permit  the  generator  to  run  away. 

If  the  gate  control  on  a  generator  is  lost  and  the  ma- 
chine is  needed  for  service,  it  is  cut  in  and  paralleled 
with  the  system  by  means  of  the  headgates.  After  the 
wheelpit  is  filled  with  water,  it  is  necessary  only  to  raise 
one  of  the  gates  a  small  distance  to  keep  the  machine 
at  speed  until  it  is  .synchronized.  When  synchronized, 
its  regulation  is  had  by  operating  the  headgates.  One 
gate  only  is  used  if  it  will  pass  enough  water  to  permit 
the  turbine  to  carry  the  load;  if  not,  two  are  opened. 
A  man  to  operate  the  gate  is,  of  course,  stationed  in  the 
gatehouse  during  such  times. 

Synchronizing  from  Benchboard  Without  Any  Atten- 
dant on  Main  Floor — The  benchboard  operator  is  also 
in  a  position  to  start  a  unit  from  standstill,  bring  it  up 
to  speed,  and  sjoichronize  it  single-handed  from  the 
benchboard  gallery  without  the  assistance  of  any  gov- 
ernor attendent  on  the  main  floor.    This  is  accomplished 
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by  the  use  of  the  electric  speed  control  provided  for  each 
generator  on  the  benchboard,  but  requires,  of  course, 
that  such  a  unit  is  on  governor  control  when  starting 
from  standstill  and  that  the  air  brakes,  generally  used 
for  stopping  a  unit,  had  been  released  since  the  last  shut- 
down. The  speed  of  the  unit  does  not  respond  as 
promptly  to  the  benchboard  control  of  the  governor  as 


FIG.   3.     VOLTAGE  WAVES  OF  THE  SYSTEM  BI'S  AND  THK 
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FIG.   4.     BUS  AND  INCOMING  GENERATOR  WAVES. 
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is  closed.  The  gates  are  opened,  and  tha  generator  im- 
mediately picks  up  its  quota  of  the  load  and  brings  the 
frequency  to  normal.  The  actual  voltage  disturbance 
resulting  from  such  procedure  does  not  exceed  a  momen 
tary  decrease  of  4  per  cent,  to  8  per  cent,  and  the  load 
is  not  affected. 

The  time  required  to  get  a  unit  under  load  by  this 
method  is  the  time  required  to  accelerate  the  machine 
and  to  get  the  generator  oil-switch  disconnectors  closed. 
The  rotating  elements  weigh  450,000  lb.  each  and  the 
flywheel  effect  (WW)  is  13,000,000  ft.-lb.  The  accelera- 
tion of  the  machine  takes  about  40  sec.  and  the  closing 
of  the  disconnectors  varies  from  25  sec.  to  50  sec,  de- 
pending upon  which  unit  is  started  and  the  distance  its 
disconnectors  are  from  the  benchboard.  When  a  large 
portion  of  the  system  load  is  being  carried  by  other  sta- 
tions, the  time  required  for  closing  the  disconnectors 
is  practjically  eliminated  by  having  all  disconnectors 
previously  closed.  In  this  case  it  is  arranged  that  there 
are  two  open  oil  switches  between  the  generator  and  the 
bus  so  that  the  accidental  closing  of  one  oil  switch  would 
do  no  damage.  The  generator  itself  is  allowed  to  drift 
on  vane  leakage,  or  one  unit  may  even  be  permitted  to 
run  at  normal  speed,  thus  eliminating  the  time  required 
for  acceleration. 

Paralleling  Several  Units  Without  Synchronizing — An 
emergency  condition  may  also  occur  when  it  becomes 
necessary  to  parallel  several,  or  even  all,  units  in  the 
station  in  the  shortest  possible  time.  This  can  be  done 
rapidly  by  closing  in  on  the  bus  all  generators,  the  field 
breakers  of  which  had  been  tripped  previously,  and  then 
simultaneously  closing  all  the  fields.     The  latter  opera- 


FIG.    .5.      OSCILLOGRA.A[    MADE   WHEN  A   UNIT   IS   PULLED 

INTO  SYNCHRONISM  AS  AN  INDUCTION 

MOTOR 

to  the  more  direct  hand  control.  This  method  of  start- 
ing up  and  synchronizing  a  unit  without  any  floor  atten- 
dant is  rarely  resorted  to  in  the  regular  course  of  oper- 
ation, as  it  requires  a  somewhat  longer  time  than  any 
other  method  in  use.  Depending  on  tha  dashpot  adjust- 
ment of  the  governor,  operators  have  been  able  to 
synchronize  a  unit  in  this  manner  from  standstill  in 
96  sec.  with  the  bypass  open  only  a  quarter  of  a  turn, 
and  even  in  as  short  a  time  as  65  sec.  when  the  bypass 
was  open  two  full  turns. 

Paralleling  a  Single  Unit  Without  Synchronizing — At 
Holtwood  the  emergency  may  arise,  especially  during 
low-flow  season,  when  a  considerable  portion  of  the  load 
is  carried  by  steam,  that  some  unexpected  trouble  may 
develop  in  one  of  the  three  or  four  steam  stations  that 
may  operate  in  parallel,  and  then  it  is  imperative  to  pick 
up  10,000,  15,000  or  even  20,000  kw.  immediately.  The 
normal  method  of  synchronizing  the  needed  generators 
is  dispensed  with  at  such  a  time.  The  slightest  sign 
of  any  station  being  in  distress,  as  indicated  by  drop 
in  frequency,  is  the  signal  to  cut  in  generators  until  the 
frequency  is  restored  to  normal.  The  operator  displays 
the  "Start"  and  "Fast"  signals  to  the  governorman, 
indicating  that  the  unit  is  to  be  brought  up  to  speed 
with  all  possible  haste;  he  orders  the  generator  discon- 
nectors closed.  As  soon  as  the  speed  of  the  unit  is 
approximately  normal  (within  5  per  cent)  the  generator 
oil  switch  is  closed,  which  causes  the  generator  to  oper- 
ate as  an  induction  motor  and  pulls  the  unit  into  syn- 
chronism. A  moment  later  the  generator  field  switch, 
which  had  been  open  from  the  last  shutdown  of  the  unit. 


FIG.  6.   THE  GENERATORS  .\T  HOI.TWOOD 
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tiDU  is  done  with  a  ma.stor  field  .switch  provided  for  the 
piirpo.se.  Thi.s  method  is  re.sorted  to  only  in  the  event 
of  an  interruption  to  .service,  when  voltaKC  is  to  be  re- 
stored (|uiikly  to  the  l»us  or  to  the  transmission  lines. 

Fijr.  ;{  sliows  the  voltape  waves  of  the  system  bus 
and  the  incomintr  jsa'iierator  when  carefully  synchronized. 
The  two  waves  ai)i)ear  as  one,  and  no  current  disturbance 
occurred  when  the  oil  switch  of  the  generator  was  closed. 


Mow  the  waves  appear  when  the  bus  and  the  incoming' 
penerator  are  considerably  out  of  phase  is  .shown  in 
Fijr.  4,  where  the  Kcneralor  was  22A  dejf.  out  of  phase 
There  was  violent  disturbance  when  the  oil  switch  pulled 
the  wave  into  coincidence  with  the  bus  wave. 

Fijf.  5  is  an  oscillo>rram  showing  the  effect  of  paral- 
lelinjf  a  single  unit  without  .synchronizing,  the  unit  being 
pulled  into  .synchronism  as  an  induction  motor. 


Chart  for  Boiler-Test  Results 


Hy  HERBERT  B.  REYNOLDS 


.4//  the  lengthy  ralciilafionii  involved  in  working 
up  the  results  of  a  boiler  test  in  order  to  deter- 
mine the  evaporation  per  pound  of  fuel,  the 
equivalent  evaporation  or  the  boiler  horsepoiver 
mail  ''fi  dispensed  with  and  the  results  found  di- 
rectly from  the  chart  that  forms  the  supplement 
to  this  issue. 


A  LTHOUGH  the  computations  involved  in  obtaining 
L\  the  results  of  a  boiler  test  are  not  at  all  com- 
jL  \.  plicated,  they  are  more  or  less  laborious  due  to 
the  fact  that  they  cannot  be  performed  by  a  few 
consecutive  slide-rule  operations.  In  order  to  avoid 
these  computations,  and  to  save  time  and  labor  when 
there  are  a  great  many  tests  to  be  computed,  the  ac- 
company chart  has  been  devised.     (See  insert.) 

The  method  of  using  the  chart  can  be  illustrated  best 
by  assuming  an  example.  Suppose  that  the  averages 
obtained  from  a  given  boiler  test  are  as  follows: 

.Absolute  steam  pressure,  lb.  per  sq.   in 215 

Superheat,    deg.    F 140 

Temperature   of   feed   water,   deg.    F 180 

Feed   water  per   hour,    lb 40,000 

Moist  coal  fired  per  hour,   lb 4,600 

Per  cent,   moisture   in   coal 2 

Heating  value   of  dry   coal.    B.t.u.    per   lb 14,000 

The  solution  of  this  problem  is  indicated  by  the 
dotted  line  on  the  chart,  starting  on  the  base  line  of 
the  upper  right-hand  quarter  of  the  diagram  and 
proceeding  around  in  a  counter-clockwise  direction 
through   the   remaining   sections. 

The  average  boiler  pressure  observed  during  the 
test  is  215  lb.  per  sq.in.,  absolute.  So,  on  the  base 
line  of  the  upper  right-hand  quadrant  locate  the  point 
midway  between  210  and  220,  corresponding  to  215  lb. 
per  sq.in.,  and  proceed  vertically  to  the  line  marked 
140,  which  indicates  the  degree  of  superheat  of  thi 
steam. 

From  this  point  follow  a  horizontal  line  to  the  left, 
into  the  upper  left-hand  quarter  of  the  diagram,  until 
the  diagonal  line  marked  180  is  reached,  this  line  in- 
dicating a  feed-water  temperature  of  180  deg.  F.  Then 
drop  vertically  into  the  lower  left-hand  quadrant.  This 
vertical  line  will  cut  the  base  of  the  upper  left-hand 
quadrant  at  a  point  corresponding  to  1.166,  and  that 
value  is  therefore  the  factor  of  evaporation  for  the 
steam  and  water  conditions  observed  during  the  test. 

Continue  the  vertical  line  until  it  strikes  the  inclined 
line  marked  40,000,  which  is  the  weight  of  water 
evaporated  per  hour.  Proceeding  horizontally  to  the 
left  from  this  point  to  the  scale  at  the  left-hand  edge 
of  the  diagram,  the  equivalent  evaporation  will  be  found 
to  b^  approximately  46,700  lb.  per  hour.  On  the  other 
hand,  proceeding  horizontally  to  the  right  to  the  right- 
hand  edge  of  the  lower  left-hand  quadrant  will  show 


the  output  in  boiler  horsepower,  which  in  the  case  under 
consideration  is  1.355. 

Continue  the  horizontal  line  to  the  right  until  it 
intersects  the  diagonal  marked  4600,  corresponding  to 
the  number  of  pounds  of  coal  fired  per  hour,  and  then 
turn  vertically  upward  to  the  middle  horizontal  line 
of  the  diagram,  where  the  scale  will  be  cut  at  a  point 
indicating  10.1  lb.,  the  equivalent  evaporation  per  pound 
of  fuel  fired. 

But  the  fuel  contained  2  per  cent,  of  moisture.  So, 
from  the  intersection  of  the  vertical  line  and  the 
diagonal  line  representing  2  per  cent,  of  moisture  in 
the  fuel,  proceed  horizontally  to  the  right,  where  the 
vertical  scale  will  be  cut  at  a  point  representing  10.3 
lb.,  the  equivalent  evaporation  per  pound  of  dry  fuel. 
Continue  still  farther  horizontally  to  the  right,  to  the 
diagonal  marked  14,000,  representing  the  heat  value 
of  the  fuel  used,  and  then  follow  vertically  to  the 
scale  on  the  lower  side  of  the  middle  horizontal  line, 
where  an  over-all  efficiency  of  72  per  cent,  will  be  indi- 
cated. 

In  the  upper  right-hand  quadrant  one  of  the  curves  is 
marked  Saturation  Line.  This  line  represents  zero 
superheat,  as  marked,  and  is  the  line  that  must  be  used 
in  case  the  steam  is  dry  and  saturated.  If  the  steam 
contains  1  per  cent,  of  moisture,  use  the  line  marked 
0.99,  corresponding  to  a  quality  of  99  per  cent.;  and  if 
there  is  2  per  cent,  of  moisture  in  the  steam,  its  quality 
is  98  per  cent,  and  the  line  marked  0.98  must  be  used. 


There  is  scarcely  a  day  goes  past  when  each  one  of  us 
does  not  glimpse  or  even  catch  hold  of  a  good  idea  some- 
where. It  may  be  how  to  tie  one's  cravat  more  deftly ; 
or  a  soap  or  tooth  paste  that  will  prove  more  satisfac- 
tory; or  a  little  twist,  or  turn,  projection  or  indenta- 
tion, that  will  make  a  machine  run  more  smoothly.  It 
may  be  an  idea  concerning  any  one  of  ten  thousand 
things.  If  we  let  it  get  away  from  us,  the  chances  are 
that  the  next  good  idea  will  be  a  little  more  elusive 
and  difficult  to  grasp,  and  so  we  will  cultivate  the  habit 
of  unresultful  mental  attitudes.  Thousands  of  fortunes 
are  lost  every  year  because  good  ideas  are  let  go  a-glim- 
mering.  One  good  idea  put  to  work  is  worth  while,  and 
the  beauty  of  it  is  that  it  makes  us  more  capable  to 
catch  and  use  other  good  ideas,  and  further  than  that, 
it  makes  us  more  alert  and  more  discriminating  as  to 
which  ideas  are  good  and  which  are  good  for  nothing. 


A  cement  for  securing  leather  lagging  to  iron  pulleys 
can  be  made  by  adding  to  one  quart  of  glue,  dissolved  in 
good  cider  vinegar,  one  ounce  of  venice  turpentine. 
Allow  it  to  simmer  over  a  slow  fire  for  about  half  a  day 
and  apply  with  a  brush,  then  put  on  the  leather  and  al- 
low to  dry  for  about  two  hours. 
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Scavenging  in  Two-Stroke-Cycle  Diesel  Engines 


By  NICHOLAS  M.  TRAPNELL 


The  purpose  of  scavenging  is  to  clear  the  cyl- 
inder  of  burnt  gases  at  the  end  of  the  pawer 
stroke  and  to  fill  it  with  fresh  air  ready  for  com- 
pression. This  article  describes  methods  of 
scavenging  and  types  of  scavenging  pumps. 


SCAVENGING  in  the  two-stroKe-cycle  Diesel  en- 
gine is  accomplished  by  admitting  air,  at  a  pres- 
sure of  from  3  to  6  lb.  per  sq.in.,  to  the  cylinder  in 
such  a  manner  that  it  forces  the  products  of  combustion 
nut  through  the  exhaust  ports  and  fills  the  cylinder  with 
air  readj'  to  be  compressed  on  the  next  stroke  of  the 
piston.  There  are  several  methods  of  admitting  the  air 
to  the  cylinder.  The  first  method  used  was  by  means 
of  valves  in  the  cylinder  head,  as  shown  in  Fig.  1.  As 
the  piston  A  nears  the  end  of  the  power  stroke  it  un- 
covers the  exhaust  ports  B  in  the  bottom  of  the  cyl- 
inder, which  allows  the  exhau.st  gases  to  blow  out  into 
the  exhaust  pipe  C.  Shortly  after  the  piston  begins  to 
uncover  the  exhaust  ports,  the  scavenging  valves  D 
in  the  cjiinder  head  open  and  allow  the  scavenging  air 
to  sweep  down,  forcing  the  products  of  combustion 
out  through  the  exhaust  ports  and  filling  the  cylinder 


FIG.  1.     .SCAVEXGIXC  HY  VALVES  IX  CYLIXDER  HE.\D 

with  fresh  air.  The  piston  then  starts  on  the  return 
stroke  and  closes  the  exhaust  ports  after  which  the 
scavenging  valves  close  and  compression  begins. 

The  scavenging  valves  are  usuallv  set  to  open  some 
time  after  the  piston  has  begun  to  uncover  the  exhaust 
ports,  so  as  to  allow  the  pressure  in  the  cylinder  to 
drop  nearly  to  that  of  the  atmosphere  before  the  valves 


open;  otherwise  there  is  danger  that  the  e.xhaust  gases 
will  back  up  through  the  scavenging  valves  into  the 
scavenging-air  receiver.  The  valves  are  usually  set  to 
close  shortly  after  the  piston  has  closed  the  exhaust 
ports,  thereby  allowing  the  pressure  in  the  cylinder  to 
build  up  to  that  of  the  scavenging-air  receiver  and  giv- 


FIO.    2.      SOAVEXGI.XO    BY   PORTS   IX'   CYLIXDER  WALL 

ing  a  slightly  higher  pressure  at  the  end  of  the  com- 
pression stroke  than  would  be  the  case  if  the  scavenging 
valves  closed  as  soon  as  the  piston  closed  the  exhaust 
ports. 

This  method  of  scavenging  is  very  rapid  and  efficient 
and  IS  extensively  used  in  the  smaller  engines;  but,  as  a 
large  valve  opening  is  necessary  to  admit  the  required 
amount  of  air  to  the  cylinder,  usually  two  and  often 
four  valves  per  cylinder  are  necessary  in  the  larger 
engines.  This  leads  to  excessive  complication  of  the 
valve  gear,  especially  in  large  engines,  where  six  valves 
per  cylinder  would  be  necessary,  including  the  fuel-inlet 
and  starting  valves.  Also,  the  excessive  number  of 
valves  greatly  weakens  the  cylinder  head,  which  should 
be  pierced  by  as  few  openings  as  possible  because  of  the 
high  pressures  and  temperatures  reached  in  Diesel-en- 
gine cylinders. 

To  overcome  these  difficulties  a  system  of  scavenging 
was  developed  which  is  now  extensively  used  on  large 
two-stroke-cycle  engines.  In  this  system,  shown  in  Fig. 
2,  ports  are  used  instead  of  valves.  The  scavenging 
ports  A  are  arranged  in  the  cylinder  wall  near  the  bot- 
tom of  the  cylinder,  opposite  the  exhaust  ports  B. 
When  the  piston  reaches  the  position  C  in  the  power 
stroke,  it  begins  to  uncover  tl:e  exhaust  ports  B  and 
allow  the  products  of  combustion  to  escape  to  the  ex- 
haust pipe.  When  the  piston  has  reached  the  position 
D,  the  pressure  in  the  cylinder  has  dropped  nearly  to 
that  of  the  scavenging  air  and  the  scavenging  ports  A 
begin  to  open  and  admit  the  air  to  the  cylinder.  When 
the  piston  has  reached  its  final  position  E,  all  ports 
are  open  wide.  The  incoming  scavenging  air  is  de- 
flected upward  by  the  shape  of  the  piston,  so  as  to  drive 
out  all  the  exhaust  gases.     On  the   return  stroke,   the 
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pi.stoii  first  I'losf.s  the  scnviMiKinjr  ports  and  then  the  ex- 
hiiiist  ports,  after  which  ronipri's.si<iM  takos  place. 

This  .system  i.s  .sli^rhtly  less  eHicient  than  the  valve 
scnvenpiiiK  .system,  but  it  does  away  with  all  .scaveiiKinK 
valves  and  greatly  simpiifle-s  the  eriKine,  as  only  two 
v.nlvi's  are  neces.sary  per  cylinder — the  fiiol-inlot  and 
starMiijr  valves — and  in  some  cases  only  one,  in  case  the 
startinjj  valve  is  omitted.  With  this  .system  the  com- 
bustion chamber  is  not  of  the  most  eflicient  form,  be- 
cause of  the  shape  of  the  piston.  It  should  be  as  nearly 
symmetrical  a.s  possible  and  should  contain  no  pockets  or 
cavities.  Also  the  c()nii)rossi()n  is  not  so  hijjh  as  might 
be,  because  the  scaven^rintj  ports  are  clo.sed  before  the 
exhaust  ports,  so  that  con^pression  starts  from  atmo.s- 
phei  ic  pressure  instead  of  from  3  to  6  lb.  per  sq.in.,  as 
is  the  case  where  scavenging  valves  are  used. 

Fig.  3  sliows  the  system  of  scavenging  used  on  an 
engine  of  the  two-stroke-cycle  type.  The  combustion 
chamber  is  not  distorted  and  the  scavenging  ports  are 
allowed  to  remain  open  for  a  short  time  after  the  ex- 
haust ports  have  been  closed.  The  main  scavenging 
ports  .4  are  arranged  half-way  around  the  circumfer- 
ence of  the  cylinder  at  the  bottom,  opposite  the  exhaust 
ports  B.  Directly  above  the  main  scavenging  ports  A 
are  the  auxiliary  scavenging  ports  C.  The  admission 
of  air  to  these  ports  is  controlled  by  the  auxiliary 
scavenging  valve  I),  which  is  operated  by  an  eccentric 
on  the  engine  camshaft.  The  scavenging  ports  are  in- 
clined so  as  to  deflect  the  air  upward  and  thoroughly 
scavenge  the  cylinder. 

As  the  piston  E  nears  the  end  of  the  power  stroke 
it  first  uncovers  the  auxiliary  scavenging  ports  C,  but 
no  air  is  admitted  through  these  ports  because  the 
valve  D  remains  closed.     It  then  begins  to  uncover  the 


FIG.    3.      SCAVENGING    BY    MAIN   AND   AUXILIARY    PORTS 

exhaust  ports  B,  which  allows  the  product  of  combus- 
tion to  e.«;cape  to  the  exhaust  pipe  F.  When  the  piston 
has  reached  the  end  of  the  stroke,  it  has  completely 
opened  the  exhaust  ports  B  and  also  the  scavenging 
ports  A,  thus  allowing  air  to  enter  the  cylinder  from  the 
receiver.  At  this  time  the  valve  D  begins  to  open  and 
admit  air  through  the  ports  C.  On  the  return  stroke 
the  piston  first  closes  the  main  scavenging  ports  A, 
but  by  this  tim.e  the  valve  D  is  wide  open  and  air  is 
still  entering  the  cylinder  through  the  ports  C.     Next, 


I  111"  exhaust  ports  /?  are  doHcd,  shortly  after  which  the 
auxiliary  Hcavenging  ports  C  are  clo.sed.  The  v:ilve  J) 
ronuiin.s  open  until  the  ports  C  have  been  covered  by  the 
piston. 

These  three  systems  of  scavenging  are  the  onen  gen- 
erally used  on  two-stroke-cyde  Diesel  engines.  There 
are  a  few  other  systems  used,  but  they  differ  only  in 
minor  details  from  the  ones  described. 

The  air  for  .scavenging  is  obtained  from  the  scaveng- 
ing pumps,  whicl'i  are  of  the  low-pressure  reciprocating 


AKRANGE.MENT   OF   SCAVENGING    PU.MP   AND 
AIR   RECEIVER 

type  and  have  a  large  capacity.  The  pumps  are  usually 
driven  by  the  main  engine,  either  from  the  crankshaft 
or  by  means  of  levers  and  rods  connected  to  the  cross- 
heads  or  connecting-rods.  In  marine  work  two  pumps 
per  engine  are  usually  furnished,  so  that  in  case  one 
breaks  down  the  other  will  deliver  enough  air  to  keep 
the  engine  running,  as  each  pump  has  about  60  per  cent, 
of  the  total  capacity  required  to  run  the  engine. 

The  scavenging  pumps  discharge  into  a  receiver, 
usually  of  small  dimensions,  which  runs  the  whole 
length  of  the  engine  and  supplies  air  to  each  cylinder 
for  scavenging  This  arrangement  is  shown  in  Fig.  4, 
in  which  A  is  the  scavenging  pump  discharging  into 
the  receiver  B  which  supplies  air  to  the  cylinders. 

Very  often  large  engines  are  divided  into  two  sec- 
tions; that  is,  a  4-cylinder  engine  is  treated  as  two  2- 
cylinder  engines  and  a  6-cylinder  engine  is  treated  as 
two  3-cylinder  engines,  one  scavenging  pump  supplying 
each  section.  On  very  large  double-acting  engines  one 
scavenging  pump  per  cylinder  is  often  used. 

Fig.  5  shows  a  cross-section  of  a  tji^ical  scavenging 
pump.  The  cylinder  A  is  mounted  on  the  engine  frame 
and  the  piston  B  is  driven  by  the  beam  C,  which  in  turn 
is  driven,  through  links,  from  the  crosshead  of  the  main 
engine.  The  air  is  drawn  from  the  suction  pipe  D, 
through  the  suction  valves  E,  into  the  cylinder  A,  and  is 
discharged  through  the  discharge  valves  F  into  the 
passage  G  which  leads  to  the  scavenging  air  receiver. 
The  fiat  or  grid  valves  commonly  used  in  this  type  of 
pump  are  closed  by  their  own  weight  or  by  light  spiral 
springs.  Air  enters  the  suction  pipe  D  through  the 
vertical  slots  H  in  the  cylinder  /,  which  acts  as  a  silencer 
and  strainer. 

In  the  designing  of  scavenging  pumps,  the  most  im- 
portant point  is  the  provision  of  an  ample  supply  of  air, 
but  it  is  difficult  to  say  what  should  be  the  exact  ca- 
pacity of  the  pumps  relative  to  the  working-cylinder 
volume.  That  it  must  be  in  excess  of  the  latter  is 
generally   agreed.      For   ordinary   marine  engines   and 
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low-speed  stationary  engines  of  the  two-stroke-cycle 
type,  the  volume  of  the  scavenging  pump  is  frequently 
m.ade  25  per  cent,  greater  than  that  of  the  working  cyl- 
inder, while  in  high-speed  engines  it  is  often  made  50 
per  cent,  greater. 

Lately,    turbo-blowers    have    been    substituted     for 
scavenging  pumps  in  a  number  of  cases.     The  results 


FIG.   5.     CKOSS-SECTION  OF  TYPICAL  SCAVENGING  PUMP 

have  been  satisfactory,  as  a  properly  designed  turbo- 
blower is  capable  of  delivering  a  large  volume  of  air  at 
a  pressure  high  enough  for  satisfactory  scavenging,  and 
it  will  undoubtedly  be  used  extensively  in  the  future, 
because  of  its  simplicity  and  ease  of  regulation. 

Lead-Burning  Transformer    for 
Small  Storage  Batteries 

The  most  modern  method  of  burning  terminals  in 
place  on  .storage  batteries,  removing  old  connections, 
cutting  off  or  building  up  posts,  and  in  fact  almost  any 
form  of  lead  work,  is  to  do  it  by  the  electric-welding 
process.  A  lead-burning  transformer,  shown  in  the 
illustration,  has  recently  been  developed  for  small  stor- 
age-battery work.  This  transformer  is  designed  to  be 
connected  to  the  ordinary  110-volt  alternating-current 
lamp  socket,  a  10-ft.  cord  with  plug  being  provided  for 
this  purpose.  Two  separate  rubber-covered  terminal 
leads  are  used  to  convey  the  low-voltage  heat-producing 
current  to  the  parts  of  the  battery  to  be  weld- 
ed. The  lead  having  the  "Big  Brute"  clip  is 
for  fastening  to  the  battery  plate  or  posts  to 
be  worked  on;  the  other  lead  has  at  its  end 
a  carbon  holder,  which  is  arranged  with  a  heavy  in- 
sulated handle  so  that  the  operator's  hand  is  guarded 
from  the  heat.  The  carbon  holder  takes  an  ordinaiy 
arc-welding  carbon,  this  carbon  forming  the  second 
terminal. 

When  the  pointed  arc-welding  carbon  is  brought  into 


contact  with  the  lead,  the  pointed  end  becomes  so  hot 
that  it  melts  the  lead  over  a  restricted  area  quicker  than 
a  pointed  gas  flame  will  do  it.  The  welding  or  burning 
operation  is  carried  out  by  a  sort  of  puddling  process, 
the  carbon  terminal  being  manipulated  to  flow  the  lead 
where  needed. 

One  of  the  advantages  of  the  appliance  is  that  re- 
pair work  in  hard-to-get-at  corners  can  be  done  more 
easily  as  the  heat  is  always  right  at  the  point  of  the 
carbon.  The  device  is  readily  portable,  weighing  ap- 
proximately 25  lb.  Joints  do  not  have  to  be  cleaned,  as 
the  dirt  and  slag  automatically  rise  to  the  surface  of 
the  molten  lead  and  the  surfaces  are  joined  while 
cleansed.  When  properly  used,  there  is  no  glare  to 
injure  the  operator's  eyes,  as  he  looks  down  on  the  cool 
end  of  the  carbon  in  such  a  way  that  the  bright  point 
where  the  carbon  touches  the  lead  is  hidden  from  view. 


LEAD-BURNING  TRANSFORMER  ASSEMBLED  AND  IN  USE 

On  the  basis  of  10c.  per  kilowatt-hour,  it  costs  about 
8c.  an  hour  for  current  when  the  device  is  operating 
steadily.  The  instant  the  carbon  point  is  removed  from 
the  work  the  current  consumption  practically  ceases,  as 
the  device  then  takes  only  4.5  watts  from  the  line.  The 
apparatus  is  especially  valuable  in  reconstructing  and 
repairing  batteries,  while  in  a  shop  and  foundry  it  has 
been  used  where  all  kinds  of  odd  soldering  jobs  must  be 
done.  It  has  also  been  found  applicable  in  plumbing, 
roofing  and  tank  building.  This  equipment  is  manu- 
factured by  the  General  Electric  Co.,  Schenectady,  N.  Y. 


A  paste  metal  polish  is  made  from  the  following  in- 
gredients, which  are  sufficient  to  make  20  lb.  Take  4  lb. 
of  cake  tallow,  2  oz.  of  spermaceti,  10  star  candles;  2i 
pt.  raw  linseed  oil;  21  pt.  kerosene  and  5  lb.  tripoli 
powdei'.  Secure  a  three-  or  four-gallon  crock,  put  in  the 
tallow,  spermaceti  and  candles  and  melt  over  a  slow  fire. 
Then  add  the  linseed  oil  and  kerosene  and  stir  well. 
While  this  mixture  is  still  warm  remove  from  the  fire 
and  slowly  add  the  tripoli  powder,  continually  stirring 
the  mixture.  Then  allow  to  cool  and  apply  with  a  soft 
cloth.  After  drying  it  can  be  removed  by  going  over  the 
polished  surface  with  a  dry  cloth.  This  polish  is  good 
for  either  hot  or  cold  smooth  surfaces. 
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The  Electrical  Slii<ly   Course — Prony 
Brake    Vc^l  on    Electric  Motor 


Dracribvs  thr  (Ictails  of  an  t  tjicirurii  test  «.s-  oitulf 
hii   mtdti.t  of  a   proiiji   biaUc  and   illustrates   the 

'lU'thml  ii'ith  II  iiiniifrinil  ixnnijili'. 

TO  MAKK  ilear  Ihe  api)liiatioii  of  tlu'  theory  re- 
vrardin^r  brake  tests,  as  it  was  developed  in  the 
preceding:  lessons,  an  outline  will  be  presented 
of  the  iletails  of  such  a  test  as  it  would  be  coMducted  in 
practice.  The  procedure  for  the  three  types  of  motors, 
shunt,  series  and  conii)ound,  would  be  practically  the 
same,  and  since  the  shunt  type  is  the  simplest,  it  will  be 
selected  as  the  one  to  use  in  the  example.  The  only 
points  in  connection  with  series  and  compound  motors 
that  re<iuire  emphasis  as  differing  from  the  conditions 
e-xisting  in  the  case  of  the  shunt  motor  are,  that  the 
entire  brake  friction  must  never  be  removed  when 
testing  the  series  type,  since  it  would  then  be  operating 
at  no  load  and  would  therefore  run  away,  and  that 
care  must  be  exercised  when  testing  the  compound  type 
that  it  is  connected  for  cumulative  excitation  and  not 
differential  excitation  unless  the  machine  is  specially 
designed  to  operate  as  the  latter  type. 

Before  presenting  the  test  it  will  be  well  to  review, 
in  a  few  words,  its  purpose,  which  is  to  construct  an 
efficiency  curve  from  which  the  efficiency  of  the  machine 
may  be  obtained  for  any  load  upon  it,  irrespective  of 
whether  a  test  of  its  efficiency  was  made  at  that  par- 
ticular load.  For  this  purpose  the  efficiencies  at  various 
loads  must  be  determined.  Points  are  then  plotted  on 
cross-section  paper,  and  through  them  is  drawn  a 
smooth  curve,  which  is  the  efficiency  curve  desired. 

To  obtain  the  efficiencies  at  various  loads,  we  must 
know  the  output  and  the  corresponding  input  for  each 


FIG.   1.      MOTOR  FITTED  WITH   A   PROXY  BRAKE 

of  the  loads  selected  for  testing,  which  are  usually  25, 
50,  75,  100  and  125  per  cent,  of  the  full-load  current 
marked  on  the  name-plate.  The  output  is  determined 
by  means  of  the  brake  and  the  input  by  means  of  a 
voltmeter  and  an  ammeter.  Knowing  the  output  and 
input  for  a  given  load,  we  can  compute  the  correspond- 
ing efficiency,  since 

output 
input 

Assume  that  the  motor  to  be  tested  is  rated  at  5  hp., 
115  volts  and  40  amperes  and  that  it  is  to  be  tested  by 
means  of  a  prony  brake  such  as  that  illustrated  in  Fig. 


Efficiency  = 


1  ;  also  that  it  has  been  fitted  with  a  hollow  pulley  for 
water  coolinjr.  The  first  step  would  be  to  connect  up 
the  machine  and  instruments  as  shown  in  Fig.  2  and  to 
start  it,  observing  the  direction  of  rotation,  which 
should  be  such  as  to  cau.se  the  brake  to  move  downward; 
that  is,  in  the  direction  A  in  Fig.  1.  When  it  is  found 
that  the  rotation  is  in  the  proper  direction,  the  motor 
is  stop|)ed  and  the  brake  is  adjusted  to  its  pulley.  The 
platform  .''cale  is  then  set  under  the  contact  edge  g  at 
such  a  height  or  a  block  of  wood  placed  on  the  scale  .so 


FIG.    2.     SHUNT   MOTOR   CONNECTED   TO    STARTING    BOX 

that  the  arm  a  is  level.  The  distance  I  is  then  measured 
if  it  is  not  already  known.  It  is  now  necessary  to  find 
the  weight  recorded  by  the  scale  owing  to  the  fact  that 
it  is  supporting  the  brake  at  g.  This  weight  plus  the 
weight  of  the  block  of  wood,  if  used,  will  have  to  be 
subtracted  from  the  readings  obtained  when  the  pulley 
rotates,  since  it  is  merely  the  dead  weight  of  the  brake 
equipment  and  is  not  due  to  any  force  tending  to  pu.sh 
it  in  the  direction  A.  It  is  understood  that  the  reading 
must  be  taken  while  the  nut  d  is  slack.  A  more  accurate 
method  of  determining  the  tare  weight  is  to  revolve 
the  pulley  slowly,  first  in  one  direction  and  then  in  the 
reverse,  noting  the  reading  of  the  scale  in  each  case; 
the  average  of  the  two  readings  is  the  actual  weight. 
The  effect  of  any  friction  between  the  block  b  and  the 
pulley,  which  might  prevent  the  true  weight  from  bear- 
ing on  the  scale,  is  thereby  eliminated.  A  revolution 
counter  or  a  tachometer  will  be  required  to  measure  the 
speed.  Forms  in  which  to  record  the  readings  should 
be  prepared,  after  which  everything  would  be  in  readi- 
ness to  begin  the  test,  which  would  be  carried  out  as 
follows : 

Start  the  motor  and  pour  a  moderate  quantity  of 
water  into  the  pulley.  Then  tighten  dowTi  on  the  brake 
nut  d  until  the  current  as  indicated  by  ammeter  A  reads 
about  50  amperes  which  is  equivalent  to  25  per  cent, 
overload.  Allow  the  motor  to  run  under  these  conditions 
for  about  one-quarter  to  one-half  hour  in  order  that  it 
may  become  warmed  up  and  thus  be  operating  under 
conditions  as  nearly  duplicating  those  found  in  practice 
as  possible.  The  water  in  the  pulley  will  quickly  be 
raised  to  the  boiling  point  and  a  cloud  of  steam  will 
be  found  to  issue  from  the  pulley.  As  the  water  boils 
away  it  should  be  replenished  from  time  to  time  SO  that 
the  pulley  shall  never  run  dry. 

After  the  machine  is  thoroughly  warmed,  the  readings 
are  to  be  taken.  There  will  be  five  sets  of  them ;  namely, 
for  25,  50,  75,  100  and  125  per  cent,  of  full-load  cur- 
rent; that  is,  for  10,  20,  30,  40  and  50  amperes,  and 
each  set  will  consist  of  a  reading  of  the  voltmeter,  the 
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ammeter,  the  scale  and  the  revolution  counter.  There- 
fore, to  start,  adjust  the  nut  d  of  Fig.  1  until  ammeter  A 
of  Fig.  2  indicates  a  current  of  10  amperes,  and  make  a 
record  of  all  the  readings.  Then  increase  the  tension 
until  the  ammeter  indicates  20  amperes  and  again 
record  the  readings.  Follow  a  like  procedure  for  values 
of  30,  40  and  50  amperes. 

When  the  last  reading  has  been  taken  and  the  motor 
is  ready  to  be  shut  down,  loosen  the  nut  d  completely. 
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FIG.     3.      MOTOR-EFFICIENCY    CURVE 

hold  the  pail  directly  under  the  pulley  and  pull  the 
switch.  As  the  pulley  comes  to  a  stop,  the  water  is  no 
longer  kept  against  the  inside  face  by  centrifugal  force, 
and  it  will  splash  out  into  the  pail.  If  the  motor  is 
shut  down  while  there  is  tension  on  the  brake  the  arma- 
ture will  come  to  a  sudden  stop,  with  the  result  that 
the  hot  water  in  the  pulley  will  be  apt  to  be  thrown  out 
more  or  less  violently. 

Let  us  suppose  that  the  length  I  was  measured  and 
found  to  be  15  in.,  that  the  tare  weight  of  the  brake  is 
2  lb.  3  oz.,  and  that  the  five  sets  of  readings  gave  the 
results  given  in  Table  I. 


TABLE  I.    READINGS  OBTAINED  FROM  MOTOR 


Reading 
No. 
.  I 
2 
3 
4 
5 


Volts 

E 
118. 0 
117.4 
115. 9 
116.2 
115.4 


Amperes 
/ 
10  2 
20  4 
30  0 
40.  1 
49  8 


R.p.m. 
S 
1630 
1590 
1545 
1495 
1440 


Lb.  Oz. 

W 
4—15 
9—01 
13—00 
17—03 
21"  D5 


The  input  in  each  case  is  watts  =  EL  To  convert  into 

horsepower  we  divide  by  746,  so  that,  Input  in  hp.  := 

EI 

^s.     If  we   let  S  represent   the   speed   for  a   given 

load    and    /    the    corresponding    force    registered    by 

the  scale,  we  have  that  the  output  is  equal  to  2  X  '^ 

X   S   X  f   X   I  ft.-lb.   per   min.      Dividing   by   33,000 

will   give   us   horsepower;    that   is.    Output   in   hp.   = 

2X^XSXfXl^^ 

oQ  QQQ •      Ihe  values  of  it  and  I  are 

the    same    for    all    cases,    so    that   we    may    substitute 
them  in  the  formula,  thus  giving  us.   Output   in  hp. 
2   X    3.142   X    S   X  /  X    15       ,  ,      _   .       , 

=  33  000  X  12 '  '^"^^^  ^"^  ■'^2  ^^  *"^ 

denominator  is  introduced  to  convert  I  from  inches 
into  feet.  Simplifying  the  expression  gives.  Output 
in  hp.  =  0.000238  X  S  X  f-  The  value  of  /  is 
obtained  by  subtracting  the  tare  weight  of  the  brake 
(namely,   2   lb.  3  oz.)    from  the  weight   W  appearing 


in  the  last  column  of  Table  I.  We  thus  have  that. 
Output  in  hp.  =  0.000238  X  S  X  (W'  —  2  lb.  3  oz.). 
Upon  making  the  computations  for  the  input  and  out- 
put for  each  reading  we  obtain  the  results  contained  in 
the  second  and  third  columns  of  Table  II. 


TABLE 

II. 

MOTOR- 

-ading 
No. 

Input, 
Hp. 

1 
2 
3 
4 
5 

I.6M 
3.210 
4.701 
6.247 
7.704 

MOTOR'S  EFFICIENCY  AT  VARIOUS  LOADS 


Output. 
Hp 

1  067 

2  602 
3.976 
5.337 
6.550 


Efficiency 
Per  Cent, 
66  11 
81  06 
84.58 
85  43 
85.02 


In  the  last  column  are  the  corresponding  efficiencies 
which  are  obtained  by  dividing  the  values  in  column  3 
by  those  in  column  2;  that  is,  by  dividing  the  inputs 
into  the  outputs.  The  values  so  obtained  are  multi- 
plied by  100  to  convert  them  into  per  cent. 

Having  the  efficiencies  corresponding  to  various  out- 
puts, we  are  in  a  position  to  construct  the  efficiency 
curve.  Taking  a  piece  of  graph  paper,  lay  off  upon 
it  a  horizontal  scale  representing  horsepower,  from  the 
zero  point  of  which  start  a  vertical  scale  representing 
efficiency  in  per  cent.  Then  we  locate  the  value  of  the 
horsepower  output  for  each  reading  on  the  horizontal 
scale  and  similarly  the  value  of  each  efficiency  on  the 
vertical  scale.  Thus,  in  Fig.  3  a  is  pointed  off  at 
1.067  hp.,  b  at  2.602  hp.,  etc.;  likewise  /  is  pointed 
off  at  66.11  per  cent.,  g  at  81.06  per  cent.,  and  so  on. 
Then  an  imaginary  line  is  traced  upward  from  a  until 
it  meets  an  imaginary  line  traced  horizontally  from  /, 
their  intersection  at  k  being  one  point  of  the  curve. 
In  the  same  manner  I  is  the  intersection  of  b  and  g, 


FIG.    4.     BRAKE  USING   TWO   SCALES 

7i>  of  c  and  h,  etc.     Having  located  the  points  k,  I,  m, 
n  and  p,  the  curve  is  drawn  through  them. 

When  the  form  of  brake  used  is  one  using  two  scales, 
such  as  that  shown  in  Fig.  4,  the  method  of  testing 
remains  the  same  with  the  exception  that  two  scales 
must  be  read  for  each  load  and  that  the  diameter  of 
the  pulley  is  measured  instead  of  the  length  of  brake 
arm.  Attention  is  to  be  called  to  the  fact  that  the 
actual  effective  diameter  is  really  the  distance  from 
center  to  center  of  belt  as  shown  by  a,  and  not  the 
diameter  of  the  pulley  itself.  The  most  convenient  way 
to  determine  this  effective  diameter  is  to  measure  the 
distance  from  the  pulley  face  to  the  outside  of  the  belt 
on  the  opposite  side,  as  indicated  by  b.  The  power  out- 
put for  each  load  would  then  be  equal  to  t;  X  ^  X  S 
X  (W^  —  W,)  in  which  D  represents  the  effective 
diameter  in  feet,  S  the  speed   in  r.p.m.   and   W    and 
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ir,  tlu-  piill.s  in  poiiiuis  rejri'^ti'rcd  liy  the  beam  si-ilc 
ami  tho  .sprinjr  Imlaiuc  ic.'<pcctively.  It  is  uiidi'r.stood 
that  the  diiiTtion  of  rotation  would  have  to  be  a.s  iii- 
dioatod  by  the  arrow  .1. 

The  probicni  of  the  preceding  le.s.son  dealt  with  a 
prony-bral\e  to.><t  .such  a.s  that  illustrated  in  FiR.  1.  It 
was  stated  tliat  when  the  force  actiuK  on  the  .scale 
platform  is  17  lb.  the  speed  of  the  motor  is  1500  r.p.m., 
and  it  was  required  to  find  what  horsepower  the  machine 
is  delivering  under  these  conditions  if  the  length  of  the 
arm  is  20  in.  In  the  solution  of  this  problem  we  can 
use  the  formula  applied  in  the  present  les.son  to  the 
assumed     brake     test;     namely,     Output     in     hp. 

.      This   will   K've   us,   Output   in 


hp.  = 


33.000 

2  X  3.142  X  1500  X  17  X  20 
3a,(HK)  V  12 


8.09. 


Upon  testinp  a  motor  by  means  of  a  brake  such  as 
that  illustrated  in  FiR.  4,  readings  were  obtained  as 
given  in  Table  III. 

TABI.K  III.     1).\T.\  <)»T.\I.\i;i)   IHOM   MOTOK  UNDKR  TK.ST 


RrnHinK 
No. 

Volts 

.^IlipiTI 

.s                 ir, 

8             It  p  111.                I.b.Oz. 

Lb.  Oz. 

1 
2 
J 
4 

5 

110 
110 
110 
110 

no 

12  5 
25  0 
37  5 
50  0 
62  5 

1200                     24-06 
1150                   58-15 
1100                    92-11 
1050                  117-14 
1000                  162-15 

10-05 
19-12 
27-07 
35-14 
43-10 

The 

effective 

l^ulley 

diameter   is   81    in. 

Construct 

the  efficiency  curve  of  the  motor. 

Pumping   Oil  Wells   by  Electricity 

By  0.  H.   NONNENBRUCH 

Steam  power  is  still  universally  used  for  cable  drilling 
of  oil  wells.  Efforts  to  introduce  more  efficient  prime 
movers  have  been  made,  but  a  change  has  not  been 
brought  about.  After  oil  has  been  struck,  it  is  usually 
necessary  to  pump  the  well  to  obtain  the  oil;  this  re- 
quires a  comparatively  small  prime  mover.  Occasion- 
ally it  is  necessarj-,  in  order  to  inspect  or  repair  the 
pumping  equipment,  to  pull  up  the  rods  and  tubing.  In 
this  case  additional  power  is  needed. 

In  the  earlier  days  the  steam  engine  and  boiler  that 
furnished  the  power  for  drilling  the  well  were  also  used 
for  pumping.  This  is  a  very  wasteful  method  and  results 
in  an  average  fuel  consumption  of  about  ten  barrels  in 
twenty-four  hours,  an  extremely  high  consumption  for 
an  output  of  less  than  ten  horsepower.  Subsequently,  it 
became  common  practice  to  remove  the  steam  engine  and 
substitute  a  gas  or  oil  engine  after  the  well  had  begun 
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to  produce.  This  method  resulted  in  a  considerable  re- 
duction in  fuel  consumption,  but  still  has  its  disadvan- 
tages, as  the  gas  or  oil  engines  distributed  over  a  wide 
area  require  much  attention.  Besides  this  the  fuel  con- 
sumption is  still  comparatively  high,  because  power  units 
are  small  and  not  of  a  type  that  allows  the  best  economy. 

The  latest  method  of  production  is  to  install  at  each 
well  an  electric  motor.  This  permits  centralization  in 
the  production  of  the  current  and  offers  possibilities  for 
the  highest  economy,  and  the  amount  of  attention  re- 
quired at  the  wells  is  reduced  to  a  minimum.  The  power 
for  operating  the  electric  motors  may  be  carried  to  the 
lease  and  from  there  to  the  various  motors  over  tran.'^- 
mission  lines,  or  it  may  be  developed  in  a  central  power 
plant  located  on  the  field.  A  typical  example  of  this 
method  is  found  on  the  Page-Lewis  le«se,  near  El  Do- 
rado, Kan. .which  is  operated  by  the  Magnolia  Petroleum 
Co.  The  power  plant  contains  four  De  La  Vergne  twin- 
cylinder  Diesel  engines,  rated  360  hp.  per  unit.  Each 
engine  is  belted  to  a  300-kv.-a.  alternating-current  gen- 
erator, delivering  current  to  the  busbars  at  2300  volts. 
The  generators  all  operate  in  parallel  on  a  60-cycle 
three-phase  circuit,  and  the  current  is  transmitted  to 
transformers  located  centrally  with  respect  to  each  six 
wells,  where  it  is  stepped  down  to  440  volts.  When 
operating  the  pumps,  the  motors  develop  up  to  15  hp.  at 
550  r.p.m.,  and  when  used  for  pulling  rods  and  tubing 
they  are  capable  of  developing  up  to  30  hp.  at  1100 
r.p.m.  A  pole-changing  switch  connects  the  different 
windings.  The  motors  are  reversible  and  equipped  with 
controllers  for  speed  regulation.  They  are  belted  to 
jackshafts  and  from  there  to  the  band  wheels,  which  in 
turn  operate  the  walking  beams  through  pitman  or 
wooden  connecting-rods. 

At  present  about  50  wells  are  operated  from  the 
central  power  house.  The  total  fuel  consumption  is  less 
than  fourteen  barrels  of  oil  per  twenty-four  hours.  This 
covers  pumping,  rod  and  tubing  pulling  for  all  the  wells, 
electric  lighting  of  the  lease  and  power  for  a  machine 
shop,  as  well  as  pumping  of  crude  oil  to  pipe  lines  within 
the  lease. 

During  the  blizzard  in  January,  1919,  when  the  Kan- 
sas fields  were  covered  with  snow  and  the  temperature 
was  below  zero  for  several  days,  the  electrically  driven 
wells  continued  to  operate  without  a  shutdown  or  special 
attention.  In  neighboring  fields  gas-engine  operated 
wells  had  to  shut  down  for  over  a  week  owing  to  frozen 
gas  pipes,  etc..  while  others  were  kept  going  only  by 
continuous  and  extraordinary  efforts. 
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Why  Does  the  Water  in  a  Boiler  Lift 
When  the  Safety  Valve  Blows? 

THE  Boiler  Code  Committee  of  the  American  Society 
of  Mechanical  Engineers  recently  gave  a  hearing 
to  a  delegation  of  manufacturers  of  safety  valves.  The 
1914  edition  of  the  Code  limited  the  lift  of  a  safety 
valve  to  fifteen  one-hundredths  of  an  inch  irrespective 
of  its  diameter,  and  also  limited  the  size  to  four  and 
a  half  inches.  Both  of  these  restrictions  have  been  re- 
moved in  the  latest  edition  of  the  Code,  and  the 
manufacturers  came  to  remonstrate  and  to  talk  it  over. 
One  of  the  principal  arguments  presented  against  high 
lifts  and  large  diameters  was  the  lifting  of  the  water 
said  to  occur  with  the  sudden  opening  of  a  large 
aperture.  A  visualization  of  just  what  does  occur  under 
such  circumstances  would  be  helpful  in  determining 
to  what  extent  such  restrictions  are  advisable  and  how 
they  should  be  applied. 

What  lifts  the  water  from  the  level  of  the  water  line 
and  throws  it  out  of  the  safety  valve? 

When  the  valve  opens,  the  steam  rushes  out  at  a  rate 
proportionate  to  its  absolute  pressure.  In  order  that 
there  may  be  a  flow  of  steam  from  the  other  parts  of 
the  boiler  rapid  enough  to  replace  that  which  passes 
out  of  the  safety  valve,  there  must  be  a  diminution  of 
pressure  in  the  area  immediately  below  the  valve.  How 
great  this  difference  in  pressure  must  be  depends  upon 
the  velocity  with  which  the  steam  rushes  toward  the 
.safety-valve  opening,  and  this  depends  upon  the  shape 
and  cross-sectional  area  of  the  steam  space. 

When  the  boiler  is  steaming,  there  is  no  definite 
water  level.  The  surface  is  tossing  and  heaving  with 
the  disengagement  of  steam  bubbles.  This  disengage- 
ment will  be  very  active  for  the  first  instant  that  the 
pressure  upon  the  surface  of  boiling  water  is  reduced, 
and  may  be  so  active  right  under  the  valve  as  to  throw 
up  a  column  of  water  which,  aided  by  the  sweeping 
action  of  the  steam  rushing  to  the  opening  with  the 
velocity  of  a  cyclone,  is  carried  out  of  the  boiler. 
Knowledge  of  how  waterspouts  are  formed  and  the  con- 
ditions essential  to  their  production  and  maintenance 
would  be  useful  in  this  connection.  Tales  of  cases  in 
which  the  water  continued  to  be  discharged  until  the 
boiler  was  emptied  are  probably  "grossly  exaggerated." 

The  lifting  action  can  be  avoided  by  a  gradual  open- 
ing of  the  valve.  "Gradual"  is  used  in  a  comparative 
sense,  for  a  valve  may  even  pop  more  or  less  abruptly, 
and  there  may  be  a  material  difference  in  the  be- 
havior of  a  mass  of  water  if  the  large  opening  is  made 
all  at  once,  liberating  steam  instantly  and  generously, 
or  if  the  opening  comes  a  little  more  gradually  and 
allows  of  the  less  tempestuous  release  of  the  excess 
heat  at  the  lowered  pressure.  It  is  for  this  reason  that 
the  A.S.M.E.  Code  says  that  "safety  valves  may  be  used 
which  give  any  opening  up  to  the  full  discharged  capac- 
ity of  the  area  of  the  opening  at  the  base  of  the  valve, 
provided  the  movement  of  the  valve  is  gradual  so  as 
not  to  induce  lifting  of  water  in  the  boiler." 


From  this  point  of  view  and  as  far  as  lifting  of  the 
water  is  concerned,  it  appears  to  be  a  question  more  of 
timing  operation  than  of  lift.  A  certain  safety-valve 
area  is  required  to  discharge  the  maximum  amount  of 
steam  that  a  boiler  can  make.  This  area  may  be  had 
with  a  valve  of  small  lift  and  large  diameter  or  one  of 
large  lift  and  correspondingly  smaller  diameter.  The 
smaller  valve  with  its  lesser  edge  opening  does  not 
necessarily  give  the  more  sudden  release. 

Who  knows  what  happens  in  a  boiler  when  the 
safety  valve  lifts?  We  suggest  it  as  a  subject  for 
thought,  study  and  discussion.  Our  correspondence 
columns  are  open  for  contributions  concerning  it. 

The  Importance  of  Checking 
Electrical  Instruments 

CAREFUL  checking  and  inspection  of  electrical  in- 
struments rarely  receives  the  attention  and  con- 
sideration its  importance  warrants.  The  operation  and 
control  of  electric  machinery  and  apparatus  is  largely 
automatic.  The  functioning  is  shown  by  the  indications 
of  switchboard  or  other  types  of  instruments.  It  is 
from  the  indications  of  electrical  measuring  instruments 
that  loads  are  served,  machines  started  and  stopped — in 
fact,  by  which  everything  having  to  do  with  the  safety 
of  apparatus  and  its  performance  are  judged.  Yet  these 
important,  vital  pieces  of  apparatus  do  not  usually  re- 
ceive nearly  the  care  they  should. 

The  importance  of  careful  synchronizing  was  empha- 
sized by  Mr.  Gillooly  in  the  April  29  issue.  He  told  of 
what  had  happened  when  mistakes  in  synchronizing,  due 
to  faulty  synchronoscopes,  or  otherwise  had  occurred. 
The  trouble  is  that  too  few  station  attendants  inspect 
their  instruments  often  or  carefully  enough — letting 
well  enough  alone  apparently. 

That  operating  diflSculties,  damage  to  apparatus  and 
derangement  to  service  may  occur  when  a  synchrono- 
scope  is  defective  or  functions  wrongly  is  fairly  obvious. 
So  also  when  a  voltmeter  gives  a  wrong  indication. 
However,  some  instruments  might  appear  to  play  a  less 
important  part  in  safeguarding  service  and  machines,  as 
for  instance  the  power-factor  meter.  This  instrument 
has  nothing  to  do  with  synchronizing  or  paralleling 
machines.  It  plays  no  part  in  the  load  distribution  be- 
tween alternating  current  machines,  since  the  load  dis- 
tribution is  a  matter  of  energy  input  to  the  prime 
movers,  which  may  be  controlled  by  the  governor's  action. 
However,  power-factor  does  depend  upon  terminal  volt- 
age, and  therefore  determines  the  wattless  or  magnetiz- 
ing current  that  circulates  between  units  connected  in 
parallel.  This  circulating  current  does  no  useful  work, 
but  only  reduces  the  capacity  of  equipment.  Operating 
troubles  caused  by  an  inoperative  power-factor  meter, 
given  by  W.  H.  DeMuth,  on  page  985  of  this  issue 
emphasizes  the  importance  of  checking  up  instrument 
performance  regularly  and  of  the  operator  being 
at  all  times  thoroughly  familiar  with  his  switchboard 
instruments. 
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The  I*!l(>rlri<'ul  Study  Coiirne 

FOR  two  and  ono-hiilf  yours  "Tho  Elpctrical  Study 
Coiirso"  has  been  published  in  Power.  During  this 
period  the  seventy-four  lessons  given  have  treated  of 
di  reel -current  apparatus  almost  exclusively,  and  if  the 
contents  of  numerous  letters  sent  in  commenting  on  the 
course  are  any  indication,  it  has  fdled  a  long-felt  need, 
beginning  with  the  issue  of  July  first  and  continuing  for 
the  rest  of  the  year,  alternating  current  and  alternat- 
ing-current apparatus  will  be  given  consideration.  As 
has  been  done  with  the  direct-current  lessons,  every 
effort  will  be  made  to  present  the  coming  lessons  so  that 
they  can  be  easily  understood  by  those  with  a  limited 
knowledge  of  mathematics,  electricity  and  magnetism. 
The  importance  of  the  study  of  alternating  current 
cannot  be  overemphasized,  especially  at  this  time,  when 
its  use  is  increasing  so  rapidly  for  most  every  conceiv- 
able purpose  except  electrolytic  work,  and  even  here 
in  many  cases  the  power  is  transmitted  to  where  it  is 
to  be  used  as  alternating  current.  Applications  that 
until  recently  could  be  satisfactorily  met  only  by  the 
use  of  direct  current  are  now  being  successfully  done 
with  alternating  current,  and  the  end  is  not  yet.  There- 
fore it  behooves  every  operating  engineer  and  electrician 
to  familiarize  himself  with  the  fundamental  principles 
of  alternating-current  apparatus,  whether  he  has  such 
machinery  in  charge  at  the  present  time  or  not,  for  the 
prospects  are  he  may  have  at  some  future  time. 

The  idea  is  all  too  prevalent  that  the  subject  of  alter- 
nating current  is  difficult  and  complicated  and  can  be 
understood  only  by  highly  trained  technical  men.  This 
may  be  true  of  certain  branches  of  the  study,  but  it 
certainly  cannot  be  said  in  regard  to  alternating-cur- 
rent power  equipment,  for  in  almost  every  case  it  is 
more  simple  in  its  construction  than  direct-current  ap- 
paratus, and  its  operation  can  be  understood  easily  by 
anyone  who  can  understand  the  operation  of  direct- 
current  apparatus.  Anyone  who  can  understand  the 
operation  of  a  direct-current  generator  can  easily 
understand  the  operation  of  an  alternator,  since  the 
direct-current  machine  is  nothing  more  nor  less  than 
an  alternating-current  machine  with  the  added  compli- 
cation of  a  commutator.  If  the  readers  of  Poiver  who 
are  not  familiar  with  the  subject  of  alternating  current 
will  just  forget  that  it  is  complicated  and  give  consci- 
entious study  to  the  lessons  that  will  appear  during  the 
next  six  months,  they  will  find  that  the  awe-inspiring 
features  of  the  study  were  mostly  imagination. 


Articles  on  Refrigeration 

WHEN  the  prohibition  scare  first  hit  some  of  the 
beer  and  lio.uor  industries  many  years  ago,  build- 
ers of  refrigerating  machinery  wondered  how  long  it 
would  be  before  the  closing  of  breweries  would  also 
close  their  shops  because  of  lack  of  business.  Today 
prohibition  is  here,  and  the  closing  of  breweries  causes 
but  a  ripple  on  the  growing  sea  of  refrigerating  busi- 
ness. Such  is  the  grow^th  of  the  industry.  And  the  ap- 
plication of  refrigeration  to  the  industrial  arts  has  but 
begun  despite  its  varied  use. 

Refrigerating  engineers  who  design  and  remodel 
plants  can  tell  of  almost  unbelievable  operating  condi- 
tions found  in  refrigerating  plants,  large  and  small. 
These  conditions  are  not  confined  to  any  particular  sec- 
tion of  the  country;  they  are  found  all  over  the  con- 


tinent. And  why?  Well,  the  causes  arc  numerou.s,  but 
one  of  the  chief  reasons  is  inexperienced  operating  ic 
frigerating  engineers,  many  if  not  most  of  whom 
are  not  to  be  too  .severely  criticized  for  their  lack  of 
knowledge  and  skill  in  refrigeration. 

In  the  first  place  most  owners  of  refrigerating  plants, 
in  putting  men  in  charge  of  their  ecjuipment,  seem  to 
regard  the  question  of  whether  these  men  are  refriger- 
ating engineers  as  secondary.  There  are  not  many  thor- 
oughly competent  operating  engineers  in  the  refriger- 
ating industry,  and  unless  a  man  has  been  fortunate 
enough  to  work  with  one  or  more  of  these  few,  his 
training  is  likely  to  have  been  deficient.  If  so,  he 
turns  in  vain  for  books  that  tell  him  and  show  him  the 
how  of  things  he  needs  to  understand.  A  useful  book 
for  the  operating  refrigerating  engineer  never  has  been 
put  on  the  market  and  likely  never  has  been  written. 

The  operators  themselves  must  write  for  their  fel- 
low operators.  The  man  with  experience,  the  man  who 
knows  the  principles  of  operation,  who  knows  when 
equipment  is  inadequate  for  load  demands,  who  can 
diagnose  trouble  and  correct  it,  who  can  "make  it  go" 
in  the  face  of  adverse  circumstance  and  when  others  fail, 
who  can  produce  a  ton  of  refrigeration  or  of  ice  with  the 
highest  practicable  efficiency  and  at  the  lowe.st  cost — 
this  man  is  the  fellow  to  whom  his  brother  engineers 
must  look  for  guidance,  opinions  and  advice.  It  is  to 
him  that  owners  and  builders  must  turn  if  their  ma- 
chines are  to  be  well  operated. 

This  is  the  man  we  are  looking  for.  We  have  several 
whose  articles  are  a  boon  to  men  in  the  field.  We 
want  more  of  the  same  kind — men  who  can  tell  "how  to 
do  it,"  not  preachers  of  sermons. 

If  you  are  one  of  these,  or  if  you  think  you  are,  if 
you  feel  that  you  have  something  of  interest  and  value 
to  say  to  others,  let  us  have  it.  It  is  what  you  say 
that  counts;  not  how  you  say  it.  We  take  care  of  the 
how.  And  it  pays  well,  too — sentimentally  and  sub- 
stantially. 


Every  steam  engineer  has  his  difficulties  in  power- 
plant  operation,  but  judging  from  the  pay  some  receive 
in  comparison  with  the  remuneration  of  other  skilled 
employees,  it  would  seem  that  the  managements  con- 
sider his  position  something  akin  to  the  everyday 
office  boy;  that  he  is  a  necessary  evil  of  not  much 
account,  but  something  that  cannot  very  well  be  elimi 
nated. 


The  perpetual-motion  crank  is  the  Bolshevist  of  the 
mechanical  world,  for  he  firmly  believes  that  he  can 
produce  unlimited  comforts  and  necessities  without  per- 
sonal exertion. 


It  is  dangerous  to  stand  on  the  arch  of  a  dutch-oven 
furnace.  It  may  fail  under  the  weight  and  result  in  the 
workmen  falling  into  the  flames. 


Many  boilers  have  been  made  to  give  better  evapora- 
tive results  by  changing  the  baffling.    Have  you  tried  it  ? 


When  men  are  working  in  an  empty  boiler,  it  is  a 
good  idea  to  lock  all  valves  closed  connecting  to  it. 


A  clean  water  glass  is  necessary  to  safety. 
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Inoperative   Power-Factor    Meter  Caused 
Shutdown 

In  the  Apr.  29  issue  of  Poiver  Frank  J.  Gillooly,  in 
an  article  entitled,  "Don't  Take  Chances  With  the  Syn- 
chronoscope,"  drew  attention  to  the  importance  of  being 
careful  in  synchronizing  and  checking  up  the  synchrono- 
scope.  However,  the  synchronism  indicator  is  not  the 
only  instrument  that  may  cause  trouble  in  the  operation 
of  electrical  machinery;  the  fact  of  the  matter  is  that 
most  any  of  the  switchboard  instruments  may  do  so 
under  certain  conditions — even  the  power-factor  meter, 
as  will  be  seen  from  the  following: 

A  2000-kw.  frequency  changer  was  used  for  trans- 
ferring energy  from  a  60-cycle  to  a  25-cycle  system  and 
vice  versa.  A  1000-kw.  set  was  also  operated  in  the  same 
station.  The  smaller  frequency  changer  was  operating 
and  an  increased  load  upon  the  60-cycle  system  made  it 
necessary  to  parallel  the  2000-kw.  unit,  running  the  two 
units  together  upon  a  common  busbar.  The  station  at- 
tendant paralleled  the  machines  and  then  began  to  ad- 
just the  field  excitation  of  the  synchronous  motor  on 
the  25-cycle  end  and  of  the  generator  on  the  60- 
cycle  end  so  as  to  bring  the  power  factors  up  to  normal. 

The  power  factors  of  the  synchronous  motors  were 
usually  maintained  around  unity  or  98  per  cent,  leading, 
to  help  out  the  system,  whereas  the  power  factors  of 
the  60-cycle  generators  depended  upon  the  power  factor 
of  the  load  and  the  excitation  of  the  individual  ma- 
chines. At  the  time  of  paralleling  the  station  load  was 
heavy  and  the  attendant  tried  to  adjust  the  motor's 
power-factor  of  the  large  frequency-changer  for  unity. 
After  the  adjustment  of  the  motor's  and  generator's 
field  had  gone  on  for  some  time,  with  the  60-cycle 
load  rapidly  increasing,  the  attendant  discovered  that 
he  was  unable  to  make  the  1000-kw.  generator  pick 
up  its  proper  share  of  the  load,  or  bring  the  power 
factor  of  the  2000-kw.  machine  up  to  the  same  value  as 
that  of  the  smaller  machine.  In  fact,  he  found  that  all 
adjustments  of  the  field  rheostats  of  all  the  machines 
had  made  no  effect  whatsoever  upon  the  power  factor  of 
the  2000-kw.  generator. 

He  thought  that  perhaps  he  had  paralleled  the  two 
motor-generator  sets  wrongly,  so  that  proper  load  di- 
vision was  impossible,  but  realized  that  the  load  was 
too  heavy  to  cut  out  the  smaller  machine  with  a  view  to 
synchronizing  them  again.  Just  about  this  time  the 
25-cycle  oil  switch  controlling  the  2000-kw.  synchronous 
motor  of  the  large  frequency-changer  set  opened,  shut- 
ting down  this  machine.  The  2000-kw.  load  was  im- 
mediately picked  up  by  the  1000-kw.  machine  in  addition 
to  its  own  load,  and  this  unit  shut  down,  causing  a  com- 
plete interruption  of  service. 

The  whole  trouble  was  caused  by  the  power-factor 
meter  of  the  2000-kw.  60-cycle  generator  not  working, 
because  the  fuse  in  the  transformer  supplying  it  had 
blown.  From  the  time  this  set  was  started  to  the  time 
it  shut  itself  down,  the  power-factor  meter's  pointer 
had  not  moved.     The  shutdovm  was  caused  by  the  ex- 


cessive overload  on  the  motor,  necessitated  by  the  over- 
excitation of  its  field  in  the  endeavor  of  the  operator 
to  maintain  normal  power  factor  when  the  meter  was 
not  working.  If  the  operator  had  had  a  proper  under- 
standing of  his  equipment,  he  would  have  noticed  very 
soon  that  the  power-factor  meter  was  not  responding  to 
rheostat  adjustment  and  found  that  the  load  distribu- 
tion was  not  normal.  The  doctrine  of  checking  instru- 
ments should  be  preached  often  and  loud. 
Chicago,  111.  W.  H.  DeMuth. 

Why  a  Centrifugal  Pump  Failed 
To  Feed  Boilers 

I  had  an  experience  with  a  pair  of  three-stage  centrif- 
ugal boiler-feed  pumps,  which  may  be  of  interest  and 
help.  Each  pump  had  a  capacity  of  1000  gal.  per  min. 
and  was  steam-driven  and  connected  in  parallel  between 
the  supply  main  from  the  open  heaters  and  the  boiler- 
feed  water  line,  with  a  gate  valve  in  both  suction  and 
discharge  and  a  check  valve  in  the  discharge  line  of 
each  pump.  The  pumps  furnished  feed  water  to  water- 
tube  boilers  of  about  6000  hp.  capacity  working  on  a 
24-hour  service  operating  alternately  one  week  at  a  time. 

Every  Saturday  afternoon  one  pump  is  shut  down, 
the  bearings,  governor  and  pressure  regulator  inspected 
and  cleaned,  and  then  left  with  suction  and  discharge 
valves  open  ready  to  be  started  at  a  minute's  notice. 

On  this  particular  day  No.  1  pump  was  started  ana 
appeared  to  be  operating  all  right,  but  as  soon  as  the 
throttle  was  closed  on  No.  2  pump  the  pressure  began 
to  drop  and  No.  2  had  to  be  put  in  service  again  to 
keep  the  water  in  the  boilers. 

The  governor  and  pressure  regulator  were  carefully 
inspected  and  another  trial  gave  no  better  results.  As 
the  pump  had  operated  satisfactorily  when  it  was  shut 
down  the  previous  week  and  had  not  been  started  in 
the  meantime,  we  could  see  no  reason  why  it  should 
not  pump.  The  chief  was  called,  and  after  witnessing 
a  trial  and  testing  the  speed,  he  ordered  the  machine 
dismantled  and  a  thorough  inspection  made  of  the  im- 
pellers, diffusers  and  shaft  bushings.  After  everything 
was  found  to  be  all  right  and  another  trial  made,  he 
had  the  suction  and  discharge  pipes  removed  and  ex- 
amined for  obstructions.  Everything  was  found  in 
proper  condition,  but  still  the  pump  would  not  feed 
the  boilers. 

It  was  then  about  8  p.m.  Sunday,  and  the  men  were 
at  the  end  of  their  rope.  Since  the  load  was  very  light 
at  this  time,  No.  2  pump  was  stopped  to  see  if  No.  1 
would  pick  up  the  pressure  after  a  few  minutes;  but 
instead  of  stopping,  No.  2  pump  started  to  run  back 
after  the  throttle  was  closed. 

This  showed  conclusively  that  the  discharge  check 
valve  on  No.  2  was  the  cause  of  all  the  trouble,  for  as 
soon  as  its  speed  dropped  sufficiently.  No.  1  pump  had 
bypassed  its  water  through  the  other  and  thus  could  not 
keep  up  the  pressure.  Ernest  K.  Manning. 

Watertown,  Conn. 
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A  .simple  l>iit  iisoliil  doviio  that  1  Imvo  adopted  for 
haiullitit;  lioavy  ca.stiiiKs  or  machinery  part.s  while  doinj: 
bench  work  i.s  a  revolving  table  set  in  the  l)ciich  (lush 
with  the  top.     It  is  easily  made  from  two  large-sized 
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pipe  flanges,  a  nipple  and  a  couple  of  suitable -hanger.^ 
made  of  i  x  1  in.  flat  stock. 

The  top  of  the  turntable  plank  is  covered  with  a 
piece  of  J-  or  1-in.  plate  steel.  The  idea  is  conveyed  in 
the  accompanying  sketches.  A  locking  pin  is  used  to 
hold  the  table  in  any  desired  position. 

Concord,  N.  H.  C.  H.  Willey. 

Feed-Water  Check-Valve  Failurej 

In  the  May  6  issue  of  Power,  page  698,  R.  J.  Pox,  in 
explaining  the  cause  of  a  boiler  being  burnt,  makes  some 
statements  with  which  I  do  not  agree.  For  instance, 
he  states  that  an  automatic  stop  valve  closed  and  cut  a 
leaking  boiler  off  the  line,  and  further,  that  the  faster 
the  fireman  ran  his  pump  the  faster  the  water  fell  in  the 
gage-glass,  and  that  the  water  rose  in  the  other  boilers 
owing  to  the  siphoning  action  from  the  damaged  one. 

When  the  automatic  valve  closed  on  the  damaged 
boiler,  it  showed  that  the  pressure  on  that  boiler  had 
been  reduced  below  that  of  the  other  boilers  on  the  line. 
Therefore  there  could  be  no  siphoning  of  water  from 
the  boiler  with  lower  pressure  to  those  of  higher  pres- 
sure. According  to  my  way  of  reasoning  the  action 
would  be  just  the  reverse.  As  the  water  would  take  the 
path  of  the  least  resistance,  it  would  naturally  flow  to 
the  boiler  with  the  lower  pressure,  and  the  automatic 
valve  closing  on  the  damaged  boiler  proves  that  the 
pressure  was  reduced.  There  could  be  no  such  thing  as 
the  water  siphoning  from  the  lower  pressure  to  the 
higher  pressure  on  the  other  boilers  on  that  line.  I 
would  like  to  have  others  express  opinions  regarding 
that  burnt  boiler.  M.  H.  Harrington. 

Fall  River,  Mass. 

Economical  Operation  of  Boiler  Plants 

The  United  States  Fuel  Administration  during  its 
operation  insisted  that  every  boiler  plant  in  the  coun- 
try be  operated  with  the  utmost  economy  as  regards  fuel 
and  oil  consumption;  further  that  suitable  apparatus  be 
installed  to  make  possible  and  attainable  economic  oper- 
ation.     Without   doubt  the   majority   of   boiler   plants 


throuRliout  the  lai;d  toiii|)lit'(l  with  the  ^iiKKi'KtionH  of 
tho  I'ucl  .\driiiiiistralion,  and  a  world  of  \n)w\  wa" 
acconipli.shcd,  al.so  many  thouKand  tons  of  coal  whh 
.saved.  In  view  of  the.sc  results  it  is  surprisinjj  that 
when  the  Ciovernmenl  builds  boiler  plants  no  atlentio'j 
is  paid  to  the  economic  operation  and  generally  no  ap- 
paratus is  installed  to  enable  the  engineer  in  charge 
to  control  his  plant  economically. 

During  the  last  few  months  I  have  had  opportunity 
for  personal  observations  along  these  lines.  One  of  the 
many  ca.ses  oh.served  is  that  of  a  permanent  ho.spital 
which  has  been  built  for  the  army,  in  which  high- 
jjrade  water-tube  boilers  with  chain-grate  .stokers  have 
i)een  installed.  The  capacity  of  the  pre.sent  installation 
is  IfiOO  hp.  with  room  for  800  hp.  additional.  These 
boilers  operate  under  a  pressure  of  about  100  lb.  and 
are  used  for  generating  steam  for  heating  the  build- 
ings and  also  for  cooking  in  the  various  kitchens.  In 
short  the  plant  is  up-to-date  in  every  particular  except 
that  there  are  no  provisions  made  for  the  determination 
of  draft,  flue-gas  composition,  amount  and  temperature 
of  feed  water;  nor  are  there  recording  pressure  gages. 
There  is  not  even  a  pair  of  platform  scales  to  weigh 
the  coal   used.     Several   requests  have   been   made  for 


SOME    OF    THi:    IX.STKUMEXTS    THAT    WERE    MISSING 

the  purchase  and  installation  of  the  apparatus  needed, 
but  these  requests  have  been  turned  down  or  ignored. 
From  this  it  is  readily  seen  that  no  one  could  operate 
the  plant  economically.  This  plant  is  under  the  super- 
vision of  a  regular  army  man  who  is  blissfully  ignorant 
of  the  proper  operation  of  boilers  and  their  accessories. 

Several  other  similar  incidents  might  be  cited;  but 
why  go  further?  The  fact  remains  that  it  seems  quite 
proper  for  the  Government-owned  plants  to  be  operated 
as  efficiently  as  present-day  science  can  make  them, 
yet  one  runs  against  this  state  of  affairs  constantly  in 
Government  work.  A.  F.  Lawler. 

Denver,  Col. 
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Chart  for  Finding  Factor  of  Evaporation,  Equivalent  Evaporation,  Evaporation 
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Use  the  Broken  Firebrick 

It  seems  to  me  that  it  would  pay  some  manufacturer 
of  crushers  and  grinders  to  bring  out  a  portable  com- 
bined crusher  and  grinder  with  a  mixer  similar  to  a 
concrete  mixer,  to  grind  up  firebrick,  which  is  usually 
thrown  away  when  making  repairs  to  boiler  brickwork. 

Ground  firebrick  mixed  with  just  enough  fireclay  to 
form  a  binder,  together  with  a  small  amount  of  asbestos, 
makes  an  excellent  cement  for  patching  baffles,  arches, 
door  arches  and  side  walls.  I  have  used  the  mixture 
for  these  purposes  to  good  advantage,  and  to  say  it 
saved  my  employers  considerable  in  brickwork  main- 
tenance would  be  putting  it  mildly. 

The  mixture  is  as  follows :  Ground  firebrick,  4  parts ; 
fireclay,  1  part;  asbestos,  1  part.  It  is  mixed  with  a 
saturated  solution  of  salt  water.  The  firebrick  should 
not  be  ground  too  fine.  The  less  fireclay  and  asbestos 
used  the  longer  the  work  will  stand,  and  it  is  better 
adapted  to  withstand  high  temperatures.  The  mixture 
should  be  mixed  one  day  and  used  the  next ;  in  other 
words,  it  should  be  mixed  at  least  twelve  hours  before 
it  is  used. 

Broken  pipe  covering  and  lagging  can  be  utilized  in 
this  way.  The  asbestos  makes  the  compound  more 
ductile  or  workable,  and  it  will  stay  put  better.  The 
mixture  should  not  be  too  wet,  but  just  moist  enough 
to  amalgamate  with  another  body. 

Many  medium-sized  and  large  plants  could  save  thou- 
sands of  dollars  annually  in  the  cost  of  labor  and 
firebrick  for  repairs  or  alterations  to  boiler  furnaces 
if  such  a  mixture  were  available.  Savings  also  result 
from  its  use  for  temporary  repairs,  as  it  frequently 
happens  that  firebrick  linings  give  way  unexpectedly 
in  spots.  As  continued  operation  would  ruin  the  com- 
mon brick  wall,  it  is  necessary  to  take  the  boiler  off. 
If  brickmasons  are  called  it  may  take  two  or  three 
days  to  make  the  necessary  repairs,  whereas  if  the  mix- 
ture is  used  the  boiler  can  be  in  on  the  line  in  twelve 
hours'  time,  permanent  repairs  being  deferred  until  a 
more  opportune  time.  Waldo  Weaver. 

Franklin,  Ohio. 

Synchronous  Motor  Would  Not  Start 

The  electrical  equipment  of  a  large  mill  included  sev- 
eral synchronous  motors,  one  of  which  had  been  so  badly 
damaged  by  fire  and  water  that  rewinding  was  neces- 


FIG.  1.     POLE-PHASE  GROUP  SHOWN  REVERSED  AT  X 

sary.  A  complete  set  of  coils  was  available  and  the 
rewinding  was  done  by  local  repairmen.  After  com- 
pleting the  job,  however,  connecting  the  motor  to  its 
source  of  power  failed  to  turn  the  rotor,  although  it 
had  started  very  promptly  before  being  damaged.  Higher 
compensator  taps  were  tried,  but  to  no  avail.    An  expert 


alternator  winder  was  called  from  the  factory  and  found 
that  one  pole-phase  group  of  coils  had  been  reversed  as 
at  X,  Fig.  1.  The  interchanging  of  the  leads  of  this 
group,  as  in  Fig.  2,  restored  normal  starting  torque.  It 
will  be  noticed  that  by  tracing  each  phase  through  to 
the  star  connection  in  Fig.  2,  the  arrows  point  in  op- 
posite directions  on  adjacent  pole-phase  groups,  which 


FIG.  2.     CORRECT  CONNECTION  FOR  A  FOUR-POLE 
SERIES-STAR    WINDING 

is  the  correct  condition.  In  Fig.  1  the  wrong  connec- 
tion is  indicated  by  three  adjacent  arrows  pointing  in 
the  same  direction. 

The  existence  of  such  a  condition  may  be  proved  by 
connecting  ammeters  into  each  phase  conductor  and 
observing  the  intake  currents  while  the  rotor  is  turned 
by  hand;  a  reversed  pole-phase  group  of  coils  will 
greatly  unbalance  the  currents  of  the  three  wires.  It 
is  essential  that  the  rotor  be  rotated  so  as  to  equalize 
impedance  differences  due  to  different  phases  including 
different  amounts  of  iron  in  their  magnetic  circuits. 

Brooklyn,  N.  Y.  E.  C.  Parham. 

Trouble  With  Scored  Fuel-Valve  Seat 

The  condition  described  by  D.  L.  Fagnan  in  Power 
of  Apr.  15  exists  in  too  many  Diesel  plants.  One  is 
quite  safe  in  stating  that  25  per  cent,  of  Diesel  installa- 
tions are  troubled  with  leaky  fuel  valves.  This  condition, 
if  allowed  to  exist,  is  blameable  on  the  operating 
engineer. 

Mr.  Fagnan's  method  of  detecting  a  scored 
fuel-valve  seat  is  one  that  cannot  be  used  in  all  cases. 
In  many  instances  a  valve  will  leak  the  high-pressure 
air  when  the  groove  that  is  causing  the  trouble  can 
hardly  be  detected  with  the  eye  after  the  valve  seat  is 
removed.  It  is  apparent  that  in  such  cases  these  minute 
grooves  will  not  show  on  a  wooden  stick,  no  matter  how 
highly  polished  the  stick  may  be.  Furthermore,  most  of 
the  leaks  are  due  to  the  minute  pits  that  form  on  the 
narrow  ground  seat,  this  being  seldom  more  than  i^ 
in.  in  width.  These  pits  are  below  the  general  surface 
of  the  seat,  and  in  no  case  will  they  show  with  the 
"  stick-method." 

To  detect  a  leaky  fuel  valve  the  injection  air  should 
be  turned  on  and  either  the  suction  or  the  exhaust  valve 
and  cage  removed.  By  reaching  through  this  opening 
and  placing  the  hand  against  the  atomizer  or  fuel  tip 
disk,  the  air  will  be  felt  blowing  through  the  fuel  valve. 
Then  if  the  valve  continues  to  leak  after  the  needle  valve 
has  been  reground,  it  is  evident  that  the  valve  seat  is  in 
bad  shape  and  should  be  reamed. 

In  doing  the  reaming  if  extreme  care  is  not  used  the 
reamer  will  cause  cliatter  marks,  which,  of  course,  will 
make  conditions  worse.  E.  E.  SNOW. 

Philadelphia,  Penn. 
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All(>riii<^  a   l{(Mltiriii<>;  IMotion 

Alter  l•l•Jl(lill^:  th"  lot  tor  on  paK*'  •''•I'.'  of  tlu*  Apr.  8 
issue  of  I'oirir,  by  M.  J.  Mcrri'll,  conccrninjr  iilterinK:  a 
reducing  motion,  I  wonder  if  it  has  occurred  to  him  that 
it  is  impossiJ)le  to  jrct  a  correct  card  with  that  i<iiid  of 
a  rcduciiiir  motion  because,  as  the  crosshead  moves  from 


.SHOWING    DIFFERENCE   IN   LEVER   LENGTH 

one  end  toward  half  stroke,  the  pin  finds  a  higher  posi- 
tion in  the  slotted  end  of  the  lever;  or,  in  other  words, 
it  pushes  on  a  shorter  lever  at  midstroke  than  it  does 
at  the  ends  of  the  stroke.  This  causes  the  diagram  to 
stretch  some  in  the  middle  and  to  bunch  nearer  the  ends. 
Of  course,  figures  obtained  from  such  an  incorrect 
diagram  are  also  incorrect. 

The  accompanying  sketch  clearly  shows  this  condi- 
tion, and  a  little  study  and  thought  should  convince  any- 
one that  this  kind  of  reducer  should  not  be  used  if 
accurate  figures  are  expected.  The  straight  line  AB 
represents  th?  crosshead  travel,  which  is  divided  into 
^~our  equal  parts  representing  quarter  stroke,  half 
stroke,  etc.  The  radii  passing  through  these  points  from 
the  pivot  point  D  represent  the  pendulum  at  these  points 
of  the  stroke.  It  will  be  noticed  that  at  half  stroke  the 
arc,  or  curved  line,  A  C  B,  which  is  the  line  of  travel 
of  the  point  of  contact  with  the  crosshead  pin  at  the 
ends  of  the  stroke,  is  quite  a  distance  below  the  straight 
line,  showing  a  much  shorter  lever  transmitting  the 
motion  at  this  point  than  at  quarter  stroke  and  at  the 
ends  of  the  stroke.  The  insert  diagram  shows  that  the 
distance  from  one  end  to  the  quarter  stroke  is  shorter 
than  from  the  quarter  to  half  stroke.  The  perpendicular 
dotted  lines  at  the  bottom  show  these  same  points  on  a 
larger  scale.  Frank  Avis. 

Verde,  Ariz. 

Live  Versus  Exhaust  Steam  for  Heating 

I  have  read  many  articles  on  the  subject  of  live 
versus  exhaust  steam  for  heating  purposes,  and  a  large 
percentage  of  the  writers  claim  that  no  more  or  even 
less  coal  is  burned  with  engines  running  and  carrying 
a  load  and  using  the  exhaust  steam  for  heating  than 
with  the  engines  stopped  and  using  live  steam. 

I  cannot  dispute  this  statement,  neither  can  I  deny 


that  others  are  >?cttinff  the  results  they  claim,  [n  the 
phmt  of  which  I  have  charjje  direct-connected  steam  en- 
tfines  are  used.  The  exhaust  steam  passes  through  the 
boiler  feed-water  heater,  the  surplus  Koing  into  the 
heating  mains  in  the  winter  and  through  a  domestic 
water  heater  during  the  summer  months. 

On  (lark  or  cloudy  winter  days  the  engines  are  run 
so  that  the  lamps  can  be  used  by  day  as  well  as  by  night. 
On  clear  days  the  engines  are  shut  down  during  the 
bright  hours  and  a  reducing  valve  allows  live  steam  to 
enter  the  heating  mains. 

Our  24-hour  consumption  of  boiler  water  in  the  win- 
ter is  from  liOO.OOO  to  400,000  lb.,  and  the  pressure  on 
the  heating  .system  seldom  reaches  and  never  exceeds 
5  lb.  gage.  On  days  when  engines  are  u.sed  for  the  full 
24  hours  the  coal  consumption  for  the  hours  the  engines 
are  running  is  from  5  to  10  per  cent,  greater  than  when 
they  are  idle.  All  exhaust  steam  and  practically  all 
condensate  from  the  water  healers  and  other  fixtures 
throughout  the  plant  are  used  both  in  summer  and  in 
winter. 

There  is  no  blowing  of  one  into  the  atmosphere  and 
of  the  other  to  the  .sewer  as  is  sometimes  done.  I  fail 
to  burn  less  coal  with  the  engines  working  than  when 
they  are  idle.  I  am  open  to  conviction,  however,  and 
would  be  delighted  to  learn  why  I  am  using  more  fuel 
with  my  engines  running,  while  others  are  using  less. 

Kingston,  Ont,  Canada.  James  E.  Noble. 

Safe  Switchboard  Blower 

It  is  risky  to  blow  down  the  back  of  a  switchboard 
with  an  air  hose  and  the  usual  metal  nozzle,  for  no 
matter  how  careful  the  attendant  may  be  contact  is 


.SWITCHBO.VRD  BLOWER  AND  ITS  APPLICATION 

likely  to  be  made  with  a  live  connection,  especially 
when  busses  run  along  the  back  of  the  board.  By 
placing  a  piece  of  water-gage  glass  over  the  nozzle 
as  far  as  it  will  go,  as  shown  in  the  insert  illustration, 
and  having  the  end  of  the  glass  tube  beyond  the  end 
of  the  nozzle  about  two  inches,  the  danger  is  eliminated. 

The  glass  is  secured  to  the  hose  by  wrapping  with 
adhesive  tape.  W.  H.  Watson. 

Norristowm,  Penn. 


A  liquid  metal  polish  for  cold  smooth  surfaces,  either 
iron  or  brass,  can  be  made  by  adding  2  oz.  of  oxalic  acid 
and  \l  lb.  of  silicate  powder  to  3  parts  of  benzine. 
Keep  in  a  bottle  tightly  corked  and  shake  well  before 
using. 


June  24,  1919 


POWER 


989 


Heating  Surface  for  Feed  Water  Heater — How  many 
squai'e  feet  of  heating-  surface  should  there  be  in  a  closed 
exhaust-steam  feed-water  heater,  receiving  the  exhaust  of  a 
13  X  14-in.  engine  that  is  used  for  driving  a  75-kw.  gen- 
erator? J.  H.  G. 

Allowing  90  per  cent,  efficiency  of  generator,  85  per  cent, 
mechanical  efficiency  of  the  engine  and  30  lb.  of  water  per 
hp.-hour,  development  of  75  kw.  would  require  about  75 
~  (0.746  X  0.9  X  0-85)  =  131  boiler  hp.  For  raising 
the  temperature  of  the  feed  water  from  60  deg.  F.  to 
about  204  deg.  F.,  there  should  be  not  less  than  h  sq.  ft.  of 
feed  water  heating  sui'face  per  boiler  hp.,  and  for  operation 
of  the  generator  to  full  capacity,  the  heater  should  have 
not  less  than  65.5  sq.  ft.  of  heating  surface. 


Determining  Working  Pressure  of  Boiler — How  should 
the  working  pressure  be  determined  for  a  boiler  that  has 
a  crack  in  the  shell?  W.  N. 

A  boiler  that  has  a  cracked  shell  should  not  be  used  until 
it  has  been  repaired  in  a  first-class  manner.  The  working 
pressure  suitable  for  the  boiler  should  be  decided  upon  from 
computation  of  the  strength  of  all  of  its  parts  and  should 
be  limited  to  the  maximum  safe  working  pressure  for  any 
part  of  the  whole  consti-uction,  using  factors  of  strength  of 
materials  and  factors  of  safety  appropriate  to  the  condi- 
tion, age  and  proposed  use  of  the  boiler.  A  hydrostatic 
pressure  test  should  be  applied  that  is  50  per  cent,  more 
than  the  proposed  working  pressure  to  determine  whether 
the  boiler  is  tight  rather  than  to  decide  whether  the  pro- 
posed working  pressure  is  a  safe  one,  for  that  depends 
mainly  on  the  accuracy  of  computations  and  good  judgment 
that  have  been  employed  in  fixing  upon  the  safe  working 
pressure. 


Power  Factor  of  Current  Supply — In  our  plant  power  is 
purchased  from  a  central-station  company.  We  are  penal- 
ized on  a  power  factor  of  less  than  80  per  cent.  What 
should  be  the  power  factor  of  the  current  furnished  us? 
Suppose  our  average  power  factor  for  one  month  was  0.70 
and  the  power  factor  of  the  current  supplied  us  is  0.85, 
what  would  be  our  power  factor  if  the  incoming  current 
had  a  power  factor  of  0.95?  H.   R.   B. 

The  power  factor  of  the  supply  circuit  has  nothing  to  do 
with  the  power  factor  of  any  load  that  may  be  connected 
to  the  source  of  supply.  On  the  other  hand,  the  power 
factor  of  the  supply  is  the  resultant  power  factor  of  all 
the  loads  supplied.  If  the  power  factor  of  the  supply  cir- 
cuit was  0.85,  as  in  the  figure,  and  you  were  to  connect  a 


0.85    Fewer  Factor  Load 


Power  Factor  above  0.85 


unity  power  factor  load  B  to  the  system,  the  power  factor 
of  this  part  of  the  load  would  still  be  unity,  but  the  power 
factor  between  where  the  load  B  is  connected  to  the  line  and 
the  generator  will  be  improved;  by  how  much  will  depend 
upon  the  relative  sizes  of  the  loads.  Therefore  the  power 
factor  of  the  power  company's   lines  before   your  load  is 


connected  to  it  has  nothing  to  do  with  what  the  power 
factor  of  your  load  will  be,  as  that  is  determined  by  the 
kind  of  equipment  you  connect  on  the  circuit. 

Changing  Voltage  of  D.-C.  Circuit — What  is  the  most 
practical  way  of  changing  500-volt  direct  current  into  100- 
volt  direct  current?  C.  A.  C. 

The  only  practical  way  to  convert  direct  current  of  one 
voltage  into  direct  current  of  another  voltage  is  to  use  a 
motor-generator  set.  In  the  problem  in  question  a  500-volt 
motor  would  be  used  to  drive  a  110-volt  generator. 


Heating  Value  of  E.xhaust  Shown  by  Indicator  Diagrams 

— The  accompanying  indicator  diagrams  are  from  a  17J  x 
36-in.  engine  running  90  r.p.m.,  the  exhaust  of  which  is  used 
for  heating  paper  driers.  What  is  the  value  of  the  exhaust 
expressed  in  boiler  horsepower?  G.  W.  E. 

It  is  fair  to  assume  that  the  exhaust  steam  delivered  by 
the  engine  has  the  same  heat  value  as  an  equal  volume  of 
dry  saturated  steam  at  the  same  pressure'.  The  volume  of 
steam  discharged  during  each  exhaust  sti'oke  will  be  equal 
to  the  piston  displacement  from  the  beginning  of  the  return 
stroke  to  the  point  of  stroke  where  the  exhaust  valve  is 
closed,  or  the  point  usually  referred  to  as  the  beginning 
of  compression.     In  diagram  H  the  beginning  of  the  return 


stroke  is  represented  at  A,  the  point  of  closure  of  the  ex- 
haust is  indicated  at  B,  and  as  the  distance  AB  is,  by 
measurement,  78.5  per  cent,  of  the  length  of  the  diagram, 
the  volume  of  exhaust  discharged  from  the  H  or  head 
end  of  the  cylinder  is  that  same  percentage  of  piston  dis- 
placement for  a  complete  return  stroke  represented  by  AE^ 
the  length  of  diagram.  Similarly,  for  the  C  diagram,  the 
distance  EF  represents  90.6  per  cent,  of  the  piston  displace- 
ment of  a  return  stroke  in  the  crank  end  of  the  cylinder. 

Neglecting  the  reduction  of  piston  displacement  in  the 
crank  end  of  the  cylinder  due  to  presence  of  the  piston  rod 
the  displacement  for  a  complete  stroke  of  the  piston  would 
be  (17J  X  174  X  0.7854  X  36)  -h  1728  =  4.87  cu.ft.  and 
in  96  r.p.m.  for  the  fractions  of  strokes  during  which  the 
piston  pushes  the  exhaust  from  the  cylinder,  there  will  be 
delivery  of  4.87  X  (0-785  -)-  0.906)  X  96  =  790.6  cu.  ft. 
of  exhaust  steam  per  minute  at  the  pressure  of  about  3  lb. 
gage  as  indicated  above  atmospheric  pressure  line  00. 

The  density  of  steam  at  3  lb.  gage  is  0.04512  lb. 
per  cu.  ft.,  so  that  the  delivery  would  amount  to  790.6  X 
0.04512  X  60  =  2140.3  lb.  of  steam  per  hour.  The  latent 
.leat  of  steam  at  3  lb.  gage  is  963.7  B.t.u.  per  pound 
and  without  crediting  any  recovery  of  heat  from  the  con- 
densate the  exhaust  would  have  a  heating  value  of  2140.3 
X  963.7  =  2,062,607  B.t.u.  per  hour.  As  one  boiler  horse- 
power is  equivalent  to  33,479  B.t.u.  per  hour,  the  exhaust 
would  have  a  value  of  2,062,607  -^  33,479  =:  61.6  boiler 
horsepower. 
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THK  seini-nnnuni  nicetinp:  of  the  Amcricnn  Society 
of  Hl•ntin^!;  and  VontilatinK  Ennincfis  la-Id  at  I'itts- 
burirh,  IVnn.,  Tui-sday,  Wednesday  ami  Thursday, 
June  10,  11  and  12,  with  headquarters  ut  the  William  Peuii 
Hotel,  was  attended  by  over  150  menil>ers  and  jruests. 
The  nieetinvr  prined  to  be  one  ol"  unusual  interest  on  ac- 
count of  the  opportunities  afforded  members  and  ffucsts  to 
inspect  the  laboratories  of  the  Bureau  of  Mines,  at  which 
will  be  located  the  Research  Bureau  of  the  society.  A 
special  session  was  lield  in  the  auditorium  of  the  Bureau 
of  Mines  Building,  after  which  the  admirable  facilities 
afforded  for  research  work  in  cooperation  with  the  Bureau 
were  witnessed  with  much  jrratilication.  Another  notable 
feature  of  the  convention  was  a  joint  -session  with  the 
.Vational  District  Heatinjr  Association,  whose  tenth  annual 
convention  was  held  at  the  William  Penn  Hotel  during  the 
same  time.  The  joint  professional  session  was  devoted  to 
the  question  of  computinfj  direct  radiation  for  buildings 
r.nd  other  subjects  of  leadinj;  interest  to  both  associations. 
Motoring,  shopping  and  sight-seeing  excursions  were  pro- 
vided for  the  lady  guests  during  business  sessions  of  the 
association,  and  on  Tuesday  evening  members  and  guests 
were  entertained  at  the  Carnegie  Institute  of  Technology 
by  a  production  of  Shakespeare's  "Twelfth  Night"  that  was 
creditably  presented  by  the  School  of  Drama  of  the  Insti- 
tute. On  Wednesday  evening  members  and  guests  of  both 
associations  joined  in  an  informal  reception  and  dinner 
dance  at  the  "Pines,"  and  on  Thursday  afternoon  they  were 
entertained  by  a  boat  trip  up  the  Monongahela  River  and 
visit  of  inspection  to  the  McKeesport  plant  of  the  National 
Tube  Co. 

BrsiNEP?  AND  Professional  Sessions 

The  first  session  was  taken  up  by  the  annual  reports  of 
the  various  chapters  of  the  association  and  reports  of  com- 
mittees on  cooperation  with  United  States  Navy  Depart- 
ment, and  on  Schoolhouse  Standards;  a  paper  on  "Class- 
room Ventilation,"  by  Konrad  Meier,  and  "Heating  and 
Ventilating  the    Standard    Schoolhouse,"   by  J.    D.    Cassell. 

The  Committee  on  Research  announced  that  Prof.  John 
R.  Allen,  who  has  been  secured  as  director  of  the  society's 
Bureau  of  Research,  will  assume  active  charge  of  the  bu- 
reau on  Aug.  1.  Following  the  professional  session  held 
at  the  auditorium  of  the  laboratories  of  the  United  States 
Bureau  of  Mines,  the  committee  conducted  members  and 
guests  on  a  tour  of  inspection  of  the  splendidly  equipped 
plant  of  the  Bureau  of  Mines,  which  will  be  the  headquai'- 
ters  of  the  Research  Bureau. 

The  Bureau  of  Mines  Plant 

The  main  portion  of  the  building  is  arranged  for  offices, 
auditoriums,  meeting  rooms,  etc.  One  wing  has  been  ar- 
ranged for  chemical  research,  where  every  facility  and 
service  required  is  supplied.  The  opposite 'wing  is  arranged 
for  physical  research.  The  first  floor  of  this  building  is 
one  long  room,  arranged  with  all  service  that  could  be 
expected  to  be  used  in  physical  research.  A  power  house 
with  ample  capacity  is  in  the  rear  of  the  building.  The 
Fuel  Research  Laboratory  is  located  in  the  power  house 
and  is  provided  with  separate  stack  and  arranged  so  that 
practically  any  fuel  testing  in  actual  practice  under  boilers 
or  furnaces  can  be  conducted. 

The  service  consists  of  steam  at  high  or  low  pressure; 
electric  current,  both  direct  and  alternating;  gas;  hot  and 
cold  water;  sewer  connections,  and  compressed  air.  This 
service  is  available  in  practically  any  part  of  the  plant. 

Offices  for  the  Bureau  of  Heating  and  Ventilating  Re- 
search will  be  provided  in  the  main  building  and  are  quite 
commodious  and  in  every  way  suited  for  the  work.  The 
location  of  this  building  is  of  particular  importance.  Ad- 
joining the  Carnegie  Institute  of  Technology,  and  within 
a  block  is  the  wonderful  Carnegie  Library.    The  University 


of  Pittsburgh  stands  on  the  next  hill,  within  plain  Highl 
and  short  walking  distance.  The  Mellon  Institute  of  Re- 
search is  only  a  few  blocks  away.  From  this  it  may  be 
seen  that  the  atmosphere  of  scientific  investigation  and 
research  and  the  assistance  and  cooperation  that  will  be 
at  hand  is  of  the  greatest  value  to  this  undertaking. 

Co-operation  with  United  States  Bureau  of  Mines 

The  contract  between  the  American  Society  of  Heating 
and  Ventilating  Engineers  and  the  Bureau  of  Mines  is  now 
being  drawn  to  cover  the  activities  of  each  in  this  cooper- 
ative work. 

By  this  contract  the  society  agrees  to  expend  not  less 
than  $1.'),000  per  year  in  this  cooperative  plan  (it  expects 
to  spend  at  least  ^25,000).  The  society  will  furnish  a 
director  of  research  at  a  salary  of  $6000  a  year;  such 
assistants,  investigators,  engineers,  stenographers,  etc.,  as 
may  be  required  and  the  funds  available  will  permit;  and 
the  necessary  instruments,  appliances  and  apparatus  for 
carrying  on  the  work  under  investigation. 

The  Bureau  of  Mines  is  to  furnish  three  investigators — 
one  at  a  salary  of  $3000,  one  at  $1800  and  one  at  $1200. 
The  Bureau  of  Mines  will  also  furnish  office  space  and 
janitor  service,  use  of  their  physicai  and  chemical  research 
laboratories  as  space  conditions  may  permit  and  the  re- 
quirements may  dictate;  use  of  special  laboratory  in  con- 
nection with  the  power  house;  service  in  the  form  of  steam 
at  high  or  low  pressure;  direct  or  alternating  current;  hot 
or  cold  water  and  gas,  etc. ;  use  of  such  instruments  as  they 
may  have  available. 

It  is  needless  to  point  out  the  value  to  the  society  accru- 
ing from  this  cooperation  on  the  part  of  the  Bureau  of 
Mines.  The  bureau  is  anxious  to  cooperate  in  every  way 
and  the  committee  hopes  and  believes  that  such  assistance 
may  be  mutually  advantageous. 

A  report  of  progress  in  warm-air  furnace  research  con- 
ducted by  the  engineering  experiment  station,  University 
of  Illinois,  in  cooperation  with  the  National  Warm-Air 
Heating  and  Ventilating  Association  contained  in  Bulletin 
No.  112  of  the  Experiment  Station  was  presented  by  A.  C. 
Willard,  professor  of  heating  and  ventilation. 

This  is  a  preliminary  report  of  progress  under  the  pres- 
ent cooperative  agreement  between  the  National  Warm-Air 
Heating  and  Ventilating  Association  and  the  University  of 
Illinois  for  an  investigation  of  warm-air  furnaces  and  fur- 
nace heating  systems. 

The  university  through  its  engineering  experiment  sta- 
tion is  to  assume  the  responsibility  of  maintaining  the 
necessary  staff  and  conducting  the  investigation  and,  of 
course,  it  is  further  responsible  for  the  reliability  and 
unbiased  character  of  all  results  obtained.  Publication  will 
be  made  from  time  to  time  in  official  bulletins  of  the  station 
for  the  purpose  of  furnishing  whatever  scientific  and  tech- 
nical data  are  developed  in  this  work  for  the  benefit  of  the 
engineering  profession  and  the  warm-air  furnace  industry. 

The  fundamental  ideas  involved  in  the  methods  used  in 
this  investigation,  as  well  as  the  furnace  plant  itself  and 
its  essential  features,  were  developed  and  put  into  opera- 
tion by  the  Department  of  Mechanical  Engineering  of  the 
University  of  Illinois  in  the  spring  of  1918. 

Briefly  stated,  the  principal  objects  of  the  investiga- 
tion are: 

1.  To  determine  the  efficiency  and  capacity  of  commercial 
warm-air  furnaces  under  conditions  similar  to  those  exist- 
ing in  actual  installations  with  leaders,  stacks  and  registers 
to  form  a  complete  system. 

2.  To  determine  satisfactory  and  simple  methods  for 
rating  furnaces  so  that  the  proper  size  and  type  of  fur- 
nace can  be  definitely  selected  for  the  service  required. 

3.  To  determine  methods  of  increasing  the  efficiency  and 
capacity  of  furnace  heating  equipment  and  the  advantages 
or  desirability  of  certain  types  of  design. 
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4.  To  determine  the  heat  losses  in  furnace  heating  sys- 
tems and  the  value  of  insulating  materials  as  affecting  the 
economy  of  the  furnace  or  the  leaders  and  stacks,  and  finally 
of  the  system  as  a  whole. 

5.  To  determine  the  proper  sizes  and  proportions  of  lead- 
ers, stacks  and  registers  supplying  air  to  first,  second  and 
third  floors. 

6.  To  determine  the  friction  losses  in  the  cold  air  or 
recirculating  ducts  and  registers  and  their  proper  size, 
proportions  and  arrangement  or  location. 

7.  Eventually,  to  make  a  study  and  comparison  of  outside 
and  inside  air  circulation  as  affecting  the  v^conomy  and  op- 
eration of  furnace  systems. 

The  report  very  completely  illustrates  and  describes  the 
instruments,  apparatus  and  methods  employed  in  the  in- 
vestigations. 

A  satisfactory  method  for  measuring  temperatures  at 
many  points  had  to  be  developed,  and  is  accurate  within 
one  or  two  degrees. 

The  report  recommends  that  for  the  maximum  load  con- 
ditions in  practice  the  register  temperatures  should  be 
taken  as  high  as  175  to  185  deg.  F.,  but  for  average  con- 
ditions the  register  temperature  should  not  exceed  150 
deg.  F. 

In  no  case  must  the  rate  of  combustion  at  any  time  re- 
quire a  draft  in  excess  of  0.2  in.  water  gage. 

The  heat-  and  air-carrying  capacities,  and  the  heat  losses 
of  various  kinds  and  sizes  of  leaders  and  stacks  and  other 
problems  involving  the  length  and  pitch  of  leaders  as  Well 
as  the  heights  of  and  offsets  in  stacks  are  being  solved  by 
the  tests  now  in  progress. 

A  report  of  "Continuation  of  Work  in  Dust  Determina- 
tions" was  presented  by  Dr.  E.  Vernon  Hill  and  Otto  W. 
Armspach,  and  Monday  morning's  professional  session  was 
devoted  to  reading  and  discussion  papers  on  "Utilization 
of  Sprinkler  System  Piping  for  Heating,"  by  A.  W.  Moulder; 
"Remodeling  a  Heating  System,"  by  Miss  Helen  R.  Innis; 
and  "Heating  and  Ventilating  Systems  at  the  United  States 
Government's  Smokeless  Powder  Plant,  at  Nitro,  W.  Va.," 
by  G.  W.  Hubbard. 

Joint  Meeting  with  National  District  Heating 
Association 

At  a  joint  meeting  with  the  National  District  Heating 
Association,  the  two  associations  discussed  the  report  of 
the  Rules  and  Regulations  Committee  of  the  National  Dis- 
trict Heating  Association  on  Standard  Rules  for  Comput- 
ing Required  Radiation,  referred  to  in  our  account  of  the 
proceedings  of  the  District  Heating  Association.  The  heat- 
ing and  ventilating  engineers  presented  a  paper  on  "Indus- 
trial Uses  of  Superheated  Steam,"  by  Alexander  Bradley, 
and  a  paper  on  "Capacities  of  Reducing  Valves  for  Steam 
Heating  Systems,"  by  James  A.  Donnelly  as  follows: 

The  capacities  of  reducing  valves  may  be  considered 
from  two  viewpoints.  One,  that  they  should  not  be  greater 
than  that  of  the  inlet  and  outlet  pipes  to  supply  the  steam 
and  carry  it  away,  with  a  reasonable  or  standard  drop  in 
pressure  per  unit  of  length,  and  that  the  area  of  the  seats 
should  be  suitable  for  this  rated  capacity.  The  other  view- 
point might  be  that  the  area  of  the  seats  should  always 
be  as  large  as  the  area  of  the  inlet  pipe  and  that  the  sizes 
of  the  supply  and  delivery  pipes  should  be  increased  to  cor- 
respond to  the  maximum  capacity  of  the  valve  seats. 

The  latter  method  would  often  result  in  the  use  of  a 
reducing  valve  and  connecting  nipples  much  smaller  than 
the  supply  and  delivery  mains,  and  therefore  much  weaker 
structurally,  from  a  mechanical  standpoint.  This  would 
result  in  a  design  that  is  liable  to  rupture  from  expansion 
strains  of  the  piping,  and  it  may,  therefore,  be  considered 
better  engineering  practice  to  rate  the  valves  at  the  ca- 
pacity of  the  inlet  and  outlet  pipes  and  consider  the  neces- 
sary size  of  the  seats  for  these  ratings. 

It  is  also  desirable  that  the  reducing  valves  and  the  sizes 
of  the  seats  be  so  proportioned  that  the  valves  will  have 
as  large  a  lift  as  practicable  in  order  that  wiredrawing 
or  cutting  of  the  disks  and  seats  may  be  avoided.  This  also 
results  in  a  more  accurate  regulation,  as  smaller  seats  are 
easier  to  control. 


Reducing  valves  for  steam  heating  systems  are  usually 
made  with  the  pipe  size  of  the  outlet  double  that  of  the  in- 
let. They  are  usually  provided  with  double  seats  of  such 
a  diameter  that  the  combined  area  of  the  two  is  approxi- 
mately equal  to  the  area  of  the  inlet  pipe,  although  some 
have  but  a  single  seat,  usually  the  diameter  of  the  inlet 
pipe.  The  maximum  movement  of  the  disks  is  usually  de- 
signed for  one-quarter  the  diameter  of  the  seats,  thus 
giving  full  area  of  opening  of  the  valve,  but  it  is  doubtful 
if  a  movement  as  great  as  this  is  obtained  without  con- 
siderable sacrifice  of  sensitiveness,  and  it  will,  therefore, 
probably  be  preferable  to  calculate  their  capacity  on  a 
maximum  movement  of  one-eighth  the  disk  diameter.  This 
will  also  allow  a  reasonable  factor  of  safety  or  possibility 
of  overload  sufficient  for  starting  up  a  cold  plant. 

The  velocity  of  flow  of  steam  of  a  greater  pressure  into 
an  atmosphere  of  a  less  pressure,  increases  as  the  differ- 
ence of  pressuie  is  increased,  until  the  delivery  pressure 
becomes  58  per  cent,  of  the  initial  pressure.  The  flow  does 
not,  thereafter,  increase  by  a  further  decrease  of  the  de- 
livery pressure,  and  increases  very  slowly  by  a  greater 
initial  pressure,  because  the  density  and  the  weight  to  be 
removed  increase  with  the  pressure. 

If  the  inlet  pressure  is  but  25  lb.  absolute,  or  10  lb.  gage 
pressure,  and  the  outlet  pressure  atmospheric,  the  condi- 
tion of  58  per  cent,  delivery  pressure  is  present  and  the 
velocity  of  flow  through  a  converging  nozzle  is  863  ft.  per 
sec,  resulting  in  a  delivery  of  approximately  23  lb.  per 
minute  per  sq.in.  area  of  orifice.  Tests  by  the  author  on 
fractional  valves  indicated  that  they  had  an  efficiency  of 
orifice  of  about  60  per  cent.  Applying  this  factor  would 
indicate  a  delivery  of  about  14  lb.  per  sq.in.  area  of  orifice 
per  minute,  or  sufficient  steam  for  the  normal  supply  of 
2800  sq.ft.  of  radiation  with  a  reasonable  allowance  for 
the  condensing  effect  of  the  piping  system. 

In  the  following  table,  the  usual  sizes  of  reducing  valves 
are  rated  in  accordance  with  the  standard  rating  of  steam 
mains,  corresponding  to  the  low-pressure  side  of  the  valve. 
These  ratings  divided  by  2800  give  the  necessary  areas 
through  the  valve  seats  for  steam  at  10  lb.  gage  pressure 
to  be   reduced  to  atmosphere. 

RATING.S  FOR  THE  USUAL  SIZE  OF  REDUCING  VALVES 


Usual 

Diameter 

Diameter 

Diameter 

Valve 

Seat 

Double 

Double 

Single 

Size,  In. 

Rating 

Areas,  Sq.in. 

Seat,  In. 

Seat.  In. 

Seat.  In. 

I     X    2 

300 

0.1 

I 

H 

5 

1!  X    2J 

500 

0.18 

J 

H 

IS  X     3 

900 

0  32 

H 

1^ 

2x4 

2,100 

0  71 

I 

1) 

H 

25  X     5 

3,600 

1.29 

lA 

U 

ifi 

3x6 

6.000 

2    14 

IH 

2i 

2" 

4x8 

13,000 

4  64 

2A 

2j 

1 

5    X  10 

23,000 

8  21 

3} 

3i 

6x12 

37,000 

13   2 

4i 

41 

8     X  16 

78,000 

27  9 

6 

5! 

H 

The  fourth  column  gives  the  required  diameter  for  double 
seat  valves,  while  the  fifth  column  gives  the  diameter  com- 
monly used.  The  sixth  column  gives  the  required  diameter 
for  single  seat  valves. 

It  will  be  seen  from  this  table  that  the  areas  of  seats  as 
commonly  made  are  amply  large  even  at  the  unusually  low 
initial  pressure  of  10  lb.  The  necessary  areas  of  seats  as  given 
above  may  be  divided  by  2  if  the  inlet  pressure  is  increased 
to  35  lb.  gage;  by  3,  if  increased  to  60  lb.;  by  4,  if  in- 
creased to  85  lb. 

The  friction  drop  for  the  high  pressure  supply  main  will 
vary  with  the  pressure  used,  but  it  may  be  said  to  average 
approximately  1  lb.  per  100  ft.  run,  with  the  pressures  in 
ordinary  use. 

At  the  closing  professional  session  held  on  Thursday 
morning  there  was  discussion  and  commendation  of  the 
good  work  reported  in  "Warm-Air  Furnace  Research"  by 
Prof.  A.  C.  Willard,  and  papers  were  presented  on  "Con- 
servation of  Coal  by  Saving  Exhaust  Steam,"  by  William 
B.  Hoyt;  "Combustion,"  by  Morgan  B.  Smith;  and  "Crack- 
ing Cast-iron  Sectional  Hot  Water  Boilers,"  by  C.  R. 
Honiball,  in  which  the  author  of  the  paper  recited  causes 
of  deterioration  and  conditions  that  had  come  under  his 
personal  observation.  In  some  cases  it  was  noted  that 
"thinning"  of  metal  occurs  at  the  bottom  of  sections  in 
the  firebox,  leaving  it  no  more  than   iV   in.  thick. 
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National  District  Heatinji;  Assorialiiui 


NATIONAL  District  Hi-iUitur  A.ssocintion  ht-ld  its  tenth 
iiiimml  ronvi-ntion  in  thi-  Willinni  I'cnn  Hotel,  Pitts- 
Imrjrh.  .hine  10  to  K?.  About  ISO  nicnihcrs  nnd  jriiests 
partiiijiated  in  one  of  the  best  convention  projrrnnis  that 
have  been  carried  out  by  the  association.  As  stated  t'lse- 
whcre  in  this  issue,  the  American  Society  of  Heating  and 
N'eiitiiatinjr  Knjrineers  simultaneously  and  at  the  same  hotel 
held  their  summer  meetinjr  and  several  of  the  professional 
and  social  sessions  of  the  orpanizntions  were  joint  session.s 
that  broujrhf  about  closer  cooperation  of  the  two  societies, 
hi  addition  to  the  joint  banquet  and  boat  trip  up  Monon- 
Kalu'la  River  and  visit  of  inspection  to  the  McKeesport 
Works  of  the  National  Tube  Co.,  an  enjoyable  trip  was  made 
by  members  and  jruests  to  the  Kast  I'ittsburnh  works  of  the 
Westinjrhouse    Electric   and    Manufacturinp   Co. 

.1.  C.  Hobbs,  rittsburjrh,  I'enn.,  was  elected  president  for 
the  ensuinjr  year  and  D.  L.  Gaskell,  Cireenville,  Ohio,  was 
reelected  secretary- treasurer. 

Report  of  Advancement  Committee 

There  are  on  record  a  number  of  decisions  in  rate  cases 
before  state  commissions  where  these  bodies  have  estab- 
lished rates  that  show  a  pood  return  on  the  investment. 
These  decisions  of  commissions  brinp  to  our  attention  the 
necessity  of  doing  all  we  can  to  help  ourselves  before  asking 
for  outside  assistance  in  the  form  of  increased  rates. 

Your  committee  has  found  plants  earning  a  net  return 
on  what  could  be  called  a  fair  value,  but  the  value  allowed 
was  complained  of  by  the  plant  owners  as  being  too  low. 
It  is  a  difficult  thing  to  satisfy  both  sides  of  a  rate  case, 
and  yet  it  is  true  that  less  real  antagonism  has  been  shown 
against  heating-rate  increases  than  any  other  utility 
business. 

Most  heating  companies  have  been  granted  increases  that 
have  made  it  possible  to  weather  the  terrific  conditions  of 
the  last  few  years.  The  high-cost  period  has  brought  out 
new  problems  or  magnified  what  were  considered  minor 
problems.  It  has  been  the  means  of  establishing  a  higher 
level  of  rates  and  has  established  the  value  of  efficient 
operation.  There  will  be  a  tendency  to  revert  to  lower 
rates,  and  probably  the  greatest  problem  before  the  com- 
panies is  to  keep  the  rates  up  to  a  point  where  a  sufficient 
return  is  earned. 

There  has  been  a  tendency  to  abandon  some  of  the  heat- 
ing plants  in  the  last  two  years.  It  is  difficult  to  tell  what 
the  outcome  will  be.  Many  successful  electric-plant  opera- 
tors will  have  nothing  to  do  with  a  heating  plant.  Other 
equally  good  operators  are  earning  a  fair  return  on  their 
heating  systems.  All  the  plants  that  have  been  abandoned 
were  not  economically  sound.  That  is  the  real  cause  of 
stopping  operation. 

The  change  in  electric  production  has  made  it  difficult 
for  the  combination  heating  and  lighting  plant  to  exist. 
Large  central  stations  with  long  transmission  distances 
have  put  the  smaller  plant  out  of  business.  It  is  hard  to 
find  a  steam  plant  exhausting  into  the  atmosphere  today. 
This  will  change  conditions  for  the  heating  plant.  It  will 
require  a  straight  heating  plant  with  rates  higher  and 
investment  lower.  The  high-pressure  plant  may  fill  this 
situation.     It  is  a  thing  that  must  be  studied. 

The  last  two  years  of  high  fuel  and  labor  costs  have 
certainly  jolted  us  into  a  desire  to  look  about  for  all  the 
possibilities  of  improvement  we  can  find.  In  general  it  can 
be  noted  that  the  central  heating  industry  needs  higher 
rat93  and  all  the  benefit  it  can  get  from  the  operation  in 
combination  with  electric  generating  plants,  or  a  design 
of  a  straight  heating  plant  that  will  fulfill  the  conditions. 

Report  of  the  Station  Operating  Committee 

On  account  of  war  conditions,  it  was  out  of  the  question 
to  carry  out  any  experimental  work  or  tests.  However,  the 
committee  endeavored  to  accumulate  such  data  as  might  be 
procurable,  and  as  would  give  the  experience  in  success- 
fully operated  stations,  and  to  report  same.  With  this  in 
mind,  a  list  of  topics  was  made  up,  and  sent  out  with  the 
request  that  such  information  as  might  be  available  on  same 


be  given.  As  a  result  the  committee  received  valuable- 
contributionH  from  members  on  Proper  Preparation  of  Kuel 
Before  Its  Delivery  to  the  Fireman;  ('oal  and  Ash-handling 
Methods,  (living  Advantages  and  Disadvantages  of  Dilfer- 
ent  Systems;  Station  Organization  with  Reference  to  ()h- 
taining  Rest  Kfliciency  in  the  Hurning  of  Fuel;  The  Bonus 
System;  Causes  and  Remedies  for  Pitting  and  (Corrosion  in 
Boilers  and  Economizers:  Exoeriences  with  Higher  Steam 
Pressures. 

Report  of  Public  Pomcy  Committee 

The  report  of  the  Public  Policy  Committee  covers  sub- 
jects that  have  been  most  prominently  brought  out  by  con- 
ditions under  which  heating  plants  have  been  operated. 
It  covers  the  following  topics:  (1)  Rates  and  Their  Relation 
to  the  Public;  (2)  The  Relation  of  the  Public  and  the  Util- 
ity; C.i)  The  Resi.onsibilities  of  Labor;  (4)  The  Trend  To- 
ward Socialism  in  Public  Utility  Operation. 

The  public  is  much  more  concerned  in  its  service  than 
in  the  rates  paid  for  that  service.  When  rates  are  men- 
tioned, the  public  and  the  utility  are  too  much  like  game 
chickens,  always  ready  to  fight,  the  one  for  a  reduction 
in  the  price  paid  for  the  service,  and  the  other  for  an  in- 
crease in  the  return  on  its  investment,  which  is  usually 
inadequate.  If  this  antagonistic  attitude  would  bring  relief 
to  either  of  the  parties,  the  fight  might  be  worth  while,  but 
it  does  not.  The  public  is  not  benefited  by  the  saving  in 
rate,  and  the  utility  cannot  get  any  rate  within  the  range 
or  reason  that  would  redeem  it  from  the  crushing  burdens 
with  which  the  public  has  from  time  to  time  loaded  the 
utility.  This,  it  is  thought,  is  one  of  the  most  important 
phases  of  the  subject  that  today  faces  the  public  and  the 
utility. 

The  establishment  of  competent  and  quick  acting  tribu- 
nals, wholly  divorced  from  local  or  political  influence,  is 
vitally  essential  to  the  life  and  usefulness  to  the  public 
of  the  utility.  Rates  cannot  be  reduced  from  war-time 
fixing  until  war  conditions  are  completely  removed,  and 
such  condition  is  not  in  sight  at  this  time.  Public  senti- 
ment in  the  most  favorable  degree  toward  a  utility  should 
be  encouraged,  and  needed  changes  in  our  laws  regulating 
utilities  should  be  such  as  to  relieve  them  from  i.iany  of 
the  unjust  burdens  they  now  bear. 

Major  Charles  N.  Green,  U.  S.  Engineers,  reviewed  the 
activities  of  the  Construction  Division  of  the  Engineer 
Corps  in  the  rapid  preparation  of  camps  and  cantonments, 
the  bulk  of  this  work  being  accomplished  under  the  direc- 
tion of  engineers  recruited  from  civilian  ranks. 

Report  of  Accounting  Committee 

In  the  last  report  of  the  Advancement  Committee  it  was 
recommended  that  a  proper  classification  of  accounts  and 
a  method  for  division  of  expenses  of  combined  heating  and 
electric  utilities  be  worked  out  possibly  in  cooperation  with 
the  National  Electric  Light  Association. 

The  Accounting  Committee  recommends  that  the  Heating 
Association  join  with  the  committees  from  other  public- 
utility  associations,  in  working  toward  a  uniform  classifica- 
tion of  accounts. 

Standard  Rules  for  Computing  Required  Radiation 
It  has  been  the  desire  of  a  great  many  members  of  the 
association  for  the  last  few  years  to  have  the  National 
District  Heating  Association  adopt  a  standard  rule  for  fig- 
uring required  steam  and  hot-water  radiation.  There  have 
been  several  papers  on  this  subject  presented  before  the 
association,  and  as  there  was  such  a  great  nur.'ber  of  niles 
used  by  the  various  member  companies,  some  of  which  did 
not  check  within  50  to  75  per  cent,  of  each  other,  the 
adoption  of  a  standard  rule  has  been  carried  over  from 
year  to  year  by  the  association  with  no  action  taken. 

Two  years  ago  when  the  Educational  Committee  decided 
to  get  up  an  association  handbook,  it  was  suggested  that 
they  adopt  a  standard  rule  for  figuring  radiation  which 
would  be  known  as  the  National  District  Heating  Associa- 
tion rule  and  make  it  a  part  of  the  handbook. 
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The  Education  Committee  was  so  busy  that  year  with 
other  matters  that  very  little  work  was  done  on  the  radia- 
tion formula,  and  when  the  new  committee  on  rules  and 
regulations  was  appointed  last  year,  the  formulating  of  a 
standard  rule  for  figuring  radiation  was  turned  over  to 
them. 

Numerous  drafts  of  a  proposed  rule  have  been  submitted 
to  the  committee  in  the  last  three  months,  and  as  there 
are  fourteen  members  of  the  committee  there  has  been  a 
grat  deal  of  criticism  and  discussion,  which  resulted  in  a 
great  many  changes  and  additions  to  the  original  draft. 
Some  of  the  members  were  of  the  opinion  that  the  scientific 
method  was  too  complicated  and  that  we  should  adopt  a 
rule  similar  to  rules  known  as  Nos.  2  and  3.  Other  mem- 
bers were  of  the  opinion  that  further  additions  should  be 
made  to  the  rule.  As  a  result  the  rules  which  the  com- 
mittee submitted  to  the  association  for  their  approval  and 
adoption  do  not  meet  with  the  individual  ideas  of  each  mem- 
ber, but  the  committee  is  agreed  as  a  whole  that  if  the 
proposed  rules  are  adopted  by  the  association  as  their 
standard,  there  is  sufficient  data,  so  that  the  various  mem- 
bers of  the  association  can  compile  simplified  formulas  to 
fit  their  local  conditions. 

The  weight  of  discussion  of  the  committee's  report  was 
to  the  effect  that  the  proposed  rules  and  methods  of  com- 
puting radiation  were  good  when  applied  with  engineering: 
skill  and  due  regard  to  conditions,  and  a  motion  was  car- 
ried, recommending  use  of  the  rules  for  guidance,  but  not 
as  the  officially  adopted  standard  of  the  association. 

The  Educational  Committee's  report  made  recommenda- 
tions relative  to  compiling  a  loose-leaf  handbook  for  use 
of  men  in  the  ranks  as  well  as  engineers  and  managers 
of  heating  untilites.  The  committee  also  made  valuable 
recommendations  on  "Method  of  Turning  in  Steam  in  Large 
Lines,"  and  a  convenient  method  for  determining  the  qual- 
ity of  steam  furnished  to  the  consumer. 

N.  A.  S.  E.  Convention  at  Troy,  N.  Y. 

The  twenty-fourth  annual  convention  of  the  New  York 
State  Association  of  the  N.  A.  S.  E.  was  held  in  Troy, 
N.  Y.,  Friday  and  Saturday,  June  13  and  14,  with  head- 
quarters at  the  Hotel  Rensselaer.  The  main  floor  of  the 
hotel  was  tastefully  arranged  for  the  use  of  the  supply- 
men,  there  being  more  than  sixty  firm^  represented. 

The  sessions  of  the  delegates  were  held  in  the  small 
banquet  hall  in  the  rear  of  the  exhibit.  While  the  attend- 
ance was  not  up  to  the  standard,  the  meetings  were  in- 
teresting and  the  members  enthusiastic  and  full  of  "psp." 
The  visiting  committee  of  the  past  year,  formed  by  the 
retiring  president,  Patrick  Cassidy,  received  a  vote  of 
thanks  for  its  good  work  and  will  be  continued  during  the 
coming  year.  There  are  five  local  associations  that  are  not 
connected  with  the  state  organization,  and  a  strong  effort 
will  be  made  to  get  these  locals  to  join  the  main  body. 
There  is  no  reason  why  the  New  York  State  Association 
should  not  be  the  largest  in  point  of  membership,  and  there 
will  be  a  big  campaign  for  members  during  the  coming  year. 

The  opening  exercises  took  place  at  the  Hotel  Rensselaer 
on  Thursday  evening.  John  J.  Hanlon,  chairman  of  the 
local  committee,  occupied  the  chair,  and  introduced  the  va- 
rious speakers.  Mayor  Cornelius  Bums  welcomed  the  con- 
vention to  Troy  and  said  it  was  the  boast  of  the  citizens 
of  the  city  that  they  were  never  outdone  in  hospitality. 
Patrick  Cassidy,  state  president,  responded.  Francis  M. 
Hugo,  secretary  of  state,  complimented  the  delegates  upon 
the  excellence  of  the  preamble  of  the  association.  He  said 
that  there  should  always  exist  an  identity  of  interests,  a 
perfect  harmony  and  a  close  cooperation  between  the  boss 
and  the  fellow  who  handles  the  throttle.  He  told  the  dele- 
gates how  proud  they  should  be  of  their  profession,  as  the 
victorious  outcome  of  the  war  was  largely  due  to  the 
supremacy  of  the  American  engineer  and  machinist.  Ed- 
ward J.  Lee,  of  Albany,  an  old  and  honored  member  of 
the  N.  A.  S.  E.,  fittingly  responded  for  the  engineers.  Mr. 
Lse's  remarks  were  received  with  enthusiasm.  At  this 
juncture  the  ceremonies  closed  and  the  company  adjourned 
to  the  exhibit  hall  where  State  President  Cassidy  officially 
opened  the  exhibit. 


There  were  several  features  of  entertainment,  including 
auto  rides,  shopping  tours  and  a  theater  party.  The  prin- 
cipal entertainment  was  the  banquet  on  Friday  evening. 
The  dinner  was  appetizing  and  well  served.  The  music 
was  good,  and  the  entertainment  furnished  by  Bob  Jones, 
of  the  France  Packing  Co.,  Billy  Murray,  of  Jenkins  Bros., 
and  Jack  Armour,  of  Power,  was  well  received.  The  guests 
of  honor  included  Past  President  William  J.  Reynolds; 
National  Vice  President  John  J.  Calahan;  Edward  J.  Lee, 
and  Robert  J.  Tobin,  the  last  acting  as  toastmaster. 


.SOME   OF   THOSE   WHO   ATTENDED   THE   TROY 
r-OXVEXTTON 

William  J.  Reynolds  was  the  installing  officer  of  the 
newly  elected  state  officers,  as  follows:  Patrick  Cassidy 
past  president.  New  York  City;  Robert  Tobin,  president, 
Troy;  Arthur  E.  Dowd,  vice  president,  Rochester;  William 
Roberts,  secretary,  Yonkers;  William  Downes,  treasurer. 
New  York  City;  Edward  Hoag,  conductor.  New  York  City; 
Charles  Eider,  doorkeeper,  Niagara  Falls;  Edward  J.  Lee, 
chaplain,  Albany;  S.  T.  Thackerberry,  state  deputy,  Brook- 
lyn. 

It  was  decided  that  the  next  convention  would  be  held 
in  Niagara  Falls,  the  second  week  in  June,  1920.  Before 
the  adjournment  of  the  delegates  the  memorial  services  for 
the  47  members  who  passed  away  during  the  year  were  con- 
ducted by  Captain  J.  Barrett  Mugford,  of  the  Salvation 
Army. 

The  Holyoke  Power  Situation 

An  interesting  situation  has  developed  recently  at  Hol- 
yoke, Mass.,  where  the  increasing  load  upon  the  municipal 
lighting  plant  and  the  limited  opportunity  for  expansion 
have  combined  to  raise  the  question  of  the  future  line  of 
development  of  the  city's  power  supply.  The  Turners 
Falls  Power  and  Electric  Co.,  operating  one  of  the  largest 
steam  and  hydro-electric  transmission  systems  in  New  Eng- 
land, has  offered  to  sell  energy  to  the  city  in  bulk  for  dis- 
tribution by  the  municipal  lighting  department,  and  an 
extended  reaort  on  the  operating  cost  of  the  station,  past 
and  estimated,  has  been  prepared  for  the  department. 

Considerable  local  opposition  to  the  purchase  of  energy 
was  voiced  at  a  public  hearing  on  the  power  situation  held 
in  Holyoke  June  11,  on  the  ground  that  a  local  plant  could 
be  built  by  the  city  to  supply  energy  as  cheaply  and  prob- 
ably with  greater  reliability  than  an  outside  system.  Ad- 
vocates of  buying  the  power,  however,  emphasized  the  su- 
perior economy  of  the  large  water  power  and  steam  equip- 
ment of  the  Turners  Falls  company,  and  pointed  out  that 
without  the  cheapest  power  available  a  modern  industrial 
city  cannot  develop  in  competition  with  other  communities. 
A  wise  conclusion  was  reached  in  a  unanimous  vote  recom- 
mending the  employment  of  an  independent  engineer  to  in- 
vestigate and  report  upon  the  entire  situation  with  advice 
to  the  city  as  to  the  best  course  to  pursue,  taking  all  pos- 
sible factors  into  account.  In  the  last  analysis  what  mod- 
ern industry  wants  is  reliable  power  at  the  lowest  feasible 
cost,  and  sentimental  considerations  have  no  place  in  de- 
ciding such  a  question  as  this,  which  affects  the  individual 
taxpayer  as  well  as  the  commercial  welfare  of  organized 
industry.  Political  consideratiorns  have  no  place  in  settling 
a  large  and  important  engineering  matter  such  as  that  now 
before  the  citizens  of  Holvoke. 
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ronlnbutoil  by   M.  O.  Lkiciiton,  I'luiirman 
N'litional   Servii-c  ("oimnitU'e 
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Till'  t'oininitU'f  on  Classiliciitioii  iiiul  ('ompcnsation  of 
Enjriiu'iT.s  of  the  KiipiiU'tTinK  ('oum-il  liavc  subniillod  u 
report  of  their  activities  in  the  Federal,  the  liailroad  and 
the  Munieipal  and  Stat*'  .sections.  This  work  has  been 
mainly  the  preparation  of  classification  schedules,  the  study 
of  conditions  atfectinj;  salary  scales  and  the  analysis  of 
data  collected.  To  facilitate  this  work  in  the  Federal  sec- 
tion a  letter  was  sent  to  each  departmental  secretary  out- 
lining: the  work  of  the  committee  and  reciuestinjr  a  list  of 
enpineerinjr  bureaus  in  his  department  and  in  issuing  in- 
structions to  chiefs  to  furnish  the  needed  data.  F'avorable 
responses  were  received  from  all  departments  excepting  the 
War  Department,  which  declined  to  furnish  the  information 
desired.  A  questionnaire  was  also  prepared  to  be  sent  to 
the  chief  engineers  of  the  railroads  under  Federal  control 
on  the  supposition  that  the  salaries  of  all  the  men  in  the 
various  departments  of  the  Railroad  Administration  were 
a  matter  of  public  knowledge. 

Before  sending  out  this  questionnaire  Director  Gen- 
eral Hines  was  consulted  and  said  that  he  did  not 
think  the  matter  should  be  approached  in  this  manner. 
However,  he  stated  that  he  could  see  no  objections  to  our 
getting  the  information  from  members  of  the  Founder 
Societies.  The  railroad  section  is  confining  its  initial  efforts 
to  securing  the  required  data  from  members  of  the  Founder 
Societies.  In  the  municipal  and  state  sections  the  commit- 
tee has  found  it  necessary  to  undertake  the  formulation  of 
a  standard  classification  of  positions  and  duties.  The  fit- 
ness of  this  schedule  is  now  under  consideration  by  the 
committee.  As  soon  as  an  agreement  shall  have  been 
reached,  it  is  proposed  to  incorporate  it  into  a  question- 
naire for  circulation  among  the  engineers  of  all  states  and 
the  more  important  cities  with  a  view  to  determining  present 
compensation  and  changes  which  should  be  made. 

In  attempting  to  formulate  standard  rates  of  compensa- 
tion for  professional  engineers,  the  first  task  is  to  find 
what  rates  are  actually  in  force;  the  second  task  is  to  find 
what  adjustment  should  be  made  to  correspond  to  the  great 
change  in  the  cost  of  living.  How  great  this  change  has 
been  is  realized  by  few.  A  record  of  average  prices  of  the 
necessities  of  life,  kept  by  R.  G.  Dun  &  Co.,  shows  that 
prices  have  increased  steadily  for  twenty-two  years.  On 
staple  articles  purchased  July  1,  1897,  for  $72.45,  the  price 
had  risen  on  Oct.  1,  1918,  to  $233.23.  The  unions  have  com- 
pelled an  increase  in  wages  for  their  members,  and  the 
unskilled  laborer  has  been,  especially  during  the  war,  prac- 
tically able  to  set  his  own  price  on  his  services.  No  such 
increase  has  come  the  way  of  the  salaried  professional 
man.  What  increase  has  been  granted  is  only  too  often 
wholly  inadequate  to  make  up  for  the  increase  in  the  cost 
of  living.  There  is  no  doubt  that  if  an  unprejudiced  in- 
vestigation were  made,  it  would  show  that  the  large  pro- 
portion of  salaried  workers  in  professional  occupations  have 
been  unable  to  pay  their  living  expenses  from  their  earnings 
for  the  last  three  years.  Every  indication  is  that  the  pres- 
ent condition  of  high  prices  will  stay  for  several  years  yet. 
If  this  is  the  case,  then  the  salaried  worker  is  entitled  to 
have  his  pay  brought  back  in  purchasing  power  to  where 
it  was  fifteen  years  ago. 

There  is  another  aspect  to  the  compensation  of  the  pro- 
fessional worker  which  has  frequently  been  misunderstood. 
The  pay  of  professional  engineers  has  for  many  years  been 
based  largely  upon  the  idea  that  a  young  man  in  the  earlier 
years  of  his  work  should  expect  a  modest  salary  because 
of  the  future  he  might  look  forward  to.  Perhaps  this  idea 
was  right  when  the  demand  for  engineers  was  greater  by 
far  than  the  supply  and  the  few  properly  trained  men  that 
were  turned  out  by  the  engineering  schools  and  engineering 
workshops  rapidly  worked  themselves  to  positions  of  large 
responsibility,  commanding  high  salaries.  This  is  far  from 
the  conditions  confronting  the  engineering  graduate  today. 


A  Very  few  can  ever  rise  to  high  |)OHiti(>nH.  The  man 
who  docs  is  alway.i  a  man  of  exceptional  aliiiity,  and  the 
man  of  exceptional  abUily  alone  is  able  to  discount  his  early 
salary  for  the  sake  of  his  i)rosp»'cl.  To  hold  out  similar 
I)r((spect8  for  the  average  technical  workei-,  which  they 
have  not  one  chance  in  twenty  of  ever  attaining,  is  gross 
<ieception.  The  committee  believes  therefore  that  the  dollar 
of  salary  must  be  considered  with  regard  to  what  it  will 
purcha.se  today  and  is  likely  to  purchase  next  year,  and  not 
with  regard  to  the  value  of  the  dollar  ten  or  fifteen  years 
ago.  This  increase  is  not  only  necessary  as  a  matter  of 
justice  to  the  engineer,  but  in  order  that  engineering  work 
may  be  maintained  on  the  plane  that  it  must  be  to  secure 
economical  and  efficient  work.  There  is  no  economy  in  pay- 
ing such  men  at  rates  inadequate  for  their  support.  It 
merely  tends  to  drive  the  abler  men  into  other  occupations 
and  to  leave  in  charge  of  the  work  only  those  of  less  ability, 
who  are  unable  to  make  a  change. 

Iowa  State  Convention,  N.  A.  S.  E. 

On  June  ll-l.'i  the  Iowa  State  Association  of  the  Na- 
tional Association  of  Stationary  Engineers  held  its  six- 
teenth annual  meeting  at  Marshalltown,  Iowa.  The  "Vic- 
tory" convention  was  one  of  the  best  in  the  history  cf  the 
state  association.    The  attendance  was  good,  exhibitors  had 
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to  be  turned  away  for  lack  of  space,  there  was  a  good 
selection  of  interesting  papers,  and  the  business  sessions 
were  of  the  short,  snappy  variety  for  which  the  Iowa  As- 
sociation is  noted. 

On  Wednesday  afternoon  the  first  executive  session  was 
called  to  order  by  Royal  H.  Holbrook,  owing  to  the  tem- 
porary absence  of  President  Mullin.  Mayor  Wilson  extended 
a  hearty  welcome  to  the  engineers.  In  the  response  Fred 
Raven,  national  secretary,  stated  that  efficiency  was  the 
motto  of  the  association  and  pointed  out  that  thei-e  is 
urgent  need  of  better-educated  engineers  to  lower  the  cost 
of  production  under  the  handicap  of  higher  prices  for 
everything  entering  into  the  generation  of  power.  Herman 
Hiese,  vice  president,  officially  opened  the  convention,  ap- 
pointed a  credential  committee  and  conducted  a  motion  for 
adjournment  to  visit  the  Iowa  Soldiers'  Home.  "From  Ore 
to  Finished  National  Pipe"  was  the  title  of  the  first  paper, 
and  the  second  was,  "The  Flow  Meter  and  Its  Application 
in  the  Measurement  of  Steam,  Water  and  Air,"  by  J.  B. 
Hoelz,  of  the  General  Electric  Co.  Outside  of  the  records 
made  available  by  the  meter  the  big  thing  in  its  use,  ac- 
cording to  Mr.  Hoelz,  is  the  education  of  the  fireman.  By 
watching  it  he  can  see  the  immediate  effects  of  everything 
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he  does.  The  meter  assists  in  equalizing  the  load  on  the 
various  boilers  of  a  plant,  guides  the  fireman  in  setting 
the  draft  or  regulating  the  feed  water,  indicates  a  loss  of 
effective  grate  area,  leaky  tubes,  surface  covered  with  scale 
or  soot,  or  in  fact  anything  that  tends  to  reduce  the  out- 
put. The  use  of  a  steam  meter  on  the  supply  to  a  turbine 
yras  also  important  as  it  would  immediately  show  a  rise 
m  water  rate,  which  for  the  same  load  would  indicate 
there  was  something  about  the  turbine  requiring  attention. 

C.  M.  Brigham,  of  the  C.  A.  Dunham  Co.,  in  an  illus- 
trated address  pictured  the  evolution  of  heating,  the 
troubles  formerly  prevalent  with  single-pipe  and  two-pipe 
systems  and  the  present  way  of  removing  air  and  water 
of  condensation  by  means  of  a  Dunham  radiator  trap. 

On  Thursday  morning  there  was  a  short  business  ses- 
sion, followed  by  2  practical  talk  on  pressure  gages  by 
G.  F.  Ruopp,  of  the  Marshalltown  Manufacturing  Co.  The 
speaker  explained  the  action  of  the  bourdon  gage  and 
showed  different  types  of  tube  for  light  and  heavy  steam 
pressures  and  tubes  for  ammonia  and  hydraulic  gages. 
During  the  afternoon  a  tour  of  inspection  was  made  to  the 
principal  manufactories  of  the  city,  including  the  Fisher 
Governor  Co.,  C.  A.  Dunham  Co.,  Central  Foundry  Co., 
Daily  Boys  and  Their  "Pop,"  and  Marshalltown  Manufac- 
turing Company. 

Friday  morning  the  principal  order  of  business  was  the 
appointment  of  a  committee  of  five,  including  the  president 
and  secretary,  to  act  in  conjunction  with  the  Central 
States  Exhibitors'  Association  and  take  full  charge  of  the 
state  convention  financially,  educationally  and  socially.  It 
has  been  a  number  of  years  since  the  Iowa  association 
has  been  in  the  exhibitors'  circuit,  and  it  is  gratifying  to 
see  them  back  in  the  good  old  way. 

Election  of  officers  resulted  as  follows:  President,  Herman 
Hiese,  of  Des  Moines;  vice  president,  H.  G.  Hammond,  of 
Davenport;  secretary,  P.  P.  Kramer,  of  Des  Moines;  treas- 
urer, J.  A.  Coulson,  of  Sioux  City;  conductor,  S.  C.  Dike,  of 
Dubuque;  doorkeeper,  John  Rockwood,  of  Clinton;  state 
deputy.  Royal  H.  Holbrook,  of  Cedar  Rapids.  Dubuque 
was  the  choice  for  the  next  convention  city. 

The  morning  sessions  ended  with  an  interesting  lecture 
on  the  "Cost  of  Making  a  Kilowatt-Hour,"  by  Arthur  G. 
Huntington.  The  high  light  of  the  talk  was  that  the  en- 
gineer must  make  himself  part  and  parcel  of  the  balance 
sheet  of  the  firm.  The  engineer  is  responsible  for  10  to  20 
per  cent,  of  the  cost  of  doing  business,  and  he  must  im- 
press upon  the  management  the  part  he  plays  in  connec- 
tion with  the  balance  sheet. 

On  Friday  afternoon  George  F.  Hessenbruch,  of  St. 
Louis,  favored  the  convention  with  a  lecture  on  isolated 
plants.  He  pointed  out  that  the  central  station  had  many 
advantages  over  the  isolated  plant  in  producing  current 
cheaply.  They  had  many  technical  men  who  were  experts 
in  their  particular  line,  had  every  kind  of  instrument  to 
give  all  operating  data  necessary,  a  complete  trained  crew 
for  the  work  and  the  privilege  of  consulting  with  the 
specialists  previously  mentioned.  The  isolated  plant  did 
not  have  the  cooperation  and  coordination  of  the  central 
station,  and  in  addition  it  was  usually  handicapped  by  the 
management  insisting  on  keeping  down  expenses,  although 
this  situation  had  been  relieved  somewhat  by  the  education 
received  in  the  past  two  years.  As  to  relative  costs  the 
isolated  plant  no  longer  had  the  marked  advantage  of  pre- 
war days.  Whether  the  advantage  rested  with  one  or  the 
other  depended  a  great  deal  on  balancing  the  steam  and 
electrical  services  and  the  particular  conditions  existing  in 
each  case.  No  general  deductions  could  be  made  that 
would  cover  all  cases.  The  speaker  reviewed  his  experience 
in  39  isolated  plants  that  had  been  taken  over  by  the 
central  station  to  supply  all  services.  Eleven  of  these  sta- 
tions have  now  resumed  operations  with  their  own  plant 
owing  to  the  high  cost  of  the  service,  and  it  is  probable 
that  the  balance  of  the  39  plants  will  follow  suit  before 
the  end  of  the  year. 

Engineered  by  the  Fisher  Governor  Co.  and  the  C.  A. 
Dunham  Co.,  the  banquet  Friday  evening  was  a  great  suc- 
cess. L.  C.  Abbott  acted  as  toastmaster.  Prof.  W.  H. 
Meeker,  of  Iowa  State  College,  made  the  first  address, 
his   topic  being   the    "Evaporative    Performance    of    Steam 


Boilers."  He  reviewed  the  growth  in  the  size  of  boilers  and 
incidentally  showed  that  it  had  not  kept  pace  with  the  in- 
crease in  present  ratings.  There  were  sevc  il  ways  by 
which  engineers  were  now  endeavoring  to  mcrease  the 
operative  performance  of  boilers  and  to  reduce  the  space 
occupied.  One  way  was  to  rearrange  the  heating  surface 
so  as  to  utilize  more  of  the  radiant  energy  from  the  fire. 
Increasing  the  velocity  of  the  flow  of  gases  and  the  flow 
of  the  water  within  the  tubes  were  also  factors  influencing 
the  economy  and  increasing  the  capacity  of  the  boiler. 
Another  factor  being  given  consideration  is  the  use  of 
cones  on  the  heating  surface  to  break  down  the  film  of  dead 
gas  next  to  the  plate.  There  are  possibilities  of  increasing 
the  heat  flow  from  6.5  to  75  times,  as  compared  with  the 
results  now  obtained  with  plain  surfaces.  Fred  Raven, 
national  secretary  of  the  association,  followed,  briefly 
expounding  the  reasons  for  tho  existence  of  the  N.  A.  S.  E. 

As  a  fitting  close  to  a  banquet  of  engineers.  Royal  H. 
Holbrook  told  in  a  most  interesting  way  the  story  of  James 
Watt,  reviewing  his  early  days  and  following  up  his  later 
career  as  an  inventor.  On  this  subject  Mi".  Holbrook  is  an 
authority.  He  has  made  a  most  careful  study  of  all  avail- 
able literature  dealing  with  the  early  days  of  the  steam 
engine,  and  it  was  the  unanimous  opinion  that  his  dis- 
course  from    the    standpoint    of    interest    was    exceptional. 

Among  the  exhibits  at  the  convention  a  model  hotel  power 
plant  consisting  of  boilers,  engines,  generators,  steam 
pumps,  heating  system,  feed-water  heater,  steam  trap,  reg- 
ulating valves,  and  all  complete,  made  in  miniature  size 
and  operating  at  a  pressure  of  30-lb.  gage,  attracted  a 
great  deal  of  attention  from  the  visitors.  The  miniature 
plant  performed  the  services  of  standard-sized  apparatus, 
supplying  light  and  heat,  and  being  equipped  with  the 
necessary  gages,  safety  valve,  etc.,  used  in  the  average 
plant.  It  had  been  prepared  by  the  Fisher  Governor  Co. 
and  the  C.  A.  Dunham  Co. 


American  Order  of   Steam  Engineers 

The  American  Order  of  Steam  Engineers  held  its  thirty- 
third  annual  convention  at  Atlantic  City,  N.  J.,  during  the 
week  beginning  June  9,  with  headquarters  at  the  Continen- 
tal Hotel.  The  attractive  location  of  the  meeting  this  year 
brought  out  a  full  attendance. 

The  several  sessions  of  the  delegates  were  held  in  the 
Morris  Guards  Armory,  a  block  from  the  hotel  headquar- 
ters. The  main  drillroom  of  this  building  was  tastefully 
decorated  and  arranged  for  the  use  of  the  supplymen  in 
the  display  of  power-plant  equipment  and  engine-room  ac- 
cessories. The  exhibit  was  liberally  patronized,  fifty-three 
firms  occupying  booth  spaces. 

Many  important  subjects  were  discussed  at  the  sessions 
and  measures  conducive  to  the  welfare  and  uplift  of  the 
engineers  in  general  were  passed  upon.  The  treasurer's 
report  showed  that  the  organization  is  on  a  sound  financial 
basis.  On  Tuesday  evening,  in  the  exhibit  hall,  the  engi- 
neers gave  a  complimentary  entertainment,  which  was 
greatly  enjoyed  by  a  large  attendance.  The  entertainment 
on  Thursday,  under  the  auspices  of  the  supplymen,  proved 
a  success  in  every  particular. 

At  the  final  session  of  the  delegates  the  following  su- 
preme officers  were  elected  and  installed:  W.  Scot  Price, 
chief  engineer;  Philip  S.  Kirkwood,  first  engineer;  Harry 
Dunn,  recording  engineer;  William  S.  Metzler,  correspond- 
ing engineer;  William  R.  Smith,  treasurer  engineer;  Dan 
Bunting,  master  mechanic;  Harry  Oler,  junior  master 
mechanic;  William  Kurtz,  inside  sentinel;  William  Arnold, 
outside  sentinel;  D.  B.  Heilman,  trustee;  and  James  Light- 
foot,  chaplain. 

The  American  Supplymen's  Association  elected  its  ofii- 
cers  for  the  ensuing  year,  as  follows:  Porter  G.  Jones 
Dearborn  Chemical  Co.,  president;  William  Lindenfelser' 
Jr.,  Texas  Co.,  vice  president;  Roy  C.  Downs,  Engineering 
Supply  Co.,  secretary;  John  W.  Armour,  Power,  treasure!. 
An  executive  committee  consisting  of  twelve  members  rep- 
resenting leading  supply  houses  was  elected. 

At  the  conclusion  of  the  memorial  services  on  Friday  it 
was  decided  to  hold  the  next  convention  in  Baltimore  '  i^^ 
June,  1920. 
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I'r«>j;res8  in  A<lo|>lioii  of  A.  S.  M.  E. 
Boiler  Code 

Tlu<  Anu-rican  Uniform  Hoilor-Liiw  Sorioty  in  nulU-tin 
No.  13,  <l!»tf(l  June  10.  malu-s  n  report  of  thp  activities  of 
the  society  in  the  ililTerent  states  since  Mar.  10.  lOIO.  the 
(late  of  the  Inst  bulletin.  The  report  of  projrress  by  states 
follows: 

Dilaitiiir — The  Le>;islature  convened  in  January.  The 
enahlinjr  act  was  introdiueil  in  the  Sen.ite  by  1.  L.  Lonjr, 
and  known  ns  Senate  Rill  No.  144.  11.  B.  Bradford  and 
Mr.  Cox  of  the  Eil>re  Moor  Iron  Co,  rendered  valuable  serv- 
ice. A*  the  request  of  Senator  Lontr,  we  addressed  the 
Senate  and  House  in  the  interests  of  the  A.  S.  M.  E.  Code 
and  the  bill,  which  was  unanimously  passed  by  both  houses 
and  siKned  by  Governor  Townsend  on  Apr.  8. 

The  bill  provides  for  a  board  of  boiler  rules  consisting 
of  live  members:  One  a  professor  of  mechanical  engineer- 
inp;  another  a  manufacturer  of  boilers;  another  a  user  of 
boilers;  another  a  mechanical  engineer;,  and  the  fifth  a 
licensed  stationary  engineer.  The  bill  carries  an  appro- 
priation of  $;?00  for  the  printing  and  distribution  of  the 
rules  formulated  by  the  board. 

liliodc  /,s/«/irf — The  Legislature  convened  on  Jan.  2.  Our 
bill,  known  as  Senate  Bill  No.  159,  was  introduced  by  George 
T.  Gorton.  The  bill  was  in  charge  of  Judge  James  Harris, 
of  Providence,  and  had  the  active  support  of  the  leading 
manufacturers,  engineers  and  others.  It  was  passed  unani- 
mously by  both  houses  and  signed  by  Gov.  R.  Livingston 
Beekman  on  Apr.  23. 

The  bill  carries  the  following  provisions:  The  appoint- 
ment of  a  chief  inspector,  salary  $1800  per  year;  the  ap- 
pointment of  one  or  more  deputy  inspectors,  salary  $1200 
per  year  each,  and  all  traveling  and  other  necessary  ex- 
penses incurred  by  him  in  the  discharge  of  his  duties.  The 
chief  inspector  must  formulate  and  adopt  a  standard  code 
of  rules  for  the  construction,  equipment,  installation  and 
inspection  of  boilers,  which  standard  and  rules  shall  be 
based  upon  the  standard  code  of  rules  published  and  enun- 
ciated by  the  A.  S.  ]\I.  E.,  and  the  inspector  shall  amend 
such  standard  code  of  rules  from  time  to  time,  basing  such 
amendments  on  any  amendment  made  by  the  A.  S.  M.  E. 
in  the  standard  code  of  rules  published  and  enunciated  by 
the  society. 

Exemptions:  Boilers  subject  to  Federal  inspection  and 
control,  together  with  boilers  carrying  a  pressure  of  15  lb 
or  less  per  square  inch  steam,  or  30  lb.  or  less  per  square 
inch  water;  and  boilers  that  are  inspected  and  insured  by 
companies  chartered  for  the  purpose  of  insuring  steam 
boilers  and  authorized  to  do  business  within  the  state  dur- 
ing the  time  that  such  insurance  remains  in  force,  provided 
due  evidence  of  such  inspection  and  insurance  shall  be  fur- 
nished to  such  inspector,  either  by  the  company  furnishing 
such  insurance  or  by  the  person  or  persons  insured.  The 
act  takes  effect  Sept.  1,  1919. 

liHssouri — The  Legislature  convened  Jan.  8.  The  enabling 
act,  known  as  Senate  Bill  No.  622,  was  introduced  in  the 
Senate  by  Conway  Elder  and  in  the  House  by  Hugh  K. 
Wagner.  James  A.  McKeown,  president  of  the  John  O'Brien 
Boiler  Works  Co.,  St.  Louis,  was  in  direct  charge  of  the 
bill,  assisted  by  Mr.  Burton  and  Mr.  Hester,  of  the  Kewanee 
Boiler  Co.,  together  with  C.  D.  Ashcroft  and  J.  P.  Morrison, 
of  the  Hartford  Steam  Boiler  Inspection  and  Insurance  Co.; 
D.  W.  Chipman,  Jr.,  Maryland  Casualty  Co.;  Edward  W. 
Schadek,  the  St.  Louis  Boiler  Manufacturers'  Association, 
the  Engineers'  Club  and  the  St.  Louis  Section  of  the  A.  S. 
M.  E.,  as  well  as  Senator  Elder  and  Representative  Wagner. 
The  bill  has  passed  both  branches  of  the  Legislature  and 
is  now  in  the  hands  of  Governor  Gardner  for  his  signature. 

The  bill  creates  a  board  of  boiler  rules  consisting  of  five 
members,  four  of  whom  shall  be  citizens  of  the  state  of 
recognized  knowledge  of  the  construction  and  use  of  steam 
boilers.  The  fifth  member  shall  be  the  state  factory  in- 
spector. The  rules  and  regulations  as  formulated  by  the 
board  of  boiler  rules  shall  conform  as  nearly  as  possible 
with  the  Code  of  the  A.  S.  M.  E.  The  rules  shall  become 
effective  upon  the  approval  of  the  governor,  but  rules  ap- 
plying to  the  construction  of  new  boilers  shall  not  become 
effective  until  Jan.  1,  1920.     The  sum  of  $1000  is  appro- 


pn.ileil  for  |)rinting  and  diHlribullon  of  the  rules  formulated 
by  the  board. 

Mirhii/tiu  The  Legislature  of  1917  pnxHcd  n  hill  author- 
izing the  appointmc-nt  of  n  board  of  boiler  rules  Ut  formulate 
rules  and  regulations  for  the  construction  of  boilers.  The 
rules  and  regulations  so  formulated  were  subject  to  the  op- 
provnl  of  the  governor  and  attorney  general.  The  following 
persons  are  members  of  the  board:  G.  W.  Bissell,  chairman; 
E.  C.  I''isher,  vice  president;  G.  L.  f^hristensen,  secretary; 
R.  I.  Iliggie;  J.  ('.  McCabe,  chief  inspector,  Detroit.  After 
a  great  deal  of  time  and  work  on  the  part  of  the  board  and 
others,  Michigan  is  now  operating  under  the  Code. 

New  York — Under  Section  91  of  the  Labor  Law,  the  New 
York  State  Industrial  Commission  in  1917  adopted  the  Code 
— to  apply  only  to  factory  buildings.  There  was  no  pro- 
vision made  for  the  inspection  of  boilers  in  any  class  or 
type  of  buildings  other  than  factories  in  which  steam  boilers 
were  being  ci)er;it('d  above  15  lb.  pressure  per  square  inch. 
A  bill  was  introduced  by  the  Boiler  Inspection  Department, 
in  both  Senate  and  House,  which  authorizes  the  Inspection 
Department  to  make  inspections  of  all  boilers  carrying  a 
steam  pressure  above  15  lb.  per  sq.in.  in  all  classes  and 
types  of  buildings,  and  was  known  as  House  Bill  No.  257. 
We  gave  this  bill  our  unlimited  support,  appearing  before 
the  Senate  and  House  Committee.  The  bill  passed  both 
houses,  has  been  signed  by  Governor  Smith,  and  is  now 
known  as  Chapter  299,  Laws  of  1919.  We  understand 
the  Industrial  Commission  will  adopt  the  1918  edition  of  the 
Code. 

Washington,  D.  C. — The  General  Engineering  Depot  now 
specifies  that  all  new  boilers  are  to  be  built  in  accordance 
with  the  A.  S.  M.  E. 

Florida — The  Legislature  convened  on  Apr.  3  and  our 
bill,  known  as  Senate  Bill  No.  399,  was  introduced  by 
Senator  Carlton.  We  have  the  active  support  of  the  Florida 
Engineering  Society,  the  attorney  general  and  others.  We 
were  in  direct  touch  with  the  situation,  having  visited  Tal- 
lahassee with  C.  S.  Hammatt,  of  the  Florida  Engineering 
Society,  and  appeared  before  the  Senate  committee,  which 
reported  the  bill  favorably.  The  bill  has  passed  the  Senate 
and  is  now  in  the  House. 

Alabama — The  Legislature  convened  Jan.  10  for  a  fifty- 
day  session.  The  Legislature  convenes  once  in  four  years. 
Our  bill  has  been  introduced  and  is  known  as  House  Bill 
No.  330,  and  will  be  acted  upon  after  July  8.  W.  P.  Caine, 
chairman,  Birmingham  Section  A.  S.  M.  E.,  has  been  active 
in  our  behalf,  assisted  by  manufacturers,  the  Alabama 
Branch  No.  3  of  the  N.  A.  S.  E.  and  others. 

Georgia — The  Legislature  convenes  on  June  27,  and  our 
bill,  which  has  been  carefully  drawn,  meets  with  the  ap- 
proval of  the  governor,  the  commissioner  of  commerce  and 
labor,  the  Georgia  Manufacturers  Association  and  the  At- 
lanta Section  of  the  A.  S.  M.  E.  We  understand  that  the 
governor  will  recommend  the  legislation  in  his  message 
to  the  Legislature,  and  we  believe  that  Georgia  will  adopt 
the  Code. 

Increasing  recognition  of  the  value  of  the  Code  is  indi- 
cated by  its  use  in  technical  schools  as  a  text  or  reference 
book.  It  is  now  used  as  a  reference  book  at  Stevens  Insti- 
tute of  Technology,  Sheffield  Scientific  School  of  Yale  Uni- 
versity and  in  the  course  in  boiler  design  at  the  Rensselaer 
Polytechnic  Institute.  It  is  reported  that  the  Code  is  also 
in  use  at  the  Virginia  Polytechnic  Institute,  Georgia  School 
of  Technology,  the  University  of  Texas,  the  Tulane  Uni- 
veuity  of  Louisiana  and  the  University  of  Florida. 

It  is,  moreover,  used  in  the  Republics  of  Argentine,  Para- 
guay and  New  Zealand.  Also  the  Government  specifies 
boilers  in  use  at  the  Canal  Zone  and  according  to  Specifica- 
tion No.  2362  for  power-plant  equipment  at  the  Naval 
Training  Station,  Newport,  R.  I.,  "boilers  and  accessories 
used  by  this  department  are  to  be  constructed  to  the  A.  S. 
M.  E.  Boiler  Code." 

The  following  states  and  cities  have  adopted  the  A.  S. 
M.  E.  Boiler  Code:  States — New  York,  New  Jersey,  Penn- 
sylvania, Delaware,  Michigan,  California,  Missouri,  Rhode 
Island,  Wisconsin,  Minnesota,  Ohio,  Indiana.  Allegheny 
County,  Penn.  Cities — Detroit,  Mich.;  Erie,  Penn.;  Kan- 
sas City,  Mo.;  St.  Louis,  Mo.;  Philadelphia,  Penn.;  St. 
Joseph,  Mo.;  Chicago,  III.  (will  accept). 
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Pulverized  Fuel  for  the  Railways 

At  the  eleventh  annual  convention  of  the  International 
Railway  Fuel  Association,  held  in  Chicago  the  vi^eek  of  May 
19,  the  committee  on  pulverized  fuel,  of  vk^hich  W.  J.  Bohan, 
of  the  Northern  Pacific  Railway,  is  chairman,  presented  an 
interesting  report  consisting  of  a  summary  of  results  ob- 
tained by  the  use  of  pulverized  fuel  in  locomotives.  To 
date  five  diflerent  American  railroads — the  Atchison,  To- 
peka  &  Santa  Fe;  Chicago  &  North  Western;  Delaware  & 
Hudson;  Missouri,  Krnsas  &  Texas,  and  the  New  York 
Central — have  successfully  operated  during  test  periods 
individual  locomotives  equipped  for  burning  pulverized  coal. 
These  tests  were  all  made  under  regular  service  conditions 
and  demonstrated  that  locomotives  burning  pulverized  coal 
will  meet  the  train-handling  conditions  imposed  by  the  dif- 
ferent classes  of  service.  None  of  the  locomotives  tested 
were  in  service  at  this  time,  it  being  necessary  in  most  in- 
stances on  account  of  war  activity  and  the  demand  for 
power  to  remove  the  pulverized-fuel  equipment  and  discon- 
tinue the  experiments.  Following  are  summaries  of  results 
obtained  from  three  different  sources: 

A  carefully  conducted  test  between  two  engines  of  the 
same  class,  one  burning  pulverized  coal  and  the  other  hand- 
fired,  showed  that  a  saving  of  23  per  cent,  in  fuel  burned 
could  be  made  by  burning  pulverized  coal.  The  main  diffi- 
culties encountered  were  the  slagging  over  of  the  flue  sheet 
and  burning  out  of  the  brick  arch.  The  slagging  was  largely 
overcome  by  an  air  jet  to  blow  off  the  slag  accumulations. 
A  number  of  burner  arrangements  were  tried,  but  it  was 
found  impossible  to  prevent  the  rapid  burning  out  of  the 
brick  arch.  The  cost  of  replacing  the  arch  brick  largely 
overcame  the  saving  in  fuel,  and  the  delay  to  the  loco- 
motive was  a  decided  drawback.  A  comparison  of  total 
costs  of  hand-firing  versus  pulverized-coal  firing  on  the 
locomotives  tested,  which  include  cost  of  pulverizing,  cost 
of  handling,  cost  of  arch  maintenance,  interest  and  depre- 
ciation, showed  the  hand-firing  to  be  most  economical.  In 
fairness  to  the  pulverized  coal  it  was  thought  possible  to 
design  a  firebox  that  would  avoid  such  troubles  as  burning 
out  of  the  brick  arch  and  show  an  advantage  in  favor  of 
the  pulverized  coal. 

Cost  of  Pulverizing 

A  second  report  stated  that  pulverized  fuel  had  been 
burned  satisfactorily.  All  the  steam  needed  had  been 
generated,  with  splendid  control  all  the  time,  when  using 
60  per  cent,  anthracite  and  40  per  cent,  bituminous  coal, 
the  latter  fuel  being  necessary  to  increase  the  volatile. 
Economy  was  quite  another  thing,  and  unless  a  poor  or 
byproduct  coal  could  be  purchased  at  a  price  that  would 
absorb  carrying  charges,  operation,  etc.,  of  a  pulverizing 
plant  and  not  exceed  the  price  of  a  satisfactory  lump  coal, 
the  question  would  bear  careful  analysis.  There  is  no  sav- 
ing in  the  quantity  of  fuel  used  when  pulverized;  in  fact 
the  difference  is  in  favor  of  the  lump  coal.  Pulverizing 
costs  between  45  and  50  cents  per  ton. 

By  a  third  source  the  burning  of  pulverized  fuel  in  a 
locomotive  was  considered  easy  and  had  proved  satisfac- 
tory. The  only  difficulties  were  with  the  drying,  pulverizing 
and  handling  of  the  coal,  and  also  the  danger  in  connec- 
tion with  it.  In  case  of  a  large  number  of  engines  being 
equipped  to  burn  pulverized  coal,  were  the  plant  to  be  blown 
up,  burned  or  otherwise  made  inoperative,  the  locomotives 
would  be  tied  up  until  the  plant  was  in  service  again. 

Something  like  200  pulverized-fuel  installations  on  sta- 
tionary plants  were  in  operation  throughout  the  country. 
These  plants  were  reported  as  successfully  burning  all 
grades  and  classifications  of  anthracite,  bituminous,  sub- 
bituminous  and  lignite  coals  in  the  pulverized  form. 

The  development  of  the  art  of  burning  pulverized  coal 
during  the  past  two  years  has  shown  marked  progress  in 
that  the  experimental  work  done  and  tests  made,  although 
still  incomplete,  have  demonstrated  the  apparent  soundness 
of  the  principle  of  burning  coal  in  a  finely  divided  form  in 
suspension,  and  that  the  complete  commercial  success  de- 
pends upon  the  further  careful  working  out  of  such  details 
as  correct  determinations  of  proper  fineness  of  the  various 


grades  of  coals  and  economical  and  efficient  methods  and 
apparatus  for  preparing,  storing  and  transporting  the  pul- 
verized coal  to  the  stationary  plant  or  to  the  locomotive 
furnace. 

It  has  not  been  clearly  established  that  ccal  ground  to 
the  extreme  fineness  and  dried  to  the  extent  recommended 
by  most  of  the  supporters  of  pulverized  coal  best  meets  the 
conditions  of  the  practical  user  operating  under  widely  di- 
versitisd  conditions.  The  tendency  of  explosion  and  spon- 
taneous combustion,  which  is  always  present  in  coal  of  this 
character,  should  be  eliminated  entirely  if  possible  to  do 
so.  The  tendency  of  reabsorption  of  moisture  in  containers 
and  transmission  piping  in  stationary  plants  and  at  coal- 
ing stations  of  railroads  will  always  be  a  problem  in  cli- 
mates having  extreme  variations  of  temperature  and  hu- 
midity. Experiments  should  be  made  to  deteimine  if 
thoroughly  air-dried  coal  ground  to  the  fineness  of,  say, 
coarse  granulated  sugar  and  burned  in  suspension  in 
specially  designed  furnaces  will  not  produce  greater  over- 
all economies. 

Pulverizing  Coal  on  Locomotive  Tender 

Further,  in  so  far  as  the  use  of  this  kind  of  fuel  on  loco- 
motives is  concerned,  it  seems  advisable  to  give  more  care- 
ful consideration  to  the  individuality  of  the  flexible  steam 
locomotive  as  it  exists  today.  It  is  not  without  the  realm 
of  possibility  that  a  pulverizing  and  stoking  device  might 
be  arranged  that  would  prepare  any  grade  of  coal  on  the 
tender  and  deliver  it  to  the  firebox  in  the  pulverized  form, 
thus  eliminating  all  expense  incident  to  preparing  and 
transporting  pulverized  coal  from  a  central  plane,  which 
things  create  a  great  deal  of  doubt  about  the  success  of 
pulverized  fuel  at  the  present  time.  The  same  thing  would 
also  apply  to  a  stationary  plant  in  a  modified  form. 

Much  ill-advised  engineering  work  and  experimenting  has 
been  done  and  some  snap  conclusions  have  been  rendered 
without  careful  analysis  of  the  problem  and  without  doing 
the  very  essential  laboratory  work  necessary  to  establish 
fundamental  facts.  Some  hurriedly  prepared  and  con- 
ducted tests  with  incomplete  and  inadequate  facilities  and 
equipment  have  been  made,  particularly  on  locomotives  on 
busy  railroads  during  periods  of  heavy  traffic  movement. 
Such  tests  are  more  or  less  void  of  results,  not  only  from 
lack  of  preparation  and  facilities,  but  also  because  em- 
ployees cannot  give  them  proper  attention.  For  these  rea- 
sons also  adverse  opinions  and  doubt  about  pulverized  fuel 
prevail  in  the  minds  of  many. 

It  did  not  seem  to  the  committee  that  the  laboratories  of 
the  great  universities  were  being  used  to  sufficient  extent. 
Many  of  these  universities  have  thoroughly  equipped  labo- 
ratories, and  could  thoroughly  work  out  all  the  technical 
questions  and  lay  the  foundation  for  reasonably  operative 
devices  before  making  field  applications. 

"Heat  Balances"  and  "Cash  Balances" 

It  is  particularly  noticeable  in  the  reports  of  pulverized- 
fuel  tests  received  by  the  committee  that  practically  all 
dealt  with  fuel  economy  only  and  with  a  deluge  of  figures 
and  "heat  balances"  conclusively  proved  fuel  economy  to 
everybody's  satisfaction.  Not  enough  has  been  said  about 
"cash  balances."  In  this  respect  conclusive  evidence  is 
lacking  about  pulverized  coal,  at  least  in  so  far  as  the  com- 
mittee has  been  able  to  develop  after  careful   inquiry. 

There  is  little  or  no  question  about  the  ultimate  prac- 
ticability, efficiency  and  economy  of  burning  coal  in  a  finely 
divided  form,  both  in  stationary  plants  and  locomotives. 
To  develop  this  fact  to  a  practical  conclusion  requires 
thorough  cooperation  of  manufacturer  and  user.  In  view 
of  the  immense  supply  of  bituminous,  lignite  and  other 
grades  of  coals  of  various  characteristics  peculiarly  adapted 
to  the  pulverized  method  of  burning,  it  is  suggested  that 
as  soon  as  business  conditions  again  adjust  themselves  the 
railroads,  with  the  assistance  of  manufacturers  and  uni- 
versities, make  the  necessary  conclusive  and  exhaustive 
tests  and  develop  the  fixed  principles  of  methods  and  appa- 
ratus necessary  to  successfully  meet  the  urgent  demands 
for  vastly  more  economical  burning  of  coal.  This  is  not  a 
question  of  self-interest  of  either  manufactui-er  or  par- 
ticular industry.    It  is  one  of  national  interest  and  urgency. 
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A  Nutioiial  Kni|»l<>)in<*iil  SvHh'iii 

A  l>ill  which  Hims  to  csUblish  u  nutioniil  cmploynu'iil 
sy.ttcni  has  hfon  introdiui-il  into  thi-  Siimtc  l).v  Scnntor 
Kriiyrn.  Tliis  sy.sti'in  wouhl  bt-  ciillfd  thv  Unilt-d  Statt-s 
Kmploynu'nt  Sorviio  and  \h'  a  bun-an  of  llu-  l)<'|mrtnn'nt  of 
Labor.  It  is  dosijrnt-d  to  sfivt-  both  sixes  and  plans  to 
coordinato  the  i)ublic  cnii)loyint'nt  otliccs  in  the  dKTtrt'iit 
states  to  cronto  a  unifoiin  standard  of  supply  and  demand 
of  labor  by  ussistinjr  when  nciessaiy  in  the  transportation 
of  workers  to  nu-ot  labor  s)iortam>s  in  difTercnt  sections  of 
the  coiinti'i'.  It  jjrovides  for  an  appropriation  of  four  mil- 
lion tlollars  to  be  distributed  on  a  per  capita  basis,  anions 
Ibe  dilVerent  states  for  the  maintenances  of  these  oflices. 

The  National  Research  C'ouncil 

A  bill  recently  introduced  by  Senator  Croiina  provides 
lor  "aid  in  the  promotion  of  ennineerinjc  research,  indus- 
trial progress  and  scientific  investigations."  The  bill  also 
aims  to  assist  in  the  development  of  national'  resources  and 
the  distribution  of  u.seful  and  practical  information  pertain- 
ing to  these  questions  amonjr  the  people  of  the  country.  It 
would  appoint  a  national  board  of  ensinoerinK  and  indus- 
trial experts,  this  board  to  be  called  the  National  Research 
Council.  Its  duties  are  to  be  the  organization  and  coordina- 
tion of  enjrincerinK  and  industrial  research  in  each  of  the 
states.  Although  the  members  of  this  board  will  receive 
no  compensation  for  their  services,  the  bill  provides  that 
actual  personal   expenses  will  be  paid  by  the  Government. 

Russian  Water-Power  Possibilities  at 
Dnieper  River  Rapids 

V.  V.  TchikoflF,  consulting  civil  engineer,  Berkeley,  Calif., 
writing  in  the  Engineering  News-Record,  estimates  the  total 
potential  water  power  of  European  Russia  alone  to  be 
20,000,000  hp.  or  more.  This  is  mostly  concentrated  in 
the  border  regions  of  Russia.  The  Caucasus  has  about 
10,000,000  hp.,  and  there  is  about  2,000,000  hp.  in  the  north 
lake  region.  All  the  hydro-electric  stations  of  European 
Russia  have  only  about  250,000  hp.,  and  most  of  these  sta- 
tions are  small. 

The  rapids  of  the  Dnieper  River  present  one  of  the  most 
interesting  possibilities  for  early  utilization.  The  problem 
c'  developing  these  rapids  has  been  worked  out  by  many 
Russian  and  foreign  engineers.  This  project  was  divided 
into  two  phases.  The  phase  first  was  based  upon  the  37-year 
midsuninier    minimum     discharge     of     11,000     sec. -ft.,     cor- 


rjspondintf  to  a  turbine  capacity  of  2;i8,fi00  hp.  nominal, 
with  a  maximum  of  :i|(>,K00  hp.  during  the  flood  months 
of  spring.  The  niininiuni  discharge  for  u  15-day  period  in 
15,100  Hccon<l-foet. 

For  the  secoixl  phase  of  the  pro.jcct  there  would  be  util- 
ized about  22,000  sec. -ft.,  corrcHjiondlng  to  a  turbine  capacity 
of  .'150,000  hp.  nominal  and  -105,000  Jip.  maximum,  and  a 
total  of  5KH,G00  hp.  nominal.  For  this  there  would  be 
necessary  auxiliary  steam  plants  of  half  the  turbine  ca- 
pacity, working  90  d.-iys  per  year.  The  maximum  turbine 
capacity  was  assumc<l  as  l.;!;5  times  the  nominal  c  pacity. 
The  construction  cost  of  the  dams,  locks,  etc.,  was  esti- 
mated at  about  .fljn. ()()(>, 000,  and  of  the  turbines,  generators, 
etc.,  $1(),500,000  for  the  first  and  $21,000,000  for  the  second 
phase,  including  the  auxiliary  steam  plant,  but  not  tht 
transmission  lines  to  Ekaterinoilav  and  Alexandrov:;k 
which  were  counted  at  $4,400,000.  The  profits  of  a  year's 
operation  for  the  first  phase  are  estimated  at  $1,480,000. 
and  for  the  second  pha.se  $1,700,000. 

Two  Hundred  Million  Dollar  French 
Contract  to  American  Finn 

The  Vulcan  .Steel  Products  Co.,  1.36  Liberty  St.,  New  York 
City,  has  just  received  a  c(rt-plus  contract,  valued  at  $200,- 
000,000,  for  rebuilding  the  Nancy  district  of  France.  The 
preliminary  work  of  accumulating  an  organization  and 
obtaining  bids  on  machinery  and  equipment  of  all  kinds 
will  be  st-.rted  at  once,  so  that  the  actual  construction  work 
may  go  forward  the  moment  the  peace  treaty  has  been 
signed. 

Associated  with  the  Vulcan  Steel  Products  Co.  are  Mac- 
Arthur  Brothers  and  the  McClintic-Marshall  Co.,  which 
will  handle  the  construction  work.  French  labor  will  be 
used,  and  it  is  understood  that  preference  will  be  given  to 
French  manufacturers  of  machinery.  However,  a  vast 
amount  of  American  machinery  of  all  descriptions  will  be 
purchased. 


The  German  War  Commissary  states  that  Germany's  coal 
production  is  decreasing  in  all  districts,  because  the  pay  is 
no  longer  based  on  the  work  done  but  has  a  minimum  of  16 
to  18  marks  ($3.81  to  $4.28,  at  normal  exchange)  per  day. 
The  present  coal  production  in  the  Ruhr  district  is  9000  to 
10,000  tons  per  day,  compared  with  34,000  tons  in  peace 
times  and  24,000  tons  during  the  war.  In  upper  Silesia  the 
daily  output  has  been  reduced  to  2000  carloads,  compared 
with  14,000  in  peace  times  and  11,000  during  the  war. 


New  Publications 


INDUSTRIAL   MAP   OF   NEW   KXGLAND 

The  First  National  Bank  of  Boston, 
through  its  commercial  service  department, 
has  published  an  interesting  industrial  map 
of  New  England,  showing  by  ■  s>Tnbols  and 
cuts  the  leading  industries  located  geo- 
graphically in  the  respective  cities  and 
towns.  A  key  to  the  symbols,  included  in 
the  map,  enables  one  to  locate  at  a  glance 
the  various  industrie:^.  There  is  also  a 
carefully  worked  out  table  of  the  industrial 
towns  arranged  b.v  sta:es.  and  the  leading 
industries  in  each  city  and  town  are  shown, 
which  should  be  of  interest  and  value  to 
merchants  and  manufacturers  throughout 
the  United  States.  To  further  the  develop- 
ment of  foreign  trade  and  to  enable  the  for- 
eign buyer  to  become  familiar  with  the 
products  which  New  England  manufac- 
tures, this  map  will  be  published  in  other 
langoiages  for  distribution  in  the  foreign 
markets  of  the  world. 


Personals 


M.  L.  Requa  has  resigned  as  general  di- 
rector of  the  oil  division  of  the  United 
States  Fuel  Administration  to  accept  a 
position  with  one  of  the  large  oil  concerns. 


W.  H.  Goodrirh  has  resigned  as  chief 
engineer  of  the  Stamford  (Conn.)  Gas  and 
Electric  Co..  to  become  New  York  district 
sales   manager   of   the   McClave-Brooks   Co. 

Ralph  T.  Stone,  who  has  been  sales  engi- 
neer at  the  New  York  City  office  of  the 
Sullivan  ^Machinery  Co.  for  several  yLar>. 
has  been  put  in  charge  of  the  company's 
new  branch  office  at  Room  810,  Park  Build- 
ing,   Cleveland,    Ohio. 

Major  Georee  W.  Semmes,  vice  president 
and  chief  engineer  of  Akerlund  &  Semmes. 
Inc.,  has  returned  from  France  after  nearly 
two  years  of  service  at  the  front.  He  will 
confine  his  activities  chiefly  to  the  manage- 
ment of  the  gas-producer  department, 

George  R.  Richey  has  been  appointed 
New  England  sales  manager  for  the  Sul- 
livan Machinery  Co.,  to  succeed  George  E. 
AVolcott.  deceased,  Mr.  Richey  was  long 
associated  with  the  late  Mr,  Walcott  as 
sales  engineer  for  the  company  in  New 
England  and  eastern  Canada. 

Prof.  Charles  J.  Tilden.  well-known  civil 
engineer  and  for  many  years  head  of  the 
department  of  civil  engineering  at  Johns 
Hopkins  Universit.v.  has  been  placed  in 
charge  of  the  new  department  of  engineer- 
ing mechanics  at  Sheffield  Scientific  School 
of  Yale  University. 

Foster  Callahan,  recently  released  from 
service  in  the  United  States  army,  is  act- 
ing as  representative  in  .=everal  Southeast- 
ern States  for  the  Safety  Insulated  Wire  and 
Cable  Co.  Mr.  Callahan  formerly  covered 
this    same    territory    in    cuother    connection 


and  is  well  known  and  popular  in  the  elec- 
trical industry. 

Vernon  T.  Brauns.  who  has  a  large  ac- 
quaintance with  chief  and  valuation  engi- 
neers of  railroads  of  the  United  States,  ha? 
just  assumed  the  management  of  the  Am- 
erican Blue  Print  Paper  Co,  Some  time 
ago,  Mr.  Brauns  won  national  recognition 
through  promoting  a  process  for  reproduc- 
ing tracings  for  presentation  to  the  Inter- 
state  Commerce   Commission. 

Oscar  F.  Rribb?  has  taken  over  the  man- 
agement of  the  Toledo  district  of  the  L. 
S  Shaw  &  Co..  sales  engineers  for  boiler- 
plant  equipment.  He  is  well  acquainted 
with  Ohio  engineers  and  is  going  back  into 
the  sales  Meld  after  a  number  of  years' 
connection  with  the  operating  departments 
of  the  Toledo  Railway  and  Light  Co,  and 
the  LaSalle  &  Koch  Co.  His  office  will  be 
at    301-302    Spitzer   Building. 


Engineering  Affairs 


The  New  England  Water  Works  Associ- 
ation and  the  Boston  Society  of  Civil  Engi- 
neers will  hold  a  joint  field  day  and  excur- 
sion at  Pemberton.  Mass,,  June   25. 

The  American  Boiler  Manufacturers'  .As- 
sociation will  hold  its  thirty-first  annual 
convention  at  the  Lafayette  Hotel.  Buffalo, 
N  Y..  June  23-24.  An  interesting  program 
is  being  arranged. 


June  24,  1919 


Business  lems 


The  riialniers  Pump 
In?  Co.,  of  Lima,  Ohio 
organization  of  the  Cha 
ing  Co.,  has  purchased  i 
machinery  business  of  t 
Pump  Co.,  of  Wooster,  <iio 
of  the  new  company  a 
president ;  Prank  D.  Sh 
(lent  and  sales  manapre 
secretary  and  treasurer. 


11(1      IMiiiiufactur- 

wliicli    is    a    re- 

l.crs    .Manufactur- 

!   entii-i-    pumping 

iton-UuifheS 

The    olliL-ers 

S.     Brown, 

nate.    vice    presi- 

Fred    Biszantz, 


P  O  W  E  K 


BOSTON' — Curr(-nt  prices  per  (jross  t 
I  oris  loading  ports: 

Anthracite 


Egg 

Stove. . . . 
Chestnut . 


99' 

/ 


New  Constructi 


Bituminous 


on  f.o.b.  New 


Company 

Coal 

$7  80f(- 7  95 

7  95C<i  8    15 

8.05@8.35 


PBOPOSEl)     W 


Twill 
.^^fectric 
addi- 
i,.  «.,  ninsliumton — Th/ MgT. 
Motor  Truck  Co..  23  \V/  ^  y 
install  steam  heatintr  A^T -hnwri' 
power  in  connection  «/^Vatertown 
tion  to  its  plant.  K. /construction 
/power,  canal. 
Y.,  Black  Kiv^   tailrace 


Co.   has  made 

ts  personnel: 
was   one   of   the 

company,    has 

ucceed   Stacy   C. 

I..  Harper,  chief 

wer  ("o.,  which 

Falls    Co.    last 

president  :   and 

^■en  made  a  vice 


F.o.b.  minps.  net  tons 
Philadelphia,  gross  to: 

New  York,  gross  tons  

Alongside    Boston    (water 
coal) , 


Clearfields 


Cambrias 
and 

Somersets 


$2  I5f"2,75  $2  75f"  3  25 
4  27(1.  4  95  5  95"i  5  50 
4  62(o  5  29     5  29"  5  85 


The    Niaeara    Falls    P( 

the     following     changes 

Paul   A.    Schoellkopf,    wii 

first    vice    presidents    of     i 

been   elected   president   t<=i 

Richmond,  deceased  ;  .Tol   I 

engineer  of  the  Hydraulif' 

was   amalgamated   with 

vear,   has   been   made   a    \f'   president;   and      (a?  75  fnh~~Ki'A'^7JC~^„y<S'   •"^^t""'^'^"  "'    *•'/>' 

Walter  H.  Schoellkopf  haleen  made  a  vice      Sot  coal    and   $7  20®  8  61)^, iZ";^  ^r''';  ^  "V.  '"' 

r>T-eoiHpnt   tn   fill    the   vaeacv'   rnuseri    hv    fVio  ■       C  ■  i/iWai6.bi)  alongside   Boston,  these 

Seftk   o"/  CharL   D.    m$-.  "^   ^'    "^^      "Tpw  '  v^n^^.^'T'""  "'"'" 

MRW    vrmtr^r- .  •    'ions,    White    Ash, 

ports* 


-  ™.,,  gross  tons 6    10(«,6.85     6.90(<]7  55 

Pocahontas  and   New  River  are  quoted  at   $4  70 
©5.25  f.o.b.    Norfolk  and   Ncwnnrt   News.   V„      f 


rs,     conkuns 
announct  heii 


GrisRS  &  Myers,  conKUns  engineers, 
Xevv  York  City,  announcbheir  recent  af- 
filiation with  (rharles  A  -'uller.  heating 
engineer,  of  New  York,  a  Osborn  Mon- 
nett,  heating  engineer,  of  (ioago.  as  asso- 
ciates. Mr.  Fuller  is  a  weknown  special- 
ist in  heating  and  ventilatii  and  has  many 
important  installations  to  ;  credit,  in  in- 
dustrial plants,  office  builigs  and  other 
structures.  Mr.  Monnett  njoys  a  wide 
reputation  as  an  authoritjn  the  field  of 
combustion  and  power-pla  economics,  in 
which  he  has  had  an  exterve  practice. 


NEW    YORK— Current 


The 
.  vertical  turbine 
irtenances.  J.  «• 
Ch.  Bngr.     Noted 

Keneraior    unfe    N.    V.    Telephone    Co., 
Taylor,  Presfork   City,  will   '"stall   a 
March    U^t   in   the   2   sto-y     100   X 
N.   V./exchange   wh.*    a  plans 

15    DevAat"''V'    '^tV,^■   cost     $200,000. 
stea^^al    estimated    cost,  ^1  ^^^^^. 

H.";    /oorhies   *:  J^"if'' 
fork  City,   Engr. 


Utilities  Co..  ^>ii 
will  soon  receiv 
of  a  power  hous 
including  dam, 
company  will/ 
generator    uii^ 


per  gross  t , 

are  as  follows: 

Mine 
Broken  $6  05 
Egg  .  5  95 
Stove..  6  20 
Chest- 
nut...     6.30 


..       v-uiiriii     quoiaiions,      *Ynit 

f.o.b.  Tidewater,  at  the  lower 


Company 

Circular 

$7   90 

7.80 

8.05 

8.15 


Pea 

Buck- 

\yheat 
Rice.  , 
Barley. 

Bituminous 


Mine 
■1   90 


South  Forks $2.  90  @  $3   25 

Cambria    County 

Metallo  Gasket   Co.  has  ;ently  been   in-      rtiTK'^tS^A'^''^K I  J«  ^     ^  2^' 

corporated   at    Xew   Brunsvk,    N.   J.      The      Si'i^Svni'^""**'     ■  lln^    ^  '* 

officers  of  the   company  anZeno  Schultes.      §,?emahon  nz 2  6?  i 

president     and     treasurer ;  leorge     Geipel,      Somerset  Co  unVv  ® 

vice  president  ;  Stanley  S.  ipel,  secretary.  ,u„,,  „-„,i„,i         " 


Vice  presiueiiL  ,  c^iumey  o.  ipei,  set:reLaiy. 
Zeno  Schultes  was  manag  of  the  Goetze 
Gasket  and  Packing  Cofor  about  14 
years.  George  Geipel  has  en  an  erecting 
engineer  for  3r>  years,  spalizing  in  re- 
frigerating and  steam-pov  plants,  and 
Stanley  S.  Geipel  has  had  years'  experi- 
ence in  mechanical  engineng.  The  com- 
pany will  concentrate  foH  time  on  its 
metallic  corrugated  copperisket  with  as- 
bestos cnrd  inlaid  in  the  oer  grooves  or 
corrugations. 


(best  grades) 

Somerset  County 

(poorer  grades)     .  . 
Western  Maryland .  . 

Fairmont 

Latrobe 

Greensburg.  . . 
Westmoreland . 
Westmoreland 


2  00/25 
^2.25 
2  35 
2  75 

2  60 


'2  95® 

2.50® 
2.50® 
2  35® 
2  25® 

2  35® 
2  60® 

2  35®   2  65 


las/l       t,„„     The    Board    of   Educa- 

«7  Brooklyn — r  ne    '/"       ^    Citv,    will 

fo    Park   Ave..    N^^^  nt  [n  the  school 

/,  a  steam  healing  plant  >"  "Jljf  ^ve. 

Company/  ft  ^^fans    to    '-""^i^'J^nT      C     B^  J. 

6|^er:tru^lclUrBid|.!^°New    York   C.ty. 

n!"    v.,     BrooUlyrpJ.^^  Manheimer,     1649 

49th   St.,   will   '"|''V  X   302   f™  theatre  which 
in  the  3  story    203  ^  ^"^  ^^    Ave     and 

he    plans    to    hudd    <^n    ^      ^^^^         t.   $450  - 
-^.ir'^arls^n   J  Wseman,   226   Henry   St., 

^?'  Y.,    Gouverneur-The    Board    of    Edu- 
caUon^^ans  to  appropr.ate   $-5,om)^^.^^^ 

Sm^  an%   new];|efc>/„  -d^lfo;/-. 
^dl?lss^l'c'S°o\a°n':  fr%s.    of   the    Bd.    of 

^Ty..   New   VorU-The   Chemungjron^^^ 

Steel    Co.,    39    C^o^^^v       tl 

^rei%  "h^    i^-il-l^  ■i^nc^t"^ur$2100 


,    25 
2.95 

2  95 

3  10 

3    10 

2  75 
2  75 
2  50 
2.40 

2  60 
2  75 


Quotations  at/'  J       °nd  are  exclusive  of  the  ^     -^^^^  York- 


is  in  the  mar- 
3r,n  hp.  two  100  hp  and 
boners'! 'also  5  horizontal^  re^ 


and    anthr 
difference  .. 
3%  war  freia 


I  Trade  Catags  i 

The  Steam  Motors  Co.,  Sngfield,  Mass.. 
has  issued  an  instructive  -page  bulletin 
(No.  5)  on  "The  Steam  lor."  The  de- 
Sign,  construction,  applicsn.  and  speci- 
fications of  this  type  of  rrr  are  covered 
The  bulletin  is  nicely  prid  and  is  we, 
illustrated. 

The  Irving:  Iron  Works  ..  Long  Is 
Citv,  N.  Y..  has  issued  a'.-page  c-y^ 
2-A.  entitled  "lining  Subv."  "hicr  con- 
tains a  very  complete  criptio/  ^ ^l 
illustrations,  of  grating  a  i?rati.«g  ,  "  j 
ing  used  for  architectufaindu/trial  ana 
marine  purposes  or  wh(r.he  (irtvantages 
of  a  fireproof  metallic  ong  »i'e  sougni. 
The  booklet  is  nicely  pini. 

The     American     Dist 

North   Tonawanda,    N 
a    .special     80-page     cat 
its    central     station 
equipment.         .Xlso 
entitled     "The     Radiate 


jl  \_Thc  price  per  gross  ton  i.nh. 
PHILA,rS    for    line    shipment    and    f.o.b.    Port 
ear^^lhftidc  are  as  follows:  ^.^^ 

Richm/  T.ine^     Hd^c^     Buckwheat....$3   40  $4  45 
Brol/"         6  05     7  90     Rice 

"^^ 6  46     8  25     B-lcy 

5  00     6  60     Culm 

/'rHICAGO     ru,.,,.i,t    pHces   per    ton    for   Illinois 
/anffiana  coal  are  as  follows: 

Illinois 

Southern  Northern 

„  ,.             1         IMliu.i-^  Illinois 

Williamson,  Saline  ami        '''"^j^.^s  F.o.b.  Mines 

Williamson  Counties      F.-b^^'j' „  ,j  25 


imated   cost,    »^''""pn„r 
Lexington     Ave.,     Engr. 


_  75 

2.50 
2  25 
1    25 


3  65 
3  50 
3   15 

2.15 


,00 
2.75 


Prepared  sizes..  ^2   35®   2 

Mine-run ,    gj^    2.20 

BIRmTnGH  AM-Current  prices  per  net  ton  fob 


,r     1,      T    Kichler  Brewing  Co.. 

3.^!;d^."^^^r'^erx^°- - 

for    converting    Its    3     ^^^l^' ^^^    Ave      'nto 

!:-irpit^nt.^'fti^V^c-*- *"•''«"- 

G       Koenig,      40& 
Noted  June   10. 

^.  v..  rtica-_The  ^^nica  Suspender  Co. 
is  in  the  market  for  smai^n  ^^^^^^^  ^^^^ 
rG"ltuV°geTco5Bf^g..   Utica. 

--s^^^c^•;:tl^t^ 

^VeLa^^g'cr-nlt'^Warnock   St. 

enn..     Philadelphia-The     United     Ge^ar 
Co..   833   North  Leigliton^St..  is  m  tn  _ 


Pent 


l:°t•fl'r^r\V^n':''H\eason  bevel  gear  gen- 

Gear 


Jcl  Steam     r...,     of 

has    just    issued 

descriptive     ot 

nterior     heating 

presting      folder 

the     Floor 


eiiLiiieu  xiie  rvauuin  ia&  i"*^  -  ^  , 
describing  the  Adsco  ipr  He:iting  fe\s- 
tem.  They  will  gladly  sad  same  to  any- 
one  interested. 


The    Underfeed     Stok  • 

Detroit.   Mich.,   has   jus 
tion    of    the    Jones    "PX 
shows  a  large  sectional- 
stoker   in   oneration.   wi 
actual    colors.      Typical 
shown    under    different   .. 
well   as   typical    installa'n 
stoker.     A  copy  of  the 
free    upon    request. 


Prepared 
$2  75 

3.75 


Slack  and 

Screenings 

$2  40 


of 


.Vmerica, 

isued  :i  new  edi- 
.-  catalog.  This 
■eroduction  of  the 
tie  fire  shown  in 
,oler  settings  are 
.,,s    of   boilers,    as 


mines  are  as  follows; 

Mine-Run 

Bigseam...  ,  *2  ''^ 
Black  Creek  and 

Cahaba 5''' 

Jaggcr    -    Pratt 

Corona ^  "" 

Blacksmith ,•  u,i„    increased,    are   as 

Domestic    quoations,   slightly    increasea, 

follows:  Lump  and  Nut 

^  ,    ,  3.95®t4.60 

Black  Creek  and  Cahaba j  50 


Corona 

Jaggcr  

^^°7SriS-The'pr;;ailing  circular  per  net  ton 
f  .o.b.mincs  is  as  follows: 


'•■pe'n.,  r"tshur.--The  Wappat  ^^^ 
works,  7123  HfT""(i°e^s^n  bevel  gear  gen- 
ket    for    one    6-im    Gleason  gear   gen- 

rarorVrd'one'2J:im  Gleason  forming  bevel 
^Tt'^o,«mhia-Thecity^m^--,,^a 

3.05  2.45  refrigerating   plant    an^f^f;^^i^ich  it  plans 

5.25  connection  with  the^abatio^  Total  esti- 

'r^a^'d'Vst.  WoO^'Ta   Johnson,  Palm- 

ette   Bldg..   A'-^h_  gpringfield    Water 

Kv..    Sprinsfleld— the    01     ,  prepared 

&    Klectrc    Co.     IS    h.l^ln„     1  ^^^^    ^^^^ 

bv    H.    W.    Mayfield     l^ngr.,    -  ^^^.^_ 

c,      T.ndlow,    for    changing   ove  .^^ 


3.50 
5.00 


,n    of  this  type  of 
it;log  may  be  hatt 


Mt.  Olive 

and 
Staunton 


Standard 


s  75-page    catalog 
.liron   Conveyors. 


installations 


The    .lefiTrey    Manufa* 

bus,  Ohio,  has  issued 
No.  J.'JS.  on  "Standard 
This  ca  :ilog  is  devotnl  ^^  ..-~^ 
showing  the  convevors  ti  service  in  ■^'fr'''""'' 
industries,  specificatioiV.  general  dimen- 
sions and  other  data  ot  interest  to  tne 
purchaser.  Pages  4  to  9  contain  tiseim 
notes  that  will  aid  the  purchaser  in  seieci- 
ing  a  conveyor. 


Franklin  County 
Prepared  sizes,  lump. 

egg.  Nos.   I  and  2  

nut   A       ■»■ . 

Williamson  County 
Prepared  sizes,  lump,  ^^  55 

egg.  nut ♦     ,,  2  20 

Mine-run ■  ,q  2  05 

Screenings *  2  30 

3-in.  lump 

'■wi;iZ.o..FrankUnrat.toSt|LouiBi.,..07 

other  rates  92ic 


-^^riiS^3      PoWr;P>a.t^.^^^^, 

^^h=5^f|-:r^r^.>^ 
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Kll 


Itrlroli      Th.'       n.n.ral        MolorM 

llliirv   nuini'H   In   the   fl   Hlory.    »50   x    UiO 

"rv\^.M.»l  H„1.M  ....M.lInK  «l,lcl,  It  1.  ""« 

)(l  on  York  lui.l   <^imi  Avo.     A.   Kalin. 

tie   UUIk..   Arch. 

nlMrt     lliiruii-  f     H     Wl"»    «'>'»    J, 

"i„.k  lu.iK.  i».>ii-..it.  i<'«v; ''"'■s',",'J^?i' 

1.     I,  lan.l    on     the     St.     flair     lUv.T. 
'  ..     and    plan    to    l»ill.l    a    larKO 

III..  ■lufaiturlnK   plant       IMann   In- 
f".     2..u<-llon   of   a    wparato   power 
thp  r<>ntr.|Hlratloi\   biilUllng. 
p''\vML';i''«-     Melvlll.-.lark     Piano 

Toinl   „J       '"'eonstnictlon    of   a   fa.- 
Tolul    PatlMiale..,,,,     ,,4,1,    piiue.    to    U. 

Wl«..  .Mllnuuk.Wt'St  Unnilolpli  SI. 
fo..  2I7-».1  2mc1  .•Installeil  In  same, 
heating  sy.Hiem  hik.OOO. 
6  Miory.  SO  X  1  S(i  fl.sher  Furnlturo 
II  M  ;  ^"""  «'■•"'" -tall  a  steam 
li    M.    UueniinlnK.   621   jjower    in    the 

Mliiii..  Au.lln— The  cllV'''>  "  plans 
'n  .Inly  for  installinK  ii  l.o  ?2''".0««- 
plant    at    the    municipal    ele'e,  -^'■<='^- 

Minn"  u!of  ;;;:■•  ,i;;;ir''""^°'""""*-''"'^ 

Minn..    Min 


Hid  : 

r  H    0[ 

n.l       1 


tokini!: 


row  i;i. 


roHt.   ♦«,sr.S.02O.      l'r"K«;«'r,'V''"*  >*!:;?   and 

liower     houxe     to     I'OHt     ».l  ,„, 

Ilearhm.       lin.l.ooo.      c-on.l 

rlk-hl   of  way    ».'.".""":   "I" 

•JO,0(in.ilO()     K'al      rapaflty.  ^^_     ^ 

I. la         »22.-..t)tMi  ;    pumpliik'    pl'inl.    »'  •' 

$23(1,170.      II     A.    I'reHwey,    City    Hall.    l-i>Kr. 

nkl..       Tul-ii— The     Uln.hrllla    Tool     Co.. 

glnier  not   soleL-led. 

\rU  l>n...un— The  AM.  Peak  MlneH  f  o. 
phu.H  to  l.u'ld  a  power  plant.  A.  Murphy. 
Jr.,  Supt. 

Arl.  Me-ii— The  city  plans  election  soon 
fo  vou-  on  $fiO.Oon  bonds  for  ex  ens  Ions  lo 
he  K.s  plant  Installing  ad.lU l""'^'.  <^^'|'^^; 
trical  equipmenl  and  ImprovcmenlB  to  the 
■water  system. 

Wi.»h  Orovlllp— The  Okanopan  P""''^ 
ro  ",-1  1st  Ave.  Spokane,  which  now  has 
?^investment''Vf»3U,.M,0    in  the    Okano..m 

.mining  country,  has  had  Pl^l"«  ^^^'^  ,'^■'.^'^,"5 


lariiiim    Htrp 
radiation 
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.  iiump  lo  hnndio  IR.ono 
I'lana  Includo  the  Iniitul- 
luiiin  of  u  viuai'ii  Htoam  liealinK  id  ml 
KMllniiili-d  cost,  !r  .000.  James.  Loudon  & 
Keri/.herK.    38   Tr"'nlo   St.,    Toronto.    I'lnKrM 

Onl..  I-nkpnrI-  O  K.  Kraser  plans  to 
bulM  an  eleilrliSh  NlliiK  plani  and  Is  In  the 
ri'urk.'i    for    ciiumMiil    for    samu. 

Otit  ,     I'>irry    oiumI— The     Town     Council 

^.i|l    r Ive   bill  for    the   construi'llon    of   ii 

uow.  r  dam.  Int.ic,  conduit,  geniratlnK  Hta 
lion  and  tallrac  etc  C.  M.  MlKhell.  PM):i 
Hank   of    llamlln    lUdk'.,    Toronto.    Knur. 

«)nt.,  HnirlMir— The  city  plans  to  build 
•I  pumidniuse.  wter  m.-ilns,  etc.  lOstlmatr.il 
l-osl,  $160.11110.  James.  London  &  Jlerlz- 
berg.    3«   Toront  St.,    Toronto,    Knk'rs. 

Ont  Hcurbor— The  fjc.ndron  Manufac- 
turing Co,  I.ld.L'tT  l)u<li...<s  St.,  Toronlo. 
pl-ins  lo  btjjld  boiler  house  and  Instiill 
a  v.iruum  stianhealing  system  In  connec- 
tion with  the  phi  which  It  plans  to  build. 
Total  .stlmate.  cost.  $500,000.  „ James, 
Loudon  &  Ilertjcrg.  36  Toronto  St,  To- 
ronto.  Kngrs. 


N. 


CONTICTS   AWARDED 

Y..    Albnn-IO.     I'.     Walsh,     Supt. 


of 


Ener 
.     Ilian-utha  —  Th 

plans    prepared     for     i 

works   system.      Plans    ihclud'e 

tion    of    pumps    at     th         '"'"' 


city     i.s     having- 

improvin,,    the    water- 

?ie   installa 


-Mo..   Engrs.  '""^'^^'^'^    isMfr.,    feansas    City, 


;_""    .     tvini    one    II 

improvmg:   the  distribut 

Ki..j..     Toppka — Th 
complete    heating   plant    in    the    «t-,,o    u  '    " 
which   It   plans  to  huHd  on    qth  ami    TnL°"^^     generator      and      boilers        Estin."tV 

»', '      J'  .    V"V.  Boston     Creek — The    North, 

Mo..   St.  .losenh— The  ^im .., fario  I-iprht  &  Power  Co.     Timmin^    , 


ting  system, 
state    will    install 
plant    in    the 


$io",o6'6.'"'"  Sacramento    St.    and    lay    , 
Cat      Los"  reservoir.     Estimated  cost. 

voT;,P$lf:!:;?;,Vs_The  Board  of  Public 
used  for  the  cl'.  «■•■'>  South  Ohve  St.. 
N'o.  2  in  the  Sari^'Hls.  $2,500,000  to  be 
power  deve^opmert'i°n  »*  P"'''*-""  P'^"m 
Korpe.  and  $11  000  f '«a""°  '^'''"^''"i.K^Hr 
distribution    systern'  i,,'he     O^'^'-'^i^l^'^he 

fhi^"*"/'   y';'-«l"n— The  city  p. 

^ark^'et^    for    "^''","£,„P'''"'    '-  to  improve 
larket    for    one    lOflO    kw.     s  ' 


market    ._.     „..^     , , 

generator     and     boiler.s 


ahens-    tdtn^..^  /-■:»  '  ''.^^ 


build 


...    the 

turbine 

cost. 

^Engr. 

Timmins.D.  On 


Public  Wks.,  Itis  awarded  the  contract 
for  furnishink',l»tlng  and  delivering  bat- 
lerv  charging  «)tor  generator  sets  with 
switchboard  p:l  Is  for  the  '^arKe  canal 
terminals  in  N\  York  City^  Coiitract  1  1  7 
to  the  Klectrii'roducts  Co.,  1067  Kast 
152nd    St..    Cle>tnd,    $.-.,293. 

Va  Hnmi>t<l  ItondH — The  I'.ure  ni  of 
Yards  &  Dock^s'uvy  Department,  Wash- 
ington r>.  <'..  Vs  awarded  the  contract 
for  installing  bior  generator  sets  and 
switchboard  atle  Submarine  Base.  here, 
to  the  GeneraEleclric  Co.,  River  Hoad. 
Sohenect.idy.  N»'.  Estimated  cost,  $44.- 
050.      Noted   Jui  3. 

MiHH  llollnule — The  Commissioners 
of  Pdack  Bay!  IX  D..  Greenville,  has 
awarded  the  c*act  for  the  construction 
of  a  1  story  put^ng  plant,  sluiceways,  etc.. 
here  to  the  He  Cement  Tile  Co.,  Green- 
ville Kstima  cost,  $24,600.  Noted 
April   22. 

Midi..  HiBhIa  I'ark  (Detroit  P.  O.)  — 
The  city  has  atdid  the  contract  for  the 
construction  of  4  story  hospital  and  2 
otory  power  hotl  and  laundry,  etc^  to  the 
O  Rosenthal  dstruction  Co.,  603  Rail- 
wav  ?:xchangephicago,  111.  Estimated 
cost,   $241,600. 

Wis  Milwa^e — The  Wisconsin  Dye 
Works  614  Mitn  St.,  has  aw.arded  the 
contract  for  thpnstruction  of  a  1  slorvj^ 
18  X  40  fl  boiliiouse,  to  H.  Breest.  1152 
<)th  St  •  contra  for  installing  boiler  in 
same  has  been  Irded  to  Schwab-Lezotte. 
16th   and   Canall 

Kan..  Kosedai-The  K.aull  Mills  Co.  h  is 
awarded    the   ccact   for   the   construction 


....-„  Power  Co.,    i  mi 

&^  Irf  fF^^^-«--'^t;:^S  ^r¥"^-=^-"— -  ^-      av^^d^-Tfie-^ict   ^or   the^c^mstru^or 

->oiea   fliarch    11.  '•  ^"=r.  q„j      Niueara    Falls The    r,t,r    r-  of   a  mill,   warfise   and   a    1    stor.\ .    2J   > 

and  power  plant.                                   "^    ^   "Sit  o„j  _   Guelph— The   North 

Okla..    Tulsa — The    citv    r,i^^^    *      ,     ..  ^^'^      '^''"     """"    ' 

waterw^orks     s.vstem.      v^te'^     to     °    ''""'' 
from  the  Spavinaw  Creek      Tof 
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Equipment  Bargains 
Business   Opportunities 

all  the  worth-while  "Opportunities"  of  the  power 
plant  field.     You  will  find  them  in  the 
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SEE  PAGES  51    TO  64. 
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